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In the Acgean region, processes of closure of the northern Neotethyan Ocean, compressional regime
and crustal thickening occurred since Late Cretaceous to Palacocene and resulted in amalgamation of
various tectonic units. Although extensional regime was accepted 1o have been active since Late
Oligocene Early Miocene. topics regarding the presence of any quiescence and/or episodicity m the
regime are still subjected to debate. These tectonic processes caused extensive magmatic activity that
formed volcanic/plutonic rocks along an E~W-trending belt across the northwestern Turkey. The belt
also includes the granitic and coeval andesitic-dacitic volcanic rocks of the Alacamdag volcano-
plutonic complex. The granitic rocks in the Alagamdag region were ductilely deformed at a crustal
scale and partly transformed into the mylonites and ultramylonites. Ductile shear zones developed
under extensional tectonic regime and contributed to the exhumation and uplift of the shallow-seated
granites in the region. Geological, geochemical and geochronological data indicate two distinct granite
facies. Both facies have similar mineralogy and their major diagnostic feature is the presence or
absence of porphyritic texture defined by the megacrysts of K-feldspars. These facies also include
common magma mingling textures. Andesitic-dacitic volcanic rocks are made up of intrusions. domes,
lava flows, dykes and volcanogenic sedimentary rocks. While granitic rocks have Ar-Ar ages between
20.8 ve 19.5 Ma, volcanic rocks yielded 19.2 Ma Ar-Ar cooling ages, suggesting a spatial and
temporal relationship between plutonic and volcanic rocks. Granitic and volcanic rocks have */Sr/*Sr
0.708-0.709, "“Nd/"Nd 0.5122-0.5123 and “'Sr/™Sr 0.707-0.709; '*Nd/'"**Nd 0.5122-0.5123
isotope ratios, respectively.

They are metaluminous, high-K, calc-alkaline and I-type in character. When SiO». Ni and V values are
compared to those of enriched MORB, mafic units within the Alagamdag granite are geochemically
similar to the asthenospheric rocks. High LILE and Ba/La ratio, negative Nb, Ta, Ti anomalies
indicate that asthenospheric source was contaminated by the subduction-related mantle, confirming the
presence of arc setting. Mineralogical, geochemical, isotopic and geochronological data revealed that
granitic and volcanic rocks in the Alagamdag region are also similar in origin and have undegone
diverse processes such as fractional crystallisation and partial melting. These rocks are thought to have
been derived from a single magma source as magma pulses in the region. Granitic and volcanic rocks
can be suggested to have been formed by the fractionation of a hybrid magma source with significant
crustal input. In tectonic discrimination diagrams, samples of the granitic and volcanic rocks appear to
plot on volcanic arc and volcanic arc/post-collision fields. Presented data combined with pre-existing
regional geology show that the Alagamdag volcano-plutonic complex may have been related to the
southward retreat and melting of a shallow-dipping oceanic lithosphere. Retreat of the subducted slab
caused back-arc crustal thinning, metamorphic core complex and shear zone development.
asthenospheric rise and formation of underplating mafic magma, respectively. Granitoids in the
Acgean region related to the back-arc extension show close similarity to the Alagamdag granites in
terms of geological, geochemical and isotopic characteristics.

Key Words: Alagamdag volcano-plutonic complex, northwestern Anatolia, hybrid magma. Nd/Sr
isotope, geochronology, I-type granite
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Bati Anadolu’daki baslica grabenlerde (Gediz ve Bilyikk Menderes Grabenlert gibi) Neojen-
Kuvaterner istifler1 havzalar boyunca yiizlek verdigi halde, Kiiciikk Menderes Grabeni’nde haritalanan
Neojen—Kuvaterner istifleri birbirinden bagimsiz yiizlekler seklindedir. Bunlardan, grabenin dogu
ucunda yer alan Kiraz ¢evresindeki istif ayrintili olarak ¢alisildigr halde, bauda Tire, Baymdir ve
Odemis ¢evresinde yiizlek veren Neojen—Kuvaterner istiflerle ilgili bilgiler kisithdur.

Kiraz yoresinde Menderes Masifi kayalarn Orta Miyosen yash Basova Andezitleri tarafindan kesilir.
Havzanin  temelini  olusturan  bu  birimler. Suludere ve Aydogdu Formasyonlart tarafindan
uyumsuzlukla Gstlenir. En ge¢ Orta Miyosen -Ge¢ Miyosen yash Suludere Formasyonu'nun alt
kesimleri, ostrakodlu, algal karbonat kabuk ve mikrobiyal karbonatlarla simgelenen, karasaldan tath
veya act suya degisen, si1g gol ¢okellerinden olusur. Formasyon, uste dogru akarsu denetimli aliivyon
yelpazesi ¢okelleriyle devam eder. Suludere Formasyonu’nu agisal uyumsuzlukla tstleyen Aydogdu
FFormasyonu ise Pliyo-—-Pleyistosen yashdir ve tfay denetimli aliivyon yelpazesi ¢okellerinden olusur.
Suludere Formasyonu sikisma tektonigi denetiminde gelismis, ters ve dogrultu aumh faylarla deforme
edilmistir.  Aydogdu Formasyonu’nun ¢okelimi ise, genislemeli Neotektonik rejimin  blok
faylanmasiyla iliskilidir.

Ki¢tk Menderes Grabeni’nin giineybati ucunda, Tire yoresinde ise, Neojen istifi, metamorfik temeh
uyumsuz olarak dstleyen Ayaklikin ve Aydogdu Formasyonlari’yla temsil edilic. Ayaklikin
Formasyonu’nun alt béltimleri, ostrakodlu, gastropodlu, komdurlii, karasal, aci veya tath su. s1g golscl
karbonatlardan. kalan bdliimleri ise akarsu denetimli aliivyon vyelpazesi tortullarindan olusur.
Birbirinden bagimsiz yamalar seklinde yiizlek veren Ayaklikint Formasyonu. agisal uyumsuzlukla
Aydogdu Formasyonu tarafindan tstlenir. Tire kuzeyindeki Bayindir ve Odemis ¢evresinde ise, havza
dolgusunu sadece Aydogdu Formasyonu olusturur.

Blok faylanma swasinda gelisen ana faylar, Kiraz c¢evresinde KB--GD uzamimh oblik normal fay
sistemi seklinde oldugu halde, Tire ve Bayindir ¢evresindeki baskin faylar KD -GB uzanimh oblik
normal faylardir. Tim graben boyunca gozlenen K--G uzammli faylar ise oblik ve dogrultu atm
bilesenlidir.

Bu ¢alismada Tire, Baymdir, Odemis ve Kiraz istifleri ayrintih bir sekilde anlatilacak ve Kiigiik
Menderes havzasinin evriminde etkin olan faylarin arazi verileri tanitilacaktir.

Anahtar Sozciikler: Kii¢ciik Menderes Grabeni, Neojen—Kuvaterner, stratigrafi, sikisma tektonigi,
genisleme tektonigi, havza i¢i uyumsuzluklar, tortullasmayla yasit kivriimlanma
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Even though the Neogene-Quaternary successions of the major West Anatolian grabens (such as
Gediz and Biuyiik Menderes Graben) outcropped throughout the basins, Neogene—-Quaternary
successions of the Kiigiik Menderes Graben are in the shapes of discrete exposures. The most
investigated and well-known one is located around Kiraz, in the easternmost part of the Kigiik
Menderes Graben. However, western Neogene—Quaternary successions in Tire, Bayindir and Odemis
surroundings are less investigated.

In the Kiraz surrounding, the rocks of the Menderes Massif are cut by the Basova Andesite of Middle
Miocene age. The above mentioned rocks are unconformably overlain by the Suludere and Aydogdu
Formations. The lower most part of the late Middle Miocene-Late Miocene Suludere Formation was
precipitated in an environment changes from terrestrial to fresh or brackish water shallow lacustrine
representing by ostracoda bearing algal carbonate crust and microbial carbonates. The upper part of
the formation is characterized by stream controlled alluvial fan deposits. Plio- Pleistocene Aydogdu
Formation is formed by fault-controlled alluvial fan sediments and unconformably overlays the pre-
existing units. The Suludere Formation is developed under control of the compressional tectonics and
deformed by thrust and strike-slip faults. However, sedimentation of the Aydogdu Formation is related
to the block faulting in neotectonic period.

In the south-western end of the Kiigiik Menderes Graben, around Tire, the Neogene succession is
represented by Ayaklikirt and Aydogdu Formations that unconformably covering the metamorphic
basement. The formation consists of ostracoda, gastropoda and coal bearing, fresh or brackish water
shallow lacustrine carbonates at the lower part and stream controlled alluvial fan deposits toward the
top. The Ayaklikiri Formation outcropping as discrete Neogene patches is unconfomably overlain by
the Aydogdu Formation. To the north of Tire, around Bayindir and Odemis, the basin fill is only made
up of Aydogdu Formation.

While the major faults which formed during the block faulting, shown as NW-SE-trending oblique
normal fault system around Kiraz, NE-SW-trending oblique normal faults are mapped around Tire
and Bayimndir. The N--S-trending faults observed in the whole graben have oblique and strike-slip
components.

In this study. Neogene-Quaternary successions mapped in Tire, Baymdir, Odemis and Kiraz regions
will be presented and the field evidences of the faults those are active during the evolution of the

Kii¢iik Menderes basin will be established.

Key Words: Kiiciik Menderes Graben, Neogene-Quaternary, stratigraphy. contractional tectonics.,
extensional tectonics, intrabasin unconformity, syn-sedimentary folding
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Bati Anadolu’da Menderes Masifi’nin stratigrafisi 1994 yilina kadar metamorfizma derecesine gore
kurulmustur. Buna gére masif, gnayslardan olusan bir ¢ekirdek ile bunu uyumsuzlukla 6rten sist ve
mermer istifinden olugsmaktadir ve bu istif [zmir-Ankara zonu kayalari tarafindan tektonik olarak
Gzerlenmistir. Bati Anadolu grabenlerine ait Neojen tortul dolgu istifleri ise tiim birimler {izerinde
uyumsuzlukla oturmaktadir. Fakat 1994 yilindan sonra yapilan jeokronoloji destekli ayrintih yapisal
calismalar, Masifin distik agili normal faylar boyunca yiizeylemis bir metamorfik ¢ekirdek kompleksi
oldugunu kanitlanus ve metamorfik ¢ekirdek i¢ine sokulum yapmis olan Miyosen granitlerinin Bati
Anadolu’da genislemeyle esyash havza olusumuyla dogrudan iliskili oldugunu gostermistir.

Bugline kadar yapilan ¢alismalarda Masifin ylizeyleme mekanizmasi ile Neojen grabenlerinin olusumu
arasindaki iliski (a) asimetrik ¢ekirdek kompleksi, (b) simetrik ¢ekirdek kompleksi ve (c) ‘Rolling-
hinge’ mekanizmalariyla a¢iklanmaya ¢alisilmigtir. Fakat her ic mekanizmayi desteklemeye yonelik
olarak sunulan veriler yeterli bir olgunluga erisemediginden, modellerin gegerliligi belirsizligini
korumaktadir. Bu ¢alismada s6z konusu sorunun ¢oziimiine katkida bulunmak amaciyla Gediz
Grabeni’ndeki kilit alanlarda 1/25.000 6l¢eginde, stratigrafik ve yapisal calismalar yapilmistur. Bu
caligmalara gore, Gediz Grabeni’nin giiney sinir faymm olusturan Gediz siyrilma fayimin yapisal
stratigrafisi batidan doguya dogru 6nemli degisimler sunmaktadir.

En bauda Turgutlu-Ahmetli giineyinde, fayin tavan bloku kayalar rudist-fosilli mermer bloklar: iceren
amfibolit mercekli sistlerdir. Daha doguya dogru, Salihli giineyinde, faymn tavan bloku kayalari
milonitik ortognayslardir. Gediz siyrilma faymin gozlenebildigi en dogu ucunda ise, Alasehir
glneyinde, fayin tavan bloku kayalarini silislesmis peridotit tiirii Neotetis okyanusuna ait kayagclar
olugturur. Tavan blogu birimlerinin geniglemeli alloktonlarini olusturan her tektonostratigrafik paket
farkli i¢ stratigrafiye sahiptir ve Erken—Orta Miyosen yashi graben dolgulariyla uyumsuzlukla
ortiilidur.

Bunun yaninda, Alasehir giineyinde yapilan ¢alismalarda farkli acilarda gelismis ii¢ fay grubu
saptanmustir: (1) disiik agili normal fay-1: Menderes Masifi ile Izmir-Ankara zonu kayalari ve
Miyosen tortul istifi arasinda gelismistir. Faylarin egimi 02°-25° arasinda degisir; (ii) diisiik acili
normal fay-I1I: Menderes Masifi, Izmir-Ankara zonu kayalar ve Miyosen tortullarini taban blogunda
bulundurur. Faylarin egimi 25°-35° arasinda degisir; ve (iii) yiiksek agili normal fay-III: grup I ve
grup II faylarini ile Miyosen tortul istifini keser. Faylarin egimi 40°~65° arasinda degisir.

Bu kompleks stratigrafik iliskiler ve yapisal veriler, (1) Gediz siyrilma faymin genisleme oncesinde
Menderes Masifi'ndeki ana bindirme fayma karsihk geldigini, (2) metamorfik ¢ekirdek kompleksi
olusumu sirasinda  yeniden hareket ederek normal fay niteligi kazandigini  gésterirken  (3)
grabenlesmenin ti¢ farkli evrede gelistigine de isaret etmektedir.

Anahtar Sozciikler: siyrilma fayi, normal fay, genislemeli tektonizma, Gediz Grabeni, Menderes
Masifi, Neotetis ofiyolitleri, tektonostratigrafi
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The stratigraphy of the Menderes Massif in western Anatolia was established according to the metamorphic
grade of the constituent lithologies until 1994. Accordingly, the Massif is made up of a gneissic core and an
unconformably overlying cover sequence of schists and marbles, and in turn is tectonically overlain by the
rocks of the Izmir-Ankara zone. Neogene sedimentary {fill of the west Anatolian grabens rests
unconformably on the older rock units. However, detailed structural research supported by geochronologic
studies since 1994 have revealed that the Massif is a typical metamorphic core-complex exhumed in the
immediate footwall of now low-angle normal faults (detachment faults). The research also demonstrated
the interrelationships between Miocene granitic magmatism and syn-extensional basin formation, which are
coeval with the extensional tectonics and associated metamorphic core- complex formation.

The relationship between exhumation mechanisms of the massif and coeval Neogene basin formation is
attributed to three different models: (a) asymmetric core-complex formation, (b) symmetric core-complex
formation, or (c¢) Rolling hinge mechanism, albeit no overwhelming evidence is presented in support of
these models. Therefore, the validity of each model is highly debated. The present paper aims to shed light
on the existing controversies and documents evidence from detailed stratigrapic and structural studies. and
geological mapping (at 1/25.000 scale) in the key arcas selected along the southern margin of the Gediz
Graben. There, upper plate rocks to the Gediz detachment fault show significant along the strike variations
from west to the east.

In the west, to the south of Turgutlu-Ahmetli, hanging-wall rocks comprise schists characterized by
amphibolite lenses and rudist-bearing marble blocks. Farther to the east, south ot Salihli, hanging-wall
rocks is made-up of mylonitic orthogneisses. At the eastern end of the Gediz detachment fault, to the south
of Alasehir, hanging-wall rocks consist of silicified peridotites of possibly the Neotethyan origin (Izmir-
Ankara zone). Each tectonostratigraphic package forming extensional allochthonous of the hanging-wall
units has characteristic internal stratigraphy and is unconformably covered by the Lower—Middle Miocene
graben fill units.

Furthermore, the faults to the south of Alasehir fall, based on dip amounts, into there major groups: (i) low-
angle (02-25°) normal fault-I forming the boundary between Menderes metamorphics and the structurally
overlying Miocene sediments, (i) low-angle (25-35°) normal fault-11 hosting Menderes metamorphics,
[zmir-Ankara zone rocks and the Miocene sediments in its footwall, (iii) high-angle (40--65°) normal faults,
which cut and displace the preceding fault groups and Miocene sediments.

This complex stratigraphic relationships and structural data imply that: (1) the Gediz detachment fault may
represent a (pre-extensional) thrust fault within the Menderes Massif, and (2) it was later reactivated as a
normal fault during the core-complex formation. The data is also consistent with three distinct stages
during graben formation.

Key Words: detachment fault, normal fault, extensional tectonics, Gediz Graben, Menderes Massif,
Neotcthyan ophiolites, tectonostratigraphy
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Normal faylar diizlemsel veya kiireksi geometriler sunacak sekilde gelisirler. Bu geometrilerden
hangisinin gelisecegi malzemenin 6zelliklerini yaninda bolgesel ve yerel gerilme tensorlerine baghdir.
Diger bir deyisle, fay geometrisi asl gerilme biiyiikliiklerinin farkinin bir fonksiyonudur. Ornegin, ana
asal gerilmenin ¢ok biyiik ve digerler asal gerilme biiyiiklgklerinin esit veya esite yakin oldugu
durumlarda radial veya konsantrik fay desenleri olusur. Gerime biiyiikliiklerinin énemli miktarlarda
farklt oldugu, homojen ve izotrop ortamlarda faylar ortag asal gerilmeye paralel veya yan parallel
bi¢imde gelismeye zorlanirlar.

Bau Anadolu-Ege bélgesinde oldugu gibi biyiik genisleme provenslerinde, normal faylar yatay
dizlemde hilal konkav- geometriye, aksi taktirde harita diizleminde ¢izgisel fakat kesitte kiireksi
geometriye sahiptirler. Bu geometriler deformasyon sirasinda minimum enerji gerektiren en optimum
konfigiirasyonlardr. Dolayisiyla, konvex normal faylar reaktive olmus eski zayiflik zonlart olmak
durumundadir ve literatirde genelde goz ardi edilmislerdir. Konveks normal faylar, geometrileri
geregl hemen hemen her zaman kiireksi bir geometriye sahip olmalari gerekmektedir. Bu durum,
diisen blok agagiya dogru kaydik¢a kayma miktarina ve fay diizleminin egrilik yarigapina bagl olarak,
kademeli bir bicimde daha genis bir alani kaplamasini gerektirir. Bu tip dolayli genisleme, diisen blok
izerinde, ana ftaya dik yonde ¢apraz grabenlerin olusmasina neden olur. Kurultayn bu oturumunda fay
geometrilerinin gapraz garaben gelisimine etkisini ve onerilen bu mekanizmanin Tiirkiye deki ¢apraz
grabenlere uygulanabilirligini tarusacagiz.

Anahtar Sozciikler: konveks normal faylar, fay geometrileri, capraz-graben, fay kinematigi
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The faults generally develop either on a planar surface or display listric geometry. These geometrics.
as well as material properties, are dictated by the regional and local stress tensors. In other words, the
fault pattern is the function of the difference in the magnitudes of the principal stresses. For example,
in the case of uniaxial stress conditions, where major compressive stress (o)) is considerably larger
and other principal stresses are equal or close to equal, this gave rise to the development of radial or
concentric fault patterns. In the case if the principal stress magnitudes are considerably different the
fault patterns are constrained more or less parallel to the direction of the intermediate principal stress
axis, provided that, the medium is homogeneous and isotropic.

In large extensional provinces. such as West Anatolian-Aegean region, the normal faults have sub-
crescent shape on plan view and have listric -concave- geometry, otherwise, they are straight on plan
but listric in cross-section. These geometries are kinematically the most opimum configurations
where least energy is spent during deformation. The convex normal faults are. therefore. reactivated
planes of weaknesses and are overlooked in the literature. Due to geometric constraints the geometries
of convex normal faults are almost always listric. This implies that as the hanging wall-block moved
downwards it has to cover an increasing fault area, so that depending on the radius of curvature and
displacement amount, the hanging-wall block needs to extend perpendicular to the main fault plane.
Such an induced extension, on the hanging-wall block, results in development of cross-grabens
orthogonal to the main fault. In this session, we will discuss the effect of fault geometries on the
development of cross-grabens and their applicability on the cross-grabens in Turkey.

Key Words: convex normal faults, fault geometry, cross-graben, fault kinematics
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Orta Anadolu’nun kuzeyinde yer alan sikisma tektonigine bagli yapilar genel olarak KD-GB
dogrultulu asimetrik kivrim serileri. bindirmeler ve ters faylarla temsil edilir. Bunlar, Orta
Anadolu’nun tektonik evrimini daha iyi anlamak agisindan 6nemlidir. Bu yapilardan birist Ankara nin
kuzeybatisindaki Kazan Havzasi’ nin bausinda yer alan ve bu cahiymada Abdusselam antiklinali olarak
adlandimlmis  olan KD-GB dogrultulu, karmasik bir kiviimdir. 30 km  uzunlugunda. 8 km
genisligindeki bu asimetrik antiklinal, bircok daha kigiik oleekli yeniden kivrimlanmis ¢apraz
kiviimdan meydana gelmektedir. Kivrimin dogu kanadinda, batisina gére daha yogun bir deformasyon
gozlenmektedir. Kivrimin ¢ekirdeginde Ust Miyosen oncesi kayaglar ylizeylenmektir. Bunlar Galatya
Volkanik Yay Karmasasi’na ait volkanik/volkanoklastik kayaglar ve Ust Kreatse ofiyolitli
karmasiginin bloklarini igermektedir. Bu kayaglarin iizerine sirasiyla, tif seviyeleri iceren akarsu-gol
sedimanter serilerinden meydana gelen Ust Miyosen—Alt Pliyosen Pazar Formasyonu, pekismemis
akarsu ¢okellerinden olusan ve bolgedeki sikismali tektonige bagl yapilan da orten Ust Pliyosen-
Pleyistosen birimleri ve Kuvaterner aliivyon/aliivyal yelpaze ¢okelleri gelir. Abdusselam antiklinalinin
kivrimlanma mekanizmasini ve bolgenin yapisal evrimini ortaya koyabilmek i¢in fay-kayma verileri
toplanmis  ve kivrimlarin  geometrileri  incelenmistir.  Kinematik — analiz sonuglart  ve krivrim
geometrilert, Pazar Formasyonu nun c¢okelmesini kontrol eden genislemeli tektonik evreden sonra
bolgede iki farkli sikisma evresinin varhgmi gostermetedir. Bunlar sirasiyla KB-GD ve KD-GB
sikismalandir. Ayrica, bu donemlerle iliskili bazi yerel tektonik hareketlerin de varligr saptanmis ve
bunlarin faylanma ve kivrimlanma mekanizmalartyla iligkileri ortaya konmustur. Bu sonuclar disinda,
Abdiissclam asimetrik antiklinalinin, KD-GB dogrultulu ters faylara bagh olarak gelismis bir kiviim
oldugu saptanmistir.

Anahtar Sézciikler: Orta Anadolu, Kazan. kivrimlanma, ¢apraz kivrim, kinematik analiz
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Abdiisselam Anticline: An Important Evidence for Post-Miocene Polyphase
Deformation in the NW of Ankara (Central Anatolia, Turkey)

Alkor Kutluay & Kadir Dirik

Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, Beytepe, TR-06800 Ankara, Turkey
(E-mail: alkor@hacettepe.edu.tr)

The compressional structures of northern part of Central Anatolia are mostly characterized by a series
of NE-trending asymmetric folds, thrust and reverse faults. They are important features to understand
the tectonic evolution of the Centrai Anatolia. One of these structures is a NE-trending double
plunging complex fold, which is here named as Abdiisselam anticline, is located to the west of Kazan
Basin (NW Ankara). This is a 30 km long and 8 km wide asymmetric anticline on which a lot of minor
refolded cross folds were superimposed. The eastern flank of the structure was subjected to much
more intense deformation than the western flank. In the core of the fold, pre-Upper Miocene rocks
outcrop. These basement units consist of the volcanic/volcaniclastic rocks of the Galatian Volcanic
Arc Complex and blocks of the Late Cretaceous ophiolitic mélange. Upper Miocene—-Lower Pliocene
Pazar Formation consists of fluvio-lacustrine sedimentary sequences with tuff intercalations and the
unconsolidated Upper Pliocene—Pleistocene units composed of fluvial clastics. which seal the
structures of compressional/contractional tectonic regime, overlies the basement rocks. Quaternary
alluvium and alluvial fan deposits take place above all older units. To state the folding mechanism of
Abdiisselam anticline and the tectonic evolution of the area, fault-slip data were gathered and fault
geometries were observed. Results of the kinematic studies and fold geometries show that two
compressional/contractional tectonic periods. which are NW-SE and NE SW compressions, have
been dominated the area following an extensional regime controlled the deposition of Pazar
Formation. Besides. several different tectonic events related to these periods were determined and
their relationships with the faulting and folding mechanism were stated. Other than these results,
Abdiisselam anticline. which is an asymmetric anticline, is considered a forced fold related to NE-SW
striking reverse faults.

Key Words: Central Anatolia, Kazan, folding, cross fold. kinematic analysis
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Yeniceoba Fay Zonu’nun (inénii-Eskisehir Fay Sistemi’nin
Orta Segmenti, Orta Anadolu) Yapisal Evrimi

Biilent Akil' ve Kadir Dirik”
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inoni-Eskisehir Fay Sistemi (IEFS), Orta Anadolu’daki en 6nemli yapisal unsurlarindan bindir.
Batida Uludag’dan (Bursa) giineydoguda Sultanhani’na (Konya) kadar devam eden bu fay sistemi,
gidisi KB-GD ile BKB-DGD arasinda degisen bir dizi fay zonundan olusmustur. Bat ucundaki kolu
Eskisehir fay zonu olan sistem Sivrihisar dogusunda Ilica (IFZ), Yeniceoba (YFZ), Cihanbeyli (CFZ)
ve Sultanhani (SFZ) fay zonlar olarak devam eder. KB-GD gidisli Yeniceoba fay zonu, doguda
Yeniceoba'nin giineydogusundan baslar, kuzeybatida Giinyiizii’ne kadar devam eder. Genelde kuzeye
egimli faylardan olusur ve hem temel hem de ortii birimlerini keser. Fay zonu Yeniceoba ovasi’nin
giiney kenarini, Kelhasan yiikselimi'nin ise kuzey kenarini kontrol eder. Fay-kayma diizlemi
verilerinin kinematik analizi ti¢ deformasyon fazinin varligimi ortaya koymustur. ilk faz siresince
(Orta—Ge¢ Miyosen) fay sag-yanal dogrultu aumli bir fay olarak gelismis ve bolge KKB-GGD yonlu
bir sikismanin etkisinde kalmistir. Fay zonunun birinci sikisma evresinin ardindan ¢alisma alaninda
alt-orta Pliyosen doneminde kisa siireli KKD-GGB dogrultulu ikinci bir sikigsma evresi saptanmistir.
Yeniceoba fay zonunun son deformasyon evresinde ise (Geg¢ Pliyosen—Kuvaterner) KD-GB acilmaya
bagh normal fay karekterli olarak ¢ahsugr tespit edilmistir. YFZ’nun giineydogu ucunda yer alan
giincel teras ¢okellerini kesen olduke¢a dik egimli ve az miktarda dogrultu atim bilesene sahip normal
faylar, YFZ nun Kuvaternerde de aktif oldugunu ve KKD-GGB yonlii agilmanin devam ettigini
kanitlamaktadir.

Anahtar Sozciikler: Orta Anadolu, Inénii-Eskisehir fay sistemi, Yeniceoba Fay Zonu, tektonik evrim,
kinematik analiz
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Structural Evolution of Yeniceoba Fault Zone (Central Segment of inonii-
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The Inonii-Eskisehir Fault System (IEFS) is one of the most important fault systems in Central
Anatolia. This fault system consists of a series of NW-SE- to WNW-ESE-trending fault zones,
extending from Uludag (Bursa) in the northwest to Sultanhani in the southeast. Eskischir fault zone is
the western branch of this fault system where lhca (IFZ), Yeniceoba (YFZ), Cihanbeyli (CFZ) and
Sultanhani fault zones (SFZ) form the eastern branches from Sivrihisar to the east. The NW-SE-
trending Yeniceoba fault zone (YFZ), exposed between southeast of Yeniceoba in the east and
Giinylizli in the northwest. It generally dips to the north, cuts and deforms both the basement and
cover units. The fault zone controls southern margin of Yeniceoba plain and northern margin of the
Kelhasan Horst. The kinematic analyses of the fault-slip data indicate the presence of three
deformation phases. During the first phase (Middle—~Late Miocene), the fault has developed as a
dextral strike-slip fault and the areca experienced NNW—SSE compression. After the first phase of
compressional regime, the short-term diachronic second phase of compression which was operated in
approximately ~NNE-SSW  direction was determined. During the last phase (Late
Pliocene—Quaternary), Yeniceoba fault zone react as a normal fault, confirming a NE-SW extension.
Recent terrace deposits cut by a series of steeply dipping normal faults with minor strike-slip
component in southeastern tip of YFZ indicate that the activity of YFZ continues, controlled by
NNE-SSW-directed extension, in the Quaternary.

Key Words: Central Anatolia, Inonii-Eskisehir fault system, Yeniceoba fault zone, tectonic evolution,
kinematik analysis
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inonii Eskischir Fay Sistemi Dogu Kesiminin Tektonik Evriminde
Isparta A¢ist’nin Rolii, Orta Anadolu, Tiirkiye

Erman Ozsayin ve Kadir Dirik
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(E-posta: eozsavin@hacettepe.edu.tr)

inoni-Eskisehir Fay Sistemi (IEFS), Orta Anadolu’da yer alan ve etkinligini giiniimiizde de devam
ettiren en 6nemli makaslama zonlarindan biridir. Bu sistem, dogusundaki sikismali. kuzeyindeki
makaslamali ve batisindaki genislemeli ana sistemler arasindaki dengeyi saglamasi bakimindan
onemhidir. BKB-gidisli Eskisehir fay zonu sistemin bati kesimini olusturur ve Uludag ile Sivrihisar
arasinda normal bilesenhi sag yanal faylarla temsil edilir. Sivrihisar’in dogusunda Ilica, Yeniceoba ve
Cihanbeyli olmak iizere ii¢ fay zonuna ayrilan IEFS, Tuzgéli’niin giineyinde yer alan Sultanhani na
kadar devam eder. Ilica fay zonu sag yanal, Yeniceoba fay zonu sag yanal bilesenli normal ve
Cihanbeyh fay zonu ise salt normal faylarla karaktenistiktir. Buna ¢k olarak Yeniceoba fay zonu
tizerinde tespit edilen bir fay diizlemi {izerinde birbirini kesen iki farkh fay ¢izigi seti, boélgeyi
etkileyen iki farkli tektonik fazin varhgina isaret eder. Oncel calismalarda IEFS nin Trakya’ya kadar
devam ettigi ve Kuzey Anadolu Fay Sistemi tarafindan 6telendigi vurgulanir ki, bu veri Anadolu’nun
batiya kag¢isindan 6nceki saf makaslama evresine 151k tutar. Bu makaslama Yeniceoba fay zonunun sag
yanal hareketini olugturan birinci tektonik fazdir.

Cihanbeyli ve Yeniceoba fay zonlarindaki giincel aliivyon c¢okellerini kesen fay dizlemlerinin
kinematik analizleri, bélgenin KKD-GGB dogrultusunda agildigini gosterir. Dis Isparta Ag¢isi’nin
dogu kanadini olusturan Aksehir-Simav Fay Sistemi’ndeki faylarin kinematik analizleri KD--GB
dogrultulu, Konya fay zonundaki dizlemler ise yaklasik DB dogrultulu a¢ilmayi isaret eder. Buna ek
olarak, onceki ¢alismalarda Isparta Acisi’nin bati kesiminin saatin tersi yonde bir rotasyonu oldugu
belirtilir. Bu veriler birlikte degerlendirildiginde, Isparta A¢isi’min kuzeydogusunda kalan ve [EFS’nin
dogu kesiminin de i¢inde bulundugu bolgenin, saat yonli donme hareketi gostermesi gerekir. Bu
donmeli hareket Yeniceoba fay zonunda tespit edilen ve KKD--GGB dogrultulu agilmaya neden olan
ikinci fazdir. Cihanbeyli fay zonunun kinematik analizleri, Yeniceoba fay zonunun ikinci tektonik
faziyla ortustr. Bu da Cihanbeyli fay zonunun Yeniceoba fay zonundan sonra olustugunu gosterir.
Ayrica, Cihanbeyli grabeni ve Kus¢a yari-grabeni olarak adlandirilnus iki onemh yapisal unsur,
Cihanbeyli ve Yeniceoba fay zonlarinin dogusunda yer alir. Bu zonlarda a¢ilma miktar doguya dogru
artar. Bu veriler, Tuzgoli’niin bati ve giineybatisindaki Isparta A¢isi’'ndan kaynaklanan saat yonli
hareketin en énemli kanitidir.

Anahtar Sozciikler: Inonii-Eskisehir fay sistemi, Isparta agisi, kinematik analiz, Yeniceoba fay zonu.
Cihanbeyl fay zonu, Kuvaterner etkinlik, Orta Anadolu
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The Role of Isparta Angle in the Tectonic Evolution of the Eastern Part
of Inénii-Eskischir Fault System, Central Anatolia, Turkey
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inoni-Eskisehir Fault System (IEFS) is one of the most important active shear zones in Central
Anatolia. The importance of this system is its balancing role between the eastern contractional. the
northern shear and the western extensional main systems. WNW-trending Eskisehir fault zone
constitutes the western part of the system and it is characterized by dextral faults with normal
component between Uludag and Sivrihisar. IEFS branches into three fault zones namely [lica.
Yeniceoba, Cihanbeyli and continues to Sultanhani which is located in the southern part of Tuzgoli.
llica fault zone is characterized by dextral faults where Yeniceoba fault zone is normal with dextral
component and Cihanbeyli fault zone i1s pure normal. Additionally, a superimposed slickenline set
which is observed on a fault plane in Yeniceoba fault zone, points out two different tectonic phases. In
previous studies, it was emphasized that [EFS continues to Thrace and shifted by North Anatolian
Fault System which irradiates the pure shear phase before the westward escape of Anatolia.

The kinematic analyses of the fault planes which cut recent alluvium on Cihanbeyli and Yeniceoba
fault zones shows that the region is experiencing a NNE—~SSW extension. Other kinematic analyses on
Akschir-Simav Fault System which constitutes the eastern limb present a NE-SW extension where
Konya fault zone performs E~W extension. Besides, previous studies indicate a counter-clockwise
rotation of the western part of Isparta Angle. By interpreting these data, a large area where located at
the northeastern part of Isparta Angle and which comprises the eastern part of IEFS must be in a
clockwise rotation. This rotational deformation is the cause of NNE-SSW extensional second phase in
the Yeniceoba fault zone. The kinematic analyse results of Cihanbeyli fault zone overlap with the
second phase of Yeniceoba fault zone and this important evidence shows that the initiation of
Cihanbeyli fault zone improves after Yeniceoba fault zone. Furthermore two important extensional
structures namely Cihanbeyli graben and Kusga half-graben are located in the eastern parts of both
zones. The extension amount increases eastward in these zones. These data are the most important
evidences of the clockwise rotation derived from Isparta Angle in the western and southwestern part of
Tuzgoli.

Key Words: Inéni-Eskisehir fault system, Isparta angle, kinematic analysis. Yeniceoba fault zone,
Cihanbeyli fault zone, Quaternary activity, Central Anatolia
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Yeni Ar-Ar Jeokronolojik Yas Verilerine Dayanarak
Usak-Giire Havzasi’nin Miyosen Volkano-stratigrafisi

Ozgiir Karaoglu, Cahit Helvaci ve E. Yal¢in Ersoy

Dokuz Evliil Universitesi, Jeoloji Miihendisligi Boliimii, Tinaztepe Kampiisii,
35160 Buca, Izmir (E-posta. ozgur.karaoglu(@deu.edu.tr)

Usak-Glire Havzasi, Bati Anadolu’da KD-GB uzanimli havzalarin dogu ucunda yer almaktadir.
Onceki galismalara gore Usak-Giire havzasinin sedimanter istifi birbirinden uyumsuzluklarla ayrilan
ii¢ farklr tortul birim ile temsil edilir. Bunlar Hacibekir ve Inay gruplan ile Asartepe Formasyonu’dur.
Seyitoglu (1997), Usak-Giire havzasindaki volkanik kayalarin stratigrafik ozellikleri ve elde ettigi
14.940.6-15.5£0.4 My (K-Ar) arasinda degisen yaslara gore volkanizmanin sadece Inay grubuna ait
sedimanter kayalar ile girik oldugunu gostermistir. Buna gore havzada Inay grubuna ait volkano-
sedimanter istif erken orta Miyosen’den itibaren ¢okelmeye baslamistr.

Bu ¢alismada, Usak-Giire havzasinda yapilan jeolojik haritalama (1/25.000 6lgekii) ve enine kesit
calismalart ile volkanik kayalardan elde edilen yeni radyometrik yaslar (9 adet Ar-Ar) tartisilmis ve
Inay Grubu’nun yasi revize edilmistir. Usak-Giire havzasindaki volkanizma ti¢ volkanik birim altinda
degerlendirtlmistir.  Bunlar felsik  bilesimli  (andezit-dasit-riyolit  bilesim arah@inda) Beydag
volkanikleri, daha mafik bilesimli Payamtepe volkanikleri ve Karaaga¢ dayklandir. Beydagi
volkanikleri KD-GB dogrultuda yerlesmis (¢ adet volkanik merkezden olusmaktadir. Bunlar
glineyden kuzeye dogru Beydag, Itecektepe ve Elmadag kalderalaridir. Beydagt kalderasi ¢ok yiiksek
hacimde blok-kiil ve volkanik moloz akmalar agiga ¢ikarmisur. Itecektepe kalderasi tektonizmadan
asint sekilde etkilenmis olup kalderanin orta kesiminde metamortik temel ytuzeylemektedir. Elmadag
kalderasi farkli evrimsel asamalara sahiptir ve giniimizde kalderanin ancak dogu kenarn
korunabilmigtir. Payamtepe volkanizmasi KD-GB yonlii fay sistemlerine bagh olarak gelismis olup
havzanin bati kesiminde baskin olarak gozlenmektedir. Payamtepe lavlari ile Ulubey golsel
karbonatlari arasinda giriklik iliskisint gésteren peperitik dokular gozlenmektedir. Karaagag dayklar
Asartepe Formasyonu’nu (iist Miyosen) kesmekte olup mafik bilesimlidir. Beydag volkaniklerine ait
Elmadag kalderasindan elde edilen en yash radyometrik veriler 17.90+0.13, 16.48+0.33 ve 16.48+£0.08
My arasinda olup volkanizmanin Burdigaliyen’den (erken Miyosen) itibaren etkin oldugunu gosterir.
Beydag kalderasindan elde edilen en gen¢ radyometrik yas verisi ise 12.15+0.15 My olup
volkanizmanin Serravaliyen’e (ge¢ orta Miyosen) kadar devam ettigini gosterir. Payamtepe
volkaniklerinden elde edilen yas verileri ise 16.01+0.08-15.93+0.08 My arasindadir. Bu veriler
isiginda Usak-Giire havzasinin evrimine iliskin 2 énemli sonug¢ vurgulanabilir: (1) Inay Grubu erken
orta Miyosen degil, erken Miyosen’in sonundan itibaren ¢dkelmeye baslanus ve bu ¢dkelim orta
Miyosen’in sonuna kadar (Burdigaliyen—Serravaliyen) devam etmistir. (2) Beydagi (erken--orta
Miyosen) ve Payamtepe (Orta Miyosen) volkanik faaliyetleri, erken Miyosen’den itibaren gemslemeli
tektonik rejimin 2 farkli donemine karsilik gelmektedir.

Anahtar Sozciikler: Usak-Giire havzasi, volkano-stratigrafi, Ar-Ar jeokronoloji, inay Grubu
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Miocene Volcano-stratigraphy of the Usak-Giire Basin
Based on new Ar-Ar Geochronology

Ozgiir Karaoglu, Cahit Helvact & E. Yal¢in Ersoy

Dokuz Eyliil University, Department of Geology, Tinaztepe Campus, Buca,
TR-35160 [zmir, Turkey (E-mail: ozgur.karaoglu(@deu.edu.tr)

The Usak-Giire basin is NE-SW-trending basin located on the eastern end of the western Turkey. The
basin fill consists of three contrasting sedimentary packages (Hacibekir Group, Inay Group and
Asartepe Formation) separated by angular unconformities in-between. It is argued. based on the
stratigraphic position and the radiometric age of volcanic rocks dated at 14.940.6 to 15.5+0.4 Ma (K-
Ar), that the volcanic rocks of the Usak-Giire basin are exclusively interrelated with sedimentary
deposits of the Inay Group and that the deposition of the group commenced by early middle Miocene.

We mapped the Usak-Giire basin at 1/25.000 scale and revised the stratigraphy of the Miocene
volcano-sedimentary units on the basis of field expeditions, cross sections and 9 Ar-Ar geochronologic
data. Three distinct volcanic successions occur in Usak-Giire basin: (1) Beydag: volcanics (consists of
andesite, dasite and rhyolite rocks), (2) Payamtepe volcanics (mafic rocks), and (3) Karaaga¢ dikes.
Beydagi volcanics are composed of three different NE-SW-trending volcanic centres. These are, from
southwest to northeast, Beydagi. Itecektepe and Elmadag calderas. Beydag: caldera produced high
voluminous debris with block and ash flows. Itecektepe caldera was intensely deformed and affected
by synchronous tectonism: the metamorphic rocks crop out in the middle of the caldera. Elmadag
caldera has different evolutionary stages and eastern half of the caldera structure has been exclusively
preserved. In general, Payamtepe volcanic rocks are interrelated with NE SW-trending fault systems
and dominate in eastern part of the Giire basement. The Payamtepe volcanics display mterfingering
relations with Ulubey carbonate rocks. Karaaga¢ mafic dikes intrude the Asartepe Formation (late
Miocene). The oldest new ages obtained from the Elmadag caldera (Beydagr volcanism) are
17.9040.13, 16.48+0.33 and 16.48+0.08 My and indicate volcanism during the Burdagalien (early
Miocene). The youngest radiometric age of 12.15+0.15 is from the Beydag: caldera (Beydagi
volcanism) and implies that the Beydagi volcanism were active until Serravalien (late middle
Miocene). The Ar-Ar analysis of the payamtepe volcanics yielded ages between 16.01+0.08 and
15.9340.08 My. The significance of new age data on the evolution of the Usak-Giire basin can be
summarised as: (1) hlay Group acumulated from late early Miocene (not carly muddle Miocene) to
middle Miocene (Burdagalien—Serravalien) in the basin; (2) Beydag (early-middle Miocene) and
Payamtepe volcanic processes (middle Miocene) correspond to two different stages of extensional
tectonism in the region.

Key Words: Usak-Giire basin, volcano-stratigraphy, Ar-Ar geochronology, inay Group
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Calisma alani, Batt Anadolu’da KD--GB uzanimh Neojen havzalardan olan Selendi ve Giire havzalari
ile D—B uzanimh Kuvaterner yash Simav Grabeni’'nin kesistigi bir alanda yer almaktadir. Calisma
alaninda basta ekonomik jeolojiye yonelik olmak iizere ¢ok sayida ¢alisma yapildig: halde bélgenin
Neojen stratigrafisi hentiz kurulamamistir. Bu yiizden alanin stratigrafisi ve bolgesel korelasyonu hala
tartistlmaktadir.

Bu ¢alismanin amaci, ¢alisma alanindaki volkanitlerin tortul kayaclarla olan iliskileri belirlemek ve
havza istifinin yeniden kurulmasinmi saglamaktir. Bu kapsamda, c¢aligma alaninin stratigrafisini
olusturmak i¢in 1/25000 6lcekli jeolojik harita ve stratigrafik kesit dl¢timlert ve bunun yani sira
volkanik kayac¢lardan alinan 6rneklerinin petrografik incelemeleri yapilmistir.

Calisma alaninda yiizlek veren birimlerin tamimlamalar ve adlandirmalar baslica, Selendi, Usak-Giire
havzalari ile Simav ve Gediz bolgelerinde yapilan onceki cahigsmalara gore yapilmigtir. Bu
cahismalarda havzalarin istifi iki ana volkano-sedimanter gruba aynilmustir: erken Miyosen yash
Hacibekir Grubu ve orta Miyosen yash Inay Grubu. Bu birimler ge¢ Miyosen—Kuvaterner yash
sedimanter ve volkanik kayalar tarafindan tstlenir.

Calisma alanindaki Neojen volkano-sedimanter birimlerin temel kayag¢larimi Menderes Masifi’ne ait
metamorfik kayalar, Izmir-Ankara zonuna ait ofiyolitik melanj birimleri olugturmaktadir. Neojen
oncesi bu birimler Miyosen yash Egrigoz granitoidi tarafindan kesilmektedir.

(Galisma alaninin Neojen stratigrafisi erken Miyosen yashi Hacibekir Grubu ile baslar. Hacibekir
Grubu, Kiirtkéyii ve Yenikdy formasyonlarina ait sedimanter kayalar ve bunlarla giriklilik sunan
Akdag volkanikleri ile kigtik ytizlekli lamproitik lav akintilarindan olusur. Kiirtkdyii formasyonu
genel olarak havzanin dogu kesimlerinde yiizlek verir. Bordo, sarabi-kirmizi renkli birim egemen
olarak metamortfik bilesenli kaba kinntili tortullardan olusur ve Yenikdy formasyonu tarafindan
uyumlu dstlenir. Yenikoy formasyonu tim havzada genis yiizlekler verir ve sarimsi kahverenkli
kumtaslarnn ve c¢amurtaslarindan olusur. Yenikdy formasyonu ayrica lamproit bilesimli volkanik
kayalar ile giriklilik sunar. Bu volkanik kayaglar Saphanedagi lamproiti (Gediz havzasi batisinda) ve
Ulaglar lamproiti (Emet havzasi giineyinde) olarak isimlendirilmistir. Yenikoy formasyonu Saphane
bolgesinde genis yizlekler veren Akdag volkaniklerine ait andezit, dasit ve riyolit bilesimli volkanik
kayagclar tarafindan uyumlu tistlenir.

Hacibekir Grubu agisal uyumsuzlukla orta Miyosen yasl Inay Grubu tarafindan tstlenir. inay Grubu,
Ahmetler ve Ulubey formasyonlari, Gediz volkanikleri ve Derekdy bazaltindan olusur. Ahmetler
formasyonu tabanda cakiltaslar ve iiste dogru kiltasi-silttagi ardalanmasindan olusur. Bu birim Ulubey
formasyonu ve Gediz volkanikleri tarafindan uyumlu iistlenir. Gediz volkanikleri andevitik lavlar ve
piroklastik kayaglardan olusur. Ulubey formasyonu baskin olarak golsel kiregtaglarindan yapilhidir ve
Derekdy bazaltina ait bazik lavlar tarafindan uyumlu Gstlenir. Inay Grubu, uyumsuzlukla
Pliyo—Kuvaterner yagh Asartepe formasyonuna ait kaba kirnntili karasal ¢okeller tarafindan tstlenir.
Tim birimler giincel travertenler ve aliivyon tarafindan uyumsuzlukla tistlenir.

Anahtar Sozciikler: Simav, Saphane, Gediz, Bati Anadolu, Neojen stratigrafisi
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The study area is located at the intersection of E-W-trending Plio-Quaternary Simav Graben and NE
SW-trending Neogene Sclendi and Giire basins in western Anatolia. Although many studies have been
carried out in the area, which are mainly focused on economical aspects, Neogene stratigraphy of the
area have not yet been well-established. Therefore, the stratigraphy of the area and its regional
correlation is still controversial.

The aim of this study is to determine the relationships between the sedimentary and volcanic units and
to reconstitute the stratigraphy of the basin. In order to establish the stratigraphy of the region.
geological mapping at 1/25.000 scale and measured stratigraphic sections have been carried out, as
well as petrographic studies on volcanic rock samples.

The rock units in the study area have been defined and named mainly on the basis of the previous
studies carried out both in the area and in the neighbouring Selendi and Usak-Giire basins. The
previous studies have revealed that the basin stratigraphy is made up of two main sedimentary groups,
namely Hacibekir and Inay groups; they are unconformably overlain by upper Miocene to Quaternary
sedimentary and volcanic rocks. The basement rocks of the Neogene volcano-sedimentary units in the
study area are represented by Menderes Massif metamorphics and ophiolitic mélange units of the
[zmir-Ankara zone, which were intruded by Miocene Egrigdz granitoid.

The Neogene stratigraphy of the area begins with the early Miocene Hacibekir Group that includes
sedimentary rocks of Kirtkdyt and Yenikdy formations and interfingering volcanic rocks of the
Akdag volcanics and minor lamproitic flows. The Kiirtkdyii formation mainly crops out in the eastern
part of the area. Claret, red coloured unit is made up of coarse-grained detrital sedimentary rocks
derived mainly from the Menderes Massif, and is conformably overlain by the Yenikoy formation.
The Yenikoy formation widely crops out throughout the basin and is mainly composed of brownish
yellow sandstone-mudstone alternations. The Yenikdy formation also interfingers with lamproitic
volcanic rocks. These volcanic intercalations are named here as Saphanedagi lamproite (in the west of
Gediz basin) and Ulaslar lamproite (in the south of Emet basin). The Yenikdy formation is also
conformably overlain by andesitic, dacitic and rhyolitic volcanic rocks of the Akdag volcanics in the
Saphane region.

The Hacibekir Group is unconformably overlain by the middle Miocene Inay Group that is composed
of Ahmetler and Ulubey formations, Gediz volcanics and Derekdy basalt. The Ahmetler formation is
composed of, from bottom to top, conglomerates and claystone-siltstone alternations. The Ahmetler
formation is conformably overlain by the Ulubey formation and Gediz volcanics. The Gediz volcanics
are made up of andesitic lavas and pyroclastic rocks. The Ulubey formation is composed of lacustrine
limestones and is conformably overlain by the syn-sedimentary basaltic lavas of the Derekdy basalt.
The Inay Group is unconformably overlain by the Plio-Quaternary Asartepe formation, which is
composed of coarse-grained detrital deposits. All these units are unconformably overlain by the recent
travertine and alluvium.

Key Words: Simav, Saphane, Gediz, Western Anatolia, Neogene stratigraphy
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Bati Anadolu’da genis alanlar kaplayan Neojen ¢okellerinin bir bolimi Emet ve Cavdarhisar
(Kitahya) havzalarinda c¢okelmistir. Emet havzasmin dogu kesimi ile Cavdarhisar havzasinin
kuzeybati boliimu, kuzeydogu-—-gineybati uzanimh yiiksek bir esikle birbirinden ayrihir.

Calisma alaninda, Neojen yash ¢okellerin agisal uyumsuzlukla tzerledigi temel kaya birimlerini
Paleozoik yash Saricasu formasyonu ve Arikayasi formasyonu olusturur. Saricasu formasyonu yesil
sist fasiyesini temsil ederken, Arikayasi formasyonu kristalize kirectaglarindan olusur. Bélgede Neojen
¢okelimi Erken Miyosen yash Kirtkoyli formasyonu ile baglar. Genel olarak bordo-sarabi kirmizi
renkli, ¢amurlu kiitle akmasi diizeylerinden olusan birim, aliivyal yelpaze ortaminda ¢okelmis
olmalidir. Kiirtkdyli formasyonu iginde s1g gol ortamuni yansitan kiregtast diizeyleri de yer alir.
Cahisma alam disinda (Hisarcik giineyi) Kiirtkdyii formasyonunu diisey gegisli olarak {izerleyen. golsel
nitelikli ge¢ Erken Miyosen yash Yenikoy formasyonunun yanal eslenigi durumundaki Karbasan
formasyonu egemen karbonat diizeylerinden olusur ve ¢alisma alani igerisinde olduk¢a dar alanda
yaytlimhdir.

Erken Miyosen ¢okeliminin ardindan, bolgede erken orta Miyosen yasli Emet ve Cavdarhisar
havzalan gelismeye baslamistir. Her iki havzanin tabaninda aliivyal yelpaze ortaminda gelismis olan
Kizilyar formasyonu ¢okelleri bulunur. Birim Emet havzasinda, Kiirtkdyti formasyonu iizerinde
uyumsuz olarak yer alirken, Cavdarhisar havzasinda dogrudan temel kayalar (zerine agisal
uyumsuzlukla gelir. Genel olarak kizil-kizilimsi kahve-siitlii kahve renkli ¢akilli ¢amurtast
diizeylerinden olusan Kizilyar formasyonu, kanal dolgusu as fasiyesini yansitan c¢akiltasi ara diizeyleri
kapsar. Inceleme alaninda, Kizilyar formasyonu iizerinde diisey ve yanal gecish golsel ¢okeller. Emet
havzasinda tif/yeniden islenmis tif ve kiltagt ara katmanh egemen ¢ortli kircectaslariyla temsil edilir.
Gavdarhisar havzasinda golsel ¢okelim, Kizilyar formasyonunun iraksak seviyeleriyle disey gecish
kinnulr  ¢okeller ile baslar. Kiregtagi-tiif/yeniden islenmis tiif-silttasi ara katkilh  kiltasi-marn
dizeylerinden olusan kirmntli ¢okeller tizerinde egemen kiregtasi istifi gelisir. Cort bant ve yumrulan
igeren kiregtast istifinde, genis yayilimlh oolitik kiregtasi diizeyleri olagandir. ki havzanim gélsel
kiregtasi diizeyleri, olasi ge¢ Miyosen yasli Merkezsihlar formasyonu ile uyumlu olarak iizerlenir.
Aliivyal yelpaze ortaminda ¢okelmis olan Merkezsihlar formasyonu, kolay aginabilir olmasi nedeniyle
genelde yersel olarak gozlenir. Emet ve Cavdarhisar golsel havzalari muhtemelen Merkezsihlar
formasyonunun ¢okelimiyle darahip siglasmaya baslamistir. Merkezsihlar formasyonunun ¢ékeliminin
ardindan yogun asinim siiregleri etkisi altinda kalan inceleme alaninda, Kuvaterner evresinde aliivyal
malzeme ¢okelimi ger¢eklesmistir.

Anahtar Soézciikler: Miyosen, aliivyal yelpaze, golsel ¢okelim, yeniden islenmis tif, Emet,
Cavdarhisar
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The Neogene deposits cover extensive areas in western Anatolia and a portion of these sediments
occur in Emet and Cavdarhisar (Kiitahya) basins. The eastern section of the Emet and the northwestern
part of the Cavdarhisar basins are separated from each other by a northeast southwest-trending
topographic high.

In the study area, Palacozoic Saricasu and Arikayasi formations constitute the basement and they are
overlain by the Neogene deposits with an angular unconformity. The Saricasu formation consists of
greenschist facies rocks while the Arikayasi formation is composed of crystallized limestones. The
Neogene sediments commenced with Early Miocene Kiirtkdyii formation. This unit is generally
marked by its wine red colour and is made up of muddy-mass flow levels interbedded with
conglomerates deposited possibly in an alluvial fan environment. Furthermore. the presence of
limestone layers within the Kiirtkdy formation indicates the existence of a shallow lake environment.
Karbasan formation accompanies late Early Miocene lacustrine sediments of the Yenikoy formation,
which gradationally overlies the Kiirtkdyii formation to the south of Hisarcik. The Karbasan formation
1s composed mainly of carbonates exposed in a rather narrow zone.

Early Middle Miocene Emet and Cavdarhisar basins developed subsequent to the Early Miocene
sedimentation. Kizilyar formation was deposited in the alluvial fan environment and occurs at the
bottom of the sedimentary fill to both basins. The unit unconformably overlies the Kirtkoyt formation
in Emet basin whereas it lies directly on the basement rocks with an angular unconformity in
Gavdarhisar basin. The Kizilyar formation is composed mainly of red-brown and caramel coloured
pebbly mudstones, interlayered with channel conglomerates. Lacustrine sediments of the Kizilyar
formation generally indicates vertical and lateral transitional relationships with other lithologies where
in the Emet basin the carbonates are represented mainly by cherty limestones interbedded with
tuft/reworked tuff and clay. On the other hand. in the Cavdarhisar basin. lacustrine deposition starts
with clastic deposits of mainly clay-marl interbedded with limestone, tuff/reworked tuff and siltstone:
these lithologies show vertical gradation with distal levels of the Kizilyar formation. The clastic
sediments is replaced upward by carbonates. Widespread oolitic limestone layers are coomon in the
carbonate sequence; the occurence of chert bands and nodules are common. The limestone sequences
of either basins are overlain conformably by alluvial fan sediments of upper Miocene Merkezsihlar
formation. Because it is easily eroded, the unit crops out locally. With the sedimentation of the
Merkezsihlar formation, both Emet and Cavdarhisar lacustrine basins start to become narrower and get
shallower. Widespread formation of alluvial sediments during the Quaternary is common due to the
extensive erosion of the Merkezsihlar formation.

Key Words: Miocene, alluvial fan, lacustrine sedimentation, reworked tuff, Emet, Cavdarhisar
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Aksu Havzasi; Afrika-Avrasya sikisma zonunda meydana gelen yapisal hareketler sonucunda.
biikiilme tektonigine bagh olarak olusmus bir oniilke (foreland) havzadir. Aksu Havzasi’nda
Mesozoyik yash Beydaglari karbonat platformu ile Ge¢ Kretase—Paleosen yash ofiyolitler ve derin
deniz sedimanlarindan (Antalya Naplar1) olusan temel kayaclar lizerine, Orta Miyosen ve sonrasi yash
kirmntililar ve karbonat kayaglar uyumsuz olarak gelir. Havza, Pliyosen’e kadar yelpaze deltasina ait
s1g denizel ¢okeller, Pliyosen sonrasinda ise karasal bir istifle temsil edilir. Aksu Havzasi ¢okelme
sistemleri; tektonik hareketlilikten ve Miyosen sonlarinda gozlenen deniz seviyesi oynamalarindan
onemli sekilde etkilenmistir.

Afrika-Avrasya plaka smirinda meydana gelen dalma-batma ile iliskili Kibris ve Ege yaylarinin
tektonik hareketlerine, Anadolu plakaciginin batiya kagisi da eklenince Aksu Havzasi ve yakin ¢evresi
onemli sekilde deformasyona ugramistir. Bu tektonik hareketlilik, yapilan kinematik anahizler
sonucunda ardalanmali olarak gelisen iki sikisma ve iki ag¢ilma rejimi ile aciklanabilmektedir.
Havzanin olusumunda etkili olan Likya Naplari’min GD yoénli yerlesimi ile olusan KB—-GD dogrultulu
sitkisma rejimi Langiyen’de sona ermis ve dalma-batma zonundaki hareketlilige bagh KB-GD
dogrultulu agilma rejimi onu takip etmistir. Tortoniyen sonunda baslayan, Anadolu’nun batiya kagisi
ile gelisen KD-GB dogrultulu sikisma rejimi (Aksu Fazi), Geg¢ Pliyosen’de yerint KD—-GB dogrultulu
actlma rejimine birakmstir.

Aksu Havzasi’nin deformasyon Ozelliklerinin tanimlanmasi, tektonik olarak aktif bir bolgedeki havza
olusumunun ve evriminin anlasilmasinin yani sira, komsu havzalarin ve Isparta A¢isi’nin Miyosen’den
glintimuze 6zelliklerinin belirlenmesine de yardimct olacaktir.

Anahtar Sozciikler: Aksu Havzasi, Isparta A¢isi, dnilke havza, tektonizma, deformasyon, kinematik
analiz



Deformational Characteristics of Aksu Basin: Inner Isparta Angle, SW Turkey
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Aksu Basin is a foreland basin that occured as a result of flexural tectonism in the African-Eurasian
compressional zone. Middle Miocene and younger clastics and carbonates unconformably overlie the
Mesozoic Beydaglar platform carbonates and Upper Cretaceous-Paleocene ophiolites and deep
marine sediments (Antalya Nappes) in Aksu Basin. Till Pliocene the basin is represented by fan-
deltaic shallow marine deposits and later by terrestrial deposits. The depositonal characteristics of the
basin reflect the importance of the tectonic activity and sea level fluctuations that took place during the
Miocene.

Aksu Basin was deformed by tectonic activity of Cyprus and Aegean arcs which was related to the
subduction along African-Eurasian plate boundary and westward movement of the Anatolian block.
This tectonism can be explained with an alternation of two compressional and two extensional regimes
based on the results obtained from kinematic analyses. Aksu Basin was formed by southeastern
emplacement of Lycian Nappes. This movement created a NW-SE compressional regime that lasted
in Langhian. This contractional regime is followed by NW-SE extensional regime which 1s related
with the activity of subduction zone. The subsequent NE-SW compressional regime known as “Aksu
Phase” is the third phase and it is involved with the westward escape of Anatolian block started in Late
Tortonian. Neotectonic regime is represented with a NE-SW extensional regime in the Aksu Basin.

Defining the deformational characteristics of Aksu Basin will help both better understanding the
cvolution of a basin in an active region and determining the properties of Isparta Angle and

neigbouring basins from Miocene to Recent.

Key Words: Aksu Basin, Isparta Angle. foreland basin. tectonism, deformation. kinematic analysis
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Cok disiplinli bir TUBITAK projesi olan ‘Kuzeybat Anadolu” nun Kabuk Yapisinin Jeofizik
Yontemlerle  Arasturilmasi”™  projesi  kapsanunda yaklasik  350x550 km” bir alanda  olgiilen
Manyetotelliirik (MT), Gravite, Havadan Manyetik, Sismoloji ve Jeokimyasal veriler toplanacakur. Bu
projenin amaci Ol¢iilen verilerin birlikte yorumu ile bolgenin yaklagtk ilk 50 km derine kadar olan
jeolojik ozellikleri arasurilacakur. Proje alaninda toplam dokuz dogrultu boyunca 3 km arahklarla
yaklagik 1000 istasyonda MT verileri ve yaklasik 21500 noktada Gravite dlgiileri alinacaktir. Havadan
manyetik veri olarak ise daha dnceden MTA tarafindan bolgede olgiilen veriler kullanilacaktir. Ayrica,
proje kapsaminda bolgeye kurulan 10 deprem istasyonu ile Bogazigi Universitesi ve Afet Isleri Genel
Miidiirliigii tarafindan bolgede isletilen deprem istasyonlarinin kayit ettigi deprem verileri ile bolgede
onceden Ol¢lilmils deprem kayitlari ise sismolojik ¢alismalar kapsaminda kullanilacakur. Yine
bolgedeki MT 6lcii hatlarimin kestigi toplam 18 adet Pliiton i¢in jeokimyasal veriler yorumlanacaktir.
Sonugta jeofizik verilerin iki- ve tig-boyutlu ters ¢oziimleri sonucu bolgeye ait 6zdireng. yogunluk,
manyetik 6zellik ve hiz modelleri elde edilecektir. Elde edilen bu modeller ve jeokimyasal analiz
sonuglart birlikte kullanilarak, KB Anadolu’ nun kabuk yapisi hakkinda yorum yapilacakur.

Bu sunuda, Zonguldak-Aksehir arasinda kalan K—G yonlu iki dogrultu boyunca MT, gravite, havadan
manyetik, sismolojik ve bolgedeki iki Pliiton i¢in jeokimyasal verilerin yorum sonuglart verilecektir.
Bu iki dogrultu kuzeyden giineye dogru sirasiyla; Istanbul Zonu, Intra-Pontit kenet kusagi, Sakarya
Kitasi, lzmir-Ankara-Erzincan kenet kusagi, Anatolid Torid Blogu, ayrica Kuzey Anadolu Fay Zonu
ve Eskisehir Fayt ile bolgedeki Neojen havzalarinm bir bolimini kesmektedir. MT verilerinin ters
¢oziimiinden elde edilen ve yiizeyden 50 km derine kadar bilgi veren 2B 6zdiren¢ modellerinde bu
zonlar belirgin bir sekilde fark edilmektedir. Bu zonlarin geometri ve derinliklert hakkinda cide edilen
yorum sonuglart énceden yapilan ¢alismalarin bazilarinin sonuglart ile uyum gostermektedir. Ayrica
her iki hat boyunca st kabugun kalinlastigr ve inceldigi yerler ¢ok iy1 gortlmektedir. Her iki paralel
MT hatti boyunca gravite ve havadan manyetik profil verileri kullanarak 2B yogunluk ve manyetik
ozellik modelleri de elde edilmistir. Bilindigi gibi “transform levha’ sinirlarinda depremler olmaktadir.
Sismoloji verilerinden, bolgede bu hatlar boyunca olmus depremlerin odak merkezleri 6zdireng
modelleri tizerinde gosteriimistir. Boylece 6zdireng modellert tizerinde levha sinirlarinin belirlenmesi
kolaylasmustir. Ayrica her iki dogrultu icin deprem verilerinden, bolgedeki gerilim dagilimini gosteren
b-degeri-derinlik kesitleri elde edilmistir. Sivrihisar, Glinylizii ve Beypazari granatoidlerinden alinan
orneklerin jeokimyasal analiz sonuglari da yorumlamada kullanilnustir. Beypazar granitoidlerinin
bagimsiz kiigiik mostralar vermelerine ragmen mineralojik ve kimyasal bilesimlert bunlarin derinde
tek kiitleye bagh bir batolit seklinde intruzif kayalar olabilecegini gostermektedir. Sonug olarak bu
calismada Zonguldak-Aksehir dogrultusu boyunca yiizeyden 50 km derine kadar olan yapilar jeofizik
ve jeolojik calismalar bir araya getirilerek yorumlanmistir.

Anahtar Sozciikler: kuzeybati Anadolu, tektonik, kabuk yapisi, model, jeofizik, jeoloji
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Under the multidisciplinary TUBITAK project, ‘NW Anatolia Crust Structure investigation by using
Geophysical Methods (NW  Anatolia CSGM)!, magnetotellurics (MT), gravity, aeromagnetic.
seismological and geochemical data are going to be collected in a 350x550 km® area. The aim of this
project is to investigate geological structures of the area from surface to 50 km depth range by using
interpretation of the collected data. We are going to collect MT data along 9 profiles with 3 km station
interval that yields approximately 1000 stations and approximately 21500 gravity data in the project
area. The airborne magnetic data previously collected by MTA in the project area will be used. The
earthquakes’ data recorded by using the currently used seismological stations setup in the project area
by us, Bogazi¢i University and Earthquake Disaster Affairs and previously occurred earthquakes
records are going to be used under the seismological studies. The geochemical data are going to be
interpreted for the 18 plutons crossed by MT profiles. Finally, two-dimensional resistivity. density and
magnetic properties models and three-dimensional velocity model will be obtained after inversion of
the geophysical data. These models and geochemical analysis results are going to be used to interpret
crust structure of the NW Anatolia.

In this presentation, interpretation result of MT, gravity, aeromagnetic and seismology data collected
along N--S directional two parallel lines and geochemistry data for two pluton’s in this area will be
given. These two parallel lines are crossing the main geological units from North to South; Istanbul
zone, Intra-Pontide suture zone, Sakarya continent, lzmir-Ankara-Erzincan suture zone. Anatolid
Tauride Block, in addition, North Anatolian Fault Zone, Eskisehir Fault and some Neogene’s basins in
the investigated area. These main geological units can be seen accurately in the resistivity models
including information from surface to 50 km depth range obtained from two-dimensional inversion of
MT data. Interpretation results of these models show that geometry and depth of these zones are
agreed with some previous studies results. Additionally, thin and thick part of lower crust can be easily
recognized in these two resistivity models. We obtained two-dimensional density and magnetic
properties models by using gravity and airborne magnetic data collected along these two parallel MT
lines. It is known that the earthquakes occurred along transform plate boundaries. Earthquake
epicenters occurred nearby these parallel lines acquired from seismological data are shown on the
resistivity models. This helps us to define plate boundaries in the resistivity models. Additionally, we
obtained b-values-depth sections that show stress distributions from scismological data for the two
parallel lines. Geochemical analysis results of the collected samples from Sivrihisar, Giinyiizii and
Beypazari granitoids are used in the interpretation. Although, Beypazar granitoids shows independent
outcrops in the field, mineralogical and chemical compositions show that these small outcrops may be
united as a unique intrusive body at the depth in the form of batholiths. To sum up, along Zonguldak-
Aksehir transect, the structures from surface to 50 km depth range are interpreted combining
geophysical and geological studies results.

Key Words: northwest Anatolia, tectonics, crust structure, model, geophysics, geology
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Cardak-Dazkirt Havzasindaki Tersiyer Cokellerinin Depolanma Ortamlan
ve Sedimanter Fasiyesleri, GB Anadolu, Tiirkiye

Ezher Toker' ve Fuzuli Yagmurlu’
" Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, 20017 Kinikln,
Denizli (E-posta: egulbas@pau.edu.tr)

“ Stileyman Demirel Universitesi, Jeoloji Miihendisligi Béliimii, 32260 Ciiniir, Isparta

Bu ¢alisma, Acigol Grabeni’nin kuzey kenart boyunca yizeyleyen Tersiyer yash ¢okellerin depolanma
ortamlarini, fasiyes ozellikleri ve bolgesel tektonikle olan iliskisini arastirmayi amaglar. Inceleme
alani, bolgeye allokton olarak gelip yerlesen Likya naplarinin tizerinde yeralmakta olup, bu alanda
yluzeyleyen birimler, Basg¢esme Formasyonu (Orta-Ust Eosen), Armutalani Formasyonu (Alt
Oligosen), Cardak Formasyonu (Alt—*orta’ Oligosen), Hayrettin Formasyonu (‘orta’-Ust Oligosen),
Tokga Formasyonu (Ust Oligosen) ve Cameli Formasyonu (Pliyosen) olarak gériilmektedir.

Calisma alamindaki Tersiyer ¢okellerinde yapilan fasiyes ¢calismalarinda toplam yirmiyedi fasiyes ve
14 fasiyes birliklert belirlenmistir. Her bir fasiyes ayirtiamasi, ¢okellerin bilesenine, rengine, tane
boyuna, tortul yapilarina, organik kalintilarina ve sinir iliskilerine bakilarak degerlendirilmistir. Eosen
¢okelleri, aliivyal yelpaze ile baslayip, kiy1 gerisi ile devam etmekte ve resifal kiregtaglarinin yer aldig:
sig denizel ortam ile sonlanmaktadir. Oligosen yash formasyonlara ait tortullar, aliivyal yelpaze ile
baslayip, yelpaze deltas1 ve sig denizel ortamlarda ¢okelmislerdir. Pliyosen tortullan, tabanda akarsu
ortamunda depolanip yukartya dogru gélsel ortam ile devam eden ¢okellerdir.

Tersiyer ¢okelleri tizerinde yapilan fasiyes analizleri sonucunda, temelde transgresif olarak ¢okelen
birimler, Oligosen donemindeki karasallasmaya ve tektonik a¢idan yiikselmeye bagh olarak kaba
kirmuli, masif i ¢akilh, birimler olarak ¢okelmistir. Bolgesel lgekte KB--GD yoniinde sikisma
Oligosen yash birimleri kivrimlandirmistir. Oligosen sonunda sikisma devam ederken bir yandan da
sedimantasyon stirmekte ve havzanin kuzeyine dogru birimlerin tane boyu incelmekte ve havza
kuzeye dogru giderek derinlesmektedir. Pliyosen ¢okelleri Oligosen ¢dkellerinin iizerine uyumsuz
olarak gelmekte ve bolgesel igekte gerceklesen KB-GD yéniindeki agilmaya bagh olarak olusan
golciiklerde golsel kirectaslar ¢okelmektedir. Normal faylanmalara bagh olarak da ¢ikan sicak sularin
etkisiyle depolanan traverten, Pliyosen ¢okellerinin en iist birimini olusturmaktadir.

Anahtar Sozciikler: fasiyes analizi, Cardak-Dazkirt havzasi, Acigdl Grabeni
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The Depositional Environments and Sedimentary Facies of Tertiary
Deposits in Cardak-Dazkir: Basin of SW Anatolia, Turkey

Ezher Toker' & Fuzuli Yagmurlu’

" Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, Kinikii,
) TR-20017 Denizli, Tiirkive (E-mail: egulbas@pau.edu.tr)
“Stileyman Demirel Universitesi, Jeoloji Miihendisligi Béliimii, Ciiniir.
TR-32260 Isparta, Tiirkiye

In this study, the depositional environments and facies characteristics of the Tertiary deposits exposed
along the northern margin of the Acigdl Graben have been investigated and their relation to regional
tectonics explored. Three stratigraphic units have been investigated. These are Eocene. Oligocene
(Acigol group) and Pliocene units. The Eocene units are represented by Basg¢esme Formation
(Middle--Upper Eocene). the Oligocene units by Acigél Group made up of Lower Oligocene
Armutalani Formation, Lower—‘middle’ Oligocene Cardak Formation, ‘middle’ Upper Oligocene
Hayrettin Formation, Upper Oligocene Tok¢a Formation, and Pliocene Units, by Cameli Formation.

The facies analyses have been performed in these Tertiary deposits and a total of twenty-seven facies
and 14 facies associations have been determined, with respect to the composition of components,
colours, grain size, sedimentary structures, organic remnants and boundary relations of sediments.
Eocene deposits commenced as alluvial fan deposits (proximal and distal fan), then continued with
backshore deposits and ended up as shallow marine reefal limestones. The sediments of Oligocene
formations have deposited in aluvial fan, fan delta and shallow marine environments. The Pliocene
sediments were deposited in fluvial and lacustrine environments.

The facies analyses have shown that the sediments commenced as a transgressive sequence and
became coarser (massive cobbles and pebbles) due to the tectonic activity and consequent uplift of the
region. The Oligocene units were deformed and folded during a NW SE compression which
continued tll the end of the Oligocene. The compressional deformation was accompanicd by
sedimentation as the basin became deeper in the north as suggested by a pronounced northward
decrease in the grain size of sediments; a deeper fan delta and/or shallow marine sedimentation in the
north of the study area is characteristic. Pliocene sediments unconformably overlie the Oligocene
deposits and is characterized by lacusturine clayey limestone deposited in pools formed as a result of
NW-SE extension. Travertines occur on top of the Pliocene sediments and deposited by hot waters
reaching ground surface along normal faults.

Key Words: facies analysis, Cardak-Dazkiri basin, Acigol Graben
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Afyon-Aksehir Graben’inde Yakasenek Ters Fayr Olarak
Tammmlanan Yapi Uzerinde Jeolojik ve Jeofiziksel Gozlemler:
iki Evreli Graben Modeli i¢in Bir Test

Sevil Kaya', Asli Zeynep Can’, Korhan Esat', Esra Ezgi Ekincioglu®, ismail Akkaya’,
Veysel Isik', Biilent Kaypak®, Giilsev Uyar Aldas’, Berkan Ecevitoglu® ve Giirol Seyitoglu'

"Ankara Universitesi, Jeoloji Miihendisligi Béliimii, Tektonik Arastirma Grubu,

06100 Tandogan, Ankara (E-posta: s.sevilkayal@gmail.com)
* Ankara Universitesi, Jeofizik Miihendisligi Boliimii, 06100 Tandogan, Ankara

Cay’in (Afyon) yaklasik 13 km DGD’sunda yeralan Yakasenek kasabasi civarnindaki metamorfik
temel birim ile Neojen c¢okellert arasindaki tektonik dokanak bir grup arastirmaci tarafindan
Sultandagr fay: olarak isimlendirilmis ve bindirme fayi olarak yorumlanmis, diger bir grup tarafindan
1se normal fay oldugu tleri surtilmustiir. Bazi ¢alismacilar da Sultandagi fayini normal fay olarak kabul
etmekle birlikte bu fay tarafindan kesilen daha eski Yakasenek ters fayimi tanmimlamislardir. Bu
¢alismada soz konusu Yakasenek ters fayi {izerinde jeolojik ve jeofizik ¢alismalar yapilmistir.
Dokanak yakininda fayin karakierini belirleyecek fay ¢izikleri korunmamistir ancak dokanak boyunca
bazi lokasyonlarda yogun par¢alanmaya ugramis bresik zonlara rastlanmistir. Ayrica sahada temelden
kopup gelen blyiik bloklarin olusturdugu heyelan alani tespit edilmistir. Bu dokanak tizerinde
uygulanan ‘Sismik Isin Yénlendirme’ yontemi ile Yakasenek ters fayina karsihik gelen tektonik hat
kuzeye egimli olarak belirlenmistir. Buradaki fayin giineyin aksine kuzeye egimli olarak saptanmasi,
bolgede Miyosen—Pliyosen’de sikismanin varhigini ortaya koyan ve iki evreli graben modelini
destekleyen Yakasenek ters faymnin bulunmadigini gostermistir. Bélgede yapilan arazi gézlemlerinde
de ters faya yonelik herhangi bir veriye rastlanmamistir.

Anahtar Sozciikler: Afyon, Yakasenck, graben, Sultandag: fayi, normal fay, neotektonik

206



Geological and Geophysical Observations on so-called Yakasenek Reverse Fault
at Afyon-Akschir Graben: A Test for Two-Stage Graben Model
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" Ankara Universitesi, Jeofizik Miihendisligi Boliimii, Tandogan, TR-06100 Ankara, Tiirkive

The tectonic contact between the metamorphic basement and the Neogene units, which is located
around Yakasenek town in the approximately 13 km ESE of Cay (Afyon), is interpreted as a thrust
fault and is named as the Sultandag: fault by some researchers. On the contrary, the others claim that
the Sultandag: fault is a normal fault. Some researchers define the Yakasenck reverse fault which is
cut by the Sultandagi normal fault. In this study, the geological and geophysical studies have been
made on this tectonic contact. The slickenlines could not be observed around the contact but there are
intensively brecciated zones along it in some localities. Moreover, the landslide area, which has large
blocks of the basement, was determined. The tectonic contact corresponds to the Yakasenek reverse
fault was determined as a N-dipping plane using with the ‘Seismic Beam Steering’ method. The
identification of the N-dipping plane instead of S-dipping shows that the Yakasenek reverse fault,
which is interpreted as a product of the Miocene-Pliocene contraction supporting two-stage graben
model, 1s not a thrust. There is also no field evidence of thrust fault in the area.

Key Words: Afyon. Yakasenek, graben, Sultandagi fault, normal fault, neotectonics

207



Tepeoba (Havran-Balikesir) Bolgesinin Jeolojik
ve Petrografik Incelenmesi
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Pamubkkale Universitesi, Miihendislik Fakiiltesi, Jeoloji Mithendisligi Boliimii,
Kwntiklt Kampiisii, 20200 Denizli (E-posta: zdoygun(@pau.edu.tr)

Calisma alani, Balikesir ili Edremit ilgesinin kuzeydogusunda ve Camdibi koyiintin kuzeyinde yer
almaktadir. Bu calisma. inceleme alam ve yakin dolayinin jeolojik ve petrografik incelenmesini
amagclamaktadir. Bu kapsamda 36 km? lik alanda jeolojik harita ahmu yapilmis (1/25000 ve 1/10000
Olgekli) ve bu bolgedeki litolojik birimlerden hazirlanan 80 adet petrografik 6rnegin mikroskopta
incelemeleri gergeklestirilmistir.

Calisma alanin temelinde Permokarbonifer-Erken Triyas yasl, tektonik dilimlerden olusan Karakaya
Karmasigina ait birimleri yer alir. Bunlar, en alttan baglayarak Kalabak birimi. Nilifer birimi, Hodul
birimi ve Tepeoba birimi olarak siralanir. Calisilan alanda Oligo~Miyosen yash Eybek granodiyoriti
Karakaya Karmasigina sokulum yapmis olup, Tepeoba birimi ile dokanak olusturur. Bu alanda Eybek
granodiyoritine ait aplitik dayklar da yer alir. Tiim birimlerin tizerine agisal uyumsuzlukla Kuvaterner
yash allivyon ve yama¢ molozlarinin geldigi saptanmustir.

Kalabak birimi, kalksist, fillit ve metabazitlerden olusmaktadir. Birim arazide yer yer altere olmus
sekilde kahverengi renkte izlenmektedir. Kalabak birimi’'nden alinan metabazit Orneklerinin
mikroskobik incelemelerinde kalinti ofitik dokuda olduklari belirlenmis plajioklas, piroksen, epidot,
hornblend (tremolit) kuvars, kalsit ve opak mineraller tespit edilmistir.

Niliifer birimi egemen olarak spilitik kayaclar icermektedir ve arazide yesil ve yesilin farkli tonlardaki
renklerinde izlenir. Ayrica Niliifer birimi igerisinde metabazit, metatiif, metakumtas: katkilar: da yer
almakta ve st dizeylerinde yaygin olarak mermer yiizeylemeleri bulunmaktadir. Spilit ve
metabazitlerin mikroskobik incelemelerinde, ofitik ve subofitik dokuda olduklart plajioklas (albit)
piroksen (ojit), epidot, prehnit, termolit/aktinolit, ilmenit, kuvars, kalsit ve opak mineraller i¢erdikleri
belirlenmistir.

Hodul binnmde egemen olarak arkozik metakumtaglart yer alir. Bunlar arazide genellikle beyaz ve
beyazimst renklerde izlenirler. Arkozik metakumtaglarin mikroskobik incelemelerinde kuvars, K-
feldispat, plajioklas, serizit, kalsit, FeO ve opak mineraller icerdigi tespit edilmistir.

Tepeoba birimi fillit, kuvars-serizitsist ve yer yer metabazit, metataf ve ince taneli arkozik
metakumtaslarindan olusur. Matabazitlerin mikroskobik incelemelerinde mikrolitik dokuda olduklari
belirlenmis ve plajioklas, piroksen, klorit, epidot (pistasit + zoisit), kalsit, FeO ve opak mineral
igerdikleri tespit edilmistir.

Oligo—~Miyosen yash Eybek granodiyoriti, hornbend-biyotit granodiyorittir. Granodiyorit incelenen
alanda, Karakaya Kompleksi’ne ait Tepeoba birimine sokulum yapmis ve bu birime ait sistleri
dokanak metamorfizmasina ugratmistir. Ayrica sistlerin zayif serizitik alterasyona ugrattiklan da
belirlenmistir. Granodiyoritin mikroskopik incelemelerinde genellikle kataklastik dokuda olduklan ve
mineral i¢eriginin plajioklas (oligoklas ve andezin), K-feldispat, kuvars, hornblend, biyotit, sfen,
zirkon, apatitden olustugu tespit edilmistir. Eybek granodiyoritine ait aplitik dayklar sahada beyaz
renkli ve olduk¢a kirilgan yapida goriilmektedir. Aplitik dayklarin mikroskobik incelemelerinde
kuvars, plajioklas, K-feldispat (ortoklas), biyotit, klorit, kalsit, serizit ve opak mineral i¢erdikleri
belirlenmistir.

Anahtar Sozciikler: Karakaya Karmasigi, Eybek granodiyoriti, aplitik dayk. serizit, tektonik dilim,
Tepeoba, Havran-Balikesir
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The study area is located between northeast of Edremit and north of Camdibi in Balikesir. The aim of
this paper i1s to document the basic geological and petrographical characteristics of different
lithological units exposed in the area. Detailed geological maps (1/25000 and 1/10000 scale) were
prepared for an area of about 36 km® and 80 unit thin sections were studied for petrographic purposes.

The basement is represented by Permo-Carboniferous to Lower Triassic Karakaya Complex. The
complex comprises, from bottom to the top, Kalabak unit, Niltifer unit, Hodul unit and Tepeoaba unit.
Oligo—Miocene Eybek granodiorite intrudes the Karakaya Complex with a contact aurcole developed
within the Tepaoba unit. Aplitik dykes of the Eybek granodiorite are also common. Quaternary
alluviums and slope depris uncoformably overlie the older units.

The Kalabak unit consists of calc-schist, phyllite and metabasics. Alteration i1s expressed by typical
brown colour. Metabasics display a typical residual ophitic texture and are composed of plagioclase,
pyroxene, epidote, hornblend (tremolite), quartz, calcite and opaque minerals.

The Niltifer unit consists of spillites and is characterized by green or different shades of green colour.
The unit comprises metabasic, metatuff, sandstone and metasandstones with widespread marble
occurrences at the upper parts. Spillites and metabasics display ophitic and subophitic texture and
contain quartz, albite, pyroxene (augite), calcite, epidote, prehnite, tremolite/actinolite, ilmenite and
opaques.

The Hodul unit consists dominantly of whitish arkosic metasandstone, made up of quartz, potassium
feldspars, plagioclase, sericite, calcite, iron oxide and opaque minerals.

The Tepeoba unit is represented mainly by phyllite and quartz-sericite schist with some metabasic,
metatuff and fine-grained arkosic metasandstone. Metabasics display microlitic texture and consists of
plagioclase, pyroxene, chlorite, epidote (pistacite/zoisite), calcite, iron oxide and opaques.

Oligo—Miocene Eybek granodiorite 1s a typical hornblende-biotite granitoid. It intrudes mnto the
Tepeoba unit of the Karakaya complex; along the contact schists has experienced contact
metamorphism. In addition, sericitic alteration of schists is also a common phenomenon. Granodiorite
shows typical cataclastic texture and is made up of plagioclase (oligoclase and andesine), potassium
feldspars, quartz, hornblende, biotite, sphene, zircon and apatite.

Aplitic dykes of the Eybek granodiorite are white in colour and show evidence of brittle deformation.
Dykes are characterized by spherulitic and pegmatitic textures and are composed of quartz,

plagioclase, potassium feldspars (orthoclase), biotite, chlorite, calcite, sericite and opaques.

Key Words: Karakaya Complex, Eybek granodiorite, aplitic dyke, sericite, tectonic sheet, Tepeoba,
Havran-Balikesir
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Calisma alani, Canakkale ili Bayramig ilgesinin 25 km giineydogusunda bulunmakta olup, Evciler
kasabasi ve ¢evresinde yer almaktadir. Bu ¢alisma, inceleme alanindaki litolojik birimlere ait jeolojik
ve petrografik oOzelliklerin incelenmesini amaglamaktadir. Bu kapsamda ayrintili jeoloji haritas
yapilmis (1/10000 ve 1/5000 6lgekli ) ve ¢ok sayida ince kesit 6rnegi mikroskopta incelenmistir,

Calisma alaninin temelini, Permo—Karbonifer—Erken Triyas yash Karakaya Karmasigi icerisinde
bulunan Hodul ve Cal birimlerine ait litolojiler olusturur. Cal birimi Hodul birimi i{izerinde tektonik
dokanakh olarak yer alir. Karakaya Karmasigi birimleri Ge¢ Oligosen—Erken Miyosen yash Evciler
granitik pliitonlar: tarafindan kesilirler. Hodul ve Cal biriraleri ile Evciler granitoyiti dokanaklarinda
kontakt metamorfik zonlar ve skarn kayaclarn gelismistir. Tim alttaki birimler, riyodasit ve dasit
bilesiminde olan Erken—Orta Miyosen(?) yasli Can volkanitleri tarafindan kesilmektedir. Bu birimler
tizerine de agisal uyumsuzlukla Kuvaterner yash aliivyonlar gelmektedir.

Hodul birimi metabazalt, metadolerit ve arkozik metakumtaslarindan meydana gelmektedir. Hodul
Birimi'nin i¢inde ara katkilar halinde ince taneli ve tabakamsi goriniimde spilitik seviyeler yer ahr.
Cal birimi ise arazide kirmizi ve sarabi renklerde, agirlikli olarak kirmizi ¢amurtaslari ve mor spilitler
weerirler. Hodul ve Cal birimlerine ait metabazitler, mikrotaneli-porfirik, doleritik, entersertal,
mikrolitik, hyalopilitik dokuludurlar. Mineralojik bilesirn olarak da plajioklas (labrador), piroksen
(ojit), aktinolit, klorit, epidot (pistasit), kalsit, opak mineral ve demiroksit tespit edilmistir.

Geg Oligosen—Erken Miyosen yasli Evciler granitoyiti sahada, ferromagnezyen mineral bollugu
nedeniyle koyu gri renkli ve iri taneli faneritik dokuda izlenen granitoyitler, granodiyorit, monzogranit
ve biyotit-hornblend granit, hornblend granit olarak adlandirilmiglardir. Mineralojik bilesimleri; alkali
feldispat (ortoklas-mikroklin), plajioklas (oligoklas), kuvars, hornblend, biyotit, manyetit, sfen, zirkon
ve apatittir. Evciler granitoyiti ¢alisma alaninin batisinda Hodul birimi’ne ait metabazitler ile dokanak
yapmaktadir. Diger tarafta, doguda, Cal birimi’ne ait seyller ve spilitler ile dokanakihidir. Bu alanda
Evciler granitoyiti ile iliskili olarak kontakt metamorfik zonlar gelismistir. Kontakt metamorfizma
kayaclar ‘hornfels’ genellikle ince taneli olup, mikroskopik incelemelerinde plajioklas (albit), epidot,
klorit, aktinolit, kuvars, kalsit, FeO mineralleri ve opak mineraller saptanmisur.

Incelenen alanda karbonath kayaglar (kiregtasi/mermer) ile granitoyit dokanaklarinda goriilen skarn
kayaglar acik ve yer yer koyu yesil renkli silisli kayaclardan olusur ve tespit edilen mineraller granat
(andradit/grassiiler), piroksen, epidot (pistasit/zoisit), kuvars, aktinolit/tremolit, klorit, kalsit ve opak
minerallerdir. Granitoyid ile kire¢tasi/mermer dokanaklarinda gelisen mineralizasyonda manyetit,
spekulerit, pirotin, kalkopirit, galen, bornit, kovellin, malakit ve azurit saptanmistr.

Erken—Orta Miyosen(?) yasli Can volkanitleri, andezit, trakiandezit, riyolit, riyodasit ve dasit
bilesimindeki lav ve tiiflerden olusmaktadir. Bunlar arazide beyaz, sari, kirmzi ve kahverengimsi
renklerde gortliirler. Tuf ve lavlarn biiyiik bir kismi alterasyona ugramis, pek cogu da silislesmistir.
Volkanitler, mikrolitik, porfirik dokulu olup, saptanan mineraller kuvars, sanidin, plajioklas, biyotit,
hornblend, +piroksen, kalsit, opak ve demir oksittir,

Anahtar Sozciikler: Karakaya Karmasigi, Evciler granitoyiti, Can volkanitleri, kontakt
metamorfizma, skarn, Bayrami¢, Canakkale
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The study area is located in Evciler village and its immediate surroundings, about 25 km southeast of
Bayrami¢ (Canakkale). The aim of this paper is to document basic geological and petrographical
characteristics of different lithological associations exposed in the area. Detailed geological maps
(1710000 and 1/5000 scaled) were prepared and numerous thin sections were studied for
petrographic purposes.

The basement is represented by Permo--Carboniferous to Lower Triassic Karakaya Complex. The
complex comprises Hodul and Cal units where the latter tectonically overlies the former. These units
are intruded by upper Oligocene—lower Miocene Evciler granitic pluton. Contact metamorphic zone
and skamn have developed along the contacts with the Hodul and Cal units. Rhyodacitic and dacitic
rocks of the Lower—Middle Miocene(?) Can volcanics intrude the preceeding units. Quaternary
alluviums forms the youngest lithologic association and unconformably overlie the older units.

The Hodul unit consists of metabasalt, metadolerite and arkosic metasandstone. Fine-grained spillitic
levels also occur in different horizons. Cal unit is characterized by red and purple colours and consists
of red mudstone and purple spilites. Metabasic rocks of the Hodul and Cal units display
microgranular-porphric, doleritic, intersertal, microlitic and hyalopilitic textures and are composed of
plagioclase (labradorite), pyroxene (augite). actinolite, chlorite, epidote (pistacite), calcite, opaques
and 1ron oxide.

Upper Oligocene-lower Miocene Evciler granitoid is dark grey in colour and contains ferromagnesian
minerals. Fine-grained phaneritic texture is characteristic. The pluton is composed of granitoid.
monzogranite, biotite-hornblende granite and hornblende granite. Dominant minerals are alkaline
feldspars (orthoclase and microcline), plagioclase (oligoclase), quartz, hornblende. biotite, magnetite.
sphene, zircon and apatite. The Evciler granitoid intrudes the metabasics of the the Hodul unit to the
west of study area and the shale and splites of the Cal unit in the east. In each case. a well-developed
contact metomorphic zone occurs along the Evciler granitoid body. At the contact metamorphic zone,
hornfels is generally fine-grained and comprises plagioclase (oligoclase). epidote, chlorite, actinolite,
quartz, calcite, iron oxide and opaque minerals.

The contact of the granitoid with the carbonates (limestone/marble) is characterized by a light to dark
green coloured skarn zone where silicification is extensive. Skarn rocks are composed of garnet
(andradite/grossular), pyroxene, epidote (pistacite/zoisite), quartz, actinolite/tremolite, chlorite, calcite
and opaque minerals. Mineralization in the skarn zone is characterized by magnetite. sphalerite,
pyrrhotine, chalcopyrite. galena, bornite, covalline, malachite and azurite.

Lower-Middle Miocene Can volcanics consist of andesitic. trachyandesitic, rhyolitic and rhyodacitic
lava and tuffs. They occur as white, yellow. red and brown in colour. Much of the tuffs and lavas are
alterated and silicified. The volcanic rocks display microlitic and porphric textures and consists of
quartz, sanidine, plagioclase, biotite, + hornblende, + pyroxenec. calcite, iron oxide and opaque
minerals.

Key Words: Karakaya Complex, Evciler granitoid, Can volcanics, contact metamorphism, skarn
Bayramig, Canakkale
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Bahikesir Universitesi Cagis Kampus Alaninin Genel Jeolojik Ozellikleri
Ali Kamil Yiiksel ve Ali Murat Kilig

Balikesir Universitesi, Jeoloji Miihendisligi Boliimii, 10145 Cagus,
Balikesir (E-posta: akvuksel@balikesir.edu.ir)

Balikesir Universitesi Cagis Kampus alanm ve ¢evresinde yapilan oncel arastirmalar, bolgenin borat,
bentonit ve kaolen yataklarinca zengin olusu nedeniyle ekonomik jeoloji ¢alismalan iizerinde
yogunlasmustir. Bu ¢ahigma ile ilk defa kampus alanimin ayrintili genel jeolojik ozelliklerinin ortaya
konmasi amaglanmustir. Calisma alaninin disinda yer alan Paleozoyik ve Mesozoyik yash kayaclarin
yerlesmesinden sonra faylanmalar ile olusan yiikselti ve ¢okinti alanlarinda, Miyosen birimleri
karasal ve golsel ortamlarda ¢okelmistir. inceleme alanindaki Miyosen yash birimler alttan iiste dogru
taban volkanikleri ve Bigadi¢ Formasyonuna ait taban kiregtasi, alt tif, alt borat, st tiif ve Gst borattan
olusur. 1 . .eleme alaninin giineydogusunda kiigiik bir alanda yer alan taban volkanikleri andezit ve
trakiandezitlerden olusur ve kalinhigr yaklagik 250 metredir. Bigadi¢ formasyonu yaklasik 300 ile 900
metre arasinda bir kalinliga sahiptir. Bigadi¢ formasyonunun taban kirectasi, alt ve tst borat birimleri
volkanizmanin durgun oldugu doénemlerde, tif birimleri ise bolgenin volkanik a¢idan aktif oldugu
Miyosen déneminde olusmustur. Borat igeren (baslica kolemanit ve iileksit) alt ve list borat birimleri
ve bentonit iceren tiif birimleri ekonomik dneme sahiptir. Miyosen birimlerinin izerinde konglomera,
kumtasi ve kiltasindan olusan giincel ¢okeller uyumsuzlukla yer alir. Miyosen ve oncesine ait
birimlerden beslenen aliivyonlar tiim birimlerin tizerini uyumsuzlukla orter.

Anahtar Soézciikler: Miyosen, stratigrafi, Bigadi¢ formasyonu, Balikesir
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General Geological Characteristics of Balikesir University Cagis Campus Area

Al Kamil Yiksel & Ali Murat Kilig

Balikesir Universitesi, Jeoloji Miihendisligi Boliimii, Cagis, TR—10145 Balikesir, Tiirkive
(E-mail: akyuksel@balikesir.edu.tr)

The previous research in the Cagis Campus area of Balikesir University and its surroundings
concentrated on the economic geology because the area is rich in borate, bentonite and kaolinite
deposits. The present paper aims to document, for the first time, the basic geological characteristics of
the campus area. The study area is characterised by Miocene continental and lacustrine sediments.
deposited in fault-controlled basins; they unconformably overlie the Palacozoic and Mesozoic
basement rocks. The Miocene is represented by basement volcanic rocks and overlying Bigadic
formation; the latter is composed of lower limestone, lower tuff, lower borate. upper tuff and upper
borate units. Basement volcanics are composed of mainly andesite and trachyandesite in a small area
at southeast of investigated area and have a thickness of approximately 250 meters. Bigadi¢ formation
has a thickness of between approximately 300 metres and 900 metres. The lower limestone. lower and
upper borate units formed when volcanism in the region was inactive: however, tuff units formed
when the region was volcanically active during Miocene. Borate-bearing (mainly colemanite and
ulexite) lower and upper borate units and also bentonite-bearing tuff units have economic importance.
Miocene units are unconformably overlain by recent alluvials, made up of conglomerate, sandstone
and claystone; Miocene and pre-Miocene units form the source areas.

Key Words: Miocene, stratigraphy, Bigadi¢ formation, Balikesir
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Dogu-Giineydogu Anadolu Bolgesi Magmatizma ve Cevherlesmelerinin
Jeokronolojik ve Metalojenik Cer¢evesi

[lkay Kuscu', Richard M. Tosdal’, Gonca Gengalioglu-l{mcul,
Thomas D. Ullrich? ve Richard Friedman®

! Mugla Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
48100 Kateli, Mugla (E-posta: ikuscu(@mu.edu.tr)
? Mineral Deposit Research Unit, Department of Earth and Ocean Sciences,
University of British Columbia, Vancouver BC, V6T 1X7, Kanada

Tetis-Avrasya Metalojenik Kusagmim (TAMK) bir parg¢asi olarak Afganistan ve Iran zerinden
Turkiye’ye kadar uzanan bir bolge ve Bitlis-Zagros Kenet Kusagi boyunca Dogu-Giineydogu Anadolu
bolgesinde gézlenen magmatizma ve cevherlesmeler, NeoTetis okyanusunun Geg¢ Kretase’den itibaren
kapanmasi ve Avrasya ve Afro-Arap levhalarinin ¢arpigmast ve ¢arpisma sonrast olaylarinin dogal bir
sonucudur. Magmatizma ve cevherlesme olaylari, dalma batma ve ¢arpisma geometrisinin (roll-back)
degisimi, levha yirtilmast (slab rupture) ve STEP (Subduction-Transfer-Edge-Propagator)
mekanizmalarinin etkili oldugu 82.90+0.43 - 44.43+0.61 My zaman aralifinda meydana gelmistir.
82.9040.43 ~ 79.43+0.58 My zaman araliginda stirmis olan dalma batma, kabuk kalinlasmasi ve yay-
tipt magmatik kayaglarin (Baskil yayr) Malatya-Keban, Bitlis-Pitirge metamortikleri ve ofiyolitik
kayaglara sokulum yapmasiyla sonug¢lanmistir. Dalma batma ve kabuk kalinlagsmasi, 76.84+0.6
69.0+ 0.4 My zaman arah@inda dalma agisinin degismesi (roll-back) ile tetiklenen ¢arpisma sonrasi
gerilmeli rejim ve yiikselme (exhumation) ile son bulmustur. Bu sirada, oncelikle kalk-alkalen
(Divrigi-Murmano pliitonu, 76.6+0.6 — 73.40+0.39 My), daha sonra da alkalen (Hasangelebi
volkanikleri ve syenitoidi; Keban plitonu; 76.84+0.6 — 69.0+ 0.4 My) magmatizmasi olusmustur.
Bolgede Erken Eeosen’de baglayan yirtilma (slab-rupture) ve STEP faylanma etkisiyle kabuk ikinci
bir gerilmeye ugramis ve bu gerilmeye 54.3+1.7 — 44.43+0.61 My zaman arahginda olusan ko-
magmatik, si1g derinlikli kalk-alkalen magmatizma da (Copler-Yakuplu, Bizmisen, Calti, Cavuslu-
Polat, Karamadazi, Horoz pliitonlari) eslik etmistir.

Az sayida U-Pb yasi ile desteklenmis olan *'Ar/*”Ar Jeokronolojik verisi, bolgedeki cevherlesmelerin
3 ana metalojenik evrede (metallogenic epoch) olustugunu ortaya koymaktadir. i1k evrede (77.542.7 -
74.20+0.43 My), yay-tipi magmatizmayla iligkili porfiri Cu, Cu-Au tipi cevherlesmeler (Topalkem-
Nazarusagi ve Ispendere-Sismankéy, Baskil-Elazig) olusmustur. Ikinci evrede (74.26+0.45 ve
68.64+0.4 My), carpisma sonrasi gerilme-yiikselmenin tetikledigi magmatizmayla iliskili DOBA
(Divrigi-Sivas ve Hasangelebi-Malatya) ve porfiri Cu-Mo, Pb-Zn damar (Keban-Elazig) tipi
cevherlesmeleri olusmustur. Bu evrede, Divrigi A-B kafa DOBA cevherlesmeleri (73.5040.40 My )
erken asamayi temsil eden kalk-alkalen magmatizmayla, Hasancelebi DOBA ve Keban porfirt Cu-Mo
ve Pb-Zn cevherlesmeleri (74.26+0.45 — 068.64+0.4 My) ise ge¢ asamayir temsil eden alkalen
magmatizmayla kokensel birliktelikler sunar. Ugiincii evrede (50.44:£0.28 — 40.2+6.8 My), ¢arpisma
sonrast ko-magmatik kalk-alkalen magmatizmayla iliskili Fe-skarn (Karamadazi-Kayseri, Horoz-
Nigde, Bizmisen-Sivas, Dedeyazi-Malatya) ve Porfiri Au, Cu-Au tipi (Copler ve Kabatas, Erzincan)
tipi cevherlesmeler olusmustur.

Anahtar Sozciikler: metallojeni, magmatizma, STEP faylanma, Porfiri Cu, Au-Cu, DOBA, skarn,
Dogu-Gilineydogu Anadolu
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Geochronological and Metallogenic Framework of Magmatism and Associated
Mineralizations within the Eastern-Southestern Anatolia (Turkey)

llkay Kuscu', Richard M. Tosdal’, Gonca Gengalioglu-Kuscu',
Thomas D. Ullrich® & Richard Friedman”

"Department of Geological Engineering, Mugla University, Kotekli,
TR-48100 Mugla, Turkey (E-mail: ikuscu@mu.edu. tr)
* Mineral Deposit Research Unit, Department of Earth and Ocean Sciences,
University of British Columbia, Vancouver BC, V6T 1X7, Canada

As a part of the great Tethyan-Eurasian Metallogenic Belt (TEMB). the magmatism  and
mineralizations in eastern-southeastern Anatolia hosted within the Bitlis-Zagros Suture zone that
extends eastward to Iran and Afghanistan are integral parts of the closure of the NeoTethyan ocean
coupled with the collision between Eurasian and Afro-Arabian plates between Late Cretaceous to
Middle Eocene. Magmatism and mineralization events reflect the complex geometry of the
subduction-collision interface followed by post-collisional and late orogenic extension due to gradual
change in the geometry of subduction and post-collisional events (slab roll-back. and STEP-faulting:
Subduction-Transfer-Edge-Propagator) over a time period between 82.90+-0.43 (o 44 .43+0.61 Ma. The
prolonged subduction from 82.90+0.43 to 79.43+0.58 Ma resulted in the generation and emplacement
of arc-type magmatic rocks into metamorphic basement and overlying ophiolitic rocks. After a period
of crustal thickening, an extensional regime and exhumation due to roll-back of the subducting slab or
decrease in the convergence rate coupled with incipient orogen-parallel extension in the overriding
plate was established between 76.84+0.6 to 69.0+0.4 Ma. The onset of extension coincided with the
emplacement of calc-alkaline (Divrigi pluton, 76.6+0.6 — 73.40+0.39 Ma) followed by alkaline
(Hasancelebi and Keban magmatics, 76.84+0.6 to 69.0+ 0.4 Ma) igneous rocks into the Malatya-
Keban metamorphics and overlying ophiolitic rocks. In early Eocene time. a second major episode of
extension initiated due either to slab-steepening and consequent slab-pull coupled with initial rupture
or STEP-faulting. This regime is accompanied by co-magmatic shallow calc-alkaline magmatism and
crustal-scale strike-slip faulting between 54.3+1.7 to 44.43+0.61 Ma, peaking at 48 Ma.

YAr/ P Ar geochronology supplemented by a limited U-Pb ages from major magmatic rocks and
alteration zones suggested that the ore deposits appear to have formed in three metallogenic events.
The first metallogenic event (77.5+2.7 to 74.20+0.43 Ma) is related to arc-type calc-alkaline
magmatism and generation of porphyry-type Cu-Au mineralizations at Topalkem-Baskil (Elaz1g), and
Ispendere-Sisman (Malatya). The second event, between 74.34+0.8 and 68.6440.4 Ma. is related to
post-collisional exhumation and extension. During this phase, early calc-alkaline to alkaline
magmatism is coeval with the formation of Fe-skarn and 10CG systems at 74.34£0.8 (0 73.50+0.40
Ma at Divrigi (Sivas). The alkaline magmatism at 76.84+0.6 to 69.0+0.4 Ma is associated with 10CG
systems at Hasancelebi (Malatya) and porphyry-type I-Cu-Mo and vein type Pb-Zn mineralizations at
Keban (Elaz1g). The third metallogenic event (at 50.44+0.28 to 40.246.8 Ma) is associated with the
calc-alkaline, shallow co-magmatic associations, and resulted in Cu-Au porphyry at Copler-Kabatas
(Ilig-Erzincan) and Fe-skarn at Karamadazi (Yahyah-Kayseri)-Horoz (Ciftehan- Nigde)-Durmuslu-
Dedeyazi (Dogansehir-Malatya), and Bizmisen-Calt1 (Erzincan).

Key Words: metallogeny. arc magmatism, post-collisional magmatism, slab rupture, STEP-faulting
faults, porphyry Au-Cu, skarn metallogenic phase, southeastern Anatolia, Turkey
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Karacaali Magmatik Kompleksi (KMK) Manyetitlerinin
Kimyasal Bilesimlerinin Karsilastirilmasi

Okan Delibas' ve Yurdal Geng”

! Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiid ve Arama Dairesi Baskanligi,
06520 Balgat, Ankara (E-posta: delibaso@gmail.com)
‘ Hacettepe Universitesi, Jeoloji Miihendisligi Béliimii, 06532 Beytepe, Ankara

Orta Anadolu Kristalin Masifinin kuzeybatisinda yer alan Karacaali (Kirikkale) Magmatik Kompleksi
(KMK) bazaltik ve andezitik kayaglara bagli demir zenginlesmeleri igermektedir.

Demir zenginlesmelerinin ana minerali manyetittir. Bazaltik kayag¢lara bagli manyetit zenginlesmesi
makro-mikro 6lgekte farkli yapr ve dokularda gozlenmektedir. Arazi gozlemleri ile makro-mikro
gozlemler dogrultusunda zenginlesme; (a) bazaltlarin hamurunu olusturan matriks tipi, (b) bazaltik
kayaclarin kirik-catlaklarinda damar tipi, (c) bresik zonlarda kaya¢ par¢alarinin aralarimi dolduran bres
matriksi tipi ve (d) bazaltlarin gaz bosluklarini dolduran bosluk dolgusu tipi manyetit zenginlesmeleri
olmak tizere dort farkh tipte ele alinmustir. Bazaltik kayaglara baglh manyetit zenginlesmelerine ek
olarak monzonitik kayaclar kesen aktinolit+manyetit damarlari da tespit edilmistir.

Manyetitlerde yiiriitiilen mineral kimyasi ¢aligmalarina (EPMA ve Elektron Mikroskop) gore: matriks
tipi manyetitlerin ortalama SiO; oran1 % 0,33, MgO oram % 0,16, T1O- oran1 % 0,22 ve V,05 orant %
0,24 tiir. Damar tipi cevherlesmelere ait manyetitlerde ise ortalama SiO; orani % 0,27, MgO % 0,32,
TiO, % 0.10°dur. V,O; icerikleri dedeksiyon limitinin (% 0,01) altindadir. Bres matrikst tipi
cevherlesmeye ait manyetitlerde ortalama SiO, oram % 0,45, MgO oranm % 0,40, TiO, oram % 0,20 ve
V,05 orant % 0,15°tir. Bosluk dolgusu tipi cevherlesmeye ait manyetitlerin SiO,, MgO, TiO; ve V,03
oranlari ise sirastyla % 0,90, % 0,45, % 0,27 ve % 0,34 tiir. Monzonitik kayagclari kesen damarlarda
ise manyetitlerin ortalama SiO, orant % 0,42, MgO orani % 0,27, TiO; orant % 0.157tir. V,03 orani
ise dedeksiyon limitinin altindadir.

Literatiir verilerine gore manyetitlerin yitkksek Mg, Mn, Si ve Cr i¢erikleri hidrotermal, yiksek V, Cu,
Ti, P, Ni ve U igerikleri ise birincil magmatik manyetitler i¢in tipiktir. Bu verilere gore matriks tipi
manyetitlerde yiiksek V-,0; ve TiO; oranlari bu cevherlesmenin birincil cevherlesme oldugunu isaret
ederken, damar ve bres matriksi tipi manyetitlerdeki yitkksek MgO ve nispeten yiiksek SiO; oranlan
hidrotermal manyetitleri isaret etmektedir. Ayrica matriks tipi cevherlesmelerin akma dokusu
gostermesi, yaygin gaz bosluklan icermesi, yer yer farkh tip bazaltlar icinde mikro 6l¢ekli dayklar
seklinde yer almasi da silikat fazdan ani olarak ayrimlanan birincil demiroksit fazinin 6nemli
gostergeleri olarak kabul edilebilir.

Anahtar Sozciikler: Karacaali magmatik kompleksi, manyetit zenginlesmesi, magmatik manyetit,
hidrotermal manyetit, matriks tipi manyetit zenginlesmesi, demiroksit fazi
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Karacaali (Kirtkkale) Magmatic Complex (KMC) located in the northern west part of the Central
Anatolian Crystalline Massif contains iron enrichments hosted by basaltic-andesitic rocks.

Iron enrichments consist of magnetite. Magnetite enrichments are observed as different structure and
texture in macro-micro scale. According to field and macro-micro observations, enrichments can be
classified as four different types. These are: (a) matrix type molding basaltic matrix, (b) vein type
crosscutting the basaltic-andesitic rocks, (¢) breccia matrix type (forming the matrix of brecciated
basalts) and (d) vesicle-filling type which fills the gas vesicles of basaltic-andesitic rocks. In addition
to these enrichments, actinolitetmagnetite veins crosscutting the monzonitic rocks are also observed.

Different type magnetites have been studied by electron microprobe (EPMA) and electron microscope
According to mineral chemistry studies; matrix type magnetites contain average 0.33% SiOs, 0.16%
MgO, 0.229% TiO, and 0.24% V,0;. Also, vein type magnetites contain 0.27% SiO,, 0.32% MgO,
0.10 TiO; and V,05 contents below the detection limits. Breccia matrix type magnetites contain
average 0.45% S10,, 0.40% MgO, 0.20% Ti0O, and 0.15% V,05. The average S10,, MgO, TiO> and
V505 contents of the vesicle-filling type magnetites are 0.90%. 0.45%, 0.27% and 0.34%. respectively.
However, magnetites in the veins crosscutting the monzonitic rocks contain average 0.42% SiQO,,
0.27% MgO, 0.15% TiO, and V,0; contents below the detection limits.

In the literature, high Mg, Mn, Si and Cr contents of magnetite are typical for hydrothermal
magnetites, however; high V, Cu, Ti, P, Ni and U contents are typical for primary magmatic
magnetites. According to these data, high V,0; and TiO, contents of the matrix type magnetite
indicate magmatic origin, whereas high MgO and relatively high SiO, contents of the vein and breccia
type magnetite indicate the hydrothermal origin. Furthermore, matrix type magnetite enrichments with
flow texture, orbicular-vesicles, and micro-scaled dykes within different type basalts could be
accepted as indicator for sudden separation of a primary iron-oxide phase from a silica-rich melt.

Key Words: Karacaali magmatic complex, magnetite enrichment, magmatic magnetite, hydrothermal
magnetite, matrix type magnetite enrichment, iron-oxide phase
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Levha Dayk Karmasigi i¢erisindeki Kibris Tipi Masif Siilfid Cevherlesmelerine
Tiirkiye’den Bir Ornek: Incekoz (Adiyaman) Cu Cevherlesmesi
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P.K. 178, 44100 Malatya (E-posta: nailyildirim@gmail.com)
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[nceleme alani; Giineydogu Anadolu bélgesinde, Adiyaman iline bagh incekoz Mahallesinde, Malatya
M-40 a, paftasinda yer almaktadir. inceleme alam, Kenar Kivrimlan Kusagi ile Toros Orojenik Kusagi
gegis zonu izerindedir. Bolgede yer alan birimler baglica iki yapisal birime ayrilmaktadir. Bunlar
otokton ve allokton birimlerdir. Otokton birimler alttan iiste dogru: Terbiizek FFormasyonu (Ust
Meastrihtiyen), Besni Formasyonu (list Meastrihtiven), Germav Formasyonu (Paleosen) ve Midyat
Formasyonudur (Eosen). Allokton birimler ise; Ust Kampaniyen—Alt Maestrihtiyen de ¢ekim kaymasi
sonucu bolgeye yerlesen Kogali Karmasigi'dir (Jura—Alt Kretase).

Kenar Kivrimlari Kusagmda bulunan cevherlesme alani igerisinde, farkli birimlerin bir arada
bulunmasina karsin cevherlesme sadece Kogali Karmasig: igerisinde izlenmektedir. inceleme alanm ve
cevresinde temeli olusturan Kogali Karmasigi; serpantinit, harzburjit, diinit, gabro, plajiyogranit, levha
dayklar, spilitik bazalt ve camurtaslari ile temsil edilmektedir. Karmasik icerisindeki birimlerin
birbirleriyle olan iliskileri tektoniktir. Cevherlesme Kogali Karmasigi igerisinde K80°B/80°KD
konumlu olup, levha dayk karmasigi icerisinde yer almaktadir. Levha dayk karmasi@r icensinde
gelisen bu cevherlesme genellikle zayif zonlan (dayk ¢ikis kanallan, kirik-catlaklar, sinjenctik faylar)
tercih ederek c¢atlak dolgusu seklinde gelismisken, yer yerde saginim halde 1zlenebilmekdir. Ayrica
malzemesini ofiyolitik kaynaktan almis olan ge¢ Maestrihyen yash Terblzek formasyonunun
cakiltaslar igerisinde levha dayklarinda izlenen cevher ¢akillariimn bulunmasi, cevherlesmenin yasinin
ge¢ Maestrihtiyen éncesi oldugunu gostermektedir.

Cevherlesme mineralojik olarak; pirit, kalkopirit, fahlerz (tetraedrit-tennantit). bornit, kalkozin,
kovellin ve spekiilaritten olusmaktadir. Orneklerde birincil olarak pirit, kalkopirit ve tetraedrit-
tennantit bulunurken, ikincil olarak bornit, kalkozin, kovellin ve spekilarit gelismistr.
Cevherlesmenin etrafindaki yan kayaglarda ise yogun kloritlesme ve daha as karbonatlasma,
silislesme, limonitlesme, hematitlesme, epidotlasma gibi alterasyonlar izlenmektedir. Bu alterasyon
tirleri deniz tabani volkanitlerinde yaygin olarak gorilmektedir.

inceleme alanindaki cevherlesmenin Kibris Tipi Masif Siilfid yataklartyla benzer 6zellikler sundugu
diistiniilmektedir. Bu tip yataklarin olusumu igin gerekli hidrotermal sivilarin deniz suyu oldugu ve bu
deniz suyunun yeni olusan okyanus kabugu igerisinde déngiilendigi bilinmektedir. Bu dongiilenme ile
yitksek permeabiliteli volkanitlerin iist kesimlerinde masif cevher ve gossanlar olusurken,
volkanitlerin alt kesimlerinde stockwork tip cevherler olusmaktadir. Volkanitlerin altinda, diistk
permeabiliteli levha dayk karmasigi icerisinde ise catlak dolgusu seklinde cevherlesmeler
gelismektedir. Bu cevherlesmeler, daha ¢ok levha dayk ¢ikis kanallarina, sinjenetik faylara ve kirik-
catlaklara yerlesmislerdir. Inceleme alanindaki cevherlesmenin de Kibris Tipt Masif Silfid
yataklarinin kok kismini olusturan levha dayk kompleksindeki cevherlesmelere karsihk geldigi ve
yesilsist fasiyesi tarafindan karakterize edildigi diigiiniilmektedir. Benzer ozellikteki cevherlesmeler,
Trodos, Semail, Josephine ve Betts Cove komplekslerinde tanimlanmislardir.

Cevherlesmenin sadece Kogali Karmasi@ina ait levha dayk karmasigi igerisinde bulunmasi, deniz
tabant volkanitlerinde sik¢a gorillen alterasyon tirlerinin izlenmesi, siilfotuzlarn varhigi ve Ust
Maestrihtiyen yashi Terbiizek Formasyonunu igerisinde cevher c¢akillarinin yer almasi, incekoz
cevherlesmesinin Kibris Tipi Masif Siilfid cevherlesmeleri oldugunu destekler niteliktedir.

Anahtar Sézciikler: Kocali karmasigi, Kibris tipi masif-siilfid, levha dayk karmasigi, Adiyaman
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An Example of Cyprus Type Massive Sulphide Mineralizations, Within Plate
Dyke Complex, From Turkey: Incekoz (Adiyaman) Copper Mineralization
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* Firat Universitesi, Jeoloji Miihendisligi Boliimii, TR-23100 Elazig, Tiirkive

The studied area is located at Southeast Anatolia region Incekoz (Adiyaman) and sheet Malatya
M40a4. The investigated area is located in the Southeast Anatolia Thrust Zone and Taurus Orogenic
Belt. The units located at this region mainly split into two structural units. There are autochthonaus
and allochtonous units. The autochthonaus units lower to upper are Terblizek Formation (Upper
Maastrichtian) Besni Formation (Upper Maastrichtian), Germav Formation (Paleocen) and Midyat
Formation (Eocene). The allochtonous unit is Kocali Complex (Jurassic -Lower Cretaccous), settled in
this region at Upper Campanian--Lower Maastrichtian as a result of tensile shding.

The mineralizations are placed within the Kocali Complex only. Kogali Complex, the most lower unit
of the studied area, represented with serpantinite, harzburgite, dunite, gabbro, plagiogranite, plate
dykes, spilitic basalt and mudstones. The relation between the units in this complex are tectonic. The
mineralizations are placed within the Kogali Complex. The position of ore, which takes part in plate
dyke complex, is N80°B/80°NE. This mineralizations generally formed as fracture fillings, as a result
of prefering labile zones (dyke exit channels, fragment and fractures, syngenetic taults), and
sometimes  disseminated. Besides, finding the ore gravels in the Terbiizek Formation (Upper
Maastrichtian ) gravels, indicates that the mineralization age is before late Maastrichtian.

The observed ore minerals are: pyrite, chalcopyrite, fahlerz (tennantite- tetrahedrite), bornite,
chalcosine, covellite and specularite. Primarily pyrite, chalcopyrite and tetrahedrite-tennantite.
secondarly bornite, chalcosine, covellite and specularite occured. Chloritization, carbonatization,
silisification, hematization, limonite and epidote alterations observed in wall rocks near
mineralizations. Chloritization 1s the dominant alteration type. These alteration types are usually seen
in seafloor volcanics.

It was thought that the mineralizations in the studied area, exhibit the general features of Cyprus Type
Massive Sulphide ores. It is known that the hydrothermal fluids. which are necessary for forming this
type of deposits, are sea water. In this manner, massive ore and grossans formed at the upper parts of
the volcanics, which have high permeability, and stockwork ores formed at the lower parts of them.
Under the volcanics, within the plate dyke complex which have low permeability, the mineralizations
formed as fracture fillings. This mineralizations mostly settled in plate dyke exit channels, syngenetic
faults and fragments-fractures. It was thought that the studied mineralizations are also the
mineralizations in plate dyke complex which forms the origin of the Cyprus Type Massive Sulphide
deposits, and they characterizied by greenschist facies. The mineralizations. which have similar
features, are defined at Trodos, Semail, Josephine ve Betts Cove Complex.

Observing the mineralizations in Kogali Complex only, defining the alteration types which are usually
seen in seafloor volcanics, the existence of sulphosalts and the existence of ore gravels in Terbiizek
Formation gravels, supported that the Incekoz mineralizations are Cyprus Type Massive Sulphide
mineralizations.

Key Words: Kogali complex, Cyprus-type massive sulphide, plate dyke complex, Adiyaman



Kabadiiz (Ordu, KD-Tiirkiye) Yoresi Pb, 7:n, Cu C_evherlerinin
Dokusal Ozelikleri ve Mineral Kimyalart Uzerine 11k Bulgular

Yilmaz Demir', M. Burhan Sadiklar® ve [brahim Uysal®

" Giimiishane Universitesi, Jeoloji Miihendisligi Boliimil,
29000 Giimtishane (E-posta: ydemir@ktu.edu.tr)
? Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 61080 Trabzon

Kabadiiz (Ordu) yoresi cevherleri yaklasik 60 km®’lik alanda, Ust Kretase yash andezitik kayaglar
icinde. fay zonlari boyunca olusmus hidrotermal damar tip olusumlardir. Akgiiney, Atkoprii, Haydarls,
Ovaskur, Harami, Cokdam. Boruklu ve Dere mahallelerini kapsayan alanda kalinhiklarr birkag cm’den
2 m’ye kadar degisen ¢ok sayida cevher damart bulunmaktadir. Coklukla KB--GD dogrultulu kiriklara
yerlesen cevherler yogun silislesmenin yanminda limonitlesme ve hematitlesme gosteren mostralar
seklinde gortlmektedir.

Damarlarda cevher minerali olarak pirit, kalkopirit, sfalerit, galen, tennantit, kovelin ve kalkozin, gang
olarak da kuvarsin yaninda daha az oranda kalsit ve barite rastlanmistir. Cevher olusumu 2 ayn fazda
gerceklesmis, birinci fazda pirit, kalkopirit, sfalerit, galen ve kuvars, ikinci fazda pirit, kalkopirit,
sfalerit, galen, tennantit, kuvars, kalsit ve barit olusmustur. Birinci fazdan sonra bir kirnlma
gergeklesmis, ikinci faza ait mineraller yer yer bu kiriklart doldurmustur. Bu kiriklarin ornatma
fazlarma kolayhik sagladigi gortlmiigtiir. Kataklastik dokularin yaninda piritlerde goriilen zonlu
ornatim dokusu ve kalkopiritler i¢inde bulunan sfalerit ayrilimlar damarlarm g¢ogunda gorilen
karakteristik doku tiirleridir.

Pirit, kalkopirit ve galenler stokiyometrik bilesimde olup, piritler 0.039 % ag. Ni, 0.95 % ag. Zn, 0.60
% ag. As, kalkopiritler, 0.86 % ag. Zn, 0.14 % ag. Au, 0.07 % ag. Ag, galenler ise 0.18 % ag. Ag
icermektedir. Sfaleritler demir i¢erikleri bakimindan fakir olup bilesimi Zngye—1.00F€o-014S09s-1.00 1le
temsil edilir. Bunun yani sira 0.35 % ag. Mn, 2.18 % ag. Cu, 0.07 % ag. Ag, 0.89 % ag. Cd, 0.10 % ag.
Hg i¢ermektedir. Tennantitler demir ve giimiis bakimindan oldukga fakir olup. “ 1.407lara varan Bi
icermektedirler. Bilesimleri CUo 3-057F€0 17-03020 7721 97A83 954 145b00 175131318 scklinde
hesaplanmustir. Mineral kimyasi analizlerine gore cevher damarlarinda bulunan minerallerin kimyasal
bilesimleri birbirlerine ¢ok yakin degerlerdedir.

Mineral bilesimleri goéz o6niine alindiginda piritlerin yitksek Ni ve disik Co igeriklenn cevher
olusumunun bazik karakterli bir kaynaga bagl olarak olustuguna isaret etmektedir. Bunun yant sira
sfaleritlerdeki diisiik Fe icerikleriyle birlikte tennantitlerdeki diisiik Fe ve Ag icerikleri cevher
olusumunun diisiik sicakhik sartlarinda gergeklestigini  gostermektedir. Yorede bulunan cevher
damarlarinin hepsinde mineral parajenezi ve siiksesyonunun yaninda dokusal ozellikler de benzer
ozellikler tasimaktadir. Dokusal 6zellikler ve mineral bilesimleri birlikte degerlendirildiginde yoredeki
cevher olusumlarinin ayni veya benzer siiregler sonucunda olusmus olabilecegi diistintilmektedir.

Anahtar Sozciikler: hidrotermal yataklar, mineral kimyasi, cevher mikroskopisi, dokusal ¢zellikler,
Pb-Zn-Cu yataklari, Kabadiiz-Ordu
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Preliminary Study on the Textural Properties and Mineral Composition
of Pb-Zn-Cu Ore Deposits from the Kabadiiz Area (Ordu, NE-Turkey)

Yilmaz Demirz, M. Burhan Sadiklar® & ibrahim Uysal2

" Giimiishane University, Department of Geological Engineering,
TR-29000 Giimiishane, Turkey (E-mail: ydemir@ktu.edu.tr)
’ Karadeniz Technical University, Department of Geological Engineering,
TR—61080 Trabzon, Turkey

Hydrothermal vein type deposits of Kabadiiz (Ordu), are located in an area of about sixty km’ and
occur along the fault zones in the Upper Cretaceous andesitic rocks. A number of ore veins with a
tickness varying between a few centimeters to 2 meters are present in the Akgiliney, Atkdprii, Haydarli,
Ovaskur, Harami, Cokdam, Boruklu and Dere villages. Ore veins show intensive silisification besides
limonitization and hematization and mostly formed in fault zones along the NW-SE directions.

The primary mineral paragenesis of the ore veins are composed of pyrite, chalcopyrite, sphalerite,
galena, tennantite with quartz and less amount calcite and barite as a gangue mineral. Covellite,
chalcocite, malachite and azurite are also occurred as secondary phases. Two different stages of
mineralization have been distinguished in the ore veins. Pyrite, chalcopyrite, sphalerite, galena and
quartz has occurred at the first stage whereas pyrite, chalcopyrite, sphalerite, galena, tennantite, quartz,
calcite and barite at the second stage. Petrographical studies suggest that the investigated deposits have
been intensively deformed after the first stage mineralization, and ore phases belonging to the second
stage mineralization filled the cracks formed due to the deformation. These cracks made replacement
of first stage mineralization easier by second stage minerals. Concentrically zoned replacement of
pyrites and sphalerite exsolutions in chalcopyrites as well as cataclastic textures are the most common
textures observed in the investigated ore veins.

Pyrite, chalcopyrite and galena have stochiometric composition and pyrites contain up te 0.04 wt% Ni,
0.95 wt% Zn, and 0.60 wt% As, and chalcopyrites contain up to 0.86 wt% Zn, 0.14 wt% Au, 0.07 wt%
Ag. Galenas are found to contain up to 0.18 wt% Ag. Sphalerites are poor in Fe and have the
composition of Zngoe-1.00F€0-0.14S0.08-1.00- In addition, sphalerites contain up to 0.35 wt% Mn, 2.18 wi%
Cu, 0.07 wt% Ag, 0.89 wt% Cd, and 0.10 wt% Hg. Tennantites are also poor in Fe and has very low
content of Ag. It contains up to 1.40 wt% Bi and general composition is calculated as
Cuge3-087F€017-030201 771 09AS3.98-4.1aSbo0.17S13-13.15. Composition of minerals from the each different
veins are found to be similar.

Considering the mineral compositions, high Ni and low Co contents of pyrites is consistent with the
ore formation related with the source of basic character. However low Fe content of sphalerites as well
as low Fe and Ag content of tennantites suggest the ore formations has occurred at low temperature
conditions. Mineral paragenesis and succession as well as textural properties of the ore veins
investigated show similarity. According to the interpretation of textural properties and mineral
composition it is suggested that the ore veins in the investigated area may have formed from the
same/or similar ore forming process.

Key Words: hydrothermal ore deposits, mineral chemistry, ore microscopy, textural properties, Pb-
Zn-Cu ore deposits, Kabadiiz-Ordu



KD Tiirkiye’de (Tortum-Narman-Oltu) Yeni Metalojenik Kusaklar
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Dogu Pontitlerin giineyinde yer alan Oltu-Tortum-Narman (Erzurum) yéresinin temelini “Olur-Tortum
Zonu’na (Sakarya Kitasinin dogu devam) ait Jura—Erken Tersiyer yash istifler ile Geg¢ Kretase
yerlesim yasindaki ‘Erzurum- Kars Ofiyolit Zonu’ olusturmaktadir. Bu bdélgede ayrinuli jeolojik
¢alisma yapan arastiricilar tarafindan Dogu Pontitlerin en giineyinde yer alan Olur-Tortum Zonundaki
¢esitli istifleri birbirleriyle tektonik iliskili 3 birlige ayirarak incelerler. Kuzeyden giineye dogru ‘Olur,
Aksu ve Cardakli birligi’ seklinde siralanan bu birimler yaklasik Inanmis-Balkaya arasinda diizensiz
bir sekilde ekaylanarak ‘Oltu Ekaylh Zonu’nu (OEZ) olusturular. Bu birliklere ait tektonik dilimlerin
yaninda Liyas 6ncesi yash, ‘Kisla Metamorfitleri’ ile Eosen yash kayaglarin tektonik dilimlerini de
kapsamaktadir. Bu zonu giineyden sinirlayan tersiyer istifleri altta Eosen yash denizel kirmntih ve
volkanik kayalardan, istte ise Oligo—Miyosen yash karasal evaporitik kirnthi kayalar ve andezitik-
bazaltik volkanitlerden olusur. Bolgede yer alan en geng birimler Ge¢ Miyosen yasli ¢esitli volkanik
kayalar ve Pliyo—Kuvaterner yash ¢okellerdir.

Ulkemiz jeolojisi agisindan son derece ilging 6zelliklere sahip bu bélgede MTA tarafindan siirdiirilen
metalik maden arama ¢aligmalan kapsaminda ¢esitli tipte metalik maden yataklanmalar belirlenmistir.
OEZ igerisinde Porfiri Cu, Ust Kretase yash ‘Erzurum-Kars Ofiyolit zonu’ iginde Kibris Tip VMS ile
epitermal Au-Hg, Tersiyer yash volkonosedimanter havza icinde gelismis damar tip Cu-Pb-Zn ve
epitermal Au-As cevherlesmelert ile Pliyo- Kuvaterner yash ¢okeller i¢inde gozlenen plaser tipi Cu
cevherlesmeleri bélgede bulunan yataklanma tiplerine birer 6rnek olusturmaktadir. Bu tirden gesith
tip ve yasta gelisen yataklanmalardan hareketle Tortum-Narman-Oltu (Erzurum) yoresi ayni zamanda
metalojenik kusaklarin gézlendigi bir bolge olarak 6ngorilmektedir.

Anahtar Sézciikler: KD Tiirkiye, Oltu, Narman, Tortum, metalojenik kusak

224



New Metallogenic Belts in the Northeastern Part of Turkey
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The basement units of Oltu-Tortum-Narman (Erzurum) district, located at the southern part of the
Eastern Pontides are made up of Jurassic to Early Tertiary aged sequences of Olur-Tortum zone and
Erzurum-Kars ophiolite zone of Late Cretaceous emplacement age. Various sequences of Olur-Tortum
zone, which is located at the southernmost part of the Eastern Pontides are subdivided into three
distinct fault-related units, namely, from north to south Olur, Aksu ve Cardakli units. Above
mentioned units form ‘Oltu nappe zone’ in the vicinity of Inanmis and Balkaya. Apart from tectonic-
slices of these units, there are also tectonic-slices of pre-Liassic ‘Kisla metamorphics’ and Eocene
rocks. Tertiary sequences are composed of marine detrital sediments of Eocene age in the lower parts,
subareal evaporitic rocks and andesitic-basic volcanics Oligocene-Miocene age in the upper parts. The
youngest units of the area are composed of various volcanic rocks of lLate Miocene age and
Plio—Quarternary deposits.

In addition to being a very interesting district geologically, various type of metallic ore deposits have
been detected in context of mineral exploration projects being conducted by General Directorate of
Mineral Research and Exploration (MTA). Examples include the porphyry type Cu deposit in Oltu
nappe zone, cyprus type volcanic-associated massive sulfide (VMS) deposits in Erzurum-Kars
ophiolite of Cretaceous age, vein type Cu-Pb-Zn and epithermal Au-As mineralizations in volcano-
sedimantery basin of Tertiary age, and placer Cu mineralizations occured in Plio Quaternary deposits.

Therefore, Tortum-Narman-Oltu (Erzurum) district is considered to be a place where significant
metallogenic belts observed because of various classes of ore deposits with different geological ages.

Key Words: NE Turkey, Oltu, Narman, Tortum, metalogenic belts
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Kayseri-Yahyah-Karakoy, Karacat Demir Yatagi’nmin Maden Jeolojisi
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Karagat Demir Yatagl ve g¢evresinde, Torid’ler Tektonik Birligi iginde yer alan Geyikdag: birligine
o0zgll; Emirgazi formasyonu (Prekambriyen), Zabuk formasyonu (Alt Kambriyen), Degirmentas
formasyonu (Orta Kambriyen) ve Armutludere formasyonu (Ordovisiyen) litolojileri yiizeyler.

Cevher, genelde hematit ve gotitten olusmakta olup, buytk bir bolimi ile siderit donligim @rtind
seklinde izlenmektedir. Yatakta, su anki konumu ile cevher ve yan kayaclar (Zabuk formasyonu,
Degirmentas formasyonu ve Armutludere formasyonu) tektonik iliskilidir.

Cevherlesme sonrasi gelisen faylar, yatagi yiizeye tasimis ve ozellikle bu zonlarda gelisen karstlasma
ve yluzeysel etkilesimlerin, buiylik bir ¢ogunlukla sideritleri ve demir minerallerini limonit ve gotite
dontstiirdigli saptanmistir. Bu sekilde bir 8l¢iide demir bakimindan zenginlesen seviyeler, bugiin
isletmeye ham madde olusturmaktadir. Yatak yaklasik 25 milyon ton gériintir -+ muhtemel bir rezerve
sahiptir.

Karacat Demir Yatagi'nin kuzeybatisinda, Prekambriyen yash Emirgazi formasyonu iginde sideritlerle
ardalanan veya yanal gecisli bazik volkanit 6érneklerinde. fuksit ve viridian (Cr,03.2H,0) mineralleri
belirlenmis ve bu birimin, Attepe Demir Yatagi yankayaclari ile aymi litokimyasal ozellikler
sergiledigi saptanmistir.

Bekirhacili kdyiniin uzak gineyinde ise, Prekambriyen yasli Emirgazi formasyonu igerisinde yer alan
metakum-kil taglarini kesen diyabaz daykinin varligi bu g¢alisma ile 6zgiinliik kazanmaktadir. Anilan
dayklarda yapilan jeokimyasal ¢alismalarda 3200 ppm’e varan Cr,O; igerigi saptanmistir (mikroskobi
calismalarinda da kromit minerali belirlenmistir). Bu beklenenden, ¢ok yiiksek Cr igerigi, dikkate
degerdir. Ayrica, yerli mostralarina rastlanilmamis olsa dahi, bazik volkanit (spilit) pargalari da bu
lokalitenin ¢ok yakin giineydogusunda gozlemlenmektedir. Ayni zamanda Bekirhacili kdyiniin yakin
glineyinde Prekambriyen yashi Emirgazi formasyonu igerisinde yer alan volkanit ara katkili meta
tortullar da bu ¢alisma ¢atisinda ortaya konulmustur. Bu metatortullar igerisinde yer alan polijenik
konglomera veya polijenik kaba kumtaslarinda gozlenen bazik volkanik kaya¢ parcalarn (spilit).
jeokimyasal cahsmalarla da yuksek Cr icerigi ile (418 ppm’e kadar) desteklenmektedir. Bu 6zgiin
sonug; bolgede daha 6nceleri Prekambriyen yashi Emirgazi formasyonu igerisinde rastlanmis bulunan
asit ve ortag volkanik kayaglara, bazik volkanik kayaglarin da eslik etmesi nedeniyle (bimodal
volkanizma) gerek kokensel, gerekse de bolgenin jeolojisinin aginimi agisindan, anlam tasimaktadir.

Bu kosullarda ve tiim ¢alisma, bdlgede yapilan eski ¢aligmalar ile birlikte yorumlandiginda; Yahyali
(Kayseri)-Mansurlu (Feke-Adana) bolgesi demir yataklarinin; Prekambriyen yash, rift kokenli
volkanik-sinsedimanter veya ekselatif sedimanter kokenli demir yataklan ile yakin akrabaliklan
glincellik kazanmaktadir.

Anahtar Sozciikler: Kayseri, Yahyali, Karagat demir yatagi, volkanik-sinsedimanter tip, maden
Jeolojisi
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The Karagat Iron deposit and its surroundings are hosted in a variety of formations peculiar to
Geyikdag unit which is located in the Taurid Tectonic Belt. Emirgazi (Precambrian), Zabuk (Lower
Cambrian), Degirmentas (Middle Cambrian) and Armutludere (Ordovisian) formations are some of
those exposed in the region.

Ore mineralization consists of hematite and goethite and much of which are observed as a product of
siderite alteration. Present-day relation between ore body and country rocks (Zabuk formation,
Degirmentas formation and Armutludere formation) is tectonic-controlled.

Post-mineralization faults caused the deposit to expose and undergone to surface reaction mechanism
and karstification. Atmosferic conditions especially in these zones where a surface reaction
mechanism predominates altered siderite and iron minerals to limonite and goethite. Iron ore bodies
occured as a result of above mentioned process are currently being used as a industrial raw material.
The deposit has a capacity of 25 million tons of proven and probable reserves.

At the northwestern part of Karag¢at Iron ore deposit, fuchsite and viridian (Cr,Os.H,O) minerals have
been detected in the basic volcanics samples intercalated with siderites of Precambrien aged Emirgazi
formation and these basic volcanics carry same lithochemical signatures seen on country rocks of
Attepe Iron ore deposit.

The presence of diabase dyke cutting accross metasand-clay rocks of Precambrian aged Emirgazi
formation which is located in far southern part of Bekirhacili village has been detected in contex of
this study. Geochemical analysis of above-mentioned dykes show Cr,Os values of up to 3200 ppm (at
microscopic studies, the presence of chromite mineral has also been detected). This unexpected very
high Cr content attracts attention. Also, some basic volcanic rock fragments are observed in the
proximal southeastern part of this location. Metasedimentary rocks interlayered with volcanics of
Precambrian aged Emirgazi formation which is located in southern part of Bekirhacili village has also
been detected within the framework of this study. Basic volcanic fragments (spilite) observed in
polygenic conglomerate or polygenic coarse sandstone of this metasedimentary sequence contain high
Cr values (418 ppm). Apart from acidic and intermediate volcanic rocks which previously found in
Precambrian aged Emirgazi formation, basic volcanic rocks (bimodal volcanism) have recently
detected within the contex of this study. This peculiar result is critically important in terms of genesis
and regional geology.

When interpreted together with previous studies, it can be concluded that iron deposits in the Yahyal
(Kayseri) — Mansurlu (Feke-Adana) districts are closely associated with volcanic syn-sedimentary or

exhalative sedimentary iron deposits.

Key Words: Kayseri, Yahyali, Karacat iron deposit, volcanic syn-sedimentary type, mining geology
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inceleme alani Adana ili Feke ilgesinin kuzeybatisinda, Oruglu ve Candirlar koyleri arasindaki
bolgedir. Dogu Toroslarin bati kesiminde yeralan sahanin baz ve degerli metal arastirmalarina yonelik
jeolojik ve jeokimyasal incelemesi yapilmistir.

Yorede Torid jeotektonik kusagima ait Geyikdagi Birliginin kayabirimleri yiizeyler. En altta bulunan
Prekambriyen yash Oruglu Formasyonu seyil, metasilttasi, metakumtas: ve kuvarsitlerden olusur. Bu
formasyonun tizerine Alt Kambriyen yash Kogyaz1 Kuvarsiti ve Orta Kambriyen yash Degirmentas
Kiregtast gelir. En istte ise Ust Kambriyen—Ordovisyen yash Armutludere Formasyonu’na ait sist.
metaseyil, metasilttasi, fillit ve kalksistlerle temsil edilen birimler yer alir.

inceleme sahasindan alinan 32 dere kumu orneginin kimyasal analizlerinde Au degerleri 0.117 ppm’e
kadar ulagmaktadir. Ayrica, Cu ve Zn anomalileri de belirlenmistir.

Sahada ii¢ ayr1 yerde Cu-Au cevherlesmesi belirlenmistir: (a) Yukariarpagukur cevherlesmesi, 0.10-
2.5 m aras1 kahnlik ve kesikli olarak 80 m uzunlukta olan silisli zonun durusu K52°B/51°KD dur, (b)
Kocapmar cevherlesmesi, 1-2 m arast kalinhik ve kesikli olarak uzunlugu 18 m kadar olan silisli
zonun durusu K86°D/31°KB’dir, (¢) Zorkun Dere cevherlesmesi, 4-6 m aras1 kalinlikta kesikli olarak
65 m uzunlukta olan silisli zonun durusu K04°B/26°GB’dir. Cevherlesmeler Oruglu Formasyonuna ait
metakumtasi-seyil birimi igerisinde damarlar seklindedir.

Cu-Au igerikli zonlardan alinan érneklerin mineralojik-petrografik incelemelerinde, cevher mineralleri
olarak kalkopirit, pirit, sfalerit, kovellin, dijenit, hematit, limonit ve gétit; gang minerali olarak ise
kuvars belirlenmistir.

Sahada ankerit, ankerit-hematit, limonit-hematit-gétit, kalkopirit-pirit-malakit-hematit-silis, bitiim-
pirit-hematit-silis, pirit-silis ve kuvars-serisit mineral birliktelikleri gosteren alterasyonlar gelismistir.
Degisik alterasyon ve mineralizasyon zonlarindan alinan 21 kayag¢ ¢rneginin analizlerinde belirlenen
en ylksek degerler; Cu: %14.02, Au: 27.5 ppm, Ag: 4.6 ppm ve As: 923 ppm dir. Yiiksek Cu ve Au
degerleri kalkopirit-pirit-malakit-hematit-silis zonlarinda gozlenmektedir. Bitim-pirit-silis zonlar
icerisinde de Au, Ag, As, Sb, Zn, Cr ve Ni element degerleri anomali diizeyindedirler.

Bolgenin jeotektonik evrimine bagh olarak, Oruclu Formasyonu’nun kendi i¢inde gelisen bindirme
duzlemleri, magmatik ve/veya meteorik kokenli ¢ozeltilerin  dolasimi i¢in  uygun kanallan
olusturmustur. Bu kanallar boyunca dolasan ¢ozeltilerin i¢indeki Cu ve Au uygun yerlerde ¢ékelmistir.
Cu-Au igerikli silisli, bitimlii ve piritli zonlarin jeokimyasal element degerleri ve yankayag iliskileri
hidrotermal kokene isaret etmektedir.

Tiarkiye'nin 6nemli Fe ve Pb-Zn provenslerinden birisi olan yorede, Cu-Au cevherlesmesinin varlig
ilk kez bu calismayla belirlenmistir. Bu Cu-Au cevherlesmelerinin bolge metalojenisine iliskin

tartismalarda yent bir bakis getirecegi umulmaktadir.

Anahtar Sozciikler: Dogu Toroslar, Oruglu, Cu-Au cevherlesmesi
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Preliminary Findings of a Newly Discovered Cu-Au Mineralization
in Oruclu (Feke-Adana) Region

Selahattin Yildirim & ismail Cihan

Hitit Madencilik, Cukuranbar Mahallesi, 42. Cadde, 451. Sokak No: 7/3,
T'R-06520 Ankara, Tiirkive (E-mail: syildirim_tr@yahoo.com)

The study area is located between Oruglu and Candirlar vilages, in the northwestern part of Feke
county, Adana. Geological and geochemical investigations regarding base and precious metal content
were performed on the field situated in the western part of Eastern Taurids.

Lithologies peculiar to Geyikdagr Unit of Taurid geotectonic belt crop out in the area. The oldest unit
is called the Oruglu formation of Precambrian age and composed of shale, metasiltstone,
metasandstone and quartzite. This formation is overlain by Lower Cambrian Kogyazi Quartzite and
Middle Cambrian Degirmentas Limestone. The uppermost part represented by schist, metashale,
metasiltstone, phyllite and chalkschist is Armutludere formation of late Cambrian to Ordovician age.

In study area, 32 stream sediment samples were collected and according to chemical analysis, Au
values reach up to 0.117 ppm. Besides, some Cu and Zn anomalies were detected.

Cu-Au mineralization have been identified at three different locations; (a) Yukanarpagukur
mineralization, N52°W/51°NE trending silicified zone with thickness ranging from 0.10 to 2.5 m and
to 80 m long discontinuously, (b) Kocapinar mineralization, N86°E/31°NW trending with thickness
ranging from 0.10 to 2.5 m and to 18 m long discontinuously, (c¢) Zorkun Dere mineralization,
NO4°W/26°S-trending silicified zone with thickness ranging from 0.10 to 2.5 m and to 65 m long
discontinuosly. Mineralizations occured in the form of veins within metasandstone-shale unit of
Oruclu formation.

As a result of mineralogical and petrographical determinations of samples collected from Cu-Au-
bearing zones, chalcopyrite, pyrite, sphalerite, covelline, digenite. hematite, limonite and goethite were
determined as ore minerals and quartz as gangue mineral.

Alteration types such as ankerite, ankerite-hematite, limonite-hematite-goethite, chalcopyrite-pyrite-
malachite-hematite-silica, bitumen-pyrite-hematite-silica, pyrite-silica and quartz-sericite mineral
assemblages were observed in the study area. Geochemical analysis results of 21 rock samples
collected from various alteration and mineralization zones have maximum values of Cu, 14.02%: Au.
27.5 ppm; Ag, 4.6 ppm and As, 923 ppm. High Cu and Au values are detected within chalcopyrite-
pyrite-malachite-hematite-silica zones. Anomalous levels of Au, Ag, As, Sb, Zn, Cr and Ni values
were observed in bitumen-pyrite-silica zones.

Thrust planes resulting from geotectonic evolution of the region have been favorable conduits for the
magmatic and/or meteoric derived fluids. These conduits have also been favorable sites wherein Cu
and Au precipitation occured from circulating Au and Cu-bearing fluids. Geochemical element values
of siliceous, bitumen and pyritic zones with Cu-Au and wall-rock relationships indicate hydrothermal
genesis.

The presence of Cu-Au mineralization in this region has been identified for the first time in context of
this study. It is considered that Cu-Au mineralization which is identified will bring up a new point of

view to discussions concerning regional metallogeny.

Key Words: Eastern Taurids, Oru¢lu, Cu-Au mineralization
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Divrigi Fe-Yatagimin Cevher Mineral Dokulari:
Onceki Modellerin Yeniden Degerlendirilmesi

Emin Ciftei, Ibrahim Copuroglu ve Ahmet Kolgak

Nigde Universitesi, Jeoloji Miihendisligi Boliimii, 51245 Nigde
(E-posta: eciftciwgmail.com)

Divrigi Fe yatagi, uzun zamandir bilinen Tirkiyenin ana demir treticisidir. M.O. 2000 yillarindan beri
bilinen ve isletilen, Osmanlilar zamaninda Bagdat demiryolu hatt insaati swrasinda Almanlar
tarafindan yeniden kesfedilen, Cumhuriyet doneminde o6zellikle 70”yillardan beri stirekli isletulen bir
yataktr, 1930°1u yillarin sonuna dogru baslayarak giiniimiize kadar bir ¢cok arastirmaci yatagi. jeolojik.,
jeofizik, alterasyon, jeokimya, jeoistatistik ve mineralojik a¢idan incelemis ve bu yatagm nasil
olustugunu agiklamaya yonelik modeller 6nermistir. Bélge hakkinda oldukga fazla ¢aligma olmasina
ragmen, yatagin olusumu hala tarismalidir. Bu ¢alismada ¢ok temel bir jeolojik ara¢ olan optik
mikroskop (RL ve TL modunda) kullanilarak yatak incelenmis, daha 6nce onerilmis modeller kritize
edilmis ve yeni bir modelin 6nerilmesine tesebbus edilmistir. A ve B-kafa yataklardan edinilen
ornekler incelenmis, C-kafa bilinegelen olusum mekanizmas: nedeniyle incelemeye dahil
edilmemistir. Parlak ve ince kesitlere ilaveten, karotlardan hazirlanan parlatilmis megaskopik el
ornekleri de calisilmistir. Yatagin bilinen bir ¢ok 6zelligine ilaveten, magnetitik cevherin damar,
damarcik, stok seklindeki yerlesimi ve serpantinitleri stokvork benzeri ornatimi gozlenmis, magnetit
damarlan i¢inde kiibanit i¢eren kalkopirit, pirit, kalkosit gibi primer silfiir mineraller: ile alkali
karekteri ima eden skapolit, biyotit, diyopsit, apatit, sfen, klorit, epidot, kuvars ve kalsit gibi primer
eszamanh silikat, oksit ve karbonat mineralleri gozlenmistir ki bu alkali magma ile benzer kokenden
oldugunu varsaydirmaktadir. Diger ¢arpici bir gozlem is stlfturle es zamanh olan ve yagin gozlenen
prizmatik magnetit (musketovit) varligidir. Bu, ya cevher olugum ortaminin oksidasyon potansiyelinde
dalgalanma oldugunu ya da hematitin magnetit tarafindan inorganic olarak ornatilmasini sonuglayan
ferriis demirin siirekli ortama girdigini 6nerir. Eger ikinci durum dogru kabul edilirse, demirin
civardaki ultramafiklerden sokiiliip biriktigini esas alan mekanizmayi kullanigsiz kilmaktadir. Ciinkii:
boylesi bir oksidatif (alterasyon) ortam, yikanan demirin magnetit yerine baskin olarak hematit olarak
olusmasi tercih ederdi ki durum dyle degil. Metazomatik-pnomatolitik mekanizma bir noktaya kadar
gozledigimiz durumu agiklayabilmektedir. Ancak; masif magnetit yerlesimi, magnetit ve diger
parajenez mineralleri i¢erisinde birincil prizmatik ve isinsal skapolit varligi, ayni sekilde magnetitin
skapolit ve diger parajenez mineralleri igerisinde bulunusu bu model ile agiklanamamaktadir. Bu
gozlemlerden, incelemenin bu baslangic sathasinda, ferriis demirce zengin, alkali magma ile
karsmamis bir eriyigin olusmus olabilecegini, yogunlugu nedeniyle de magmatik etkinligi hemen
takiben onun etklerini silecek veye perdeleyecek sekilde hali hazirda hazir olan ortama yerlesmis
olabilecegini oéneriyoruz.

Anahtar Sozciikler: Divrigi, Fe-eriyigi, birincil skapolit, stlfurler, magnetit, musketovit, alkali
magma
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Ore Mineral Textures of Divrigi Fe-Deposit: Revisiting the Earlier Models

Emin Cifi¢i, Ibrahim Copuroglu & Ahmet Kolcak

Nigde University, Department of Geological Engineering, TR-51245 Nigde, Tiirkive
(E-mail. eciftciwgmail com)

The Divrigi Fe-deposit is a long known major Fe-producer of Turkey. It has been mined since B.C.
2000 (Hittites time), later rediscovered by Germans during late Ottoman era while constructing rail
road to Baghdad, and production started late 70’s and on. Starting from late 30’s to date; many
researchers investigated the district with regards to many aspects including geological, geophysical,
alteration, geochemical, geoistatistical, and mineralogical characteristics and proposed genetic models
attempting to explain how it was formed. Although we have voluminous literature about the district.
its genesis 1s still disputed. We investigated the deposit using a very basic geological tool. the optical
microscope (in reflected and transmitted modes), to criticize some of the earlier suggestions and
perhaps to come up with a new model. We investigated samples acquired from A and B heads, and we
didn’t consider the C-head, since it is not a primary formation. Polished and thin sections were studied
along with polished slabs from the drilling cores. In addition to many long known features of the
deposit, magnetite ore emplacements mainly as veins, veinlets, stocks, and stock-work type like
replacements of serpentinites by magnetite containing primary sulfides including chalcopyrite with
cubic cubanite, pyrite, and chalcocite, and coeval primary silicate, oxide and carbonate minerals such
as scapolite, biotite, diopside, apatite, sphen, chlorite, epidote, quartz and calcite implying its alkaline
character inherited from the common source with alkaline magma were observed. Another striking
observation was the common presence of prismatic magnetite appearing coeval with the sulfides
(mushketovite). This suggests either fluctuations in oxidation potential of the ore forming environment
or continuous influx of ferrous iron resulting in replacement of hematite by magnetite inorganically. 1f
the latter is assumed to be true, earlier proposed mechanism of leaching iron from the surrounding
ultramafics would be incorrect since in such oxidative environment hematite formation over magnetite
would be favored, which is not the case. The model of metasomatic-pneumatolitic formation would
work to a certain extent. But, massive magnetite emplacement and presence of primary prismatic and
radial scapolites in magnetite and in the other paragenetic minerals and magnetite in scapolite and in
the other paragenetic minerals could not be explained through this model.

From these observations, at the preliminary stage of this study, we proposc that an Fe-rich melt
composed chiefly of ferrous iron, unmixed with alkaline magma could be generated and infiltrated
into the country rocks overprinting products of magmatic activity that occurred shortly before surge of
this melt due to its density.

Key Words: Divrigi, Fe-melt, primary scapolite, sulfide, magnetite, mushketovite, alkaline magma



Karacaoren (Sandikh-Afyon) Siyenit-Monzonit Porfirine Bagh Gelisen
Hidrotermal Alterasyonlarinin Mineralojisi ve Petrografisi
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(E-posta: ibrahim.gundogan(@deu.edu.tr) '
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Karacadgren’in (Sandikli) yaklasik 4,5 km kuzeydogusunda, Neojen Sandikli Formasyonu i¢indeki
piroklastik, epiklastik, volkaniklastik ve lav akmasindan olusan ilksel volkanik kayalarin siddeth
hidrotermal alterasyon gecirdikleri gozlenmistir. Alterasyonun yogun olarak gézlendigi bolgede ilk
kez bu ¢alisma ile ortaya konan siyenitik-monzonitik bilesimli porfirik bir sokulum tespit edilmis ve
bu sokuluma bagh olarak, bolgede t¢ tip alterasyon zonu ayirdedilmistir. Bunlar dis zonundan
siyenitporfir sokulumunun merkezine dogru sirasiyla; kuvars, alunit, serisit, rutil ve az oranda pirit
iceren dis zon; klorit, epidot, albit, karbonat ve K-feldispat ile tanimlanan pirofillitk zon, ve ikincil
biyotit ve alkali metasomatik K-feldispatlarla tanimlanan potasik zondur.

Karacadren porfiri sisteminde major opak mineraller olarak pirit, magnett, rutil ve kalkopirit
mineralleri saptanmistir. Bu mineraller hematit, gotit, kalkozin-kovellin gibi ikincil mineralleri
olusturan superjen siireglerden etkilenmistir. Siyenitporfir sokulumun cevherli zonundan yapilan
parlak kesit incelemelerinde baskin olarak sagimim halinde pirit ve kalkopirit cevherlesmeleri
gozlenmistir. Porfir ¢ikis merkezine dogru rutil olusumlarinda belirgin bir azalma buna karsilik
manyetit, hematit ve gotit mineral olusumlarinda belirgin bir artis gézlenmektedir. Hematit olusumlari
catlak dolgusu ve mineral bosluklarini doldurur sekilde gozlenirken gétit olusumlart daha ¢ok altere
olmus mineral bosluklarina yerlesmistir. Incelenen tiim kalkopiritler kenarlarindan itibaren kovellin-
kalkozin tarafindan ve ayrica yar ozsekilli olarak gézlenen piritler rutil ve gotit olusumlan tarafindan
ornatilmistir. Pirit ve kalkopirit mineralleri ¢ogu zaman 6zsekilli kuvars minerali etrafinda bosluk
dolgusu olarak kristallenmistir. Genel olarak mineral olusum Sirast:
kuvars+serisit—pirit—rutil-—kalkopirit—kovellin+kalkozin seklindedir. Bazi orneklerde
kuvars+serisit—pirit—hematit—gotit—rutil—biyotit—kalkopirit—kovellin+kalkozin mineral olusum
siralamasi gozlenmistir.

Siyenitporfir i¢cinde hidrotermal alterasyona baglh olarak kristallesmis pirit kuvars, kuvars-kalsedona
eslik eden 6zsekilsiz vivianit minerallerine rastlanmaktadir. Vivianit ve kalsedon olusumlari olasilikla
hidrotermal alterasyonun son evrelerinde veya faylanmaya bagh cevherlesmeyle iliskili olarak
olusmustur. Elektron mikroskop incelemelerinde ortoklas ve ikincil biyotit simirinda hidrotermal
alterasyona bagl olarak gelismis 6zsekilsiz karbonath apatit (?) olusumlan gozlenmistir. Bilinen
karbonatl: apatit minerallerine uymayan bu olusumlar i¢inde Te ve ylksek Ag anomalileri ¢arpicidir.
Kuvars damarlari i¢inde ayrica Te-Ti i¢eren 6zsekilsiz karbonatli apatitler de gézlenmistir.

Bunun yaninda, siyenitporfir sokulumun K ve KD kenar zonunda yaygin olarak siyah turmalin
olusumlari gozlenmistir. Bresik zon i¢inde birbirini kesen mikro-dayklar seklinde yapilar olarak
gozlenen turmalin olusumlar trigonal prizmatik kristal sekilleri ve 1smsal biiyiime yapilar
sunmaktadir. Bu olusumlarin XRD analizlerinde elbait-dravit-uvit serisi ve foitit gibi turmalin mineral
olusumlari ve bunlara baskin olarak eslik eden kuvars minerali tespit edilmistir.

Anahtar Sozciikler: siyenit, monzonit, porfir, hidrotermal alterasyon, Sandikli, Afyon
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Mineralogic and Petrographic Investigations of the Hydrothermal Alteration
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A widespread and intense porphyry-type hydrothermal alteration zone has developed in the Neogene
Sandikli volcanics, consisting of pyroclastic, epiclastic, volcaniclastic and lava flows, at 4.5 km NE of
the Karacatren village (Sandikli). Intense alteration is observed in the study area, and syenitic-
monzonitic porphyry intrusion is reported first time in this study. As a result of the intrusion of
siyenite-monzonite porphyries, three main alteration zones have been recognized, from distal zone to
the intrusion center, distal zone including quartz, alunite, sericite, rutile and minor pyrite; propylitic
zone (epidote, chlorite, carbonate minerals, albite, K-feldspar); and potassic zone determined with
alkali metasomatic K-feldspar and biotite, respectively.

In the Karacadren porphyry-system, pyrite, magnetite, rutile and chalcopyrite occur as major opaque
minerals. These minerals have been affected by supergene processes which resulted secondary
minerals such as hematite, geothite and chalcosite-covellite. In the study of polished sections from the
ore zones of the syenite porphyry, disseminated pyrite and chalcopyrite are found. Towards the
porphyry intrusion center, the amounts of rutile decrease, whereas the amounts of magnetite, hematite
and geothite increase. Hematite minerals were deposited in veins and mineral cavities, whereas
geothite minerals were deposited in altered mineral cavities. Chalcopyrites and subhedral pyrites were
replaced by chalcosite-covellite and rutile and geothite, respectively. Pyrite and chalcopyrite minerals
were usually crystallized as cavity filling around the euhedral quartz crystals. Mineral paragenesis is
observed as fallows; quartz+tsericite-—pyrite-—rutile-->chalcopyrite—covellite+chalcosite, but in some
samples, quartz + sericite — pyrite > hematite — goethite — rutile - biotite — chalcopyrite -
covellitet+chalcosite.

In the mineralized syenite-porphyry, anhedral vivanite minerals which crystallized as a result of
hydrothermal alteration associated with pyrite-quartz, quartz-calcedony are observed. Vivianite and
calcedony were probably formed at the last stage of hydrothermal alteration or by mineralization
related to faulting. In the study of electron microscope, anhedral carbonated apatite(?) formations are
observed at the boundary of orthoclase and secondary biotite, as a result of hydrothermal alteration. In
these mineral occurrences which are disagreeable to known carbonated apatite minerals, Te and
especially high Ag anomalies are spectacular. Anhedral carbonated apatites. including Te-Ti. are also
observed in quartz veins.

At the N-NE margin of the syenite-porphyry intrusion, black tourmaline occurrences are common. The
tourmaline formations, which appear as cross-cutting the micro-dikes in brecciated zone, are
characterized by trigonal prismatic crystal shapes and radiated structures. According to the XRD
analyses, the tourmalines, dominantly associated with quartz, are elbaite-dravite-uvite and foitite in
compositions.

Key Words: syenite, monzonite, porphyry, hydrothermal alteration, Sandikh, Afyon
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Hidrotermal Yataklari Incelenmesinde Yer Radari:
Pb-Zn (Hasbey-Van) ve Fe (Altinsa¢-Van) Cevherlesmeleri
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Yer Radan s1g yeralti ortamlarindaki jeolojik ve yapisal sorunlarin ¢éziimlenmesinde giderek daha
yvaygin olarak kullanmilmaktadir. Bu ¢alismada bu yontem kullamilarak si1g yeralti kosullarinin yiiksek
¢Oztnurlukli gorantilerini iiretilmesi ve belirli jeolojik yuizeylerin yanal mesafedeki degisimlerinin
ortaya konmasi amaclanmistir. Bu yéntem, 250 MHz merkez frekansh kapali anten kullanilarak iki
ayri hidrotermal damar tipi cevherlesme sahasina uygulanmistir. Calismalar Hasbey (Van-Gevas) Pb-
Zn ile Altinsag (Van-Gevas) Fe cevherlesmelerinde yiiriitilmistir.

Hasbey Pb-Zn cevheri uzun yillardir bilinmekle birlikte 2005 yilindan bu yana isletmeye alinmuig, bu
kapsamda birka¢ bin ton cevher tretilmistir. Bu bolgedeki Pb-Zn olusuklari, Bitlis masifi i¢indeki sist,
mermer ve dolomit diizeyleri i¢indeki fay zonlarinda veya bresik dolomitik zonlarda ¢okelmis,
hidrotermal damar ve yer yer agsal sagimimli tip cevher godvdelerinden olusmaktadir. Bolgedeki
olusuklardan en kalin damar 120 cm dolayinda olsa da, olusum o6zellikleri (cevherlesmenin yapi
kontrollii olmasi) nedeniyle bu kalinlik kisa mesafelerde énemli oranda degismektedir. Mostrada ve
isletme aynalarinda cevher -damart bulunmamasi nedeniyle ¢alisma bu cevherlesmelerin gozlendigi
kesimlere yakin alanlarda ve ana yapi unsurlan gozetilerek yuritilmistir. Topogratyanin asir
engebeli olmast ve bolgenin jeolojik agidan son derece karmasik olmasi nedeniyle birbirinden farkl
uzunlukta ve dogrultularda toplam 4 hat lzerinde 6l¢tim yapilmistir. Bu olgtimlerin vert islemi ve
yorumlanmasi sonucunda dogrudan cevhere yonelik veri tretilememis olsa da, litolojik degisimlerin
ve ana yapi unsurlarinin oldukg¢a net bir sekilde radargram kesitlerine yansidigi saptanmistr.
Kullanilan anten ile yaklasik 3-4 metre penetrasyon saglanmistir. Yizeyde saptanan bindirme
diizlemleri ile ana fay yapilar radargram tizerinde tanimlanmistir. Boylece, ¢ok s1g zonda bu ana yapi
unsurlarinin yanal takibinin yapilabilecegi anlasilmistir.

Altinsag Fe yatagi, olusum tipi olarak hidrotermal damar ve karstik yapida olusmus bir cevherdir.
Cevherlesme karstlasmaya ugramis meta karbonath kayaclar icinde yer alir. Bu yatagin bulundugu
kesimde iki kademeli bir kazi ¢aligmasi yiratilmiistir ve topografya onemli 6l¢iide egimlidir. Bu
nedenle yer radart calismalart uygun gorillen bes kisa hat {izerinde yiratilmustir. Elde edilen
gorintilerin veri islemi ve yorumlanmasi sonucunda bu yatagin bulundugu kesimde en ¢ok 3 metrelik
bir derinlik i¢in tanmimlanabilir ve yorumlanabilir EM yansima verisi elde edilebilmistir. Hasbey
sahasinda oldugu gibi, bu sahada da ana yapi unsurlari alinan 6l¢iim kesitlerine yansimistir.
Karstlasmis zon i¢indeki cevherin limonitlesmesi ve ortamda masif cevher bulunmamasi nedeniyle
dogrudan cevhere ait yansima paketleri olusmamistir. Elde edilen gii¢li yansimalar daha c¢ok
karstlasmis zon i¢indeki mermer bloklarina aittir.

Sonug olarak, bu tip olusuklarda bu yontemin, jeolojik ortamin ana yapi unsurlarinin belirlenmesi ve
bunlarin yanal korelasyonlarinin yapilmasinda verimli oldugu anlasiimisur.

Anahtar Sozciikler: hidrotermal yataklar, Pb-Zn, Fe, Hasbey, Altinsag, Bitlis masif, yer radari
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GPR in the Investigation of Hydrothermal Deposits:
Pb-Zn (Hasbey-Van) and Fe (Altinsa¢-Van) Deposits

Ali Riza Colakoglu', Yusuf Kagan Kadioglu®, Yahya Cift¢i’ & Selma Kadioglu®

(E mail: arc. ge()/()glst(a/vvu edu. n )

Ankara Universitesi, Jeoloji Miihendisligi Boliimii, Tandogan, TR-06100 Ankara, Tiirkiyve
* Maden Tetkik ve Arama Genel Miidiirliigii, Jeofizik Etiitleri Dairesi, Balgat,
TR—06520 Ankara, Tiirkiye
"Ankara Universitesi, Jeofizik Miihendisligi Boliimii, Tandogan, TR-06100 Ankar a, Tiirkiye

Recently, Ground Penetrating Radar technique 1s widely used for solving geological and structural
problems in shallow sub-surface environments. The aim of this study is to determine the lateral
changes of some geological surfaces using high-res radar images. Two different hydrothermal vein-
type ores were investigated using 250 MHz center frequency antenna in Hasbey (Van-Gevas) Pb-Zn
and Altinsag (Van-Gevas) Fe deposits.

The Hasbey Pb-Zn deposit was explored before but ore production started around year 2005; a couple
of thousand tones Pb-Zn ore have already been produced. These Pb-Zn ores have deposited in fault
and/or brecciated dolomite zones of schist, marble and dolomite units of Bitlis massive. Deposition
took place as hydrothermal veins and/or sometimes as disseminated ore bodies. The thickness of the
veins sometimes reached about 120 cm, but according to the deposition type valuable differences in
thickness took place in short distances. There was no outcrop for Pb-Zn ores during the study, so the
radar profiles were orientated according to the major structures of the site. The undulations of the
topography did not permit to work properly, only four lines could be measured via different directions
and extends. After processing the data, the major discontinuities were identified in 3 to 4 meters upper
section but no reflection could be interpreted which is derived direct from the ore body. The main
thrust and fault zones were identified clearly in radargrams indicated that structural interpretation is
possible in such areas and this method can be used as an indirect ore body prospection method in such
geological environments.

Altinsag¢ Fe deposit is a hydrothermal vein-type deposit and formed as karstic processes. Fe
mineralization occurred in karstic caves of the meta-carbonate rocks. Two-stage quarry were
excavated in this site and the natural topography was changed in deep scarps and undulations. Only
five short radar profiles could be measured in this site via different orientation. After processing the
data, we were able to identify and interpret some reflections in uppermost 3 meters. Like the Hasbey
area the major structures could be identified also in this site. Reflections derived direct from the ore
body could not be interpreted because the brecciated ore is highly limonitized and massive ore is
missing in these deposits. Strong reflections mainly derived from the marble blocks in karstic zone.

As a consequence, this method is useful to determine the main structures of the geological
environment and permits to correlate these discontinuities along radar profiles.

Key Words: hydrothermal deposits, Pb-Zn, Fe, Hasbey, Alunsag, Bitlis Massif, GPR
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Yamkii Altin Cevherlesmesinin Arama Programi ve Cevherdeki
Yapisal Kontrol, Artvin-Savsat, Tiirkiye

Cengiz Y. Demirci

Mugla Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
48100 Kétekli, Mugla (E-posta: cengizdemirci{@msn.com)

Cahisma alami Dogu Pontid Metalojenik Kusagimin dasitik serileri i¢inde yer almaktadir. Yanikh
volkanikleri volkanik bir kompleks olup latitler, trakitler, traki-andezitler, tiiftler, dasitik ve riyo-
dasitik kayaclarin volkanisedimanter ve piroklastik seriler ile ardalanmasindan olusmustur.

Cevherlesme kayaglari ilert derecede silislesmeye, serisitlesmeye, arjillesmeye, kloritlesme,
karbonatlasma ve profilitik alterasyona ugramistir. Faylar, catlaklar ve eklem duzeyleri
minerallesmeyi yapisal olarak kontrol etmislerdir.

Alterasyonun siddeti fay zonlarinda, 6zellikle Beyaztas tepe ve Calep mahallesinde artmistuir. Beyaztas
faytr KB-GD yoniinde gelisip ve Uziimli yayla bolgesinde minerallesmeyi kontrol etmekte ve
minerallesme zonu fay diizlemine ve faym davranisina parallel olarak gelismistir. [ki birlesik fayda
Calep mahallesindeki dissemine minerallesmeyi kontrol etmekte. Bu faylar sahada yapilan jeofizik
¢aligmasi sonucunda tespit edilebildi. Minerallesmenin yasi Eosen sonrasi oldugu ve minerallesmenin
epitermal-mezotermal araliginda olustugu bu ¢alismayla 6nerilmektedir.

Anahtar Sozciikler: altin, epitermal, yapisal kontrol, Pontid Kusagi
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Exploration and Structural Control of the Yanikli Gold Mineralization,
Artvin-Savsat Turkey

Cengiz Y. Demirci

Mugla Universitesi, Mithendislik Fakiiltesi. Jeoloji Mithendisligi Boliimii, Kotekli.
TR—48100 Mugla, Tiirkive (E-mail: cengizdemirci(@msn.com)

The rock unit of the study area lies within the Dacitic Series of the Eastern Pontide Metallogenic Belt
(EPMB) of Turkey. Yanikli Volcanics represent a volcanic complex consisting of latites, trachytes.
trachy-latites, tuffs, dacitic and ryho-dacitic rocks interlayered with volcanisedimentary and
pyroclastic units.

Host rocks were subjected to silicification, sericitic alteration. argillic alteration. chloritization,
carbonatization, and propylitic alteration. Faults, fractures and joints act as structural control in the
mineralized rocks.

Degree of the alteration is increasing around the fault zones. south of Beyaztas hill and Calep
Mabhallesi. The Beyaztag Fault trends in NW-SE direction and controls the mineralization in the
Uztimli yayla area, in a way that the mineralization is mostly parallel to attitude of the fault. Two
conjugate faults control the disseminated mineralization around the Calep Mahallesi. These faults are
identified by the geophysical research. The age of the mineralization is proposed as post-Eocene. and
mineralization is epithermal to mesothermal.

Key Words: gold, epithermal, structural control, Pontide Belt
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iran-Tiirkiye Simir1 Yakiminda, iran’in Kuzeybatisindaki Lisvenitik Tip Civa
Mineralizasyonu ve Ofiyolitik Kayaclarin Hidrotermal Alterasyonu

All Imamalipour

Maden Miihendisligi Boliimii, Urmia Universitesi, Iran (E-posta: a.imamalipour@urmia.ac.ir)

Khoy ofiyoliti, iran-Tiirkiye siniri boyunca, Iran’in kuzeybatisinda 3900 km?’lik bir alan kaplar. Bu
ofiyolitin  kuzeybati kolu, Turkiye'nin kuzey dogusunda bulunan Dogu Pontid tektonik tnite
icerisindeki ofiyolitlerle baglantihdir. Bu ofiyolitler, Neotetis okyanus baseninin  kahnulandir.
Ofiyolitik kompleksin Alt Eosen zamam sonundaki yerlesiminden sonra, asidik-ortag magmatik
aktivite, kiigiik granitoid intriizifleri, andezitik-dasitik volkanitler ve buniarm subvolkanik esleniklen
olarak olusmus ve ofiyolitik kayaglan kesmislerdir. Hidrotermal ¢ozeltilerin etkisiyle yeniden aktive
olan ofiyolitik kayaglar ve ozellikle de serpantinit, hidrotermal alterasyona ugramis ve lisvenitlerin
olusumuna sebep olmuslardir. Bu alterasyonlar Hg-Au mineralizasyon birligi agisindan 6nemlidir. Bu
kayaclarin  silika-karbonat alterasyonu, lisvenit olusumu ve yapisal kontrollere sahip mineral
birliktelikleri, Khoy ofiyoliti mineralojisinin diger ilging olaylaridir. Tiim farkli tipler arasinda bilinen
lisvenit ve civa olusumlar sadece silika tipinde olanlarla iligkili olusmustur. Alterasyon zonlar,
seyl/serpantinit ve serpantinit/konglomera fayli dokanaklarinda sinirlandirilmistir ve bu smrlardan
serpantinite dogru gelismistir. Jeokimyasal arastirmalar, civa dagihminin farkli arahklarda oldugu ve
altere zonda oldukg¢a degisik degerler sundugunu isaret eder. Khangoli bolgesinde civa degerlert
0,4-64200 ppm arasindadir. Altere kayaclardaki ortalama Hg degeri 430 ppm’dir ve damarlarda ise
50000 ppm’e kadar ulasir. Tavreh ve Qurshaglo bolgelerinde Hg degerleri sirastyla 0,36-10500 ppm
ve 0,54-9690 ppm arasinda degismektedir. Arastirmalar, ¢ahsilan bolgede Hg’ce zengin tipte bir
sistemin oldugunu ve alimin bulunmadigini gostermistir. Hg/Au oranlari oldukga ytksektir. Bu
nedenle yataklar sadece Hg igeren ve Au’nun bulunmadigi Knoxville ve New Almaden (ABD)
yataklari ile benzerdir. Jeokimyasal olarak, bolgedeki serpantinitlerin olduk¢a degisken Hg iceriklerine
ve farkh kayag tiplerinde farkli Hg dagilimlarina sahip olmalari, bunlarm bolluklart ve altere olmamis
taze serpantinitlerden, altere olanlarina dogru artan bir trend sergilemeleri ve daha sonra da tamamen
zenginlesmeleri, Hg’nin  muhtemel kokeninin ultramafik kayaglar oldugunu gdstermektedir.
Jeokimyasal ve jeolojik kamtlar ile birlikte mineralojenik parajenezler, civa mineralizasyonunun
dusiik sicaklik ve basing altinda, uygun yapisal ozellikler (ters faylar ve breslesmis zonlar) igerisinde.
serpantinit ile hidrotermal ¢ozeltilerin  etkilesiminden dolayr olugtuguna isaret eder. Civa
mineralizasyonuna, Neojen sonu-Pleyistosen zamanindaki ortag-asidik magmatizmalara  bagh
jeotermal sistemlerden tiireyen hidrotermal dolagimlarin sebep oldugu gortilmektedir. Bu ¢ozeltiler
ofiyolitik kayaglar, 6zellikle de serpantinitler arasinda dolasarak yikamaya sebep olmus ve civahi
hareketlendirmistir. Yogun hidrotermal ¢ozeltiler, civa ve diger elementleri daha derin kisimlardan
yiizeye dogru tasiyarak ve en sonunda da yiizeye sicak sular ile ulasarak, burada degisen
fizikokimyasal kosullarla birlikte anakayaglar ile reaksiyona girip zinober ve diger mineraller
olustururlar.

Anahtar Sozciikler: iran, Khoy ofiyoliti, lisvenit, serpantinit, zinober, jeokimya
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Hydrothermal Alteration of Ophiolitic Rocks and Listwaenitic-type Mercury
Mineralization from Northwest of Iran, Near Iran-Turkey Border

Al Imamalipour

Department of Mining Iingineering, Urmia University, Iran (E-mail. a.imamalipour(@urmia.ac.ir)

Khoy ophiolite covered an area about 3900 km? in the northwest of lran along the Iran-Turkey
boundary. This ophiolite with their northwestern trending have been connected to the ophiolites of
northeast of Turkey in the eastern Pontides tectonic unit. These ophiolites are remanents of
Neotethyan oceanic basin. After emplacement of ophiolitic complex in the end of post lower Focene
time , the acidic to intermediate magmatic activity as small granitoid intrusives and andesitic-dacitic
volcanites and their subvolcanic equivalantes has occured and cutted ophiolitic rocks. Reactivation of
ophiolitic rocks especially serpentinite with hydrothermal solutions led to the hydrothermal alteration
and formation of hstwaenites.The importance of these alterations is due to associated Hg-Au
mineralizations. Silica-carbonate alteration of these rocks, formation of listwaenites and associated
mineralizations that have structural controls, are of other interesting phenomena of metallogeny of
Khoy ophiolite. Among all of different types, known listwaenites and mercury occurrences have been
formed only 1n relation with silica type one. The alteration zones are restricted to shale/serpentinite
and serpentinite/conglomerate fault type contacts and devoloped from these boundaries toward
serpentinite. Geochemical investigations indicate that mercury distribution have variable values and
high variance in altered zones. In Khangoli district values of mercury ranges from 0.4-64200 ppm.
The average value of Hg in altered rocks is 430 ppm and in veins is up to 50000 ppm. In Tavreh and
Qurshaglo districts, 1t’s values vary as 0.36-10500 ppm and 0.54-9690 ppm respectively. The
investigations reveal that studied deposit is from Hg-rich type systems and gold absent. The Hg/Au
ratios are very high. Therefore, it 1s similar to Knoxville and New Almaden deposits (U.S.A) only
contains Hg without Au. Geochemially, the serpentinites of this area are anomalous about Hg and
distribution of Hg in different rock types and it’s abundances and increasing trends from unaltered
fresh serpentinite to altered and finally mineralized zones suggest that the probable origin of Hg are
ultramafic rocks. Geological and geochimical evidences together with the mineralogical paragenesis
indicate that the mercury mineralization has occurred due to interaction of hydrothermal solutions with
serpantinite in suitable structural settings (reverse faults and brecciated zones) at low temprature and
pressure. It is seems that the hydrothermal circulations responsible for mercury mineralization were
derived from geothermal systems caused by intermediate to acidic magmatism in post
Neogene—Pleistocene time. These solutions circulated among the ophiolitic rocks specially
serpentinites, caused the leaching and mobilizing of mercury. The fertile hydrothermal ascending
solutions carried mercury and other elements from deeper parts toward the surface and finally reached
to the surface as hot springs; whereby, the reacation with host rocks and changing of physico-chemical
characters, the cinnabar and other minerals have deposited.

Key Words: Iran, Khoy ophiolite, listwaenite, serpentinite, cinnabar, geochemistry
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Kalderan Manganez Yatag (KB Iran)’min Jeokimyasi ve Kokeni,
Neotetis Okyanus Baseni’ndeki Mn Olusumlarima Bir Kanit

Ali Imamalipour

Maden Miihendisligi Béliimii, Urmia Universites, Iran (E-posta: a.imamalipour@urmia.ac.ir)

Khoy ofiyoliti Iran’in kuzeybatuisinda ve Iran-Turkiye sinir1 boyunca yaklasik 3900 km?'lik bir alan
kaplar. Caligmalar bu ofiyolitin, Neotetis’in kuzey ve giiney kollarinin birlikte baglantili oldugu
Neotetis okyanus baseninin kuzeybati gidisli kolunun par¢alar olduguna isaret eder.

Baz1 manganez ve demir-manganez yataklart Khoy ofiyolitine ait olan radyolarya ¢ortleri ve pelajik
sedimanter kayaglari igerisinde bulunur. Bunlardan birgogu kiigiik rezervlere sahipken, sadece Safo
yatagr (Chalderan kentinin kuzeyi) isletilebilir, seckin bir yataktir. Safo yataginda manganez
olusumlari, pelajik kayaclar igerisinde, farkl yatay yonlerde mercek-tipi cevher kiitleleri seklindedir.
Bu stratiform yatak, sin-sedimanter bir olusumdur. Mineralojik olarak pirolusit, biksbiyit, braunit ve
hematit cevher igerisinde ana mineralleri olustururken, kalsit, kuvars ve barit ana fazlari olusturur.
Cevher kiitlesinde banth, masif ve dissemine dokular gorillmektedir. Jeokimyasal ve jeolojik kanitlar,
denizalti hidrotermal ¢ézeltilerinin olusturdugu cevher olusumlarinin, Ust Kretase zamaninda Neotetis
okyanus baseninin abisal duzliigiinde olustugunu isaret eder. Cevherdeki Mn/Fe orant 1.35-31.7
arasinda ve olduk¢a degiskendir. Ortalama Mn/Fe orani (8) okyanus ortas: metal iceren sedimanlarin
degerinden daha yiksektir. Mn/Fe ve Si/Al'nin yiiksek oranlari, 6zellikle Co, Ni ve Cu gibi iz
elementlerin ¢ok diistk igerikleri, Y ve Ce’nin disiik igerigi ve SiO,, Mn, Fe, Ba ve Sr’nin yiiksek
igerigl, Mn zenginlesmesinde, hidrotermal akigkanlarin (eksalatif) ve bu yatagin olusumundaki
hidrojenetik proseslerin katkisinin énemsiz oldugunun kanitlaridir.

Anahtar Sozciikler: Iran, kalderan, ofiyolit, manganez yataklari, jeokimya, mineraloji.
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Geochemistry and Origin of Chalderan Manganese Deposit (NW of Iran),
an Evidence of Mn Genesis in the Neotethyan Oceanic Basin

Ali Imamalipour

Department of Mining Engineering, Urmia University, Iran (E-mail: a.imamalipour@urmia.ac.ir)

Khoy ophiolite covered an area about 3900 km? in the northwest of Iran along the Iran-Turkey
boundary. Studies indicate that these ophiolites are the remanents of a branch of Neotethyan oceanic
basin that with their northwestern trending have been connected the northern and southern branches of
Neotethys together.

Some manganese and iron-manganese deposits are found within sedimentary pelagic rocks and
radiolarian cherts which accompanied with Khoy ophiolite. Most of them have little reserve and only
the Safo deposit (north of Chalderan city) is the minable one distinguished yet. In Safo deposit,
deposition of manganese has been occurred as lense-like ore bodies in different horizons within
pelagic rocks. This stratiform deposit has syn-sedimentary origin. Mineralogically, pyrolusite,
bixbyite, braunite and hematite are the main minerals present in ore and calcite, quartz and barite
present as minor phases. The banded, massive and dissaminated textures are seen in orebodies.
Geochemical and geological evidences indicate that deposition of ore minerals from submarine
hydrothermal solutions have been occurred on the abyssal plain of neothetian oceanic basin in upper
cretaceous. The Mn/Fe ratio in the ore is highly variable and ranges from 1.35 to 31.7. The mean
Mn/Fe ratio ( 8) is about an order of magnitude higher than that of metalliferous sediments from mid-
oceans. The high ratio of Mn/Fe and Si/Al, very low content of trace metals specially Co , Ni and Cu ,
low content of Y and Ce; and high content of Si0,, Mn, Fe, Ba and Sr are evidences of Mn enrichment
of hydrothermal fluids (exalatives) and contribution of hydrogenetic processes in formation of this
deposit is insignificant.

Key Words: Iran, Chalderan, ophiolite, manganese deposits, geochemistry, mineralogy
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Urmia Golii, Azarshar-Mamagqan Bolgesi, KB iran’daki Eski Sedimanlar
Icerisinde Hematit, Pirit ve Montmorillonit Mineralizasyon Olusumlari

Jafar Sharifi

Jeoloji Béliimii, PayameNoor Universitesi, Mashrooteh St., Tabriz,
Po. Code: 51746, Iran (E-posta: J _sharifi@pnu.ac.ir)

[ran’daki yapisal zonlanmaya gore ¢alisma alani Bat Alborz-Azerbaycan zonu igerisinde yeralir.
Urmia Golii'ndeki eski depolanmalar, Azarshar-Mamaqan bélgesindeki Shand volkanik daglarimin
yamagclart yakininda, en kalin istifi gélin giineyinde gozlenen kil-kum ardalanmalaridir.

Bolgedeki kil yataklarinin yiizeyindeki derin eklemler, kirmizi renkli Fe’ce zengin sedimanlar, denize!
mikrobiyoklastlar1 ve mikrolitik kumlarla doldurulmustur. Bu ¢alisma ile kil yataklarinin yiizeyinde
gozlenen gastropoda, ostrapoda, lamelli branchiate ve mikrobiyotiirbasyon mikro ortami icindeki
hematit, pirit ve montmorillonit mineralizasyonlari tartigilmistir. Bu baglamda mineralojik tespitler ve
mineralizasyon fazlari, XRD ve SEM-EDX yéntemleri ile yapilmus ve minerallerin kimyasal
karakteristikleri, minerallerin yiizeylerinden yapilan yari kantitatif analizlerle tespit edilmistir. EDX
analizi ile gastropodalardaki kalsit ve lamelli branchiate lerdeki siderit saptanmustir.

Hematitlerin framboidal olusumlar gastropodalar igerisinde gozlenirken piritlesme, ostracoda, lamelli
branchiate ve mikrobiyotiirbasyonlar icerisinde bulunmaktadir. Montmorillonit minerallerinin
buytimesi genellikle pirit ve kloritler arasinda ve framboidal hematitlerin ¢evrelerinde gozlenmektedir.
Bu baglamda pirit ve hematit mineralizasyonu sadece mikro ortamlar igerisinde gozlenirken,
montmorillonitlesme tim kayaglari sarmistir. Bu mineralizasyonlar; cografik faktorler, volkaniklerin
alterasyonu, gél suyunun enerjisi, Eh-pH gibi kimyasal kosullar, tuzluluk, su sicakligi ve organik
maddece zengin gol sedimanlarindaki bakteriyel aktivasyonlar ile kontrol edilmektedir.

Anahtar Sozciikler: Urmia Goli, kil fasiyesi, hematit, pirit, montmorillonit, Sahand, Iran,
mineralizasyon
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The Study of Hematite, Pyrite and Montmorillonite Mineraqlization Existence
into Old Sediments of Urmia Lake, Azarshar-Mamaqan Area, NW Iran

Jafar Sharifi

Department of Geology, PayvameNoor University, Mashrooteh St.. Tabriz,
Po. Code: 51746, Iran (E-mail: J _sharifi@pnu.ac.ir)

According to structural zoning of Iran, the studied area is located in Western Alborz-Azerbaijan zone.
The old depositions of Urmia Lake usually are alternations of clay-sand and the most thickness of
them is observable in South of lake, near the Sahand volcanic mountains slopes at Azarshahr-
Mamagan area.

There are deep joints on surface of clay beds that they filled with red Fe rich sediments, marine-land
microbioclasts, and microlithic sands. This study discussed about mineralization of hematite, pyrite
and montmorillonite into gastropoda, ostrapoda, lamellibranchiate and microbioturbation
microenvironments that observable at surfaces of clay beds. In this case mineralogy estimations and
mineralization phases done by XRD and SEM-EDX and chemical characteristics of minerals was
obtained by semi-quantitative analysis from their surfaces. EDX analysis obtained calcite for
gastropoda and siderite into lamellibranchiates.

Fromboidal existence of hematites observable into gastropodaes, but pyritization was happend into
ostracoda, lamellibranchiates and microbioturbations. The growth of montmorillonite minerals is
usually observable into between of pyrites and chlorites and around of fromboidal hematites. In these
cases mineralization of pyrite and hematite only is observable into microenvironments, but the
montmorillonitization surrounded of whole rock. These mineralizations is controlled by geographic
factors, alteration of volcanics, energy of lake water, chemical conditions as Eh-pH, salinity, water
temperature and bacterial activations into organic matter rich sediments of lake.

Key Words: Urmia Lake, clay facies, hematite, pyrite, montmorillonite, Sahand, Iran, mineralization
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Merkez Srednogorie, Bulgaristan Pesovets Epitermal Sistemindeki
Alunit ve Altere Kayaclarin Jeokimyasi

Atanas Hikov', Catherine Lerouge® ve Lilan-Anna Daieva'

"Geological Institute, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
(E-posta: ahikov@geology.bas.bg)
“BRGM, BP 6009, 45060 Orleans cedex 2, France

Pesovets epitermal sistemi bir¢ok porfirt ve epitermal yataklar ve yogun magmatik ve volkanik
aktivite ile tanimlanmis, Ge¢ Kretase Apuseni-Banat-Timok-Srednogorie (ABTS) magmatik ve
metalojenik kusaginin bir pargasi olan Panagyurishte cevher bolgesinde yeralir. Yogun arjillik,
piropilit-arjillik ve piropilitik tipteki hidrotermal alterasyonlar andezit-latit volkanitleri ve piroklastik
kayaclarn etkilemistir. Merkez kisimda alunitik kayaglar ileri arjillik alterasyonu icermekte, bazi
bolgelerde kaolinitik kayaglar topaz-kuvars farklilasmalariyla gecisli ve daha derin kisimlarda ise
diyaspor-piropilit (+zunyit) kayaglart yer almaktadir. Alunitik kayaglarin iyi gelismis zonu yaklasik
0,5 km”>dir. Hidrotermal sistemin en Ustiinde tif fastyesi baskindir ve alunitler ince tanelidir. Ancak
derinlerde volkanik bresler i¢inde bosluk dolgulari ve porfirt minerallerin yerine kaba taneli tabular
alunitler yer alir. Mineral birlikteligi olarak alunit (%5-80), kuvars, kaolinit, dikit, rutil, pirit vs. igerir.

Pesovets’deki alunitler bilesimde K-Na ve Na’ya ve Na/K’nin 1/1.5-4/1 oranlarina sahiptir. Bunlar her
zaman smurl miktarda Ca, Sr, Ba, NTE’nin 0.2’ye kadar olan formiil birimini igerir ve fosforun daha
yitksek konsantrasyonlar ile iligkilidir. Alunit ve APS mineralleri arasindaki karisim fazlari nadiren
ayrimlasmis olmalidir.  APS mineralleri 1/1-2/1 Ca/Sr oranlar1 gésteren ve en sonunda da
woodhouseite’ye ulasan svanbergite-woodhouseite kati karisim serilerini gosterirler. Bunlarda her
zaman Ba eklenmesi, NTE, K ve Na (Na/K) azalmasi goriilir. APS minerallerinin daha fazla
miktarlarda olan ve kaba tabular kristalleri, kaolinitik ve piropilitik zonlarda goézlenirken, alunit
kristallerinin merkez kisimlan i¢indeki APS’nin ¢ekirdekleri nadiren goriliir. Alunit kristallerinin
BSE resimleri, K ve Na igerigi gibi P, Ca, Sr, Ba, NTE ilave dagihm varyasyonlarina bagh olarak
kimyasal zonlanma goésterirler. Zonalite, sivi kapanmim-ani degisikliklerle meydana gelen siirekli tek
diize biiytimeler, bazen ksimi ¢oziilmeler vs. sunmaktadir.

[z elementlerin yeniden zenginlesmesi, yogun hidrotermal alterasyon sirasinda olmustur. Bir¢ok
element oldukg¢a mobildir ve altere kayaclardan tiirer (Y, Mn, Zn, Ni, Co, Cs). Zr, Cr, V, Ga ve Ti
kargilasirmal olarak immobil davrams sergilerler. Diger elementler altere zonlarin bir¢cogundan
yikanir fakat sadece birinde zenginlesirler (Rb, piropilit-arjillik igerisinde; Li, kaolinit icerisinde; Pb,
alunit zonu igerisinde). Sr ise 6zel bir davramsa sahiptir. Dis zonlardan tiirer ve ileri arjillik
alterasyonun (alunitik, kaolinitik ve piropilitik) i¢ kisimlarinda konsantre olur. Bu altere kayag¢lardaki
Sr’nin artan igerikleri APS mineralleri ile baglantihidir.

Altere olmamus latit ve piropilitik kayag¢ i¢indeki NTE paternleri HNTE lerde net bir fraksiyonlanmayi
gosterir sekilde diizdir ve Eu’da zayif bir negatif anomali gosterir. Piropilitik-arjillik kayaglardaki
NTE paternleri, tiim NTE’lerde ¢ok az bir tiiketilmeye isaret eder. NTE’lerin davranisindaki ¢ok
Onemli degisiklikler ileri arjillik alterasyonlarda gézlenmistir. Piropilitik ve kaolinitik kayaclarda
oldugu gibi alunit kayaglarindaki NTE paternleri, ONTE ve ANTE’lerde gii¢lii bir fraksiyonlanma
gosterir. ONTE ve ANTE’lerin hareketliligi, akiskanlarin diisiik pH’1 ve bu kosullardaki bu
elementlerin durayli bilesikler seklinde kalabilme yetenekleri ile iliskilidir. HNTE’nin dusik
hareketliligi cok 6nemli miktarlarda La, Ce ve Nd igeren APS ve alunitin varhg ile aciklanmaktadir.
HNTE ayni zamanda kaolinitin igerisinde de tutulur. Tiim NTE’lerdeki siddetli azalma, topaz-kuvars
altere kayaglarinda gézlenmistir.

Pesovets sistemindeki alunitin durayli izotop (S, O) bilesimi, magmatik-hidrotermal sistemlerin
karakteristiklerini gostermektedir. Bu veriler Srednogorie zonu igerisindeki diger epitermal yataklarin
sonuglarr ve Chelopech’deki sonuglarla olduk¢a benzerdir ve Pesovets epitermal sistemi icin yeni bir
perspektif sunar. Diger taraftan alunitik kaya¢lar hammade gibi iyi karakteristiklere sahiptir.

Anahtar Sozciikler: iz elementler, NTE, alunit, APS, ileri arjilkik alterasyon, epitermal, Bulgaristan
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Geochemistry of Alunite and Altered Rocks from Pesovets Epithermal System,
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The Pesovets epithermal system is located in Panagyurishte ore region, part of the Late Cretaceous
Apuseni-Banat-Timok-Srednogorie (ABTS) magmatic and metallogenic belt defined by intensive
magmatic and volcanic activity and formation of many porphyry and epithermal deposits.
Hydrothermal alterations of advanced argillic, propylite-argillic and propylitic type had affected
andesite to latite volcanic and pyroclastic rocks. Advanced argillic alteration consists of alunitic rocks
in the central parts, kaolinitic rocks with transitions to topaz-quartz varieties in some places and
diaspore-pyrophyllite (+ zunyite) rocks in the deeper parts. Alunitic rocks form well-developed zone
about 0.5 kMm%, At the top of the hydrothermal system, tuff facies dominate and alunite is small-grained,
while at depth coarse-grained tabular alunites replace porphyry minerals and fill gaps in volcanic
breccia. Mineral association consists of alunite (5-80%), quartz, kaolinite, dickite, rutile, pyrite etc.

Alunite from Pesovets is K-Na to Na in composition with Na/K ratio from 1/1.5 to 4/1. It always
contains limited amounts of Ca, Sr, Ba, REE up to 0.2 formula unit, associated with higher
concentrations of phosphorus. Rare cases of mixed phases between alunite and APS minerals can be
distinguished. APS minerals are svanbergite-woodhouseite solid solutions with Ca/Sr ratio from 1/1 to
2/1, while the last reach to woodhouseite. There are always admixtures of Ba, less of REE, K and Na
(Na>K). More and coarse tabular crystals of APS minerals can be observed in the kaolinitic and
pyrophyllitic zones, while cores of APS in the central parts of alunite crystals are rare. BSE images of
alunite crystals often show chemical zoning due to the variations in distribution of admixtures of P,
Ca, Sr, Ba, REE, as well as K and Na content. The zonality represents the fluid composition -
permanent uniform grown often with sudden changes, sometimes with partial dissolution etc.

Significant redistribution of trace elements is taken place during the intensive hydrothermal alteration.
Many elements are highly mobile and are extracted from the altered rocks (Y, Mn, Zn, Ni, Co, Cs). Zr,
Cr, V, Ga and Ti have comparatively immobile behavior. Other elements are leached from most of
alteration zones but enriched in a single one (Rb in propylite-argillic, Li in kaolinite, Pb in alunite
zone). Sr has a specific behavior. It is extracted from outer zones and concentrates in the inner zones
of advanced argillic alteration (alunitic, kaolinitic and pyrophyllitic). Increased contents of Sr in these
altered rocks are linked to the formation of APS minerals.

REE patterns in unaltered latite and in propylitic rock are flat with clear fractionation of LREE and
weak negative Eu anomaly. REE patterns in propylite-argillic rock are similar with slight depletion in
all REE. Significant changes in the behavior of REE are observed in advanced argillic alteration. REE
patterns in the alunite rocks as well as the pyrophyllitic and kaolinitic rocks show strong fractionation
of MREE and HREE. The mobility of MREE and HREE is related to low pH of fluids, and their
ability to form stable complexes in these conditions. Low mobility of LREE is explained with
presence of alunite and APS which contain significant amounts of La, Ce and Nd. LREE also sorbed
on kaolinite. Strong depletion of all REE is observed in topaz-quartz altered rocks.

Stable (S, O) isotope composition of alunite from Pesovets shows characteristics of magmatic-
hydrothermal systems. These data are quite similar to the results from Chelopech and other epithermal
deposits in Srednogorie zone and give new perspective for the Pesovets epithermal system. On the
other hand alunitic rocks have good characteristics as raw material.

Key Words: trace elements, REE, alunite, APS, advanced argillic alteration, epithermal, Bulgaria
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Mugla (GB-Tiirkiye) Yiiksek-Cr ve Yiiksek-Al Kromititlerinin Petrolojileri:
Kromit Kimyasi, Platin Grubu Mineral (PGM), Silikat ve Baz Metal Mineral
(BMM) kapamimlar: ve Re/Os-Izotop Jeokimyasi
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Mugla (GB-Tirkiye) ve yakin civarinda yaygin olarak gozlenen manto peridotitleri, genellikle dunit
zarflant ile cevrilmig, lens ve damar sekilli podiform 6zellikte bircok kromit cevherlesmesi
icermektedir. Bu kromit cevherlesmelerinin rezervieri genellikle 100.000 tondan az olmakla birlikte,
bazi lokasyonlarda I milyon ton civarina ¢ikabilmektedir. Cr# degerleri dikkate alindiginda, bolgedeka
kromititlerin  ¢ogu yiiksek-Cr ozellikte olup (Cr#t= 64.2-85.9), ¢ok az bir kismu da yiiksek-Al
kromititieri (Cr# 49.2—53.5) olarak siniflanmaktadir.

Kromititlerin [PGE (Os, Ir, Ru) bolluklari, PPGE (Rh, Pt, Pd)’lere nazaran daha zengin olup, toplam
platin grubu element (PGE) igerikleri 61 114 1305 ppb arasinda degismektedir. Jeokimyasal verilerle
uyumlu olarak, degisen miktarlarda Os igeren laurit-erlicmanit serisi minerallerin en sik rastlanan
PGM oldugu gozlenmistir. Bunun yani sira Os-Ir-Ru alagimlari, irarsit, kasinit ve ofiyolitik
kromititlerde pek rastlanmayan Pt-Fe alasimi ve Pt-oksit minerallerine de rastlanmistir. Pentlandit,
millerit ve nadir olarak hezlavudit mineralleri baz metal siilfit magmatik kapanimlarmi olusturur.

Re bolluklart 0.09-0.6 ppb ve Os bolluklar1 7.5-220 ppb arasinda degismekte olup, bu degerler
diinyanin  degisik  bolgelerindeki  ofiyolitik  kromititlerle  benzerlik  sunmaktadir.  Yiksek-Cr
kromititlerine ait '’Os/'™0s degerleri (ortalama 0.132), yitksek-Al kromititlerine gore (ortalama
0.136) daha az radyojeniktir. "*'Re/""*Os degerleri 0.004 ila 0.09 arasinda degisip ""'0Os/"™0s ile pozitif
bir korelasyon sunar. Bu degerler ortalama kondrit degerinden (~ 0.4) daha az olmakla birlikte diger
ofiyolitik kromititlerle benzerlik sunar. yOs degerleri ~0.20 ila +10 arasinda olup, ortalama +8.7
civarindadir. Olgiilen Os-izotop bilesimleri, Cr# degerleri ve PGE bolluklari ile negatif bir korelasyon
sunar. Dinyanin degisik bolgelerindeki ofiyolitik kromititlere ait ortalama ''0s/"™Os degerleri
(0.12809) ile karsilastirildiginda, Mugla bélgesi kromititlerinin daha radyojenik oldugu belirlenmistir.

Mineralojik, jeokimyasal ve Re/Os i1zotop verilerinin birlikte degerlendirilmesi sonucunda, yiiksek-Al
kromititlerinin, okyanus olusumu esnasinda, verimli iist mantonun diisiik dereceli kismi ergimesi
sonucunda olusan OOSB’lardan itibaren kristallendikleri, buna karsilik, yiksek-Cr kromititlerinin ise,
OOSB’lann iist mantodan ayrilmasiyla kismen tiiketilmis olan klinopiroksence zengin harzburjitlerin,
bir yitim zonu ortaminda tekrar kismi ergimeye ugramasi neticesinde olusan boninitik karakterli sulu
ergiyiklerden itibaren kristallendikleri sonucuna varilmustir. Her iki durumda da, s6z konusu
ergiyiklerden kromit ayrilimi ve kromititlerin etrafini saran dunit zarflarinin olusumu, olusan ergiyigin
Gst manto igerisindeki hareketi esnasinda gelisen ergiyik-peridotit etkilesimi sonucu meydana
gelmistir. Yiiksek-Cr kromititlerine ait kromit kristalleri biinyesinde birincil kapanimlar seklinde
olivin ve klinopiroksen kristallerinin yam sira sulu silikatlar olan amfibol ve flogopit gibi minerallerin
varligl, soz konusu yiiksek-Cr kromititlerinin  bir yitim zonu ortaminda olustugunu ayrica
desteklemektedir.

Anahtar Sozceiikler: ofiyolitik kromititler, ergiyik-peridotit etkilesimi, platin grubu elementler, platin
grubu mineraller, silikat kapanimlari, Re/Os-izotopu

246



Petrology of High-Cr and High-Al Ophiolitic Chromitites from the Mugla, SW
Turkey: Implications from Composition of Chromite, Solid Inclusions of
Platinum-Group Mineral (PGM), Silicate, and Base-Metal Mineral (BMM), and
Re/Os-isotope Geochemistry
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Ultramafic rocks around the city of Mugla in SW-Turkey contain large number of chromitite masses
which are lens- and vein-shaped of the podiform type and surrounded by dunite envelope. Ore reserves
generally are less than 100.000 tons but may reach up to 1 million tons in some locations. Based on
Cr# values, most chromitites are classified as high-Cr chromitites, with Cr# from 64.2 10 85.9. while
only a small number are high-Al chromitites with Cr# between 49.2 and 53.5.

Most of the chromitites display enrichment in IPGE (Os, Ir, Ru) over PPGE (Rh, Pt, Pd). with
concentrations of platinum-group elements (PGE) between 61 and 1305 ppb. Consisting with the PGE
geochemistry, laurite-erlichmanite serie minerals with various Os concentrations are found to be the
most abundant PGM inclusions in chromite. Os-Ir-Ru alloy, irarsite, kashinite as well as Pi-Fe alloy
and Pt-oxide, which are not common in ophiolitic chromitites, were also detected as magmatic PGM
inclusions. Pentlandite, millerite, and rare heazlewoodite form the magmatic inclusions of base-metal
sulfide.

The range of Re and Os abundances are 0.09-0.6 ppb and 7.5-220 ppb, respectively, which are very
similar to Re and Os abundances in chromitites from various parts of the world. ""'Os/"**Os ratios of
the high-Cr chromitites (average 0.132) are less radiogenic than high-Al chromitites (average 0.136).
"Re/™Os values ranging from 0.004 to 0.09 correlate positively with '70s/'**Os ratios. These values
are lower than average chondrite ratio (~0.4) but are consistent with those of typical ophiolitic
chromitites. Values of yOs range between —0.20 and +10 and have an average of +8.7, which is greater
than the value for various chromitites worldwide. Measured Os-isotope compositions (uncorrected
ages) negatively correlate with Cr# values and PGE abundance. In comparison to average Os-isotope
compositions of ophiolitic chromitites of various regions ('VOs/"™0s= 0.12809). chromitite samples
of the Mugla region are found to be more radiogenic (suprachondritic).

Compilation of mineralogical, geochemical, and Re/Os isotope data suggest that the high-Al
chromitite, having higher content of '¥0s/'*0s (average of 0.1361), are crystallized from the MORB
type melt which formed due to the low degree partial melting of fertile upper mantle during the sea
floor spreading. However, high-Cr chromitites with lower and heterogeneous ''Os/'™0s ratio
(average of 0.1324) are assumed to have crystallized from the hydrous boninitic melt, produced by
second stage partial melting of already depleted mantle, in a suprasubduction environment. In both
cases, chromite precipitation and dunite formation around the chromite deposits are considered to be
the product of melt-peridotite interaction. The presence of olivine and clinopyroxene as well as
hydrous silicate inclusions such as amphibole and phlogopite in high-Cr chromitite further support the
idea that high-Cr chromitites were formed in a suprasubduction environment.

Key Words: ophiolitic chromitites, melt-peridotite interaction, platinum-group elements, platinum
group minerals, silicate inclusions, Re/Os-isotope
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Murgul (Artvin) Masif Siilfit Yatag Cevresindeki Volkanik Kayagclarin
Alterasyon Mineralojisi ve Jeokimyalari, KD Tiirkiye
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Ge¢ Kretase yash felsik kayaglarla iliskili volkanojenik masif siilfit yataklan, Dogu Pontidler’de
yaygin olarak bulunmaktadir. Bolgedeki en biiyiik yataklardan biri olan ve glinimiiz itibari ile aralikli
olarak isletime devam eden Murgul (Artvin) masif siilfit yatagi, ¢evresindeki mafik-felsik volkanitler
yogun olarak hidrotermal alterasyona ugramuslardir. Yérede, tabanda Jura-Alt Kretase yash bazalt,
andezit ve piroklastitleri bulunmaktadir. Birim tizerine Senoniyen yash felsik volkanitler gelmektedir.
Cevherlesme bu volkanitlerin son evrelerinde olusan yaklasik 200-250 m kalinliktaki dasitik
piroklastitler icerisinde yerlesmistir. Masif siilfit merceginin ortii kayaglarmi yer yer porfirik dasitler,
camurtagi-kirectagi-kumtasi-tiif ile baglayan ince bir tortul seri ve jipsli vitrik tiifler olusturmaktadir.
Bu birimler Tersiyer yash bazalt ve andezitleri tarafindan ortilmiistir. Dasitik tiif-bresler icerisinde
yerlesmis olan cevher mercedi genellikle masif, kismen agsal ve saginimlidir. Cevher san cevher,
siyah cevher ve siiperjen birliktelikten olusmaktadir ve sfalerit, galen, pirit, kalkopirit, tetrahedrit,
bizmut, bizmutit, bornit, dijenit, kovellin, malakit ve azurit igermektedir.

Yorede bulunan volkanitler yogun olarak hidrotermal alterasyona maruz kalmuslardir. Tabanda
bulunan bazalt, andezit ve piroklastitleri genelde kloritlesmis, daha az oranda epidotlagmus, silislesmis
ve killesmistir. Cevhersiz dasitlerde serisitlesme ve yer yer silisme yaygin olarak goriiliirken, cevherin
ana kayacim olusturan dasitik tiif-bresler yogun olarak silislesmis, serisitlesmis ve kloritlesmustir.
Cevherlesmenin merkez kisimlarinda silislesme yogun olarak gelismistir. Ozellikle agsal zon
cevresinde, merkezden disa dogru illitlesme, kloritlesme, simektitlesme-kaolenitlesme seklinde bir
alterasyon zonlanmasi goriilir. En yaygin goriilen kil minerallert illit, illit/simektit, klorit, simektit ve
kaolenittir. Ankerit, dolomit ve daha az oranda kalsit ile temsil edilen karbonatlagma, albitlesme ve
limonitlesme yaygin goriilen diger alterasyonlardir. Cevherin ortii kayaglari hidrotermal alterasyondan
daha az oranda etkilenmesine karsin porfirik dasitlerde ve jipsli vitrik tiiflerde serisitlesme yaygindir.

Murgul masif siilfit yatagi taban ve ortii kayaglarinda, cevhere yaklastikga Na’ca titketilme, K ve Si'da
zenginlesme, alterasyon indeksi (Al= 25.62-98.09) ve klorit-karbonat-pirit indeksindeki (CCPI=
23.00-99.30) artislar belirgindir. Toleyitik-ge¢is, kalkalkalen karakterli olan volkanitlerin tiketilmig
okyanus ortasi sirt1 bazaltina normalize iz element degisimlerine gére volkanitler biiylik iyon yarigaph
litofil elementler (LILE; K, Rb ve Ba) bakimindan zenginlesmis, Sr ve Ti bakimindan ise
tiikketilmislerdir. Volkanitlerin kondrite normalize nadir toprak element (NTE) dagihmlari agir nadir
toprak elementler bakiminda zenginlesme ile karakterize edilir (Lan/Lun= 0.81-9.98; Lan/Smy=
0.63-7.13). Volkanitlerin NTE dagilimlarinda pozitif ve negatif Eu (EuN/Eu*N: 0.34-1.55) ve Ce
(Cen/Ce'v= 0.29-1.37) anomalileri belirgindir. Bu durum siilfit-siilfat cevherlesmesini saglayan
akiskanlarin volkanitleri hidrotermal alterasyona ugratmasi ve kismen plajiyoklas fraksiyonlagsmasinin
etkisinin korunmasi ile agiklanmaktadir.

Kil minerallerinin 8'*O degerlerinin, cevher zonuna dogru sicakhigin artmasina bagh olarak azaldig:
goriilmektedir. illitlerde 8'30 %06.6/8.7 ve 8D %o —42/-50; kloritlerde 8'°0 %08.6 ve 3D %o—52"dir.
Jipslerin 8**S igerikleri %020.3 ile %020.4 arasinda; 8D degerleri ise %0—92 ile %0102 arasinda degisir.
[llitlerden yapilan K-Ar yaglandirmalari (62-73.3 My) Maastrihtiyen’de baslayip Erken Daniyen’e
kadar devam eden bir illitlesme siirecine isaret etmektedir.

Anahtar Sozciikler: Murgul masif siilfit yatagi, hidrotermal alterasyon, durayli izotoplar, K-Ar
yaslandirmasi
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Volcanogenic massive sulfide deposits accompanying the Late Cretaceous aged felsic rocks in the
Eastern Pontid are common. The Murgul (Artvin) massive sulfide deposit, one of the largest deposits
in the region, is discontinuously mined, and is surrounded by the Cretaceous aged, hydrothermally
altered mafic-felsic volcanics. The bottom of the study area is formed by Jurassic-lLate Cretaceous
aged basalt, andesite and pyroclastics. This unit is overlain by Senonian aged felsic volcanics. Ore
body is contained in the dacitic pyroclastics, varying 200-250 m thickness and evaluated in the later
stage formation of this volcanics. Hanging-wall rocks of the massive sulfide lens are partly porphyritic
dacites, a thin sedimantery unit beginning with mudstone-limestone-sandstone-tuff and gypsum-
bearing vitric tuff. The ore lens situated in the dacitic tuff and breccia, generally is massive, partly
stockwork and disseminated, and formed by yellow ore, black ore and supergene associations
consisting of sphalerite, galena, pyrite, chalcopyrite, tetrahedrite, bismuth, bismuthite, digenite,
covelline, malachite and azurite.

All the volcanics in the studied area were undergone hydrothermal alteration in varying degrees.
Basalt, andesite and pyroclastics at the bottom of the study area are generally chloritized and
epidotized, silificied and argillizied in a lesser extend. Sericitization and partly silicification are
common in the barren dacites, whereas silicification, sericitization and chloritization are observed in
the footwall dacitic tuff and breccia. Dense silicification is developed in the center part of the ore
horizone. Alteration zonation, especially around the stockwork zone from inner to outher part of the
ore body 1s presented by illitization, chloritization, smectitization-kaolinization. Illite, illite/smectite,
chlorite, smectite and kaolenite are common clay minerals. Carbonatization represented by ankerite,
dolomite and seldom calcite, albitization and limonitization are other types of the alteration observed
in the footwall rocks. Although hanging wall rocks are not heavily affected by hydrothermal alteration,
sericitization is common in the porphyritic dacites and the gypsum bearing vitric tuff.

The footwall- and hanging-wall alteration zones of the Murgul massive sulfide deposit show
systematic changes with increasing proximity to the ore; Na depletion, K and Si enrichment, increases
in alteration index (Al= 25.62--98.09) and chlorite-carbonate-pyrite index CCPI= 23.00--99.30). The
volcanics are tholeiitic-transitional and calc-alkaline in character and their trace element patterns show
considerable large ion lithophile elements (K, Rb, Ba) enrichment, and Sr and Ti and P depletion
relative to N-MORB. Chondrite-normalized REE patterns of the volcanics exhibit marked HREE
enrichment (Lan/Lun= 0.81-9.98; Lan/Smy= 0.63-7.13) and are pronounced by positive/negative Eu
(Eun/Eu'= 0.34-1.55) and Ce (Cen/Ce'n= 0.29-1.37) anomalies, explained by alteration with
sulphide-sulfate rich fluids and semi-protected effect of plagioclase fractionation. .

5'"0 values of clay minerals decrease towards the ore horizon due to the ascendant formation
temperature. 3'*O and 8D compositions are 6.6 to 8.7%o and —42 to —50%s for illites, and 8.6 1o —52%o
for chlorites, respectively. 8**S and 8D values for gypsums vary 20.3 to 20.4%0 and -92 to -102%o,
respectively. K-Ar dating on illites (62-73.3 Ma) indicates an illitization process from Maastrichtian
to Early Danian time.

Key Words: Murgul massive sulfide deposit, hydrothermal alteration, stable isotopes, K-Ar dating
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Karadulda laterit Fe cevherlesmesi Caldiran llgesinin (Van) 25 km giineydogusunda yer almaktadir.
Bu c¢ahsmada Fe laterit cevherlesmesinin jeolojik ve jeokimyasal ozellikleri incelenmistir.
Cevherlesme sahasinin kuzeyinde sist, kuvarsit ve mermer ardalanmasindan olusan temele ait
metamorfik kayaclar gériilmektedir. Cevherlesmenin bati ve kuzeydogusunda ise Paleosen vyash
kirectaslari bulunur. Demir cevherlesmesi serpantinlesmis peridotitlerin kenar kisminda yer alir.
Cevherlesme ile peridotitler tektonik iligkilidir.  Serpantinlesmis pendotitler laterit  demir
cevherlesmesi lizerine itilmistir. Cevherlesmenin tabaninda c¢akiltagi, kumtast ve silttast olarak
ardalanmali bulunan Oligosen—Miyosen yash sedimanter kayag birimleri yer alir. Sedimanter birimler
ile cevherlesme yer yer aliivyon ile ortiiliidiir. Bu nedenle, bazi kesimlerde cevherlesmenin taban
iliskileri net olarak goriilememektedir. Yapilan makroskobik ve mikroskobik incelemeler sonucunda
demir cevherlesmesi, ¢ogunlukla kirmntili kuvars damar parcaciklarinin, daha az oranlarda ise kromit,
hematit, manyetit, killesmis serpantinit pargaciklarimin hematit matriks ile ¢imentolanmis oldugu bir
birim olarak tanimlanmustir. Ayrica detay kil analizlerinde matriks i¢inde kriptokristalen kuvars ve kil
mineralleri (simektit-vermikiilit, illit ve kaolinit) tesbit edilmistir. Kuvars damar par¢aciklar, kendi
iclerinde birbirinden farkli dokusal 6zellikler gostermekle beraber, tarak dokulu ve kolloform dokulu
kuvars olusumlari yaygin olarak gozlenir. Kuvars damari pargaciklarinin tane boylart oldukea
degisken olup, 5 santimetreden 60 mikron boyutlara kadar degismektedir. Hamur iginde ise
kriptokristalen boyutlara kadar (1020 mikron) agsal damarciklar seklinde kuvars olusumlar1 goriiliir.
Cevherlesmede dort farkli hematit olusumu saptannustir. Bunlar ¢oktan aza dogru l-ana cevheri
olusturan, hamurda gozlenen ¢ok ince taneli hematit, 2-ovalimsi ve yuvarlak sekilli kirintili hematitler,
3-manyetit ve kromitten donitismils hematitler ve 4-kiriklar ve tanelerin etrafini saran gen¢ hematit
olusuklari olarak tanimlanmuslardir.

Karadulda lateritic demir cevherlesmesi birbirine yakin fakat bagimsiz olarak en fazla 30x60 metre
boyutlarinda dort ayn konumda goriiliir. Demirli cevher olusuklary, kirmizi renkli goériiniimlerinden
dolay1 sahada kolayca ayirt edilebilmektedir. Cevherlesme zonu Dogu-Bati istikametinde yaklagik 900
metre uzunluktadir. Cevherlesmenin kalinligr en fazla 10 metre olarak gortlmektedir. Cevherlesme
iginde hem makroskobik hem de mikroskobik olarak tektonik deformasyon izlert gorulir. Baslica
hematit ve kuvars bilesenlerinden olusan lateritik demir cevherlesmesi (n= 12) %32.99 Fe,0s3, %52.27
Si10;, %3.20 ALO;, %3.81 MgO, %1.63 CrOs ve %0.24 CaO igerigine sahiptir. Serpantinlesmis
peridotitlere gore Fe,Os, S10,, Al,O; ve Cr,O; bakimindan zenginlesmis olan lateritik demir cevhert,
MgO ve CaO bakimindan ise fakirlesmistir. Cevherlesmeden yapilan kimyasal analiz sonuglarina gore
cevherlesmede onemli bir alun degerine rastlanmamistir. Altin degeri gerek serpantinlesmis
peridotitlerde gerekse de demir cevherlesmesinde, dedeksiyon degerinin (<0.005 ppm) altindadir.
Ekonomik ¢neme sahip diger metallerden Ni ve Co degerleri cevherlesme iginde (n=12) en yiiksek
strastyla 6500 ppm ve 377 ppm olarak saptanmistir. Bu degerler serpantinlesmis peridotitlere gore (n=
8) swrastyla 1.7 ve 2.36 kat zenginlesme gostermektedir. Diger elementlerden Pt, Pd, Ir, Os, Rh ve Ru
ise serpantinlesmis peridotitlere gore cevherlesme iginde sirasiyla 2.9, 1.76, 3.2, 2.19, 2.72 ve 3.06 kat
zenginlesmistir.

Sonug olarak, Karadulda demir cevherlesmesi yiksek silis, diisiik demir ve yan tiriin elementlerine
sahip tasinnus laterit tiirde bir Fe cevherlesmedir.

Anahtar Sézciikler: Van, Caldiran, ofiyolit, Fe cevheri, laterit, Dogu Anadolu
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Karadulda lateritic Fe deposit is located at 25 km southeast of Caldiran (Van) County. In this study,
geological and geochemical characteristics of lateritic Fe deposit are investigated. In the northern part
of the study area, metamorphic basement, which is composed of sheist. quartzite and marble sequence
is observed, whereas Paleocene aged limestones are exposed in the western and northeastern part of
the study area. Fe ore deposition is located at the contact of serpentinized peridotites. Ore and
peridotites are tectonically related to each other. Serpentinized peridotites are thrusted over the lateritic
iron ore. At the lowermost part of the deposit, Oligocene~Miocene aged sedimentary sequence, which
1s composed of pebblestone, sandstone and siltstone alternation. Both the sedimentary rocks and the
ore deposit are locally covered by alluvial deposits. That’s why, the basement rocks of ore are not
observed clearly in some locations. As a result of both the macroscopic and microscopic
investigations, the iron deposit is identified as a unit composed of mainly quartz vein fragments and
lesser amounts of chromite, hematite, magnetite and argillized serpentinite fragments, which are
cemented by hematite matrix. In addition, cryptocrystalline quartz and clay minerals (smectite-
vermiculite, illite and kaolinite) have also been determined in the matrix by means of detailed XRD
analysis of clay minerals. Quartz vein fragments are divided into several types according to internal
textures and among them the fragments, which exhibit comb texture and colloform texture, are the
most abundant ones. The dimensions of quartz veins are variable and ranges from 60 microns up to 5
centimeters. In the matrix, there is also small net-like quartz veinlets, which are composed of
cryptocrystalline (10-20 microns) quartz. Four different types of hematite mineralization has been
determined under microscope. These are; (1) very tiny hematite minerals of matrix as the main
component of ore (2) oval and rounded shaped detrial hematite minerals (3) hematites are formed after
magnetite and chromite (4) youngest hematite mineralizations, filling micro fractures and surrounding
other fragments.

Karadulda lateritic Fe deposit is cropped out as four discrete individual deposits, which have
dimensions of maximum 30x60 meters. These deposits can be easily distinguished in the field by
means of their reddish color. This ore deposit zone has a length of approximately 900 meters from east
to west and it has a thickness of maximum 10 meters. Traces of tectonic deformation can be observed
both in macroscopic and microscopic scale within the deposit. The lateritic iron ore, which is mainly
composed of hematite and quartz, has a content of 32.99% Fe 03, 52.27% Si0,, 3.20% AlLOs, 3.81%
MgO, 1.63% Cr,O; and 0.24% CaQ. The deposit is enriched in Fe,Os, Si0,, ALO; and Cr,O; with
respect to serpentinized peridotites, whereas, it is depleted in MgO and CaO. According to the results
of chemical analysis, the deposit does not have significant gold content. The gold content (<0.005
ppm) is below the detection limit in both serpentinized peridotites and iron ore. Among the other
metals, which have economical value, the Ni and Co contents of ore deposit (n= 12) have been
respectively detected as maximum 6500 ppm and 377 ppm. These values indicates 1.7 and 2.36 times
enriched respectively, respect to serpentinized peridotites (n= 8). The deposit also exhibits enrichment
in Pt, Pd, Ir, Os, Rh and Ru elements 2.9, 1.76, 3.2, 2.19, 2.72 and 3.06 times with respect to
serpentinized peridotites respectively.

In summary, Karadulda deposit has been identified as transported laterite type ore and it has highly
silisic but low iron content and by product elements.

Key Words: Van, Caldiran, ophiolite, Fe ore, laterite, Eastern Anatolia
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Kisla Tepe (Cariksaraylar-Isparta) Lateritik Boksit Zuhurunun
Nadir Toprak Element Jeokimyasi
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Cariksaraylar Kasabasi kuzeybatisinda yiizeyleyen Kisla Tepe boksit zuhuru Islikayatepe volkanitleri
tizerinde bulunmaktadir. Bazik volkanit, yari ayrigmis volkanit (saprolit) ve tamamen boksite
doniismiis seviyeler ile temsil edilen profilin kalmhgr 103 m dir. Bu lateritik profil igerisinde iki
seviye halinde izlenen otokton boksitler, ortalama % 42.6 AlLO;, % 25.9 Fe 05, % 4.9 Ti0,, % 11.5
Si0, icermektedir. Diyaspor, hematit, bohmit, kaolinit, saponit, nontronit ve anataz minerallerini
iceren boksitlerin toplam nadir toprak elementleri (NTE) miktarnt 167.2 ppm’dir. Ce, 66.4 ppm
ortalama ile en ¢ok bulunan NTE olup, bunu 36.3 ppm ile La ve 34.9 ppm ile Nd izlemektedir. Toplam
miktar1 152.6 ppm olan hafif nadir toprak elementleri (HNTE; La-Sm), toplami 12.7 ppm olan agir
nadir toprak elementleri (ANTE; Gd-Lu)’nin yaklasik 12 kat oraninda bulunmaktadir. NTE,
kondritlere gore normalize edildiginde (La/Lu)y = 18.0, (Gd/Yb)y= 3.2, (La/Sm)y = 3.5, (La/Yb)x=
20.1, EwWEu* = 1.2, Ce/Ce* = 0.8°dir. NTE, bazaltlara gore normalize edildiginde ise; (La/Lu)y = 4.6,
(Gd/Yb)n= 1.8, (La/Sm)n= 1.9, (La/Yb)x= 5.0, EwEu* = 0.9, Ce/Ce* = 0.8 dir. Negatif Ce anomalisi,
boksitlerin  oksidasyon kosullart altinda bazik volkanitlerden tiiremis oldugu varsayimini
desteklemektedir. incelenen boksitler; kondritlere gore 32, tiim diinyaya gore 21, primitif mantoya
gore 15, peridotite gore 11 ve okyanus ortasi sirti bazaltina (MORB) gore yaklasik 2.5 kat daha fazla
nadir toprak elementi igermektedir.

Anahtar Sézciikler: otokton boksit, laterit, volkanit, NTE, jeokimya, Cariksaraylar
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Rare Earth Element Geochemistry of Lateritic Bauxite Occurrence
in Kisla Tepe (Cariksaraylar-Isparta)
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Selcuk University, Department of Geological Engineering, Selcukiu, TR-42100 Konva, Turkey
(E-mail: y_bozkir@hotmail.com, ybozkir@selcuk.edu.tr)

Kigla Tepe bauxite occurrence is cropped out in NW of Cariksaraylar, situated at the top of the
Islikayatepe volcanite. Thickness of profile represented by basic volcanite, partly weathered volcanite
(saprolite) and bauxite levels is 103 meters. Autochthonous bauxites, is observed as two levels in this
lateritic profile, contains average 42.6 % Al,Os, 25.9 % Fe,05, 4.9 % TiO,, 11.5 % Si10,. Total rare
earth elements (REE) of bauxites, which is consist of diaspore, hematite, bohmite, kaolinite. saponite,
nontronite and anatase, is 167.2 ppm. Ce is the most abundant element in REE with an average 66.4
ppm and it is followed by La (36.25 ppm) and Nd (34.9 ppm). Light rare earth elements (LREE: La-
Sm) (152.6 ppm) were enriched 12 times as much as heavy rare earth elements (HREE; Gd-Lu) (12.7
ppm). Chondrite-normalized REE values for the bauxites are (La/Lu)y = 18.0, (Gd/Yb)y= 3.2,
(La/Sm)n= 3.5, (La/Yb)y = 20.1, EwEu* = 1.2 and Ce/Ce* = 0.8; basalt-normalized REE values for
the bauxites are (La/Lu)y= 4.6, (Gd/Yb)y= 1.8, (La/Sm)= 1.9, (La/Yb)y= 5.0, EwWEu* = 0.9, Ce/Ce*
= 0.8. Negative Ce anomaly suggest that bauxite is formed under the oxidation condition and derived
from basic volcanites. The REE contents of lateriric bauxites are 32 times higher than those of the
chondrites, 21 times those of the world, 15 times those of the primitive mantle, 11 times those of the
peridotites, and 2.5 times those of the Middle Ocean Ridge Basalts (MORB).

Key Words: autochthonous bauxite, laterite, volcanite, REE, geochemistry, Cariksaraylar
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* Maden Tetkik ve Arama Genel Miidiirliigii, Orta Anadolu 4. Bolge Miidiirliigii,
P.K. 178, 44100 Malatyva

Incelenen Mn yataklar, Giineydogu Anadolu Bindirme Kusagi'nda Adiyaman. Bingol, Elazig ve
Malatya illerinde, Orta Eosen yash Maden Karmasigi icerisinde yer almaktadirlar. Bolgede,
Paleozoyik yash Piitiirge Metamorfitleri, Jura-Alt Kretase yash Guleman Ofiyolitleri ve Eosen yash
Maden Karmasigi'na ait kayaglar yiizeylemektedir. Yoredeki manganez yataklari, Elazig ¢evresinde
Beyhan, Palu, Sarikamis, Kockale, Germili ve Hazar, Malatya cevresinde ise Alihan ve Komik
bolgelerinde, Maden Karmasigi'na ait kirmizi renkli camurtasi icerisinde, genellikle mercek, kafa ve
tabakalar seklinde, kalmliklari birkag cm ile 5-6 m. arasinda degisen kalinhklarda gozlenmektedir.
Cevher, genellikle ¢ok ince taneli ve masif yapihdir. Cevherlesmeler baslica manganit, pirolusit,
hausmanit, braunit, rodokrozit, hematit ve limonitten olusmaktadir. Cevherlesmelerin ana oksit
bilesenleri Fe,0s, Si0;, MnO, CaO ve ALO; seklinde siralanmaktadir ve Fe/Mn oram 1,92 olup,
ortalama Fe icerigi % 34,59: mangan icerigi ise % 197 dur. Fe/Mn orani yoredeki olusumlarda Fe ve
Mn ayrilminin ¢ok belirgin olarak gergeklesmedigini gostermektedir. Bu da ¢okelimin kaynak
bolgeye ¢ok yakin oldugunu isaret etmektedir. Cevherlesmelerde MnO, hem diger ana oksitlerle, hem
de iz elementlerle genellikle negatif korelasyonlar gostermektedir.

Yoredeki manganez cevherlesmelerin ENTE igerikleri 64 ile 738 ppm (ortalama 502 ppm) arasinda
degismekte olup, bu omekleri kondritlere gore normallestirildiginde, hafif nadir toprak elementler
(HNTE) bakimindan zenginlestigi goriilmektedir. Yoredeki 6rnekler, kuvvetli negatif Ce anomalisi ve
hafif negatif Eu anomalisi gostermektedir. Orneklerdeki yitksek NTE igerikleri, bunlarn hidrojenetik
kokenli olabilecegini desteklerken, negatif Ce anomalisi cevherlerin distik bir redoks potansiyeli
altinda, iyi oksijenlenmemis ve durgun bir su igerisinde olusabilecegini, negatif Eu anomalisi ise
cevherin i¢inde ¢okeldigi sivilarin sicakhginin da yiiksek olmadigini gostermektedir.

Anahtar Sozciikler: GDA bindirme kusagi, Maden karmasigi, manganez cevherlesmesi, Adiyaman,
Bingol, Elazi1g, Malatya

254



Geological, Mineralogical and Geochemical Features
of the Manganese Deposits of Maden Complex
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° Maden Tetkik ve Arama 4. Bilge Miidiirliigii, P.K. 178,
TR—44000 Malatva, Tiirkiye

The studied Mn ore deposits are located in South Eastern Thrust zone and in Adiyaman, Bingol,
Elaz1ig and Malatya provinces. All the deposits are placed in Middle Eocene Maden Complex.
Paleozoic Putiirge Metamorphites, Jurassic-Lower Cretaceous Guleman Ophiolites and Eocene Maden
Complex are the main geological units in the region. The manganese ores occur as lensoid and
stratiform bodies which are from a few cm to 5-6 m thick, in red mudstones. The ores are generally
massive and fine grained. The main ore minerals are manganite, pyrolusite, braunite, rhodochrosite,
hematite and limonite. The major oxide abundance order of the ores is Fe,0s, SiO,, MnO. CaO and
AlLO;. Average Fe:Mn ratio of the ores is 1,92 and the mean values for Fe and Mn are 34,59 % and
19.0 %, respectively. The Fe:Mn ratios indicate that the Fe-Mn differentitation did not happen during
the formation of the ores and sources and deposits were close. MnO contents of the ores correlate
negatively with other oxides and trace elements.

The total REE contents of the Mn ores vary between 64 and 738 ppm (average 502 ppm). The
chondrite normalized REE patterns show LREE enrichments, strong negative Ce anomalies and weak
negative Eu anomalies. High REE contents indicates hydrogenic origin, negative Ce anomalies are due
to low Eh and negative Eu anomalies low temperature mineralizing fluids.

Key Words: southeast Anatolian thrust zone, Maden complex, Mn mineralizations, Adiyaman,
Bingol, Elazig, Malatya
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Malatya (Tiirkiye) Pb-Zn Cevherlesmelerinin
Eski imalat Pasalarinin Jeokimyasi

Leyla Kalender, Gulli Kirat, Cemal Boliicek ve Ahmet Sagiroglu

Frat Universitesi, Jeoloji Miihendisligi Boliimii, 23119 Elazig
(E-posta: leylakalender@firat.edu.tr)

Inceleme alani, Malatya [linin Yesilyurt ilgesine bagh Gorgii koytnin 9 km kuzeydogusunda ve
1725000 ol¢ekli Malatya 1.40-a4 paftasinda yer almaktadir.

Gorgii  (Cafana) Pb-Zn  cevherlesmesi,  volkanitler  (yas?) ile Malatya metamortitler
(Permo—Karbonifer) icerisinde gelismis olup cevherlesmenin buytk bir kismi andezitik kayaglar
icerisinde damar seklindedir.

Silfiir cevherlesmesi olarak gozlenen cevherlesmenin ana mineralleri galen, sfalerit, pirit, markasit,
simitsonit, zinkit, hidro-zinkit, anglezit ve seruzit; gang mineralleri ise barit, dolomit, kuvars ve
kalsittir.

Bu ¢alismada, ana yatak civarindan 12 adet pasa ve 18 adet sistematik toprak 6rnegi ahinarak,
orneklerinin metal igerikleri ve metallerin birbirleri ile olan iliskileri incelenmistir. Pasa drneklerinde
ortalama Pb (6259,39 ppm +3937), Zn (6618,28 ppm +£3725), Ag (3711 ppb 4:5180), Mn (829 ppm
+850), Ba (546,4 ppm =+ 475); toprak orneklerinde ise Pb (663 ppm +2332), Zn (660 ppm +2107), Ag
(64,06 ppb +30), Mn (993 ppm +331) ve Ba (276 ppm £287) i¢erigi tespit edilmistir. Toprak ve
pasalardaki ortalama metal igerikleri karsilagtiriimig ve topraktaki Au, Mn, Sn, Cu, Sb, Rb ve Sr
degerlerininin dogal ayrisma nedeniyle pasalardan daha fazla oldugu belirlenmistir.

Veri sayist az oldugu icin pasa orneklerinde spearman korelasyon katsayilart hesaplanmistir. Bu
verilere gore, Ag, Pb, Zn, Cu, Mn, Mo, Sn ve Hg’ nmin; Sr, Ba, Rb, Ce, Cs, La, U, Se, Sb ve Cd (LIL:
large ion lithophile) ile pozitif, ayni metallerin Sc, V, Y, Nb, Th ve Ti (HFS: High field strength) ile
negatif iliski sundugu belirlenmistir. Bu durum, cevherlesmeyi olusturan hidrotermal cozeltilerde
kitasal kirlenmenin etkili oldugunu gostermektedir.

Anahtar Sozciikler: Gorgti Pb-Zn cevherlesmeleri, jeokimya, pasa, toprak kirliligi
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Geochemistry of Waste at Pb-Zn Gorgii Mine, Malatya, Turkey
Leyla Kalender, Gullt Kirat, Cemal Bolicek & Ahmet Sagiroglu

Furat Universitesi, Jeoloji Mithendisligi Boliimii, TR—23119 Elazig, Tiirkiye
(E-mail: leylakalender@firat.edu.tr)

The study area is located at section Malatya L.40-a4 of 1/25000 scale map in the 9 km northeast of
Gorgl villiage of Yesilyurt township in Malatya.

The Gorgii (Cafana) Pb-Zn mineralization forms in volcanic rocks (age ?) and Malatya metamorphic
rocks (Permo—Carboniferous) and the great deal of mineralization take place in andesitic rocks as vein
forming. The Pb-Zn mineralizations have been observed as sulphur minerals. Major minerals are
galena, sphalerite, pyrite-marcasite, smithsonite (the dominant ore mineral), zincite, hydro-zincite.
anglesite, cerussite and gangue minerals are represented barite, dolomite, quartz and calcite.

In this study, 12 mine waste samples and 18 soil samples were collected from within mine waste piles
and around of ore deposits, determined concentrations and distribution of the metals. In the mine
wastes and soil samples were estimated average and standard deviation values and Pb (ppm 6259.39
+3937), Zn (ppm 6618.28 +3725), Ag (ppb 3711 £5180), Mn (ppm 829 +850), Ba (ppm 546.4 +475);
Pb (663 ppm £2332), Zn (660 ppm +2107), Ag (64.06 ppb +30), Mn (993 ppm £331) ve Ba (276 ppm
1+287), respectively. Correlate to element concentrations between waste and soil show that Au, Mn,
Sn, Cu, Sb, Rb and Sr values in soil are higher than waste due to natural weathering processes.

Spearman correlation coefficients were evaluated because data were insufficient. According these
values, between Ag, Pb, Zn, Cu, Mn, Mo, Sn, Hg and Sr, Ba, Rb, Ce, Cs, La, U, Se, Sb, Cd (LIL)
correlation coefficients are positive. However, between Ag, Pb, Zn, Cu, Mn, Mo, Sn, Hg and Sc, V., Y,
Nb, Th, Ti (HFS) correlation coefficients are negative. It is suggested that the ore forming
hydrothermal fluids may be affected by crust contamination.

Key Words: Gorgii Pb-Zn mineralizations, geochemistry, mine waste, soil pollution

257



Susurluk (Balikesir) Skarn Yataginin Jeokimyasal Ozellikleri ve Kontakt
Metasomatizma Esnasinda Nadir Toprak Elementlerinin (NTE) Davranislar:

Ayse Orhan ve Halim Mutlu

Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii,
26480 Meselik, Eskisehir (E-posta: avaltinok(@hotmail com)

Magmatik ve metamorfik kaya¢ petrojenezinde oldukea sik kullamilan nadir toprak elementleri (NTE)
metamorfik kayaclarm alterasyon zonlarinda da basarih uygulama alani bulmustur. Ozellikle
alterasyon zonlarinda hareketli davranan NTE’ler, skarn zonlarindaki akiskan etkilesimlerinin
agtklanmasi, metasomatik akiskanlarm kaynagi ve karakterinin belirlenmesinde olduk¢a kullanislhidir.
Susurluk Cataldag Granitoyidi’nin kristalize kiregtagi ve mermerle olan dokanaginda gelisen kontakt
metasomatik reaksiyonlar ve hidrotermal akigkan infiltrasyonu sonucu yaygin skarn zonlari
olusmustur. AFC [(ALO3+Fe;03)~(Na,O+K,0) — (MgO+MnO+FeO) - (CaO-3.3P,05)] diyagraminda
skarn zonuna ait kayaglar kalsik karakterli olup Ca-silikat bilesimli minerallerin bulundugu (anortit,
granat, veziivyanit, diyopsit, vollastonit) alana diismektedir. Granit-endoskarn-ekzoskarn-mermer
seklinde zonlanmanin gelistigi bolgede, zonlanmalara ait NTE igerikleri sirastyla 14-191 ppm (ort. 64
ppm), 18-386 ppm (ort. 163 ppm), 11-172 ppm (ort. 72 ppm) ve 5.7-8.9 ppm (ort. 7.4 ppm) arasinda
degismektedir. Skarn zonunda NTE igerikleri Cataldag Granitoyidi ve mermere gore asiri derecede
artmakta, endoskarndan ekzoskarn zonuna dogru ise kismen azalmaktadir. Cataldag Granitoyidi, Bat
Anadolu’daki diger plitonlara benzer NTE yonelimleri ile fraksiyonlanmus ozellik géstermekte ve
negatif Eu anomalisi (Eu/Eu*= 0.42-0.93) sunmaktadir. Skarn kayaglari ise NTE yonelimleri ve Eu
anomalisi ile t¢ farkli desen sergilemektedir. Prograd evrede gelisen andraditee zengin zonlar,
HNTE lerindeki konveks deseni ve maksimum Pr ile pozitif Eu anomalisi ile karakteristiktir.
Granatlarin X a,g igerigi ile Eu anomalisi arasinda pozitif bir iliski bulunmaktadir. Hidrotermal
akiskanlarla biiyiimtis zonlu granatlardaki pozitif Eu anomalisi (Eu/Eu*= 0.99-4.07), prograd evrede
yogun bir hidrotermal akiskan infiltrasyonunun gelistigini gostermektedir. Ayni evrede gelismis
veziivyanit, piroksen ve vollastonitge fakir, grossularca zengin zonlardaki NTE yénelimleri ise
Cataldag Granitoyidi ile uyumlu olup, mermer etkilesimi ile ANTE’leri artmakta ve Eu negatif
anomali sergilemektedir. Mermer dokanaginda veya mermer igerisinde damar skarnlasmalar seklinde
geligmis vollastonit, kalsit ve veziivyanit¢e zengin retrograd evre ise NTE yonelimleri ile prograd
cvreden farkhliklar gostermektedir. Mermer dokanagindaki zonlarin NTE yénelimleri mermerle
uyumlu olmasma karsin NTE igeriklerinin (11-97 ppm; ort. 46 ppm) oldukca azaldigr dikkat
¢ekmektedir. Damar skarnlasmalar ise La’dan Lu’a kadar zikzakli deseni, negatif Eu, minimum Pr ve
maksimum Ce ile Nd anomalileri ile karakteristik olup Cataldag Granitoyidi’nden oldukca farkli desen
sunmaktadir. Susurluk skarn yatagindaki kayaglarin NTE igerikleri ve yénelimleri metasomatik
akiskanlarin prograd evrede hidrotermal, retrograd evrede ise hidrotermal ve meteorik akiskanlardan
tirediklerini gostermektedir.

Anahtar Sézciikler: Susurluk skarn yatagi, Cataldag Granitoyidi, NTE, metasomatik akiskan
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Geochemical Properties of the Susurluk (Balikesir) Skarn Deposit and Behavior
of Rare Earth Elements (REE) During the Contact Metasomatism

Ayse Orhan & Halim Mutlu

Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Béliimii, Meselik
TR-26480 Eskisehir, Tiirkive (E-mail: ayvaltinok@hotmail.com)

Rare carth clements (REE), which are often used in petrogenesis of magmatic and metamorphic rocks,
have also successful application in alteration zones of metamorphic rocks. REEs are of mobile
character in particularly alteration zones and are excellent indicators for the source and character of
metasomatic fluids as well as fluid interactions in the skarn zones. Metasomatic reactions and
hydrothermal fluid infiltration occurring in the contact between the Susurluk Cataldag Granitoid and
limestones — marbles result in formation of widespread skarn zones. In the AFC [(AlL,O:+Fe,O5)-
(Na,O+K;0) — (MgO+MnO+FeQ) - (CaO-3.3P,05)] diagram, rocks of the skarn zone are of calcic
nature and plot into the area of Ca-silicate type minerals (e.g., anorthite, garnet, vesuvianite, diopside,
wollastonite). In the area of granite-endoskarn-exoskarn-marble zone, REE contents of respective
lithologies are 14-191 ppm (ave. 64 ppm), 18-386 ppm (ave. 163 ppm), 11-172 ppm (ave. 72 ppm)
and 5.7-8.9 ppm (ave. 7.4 ppm). REE contents of the skarn zone are significantly greater than those of
the Cataldag Granitoid and marbles and partly decreased from endoskarn to exoskarn zone. REE
trends of the Cataldag Granitoid with a fractioned character and a negative Eu anomaly (Eu/Eu*=
0.42-0.93) are similar to those of other plutonic rocks in the western Anatolia. In contrast, REE trends
of skarn rocks are represented by three different patterns. Andradite-rich zones of the prograde stage
are characteristic with a convex trend and maximum Pr and positive Eu anomalies. In garnets. there is
a positive correlation between X, ,g abundance and Eu anomaly. The positive Eu anomaly (Eu/Eu*-
0.99-4.07) in zoned garnets, which are precipitated from hydrothermal fluids, indicates that an intense
hydrothermal fluid infiltration was taken place in the prograde stage. The REE trends of vesuvianite-,
pyroxene- and wollastonite-poor and grossular-rich zones of the same stage are concordant with the
Gataldag Granitoid and by interaction with the marble HREEs are increased and Eu displays a
negative anomaly. The wollastonite-, calcite- and vesuvianite-rich retrograde stage which was formed
as vein skarnizations along the marble contact or within the marble shows REE trends that are
different from those of the prograde stage. REE patterns of zones at the marble contact are
conformable with marbles but their REE contents are considerably decreased (11-97 ppm; ave. 46
ppm). Vein skarnizations are characteristic with a zigzag pattern from La to Lu, a negative Eu,
minimum Pr and maximum Ce and Nd anomalies which is noticeably different from the pattern of the
Cataldag Granitoid. REE contents and trends of the Susurluk skarn deposit may indicate that
metasomatic fluids of the prograde stage had a hydrothermal origin while those of the retrograde stage
are derived from both hydrothermal and meteoric fluids.

Key Words: Susurluk skarn deposit, Cataldag Granitoid, REE, metasomatic fluid
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Miyaney Bolgesi (KB iran) Cu, Pb, Zn Metalojenisi
Behzad Hajalilou ve Bahram Vusuq

PayameNoor University, Department of Earth Science, Mashrooteh St., Tabriz, 51746 Iran
(E-posta: coalminer1848@yahoo.com)

Calisma alani, Azerbaycan’in dogusunda, Iran’in kuzeybatisinda, Azerbaycan’in daha kiigiik Caucasus
metalojenik zonu ile Alborz-Azerbaycan yapisal zonunun batisinda bir parga olarak yeralir.

Akuf kitasal sinir, adayayr volkano-pliitonizma ve bunlan takip eden hidrotermal alterasyonlarin
olusumuna gore metalik mineralizasyonlar Miyaneh bélgesinde olusmuslardir. Bolgedeki riyolit-
silislesmis litik kristalen taf ve andezit-bazalt, riyolit-ignimbirit volkanitleri, Ge¢ Kretase
tektonomagmatik rejimi altinda olusan alkalen-kalkalkalen Eosen volkanizmas: ile iliskilidirler.
Bolgedeki Oligo-Miyosen I-tipi subvolkanikler, Pyrenean orojenik fazindaki ¢arpisma sonrasi
genislemeli rejim altinda olusmugtur. Bolgedeki intriiziflerin biyotit jeotermometresi 730— 880 °C
kristalizasyon sicakhigini isaret ederken, amfibol barometresi 1,4-3 km’lik derinligi gostermektedir.
Bu bahsedilen olaylari, polimetalik mineral aramalarindan ve Cu, Pb, Zn, Au, Ag, Fe, Mn, Sn, W’in
litojeokimyasal halelerinden yararlanmak i¢in kullamlan, genis potasik, kuvars-serizitik, alunitik,
silisifiye, arjilik, zeolitik ve piropilitik alterasyon zonlari izlemistir. Miyaneh bolgesindeki ana
metalojenik bolgeler bakir ve kursun-¢inko metalojenik bolgeleridir.

Miyaneh gehrinin batisinda yeralan bakir bélgesi, kalkalkalen subvolkanik granitoidlerinin ge¢ dagilim
fazi ile varolan hidrotermal akigskanin etkisi altindaki Eosen andezit kayaglarinin alterasyonu ile
olusmustur. Bolgedeki bakir mineralizasyonuna sahip anakaya¢ Eosen andeziti ve megaporfiritik
andezit kayacidir. Ana bakir madenleri Sheykhadar Abad, Kalhor, Zereshlu, Rezakhanlu’dur.

Kursun-¢inko metalojenik bolgesi, Miyaneh bolgesinin dogu kismini olusturur. Bu bélgede riyolit-
silislesmis litik kristalen tif tniteleri, Pb-Zn olusumlarinin anakayaclarim olusturur. Bu bahsedilen
yataklar, magma ireten yiiksek potasyumlu sosonitik kayaglarin hidrotermal fazlarina sahip tufli
yankayaglarin alterasyonu ile iliskilidir. Bu bolgede bulunan pliitonlardaki potasyum orani, bakir
bolgesinden daha yiiksektir. Bu bolgedeki en 6nemli Pb-Zn yataklari: Shah-Ali-Beyglu-Ababin,
Senjedeh, Khalaf, Mindijin ve Qahraman jin ‘dir.

Miyaneh bakir bolgesi, distik siilfir fugasitesi, basit cevher mineral parajenezi ile karakterize
edilmekte ve ortag, kalkalkalen subvolkanlari tarafindan iiretilmektedir. Miyaney batisindaki kursun-
cinko bolgesi, cevher mineral parajenezlerindeki yiiksek varyasyon, yiiksek siilfiir fugasitesi ve
magma ireten potasyumca zengin, sosonitik derinlik kayaglarinin alterasyonu ile iliskili oldugunu
gostermektedir. Bu kayaglardaki K-feldispat kristalleri i¢erisindeki potasyum zenginlesmesi, belirtilen
bolgedeki anakayacin ¢atlak ve eklemlerindeki son depolanmalarin kompleks bilesikler halinde
tasinan hidrotermal akiskanlardaki Pb-Zn’nin matriks olarak ortamdan uzaklastirilmasi ile meydana
gelmistir.

Anahtar Sozciikler: metalojeni, Miyaneh, hidrotermal, alterasyon, kursun, ¢inko, bakir
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Cu, Pb, Zn Metallogeny of Miyaneh Area, NW of Iran

Behzad Hajalilou & Bahram Vusuq

PayameNoor University, Department of Earth Science, Mashrooteh St., Tabriz, 51746 Iran
(E-mail: coalminer1848@yahoo.com)

The Studied area was located at North West of Iran at east Azerbaijan state, as a part of western
Alborz-Azerbaijan structural and Azerbaijan lesser Caucasus metallogenic zone.

According to occurrence of active continental margin- island arc volcano-plutonism and their followed
hydrothermal alterations, different Metallic mineralizations were existed in Miyaneh region. Rhyolite-
silisified-lithic-crystallin tuffs and andesite-basalt, rhyolite-ignimbrite volcanites in this area were
produced in relation with alkaline-calc alkaline Eocene volcanism under late cretaceous attractive
tectonimagmatic regime. Oligo—Miocene I-type subvolcanoes in this area were existed under
depressional post collision regime at Pyrenean orogenic phase. Geothermometry of biotites indicated
730-880 °C for crystallization temperatures and amphiboles barometry estimated 1.4-3 km depth for
this location of these inrusives. These mentioned events was followed with wide potassic, quartz-
serisitic, alunitic, silisified, argillic, zeolitic and propylitic alteration zones that they are benefit initial
lithogeochemical haloes for Cu, Pb, Zn, Au, Ag, Fe, Mn, Sn, W and polymetallic mineralization
prospecting. The main metallogenic regions in Miyaneh area are copper and lead-zinc metallogenic
regions.

Copper region, was located at west of Miyanch city, that occurs with altearion of Eocene andesite
rocks under effect of hydrothermal fluid sequence alteration that existed from late diffraction phase of
calc alkaline subvolcanic granitoides. Main host rock for copper mineralization in this area is Eocene
andesite and megaporphyritic andesite rocks. Main copper mines are Sheykhdar Abad, Kalhor,
Zereshlu, Rezakhanlu.

Lead-zinc metallogenic region have made the eastern parts of Miyaneh area. In this region, Rhyolite-
silisified-lithic-crystallin tuff unites formed as host rocks of Pb-Zn mineralizations. These mentioned
deposits have relationship with alteration of tuffic wall rock by hydrothermal phases of high potassium
shoshonitic rocks producer magma. Rate of potassium in plutons of this region is higher than copper
region. The most important Pb-Zn mines in this area are: Shah-Ali-Beyglu-Ababin, Senjedeh, Khalaf,
Mindijin and Qahraman jin.

Miyaneh copper region is characterized with low sulfur fugacity, simple ore mineral paragenesis and it
produced by calc alkaline intermediate subvolcanoes. Lead-zinc region in west of Miyaneh is
indicated with high variation in ore mineral paragenesis, high sulfur fugacity and relationship with
alteration of potassium rich shoshonitic intrusive rocks producer magma. Enrichment of potassium in
K-feldspar phenocrystals of this rocks have caused to repelling of Pb-Zn as matrix of hydrothermal
fluid solution with carrier complex forms ligand and finally deposition of them in joints and fractures
of host rocks at mentioned area.

Key Words: metallogeny, Miyaneh, hydrothermal, alteration, lead, zinc, copper
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Tiirkiye Jeolojik Miras Envanteri: Cahiymalar, Sorunlar ve Oncelikler

Fuat Saroglu', Ahmet Dogan’, Alper Giirbiiz’ ve Selim Ozalp®

" Tiirkiye Jeolojik Mirast Koruma Dernegi (JEMIRKO), 06100 Tandogan, Ankara
(E-posta: fsaroglu@gmail.com)
*[ller Bankasi Genel Miidiirliigti, Imar Planlama Dairesi, 06110 Diskapi, Ankara
' Ankara Universitesi, Jeoloji Miihendisligi Boliimii, 06100 Tandogan, Ankara
" Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, 06520 Balgat, Ankara

Tiirkiye’de jeolojik ¢esitlilik nedeniyle goriillmeye deger 6zgiin niteligi bulunan ¢ok sayida lokasyon
bulunmaktadir. Jeosit olarak tanimlanan bu lokasyonlarin bazilar; yok olduklarinda yerine
konulamayan ve gelecek nesillere korunarak aktarilmasi gereken 6zellikler tagimaktadirlar. Turkiye'de
bulunan bu jeositlerin bazilar1 uluslararasi kurum veya orgiitler tarafindan onaylanmuis, kabul edilmis
tescilli jeolojik miras dgeleridir. Ancak bunun yaninda yeni ortaya ¢ikarilmis tanitilmay: bekleyen
jeositler de bulunmaktadir. Karayollari Ismetpasa Bakim Istasyonu’ndaki krip (creep, tektonik),
Trabzonit (mineralojik) ve Golliidagt obsidiyenleri (kiiltiirel) tescilli noktalar arasinda sayilabilirler.
Bu jeositler degisik nedenlerle tahrip olup, yok olma ile karsi karsiya gelmislerdir. Tescil edilmis olan
jeositlerin uluslararas1 kurallar dahilinde korunup gelecek nesillere aktarilmasi taahhtt edilmistir.
Korunmalari zorunludur. Jeositlerin miras niteligi degerlendirilirken maddi deger, albenilik, jeoturizm
ve koleksiyon ozelikleri dikkate alinmamaktadir. Bélgesel, ulusal ve uluslararasi degerlere gore
jeolojik miras 6zellikleri dikkate alinmaktadir.

Tiirkiye Jeolojik Miras1 Koruma Dernegi (JEMIRKO) 1998 yilindan beri yaklasik on yildir tilkemizde
bulunan jeositleri ve bu jeositlerin miras niteliklerini arastirmaktadir. Elde edilen veriler 1s18inda
jeolojik miras envanteri olusturulmustur. Gelistirilmek tizere hazirlanan bu envanterde yer alan
jeositlerin  ¢ogu jeolojik miras niteligindedir. Envanterde oOnemli diizeyde bilgi eksikligi
bulunmaktadir. Jeolojik miras envanteri i¢eriginde bulunan miras niteligindeki jeositleri belirlemek,
eksik ve noksanlari ortaya ¢ikarmak, toplanan bilgileri yerbilimleri toplumuna agmak ve katkilar
almak amaciyla envanter internet ortaminda sunulacaktir. Internet sayfamizda yer alan jeosit
smiflamalart ve ayrintili agiklamalart Avrupa Jeolojik Mirasit Koruma Toplulugu (ProGEO)’nun ilke
ve oOnerileri dogrultusunda hazirlanmistir. Bir ¢alisma ortami formatinda sunulan jeositler; (1)
Stratigrafik, (2) Paleoortamsal, (3) Volkanik, metamorfik ve sedimanter petroloji, doku ve yapi olaylar
ve provensler, (4) Mineralojik ve ekonomik, (5) Yapisal, (6) Jeomorfolojik ozellikler, asinma ve
depolanma siiregleri, yersekilleri ve dogal goruntl, (7) Goktast carpma izleri, (8) Kitasal veya
okyanusal Ol¢ekte jeoloji ozellikleri, levha iliskileri, (9) Denizalti, (10) Tarihsel ve yerbilimlerinin
kltiirel boyutu olacak sekilde smiflandirilmistir. Her 68e icin karakteristik o6zellik, onerilen yer,
bulundugu bolge, koordinat, 6neren, koruma agisindan durum, harita, kesit, foto gibi bilgi paketleri
olusturulmugtur. Planlanan bu ¢alisma ortaminda JEMIRKO ile jeolojik miras goniillileri arasinda
tath bir iletisim beklenmektedir. Bu etkilesimle ortaya ¢ikacak yeni jeositler ile mevcut jeositlerin
daha genis bilgi/belgeleri bolge, ulus ve uluslararasi niteliklere gore gelistirilmis envanterde yerini
alacaktir. Arzulanan nihai onay ve korunmanin UNESCO tarafindan saglanmasidir. Ancak envanterde
yer almasi gereken bilgilerin biiyiik bir kismi yetersiz veya yok denecek kadar azdir. Konuya
gosterilecek ilgi ve katkilar diizeyinde bu ¢alisma ortami amacina ulasacaktir.

Anahtar Sézciikler: jeolojik miras, jeosit, envanter, JEMIRKO, ProGEO
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There are several spectacular locations in Turkey due to its geodiversity. Some of these locations
which are defined as geosites; can not replace when they extinct and must be transfered to next
generations by protecting. Some of the geosites that situated in Turkey are certified and received by
international foundations ad organizations as registered members of geological heritage. However,
there are new geosites that expecting to acquaint. The creep at Ismetpasa Highway Care Station
(tectonic), Trabzonite (minerological) and Gollidag: obsidians (cultural) can be counted as registered
points. These geosites are destructed due to different causes and are vis-a-vis to disappearance. The
registered geosites are undertaken to protect for transferring to next generations through international
rules.  Their protections are absolutely necessary. Through the evaluation period of heritage
characteristics of geosites, economic value, attractiveness, geotourism and collection characteristics
are not considered. Their geological heritage characteristics are considered through their regional,
national and international values.

The Turkish Association for the Conservation of the Geological Heritage (JEMIRKO) is researching
the geosites and heritage characteristics of these geosites approximately ten years since 1998. In the
light of achieved data, the geological heritage inventory is constituted. Most of the geosites in this
inventory, which is prepared to improving, have geological heritage characteristics. There are data
deficiencies at an important level in the inventory. The inventory will be presented in web page format
to determining the geosites in the geological heritage inventory, to exposing the missings and
deficiencies, and to presenting the current knowledges to earthscience societies. The geosite
classifications and detailed explanations that presented in our web site are prepared according to the
principles and suggestions of the Europe Association for the Conservation of Geological Heritage
(ProGEO). The geosites that offer as in working media are classified as; (1) Stratigraphic, (2)
Paleoenvironmental, (3) Volcanic, metamorphic and sedimentary petrology. (4) Minerological and
cconomic, (5) Structural, (6) Geomorphological characteristics, erosion and deposition processes,
landforms and landscapes, (7) impact traces of meteorites, (8) Continental and oceanic scale
geological features and plate relationships, (9) Submarine, (10) Cultural dimension of historical
geology. Characteristics for every element, data packages like recommended sites, located region,
coordinate, proponent, protection status, map, section, photo are constituted. In this planned working
media an agreeable communication is expected between the JEMIRKO and geological heritage
volunteers. The new and current geosites exposed by this interaction ill be located in the developed
inventory according to national and international qualities. The intended latest confirmation and
conservation is the providing by UNESCO. However, most of the knowledges that require to locating
in the inventory are deficient and very insufficient. This working media will be reached to its aim in a
level of demonstrated relevance and contribution.

Kéy Words: geological heritage, geosite, inventory, JEMIRKO, ProGEO
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Tirkiye Jeositleri Cati Liste’si

Nizamettin Kazanci ve Fuat Saroglu
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Jeolojik olaylarin ve/veya siireclerin belgeleri olan jeositler, taninmasi, korunmasi ve ziyaret edilmesi
gereken yerlerdir. Yok olma tehdidi altinda bulunan jeositler ‘jeoloji miras’ olarak kabul edilirler.
Cunkl bunlar jeolojik gegmisi ve/veya yerkabugunun evrimini arazi, istif, fosil, mineral, kayag,
yersekli, yapr, doku vb somut veriler olarak sunarlar. Bir baska acidan, utlkelerin bilimsel
zenginlikleridir. Bu sebeple sayimlart ve listeleri yapilmakta, ¢esitli yonlerden incelenmektedir. En
onemli jeosit arastirma konularindan biri CATI LISTE’nin olusturulmasidir. Tirdes jeositlerin ifade
ettigi jeolojik olay Cati, bunlarnn toplulugu ise Cati Liste teskil eder. Jeosit Listesi ile Cati Liste
arasinda kokensel iliski bulunmakla beraber birisi somut, digeri soyuttur. Ulkelerin bir tane Jeosit
Listesi ve bir tane Cati Listesi olur. Teorik olarak, Cati Liste, o tilkenin jeolojik evrimindeki biitiin
olaylar1 temsil eder. Biitiin gelismis tilkelerde bu listeler ¢ok o6nceden hazirlannms ve siirekli
giincellenmektedir. Bu eksikligi gidermek tizere, jeolojik Mirast Koruma Dernegi (Jemirko) tarafindan
yapilan bir calisma tarismaya acilmaktadir. Uluslararasi kurallara gére, uzman yerbilimcilerin
katilmiyla 6nce Jeosit Listesi ve buna bagli olarak Cati Listesi hazirlanmistir. Dogasi geregi Jeosit
Listesi stirekli yeni eklemelere ve yenilenmeye agiktir, fakat Cati Liste daha ge¢ ve jeosit listesindeki
onemli degisikliklere bagh olarak degisebilir. Jeolojik olaylarin bazilarimin  bolgesel olmasi
dolayisiyla, komsu tilkelerin Cati Listeleri birbirleriyle uyumlu olmalidir. Giineydogu Avrupa iilkeleri
catr listesi bu yaklasimla olusturulmus ve yayinlanmistir.

Tirkiye Jeosit Catt Listesi dokuz kategori i¢inde yetmigsekiz alt bashktan (= cat1) olusmaktadir. Gok
Cismi Etkileri (Astroblems) kategorisinde heniiz jeositimiz bulunmamasi sebebiyle herhangi bir ¢ati
da yoktur. En fazla ¢at1 Stratigrafi kategorisindedir (yirmisekiz adet). Bu sunumda, hazirlanan Cati
Liste dinleyicilere ayrnintih sekilde agiklanacaktir. Jeosit listesi ve Cati Liste’nin benimsenmesi,
kullanilmasi ve zaman i¢inde olgunlastirilmasi biitiin yerbilimcilerin katkilariyla gerceklesebilecektir.

Anahtar Sozeiikler: jeosit, jeolojik miras, jeosit listesi, ¢ati liste
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Framework List of Geosites in Turkey

Nizamettin Kazanct & Fuat Saroglu
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Geosites are scientific and special places to be known, protected and visited as they are the natural
documents of typical events and/or representatives of some geologic processes. The endangered
geosites to damage are called ‘geological heritage’. Because, they display geological past and
evolution of the earth crust in forms of fossil, rock and rock sequence, mineral, landform, landscape,
texture, structure etc. Geosites are a kind of richness for countries; hence they are always searched
(inventoried), investigated and listed according to given rules. One of the most important steps in
surveying of geosites is to set a national Framework List. A frame covers a private event or process
which can be represented various geosites. There is a strong, non-genetic relation between geosite list
and the framework list; however the former is tangible but the latter is intangible. Naturally, there is
one geosite list and one framework list for a country. The Turkish Association for Protection of
Geological Heritage (Jemirko) has prepared a country geosite list and a framework list by intensive
collaboration of its member and non-member eminent earthscientists. Essentially, geosite lists
included ours are open renewing or updating based on new observations while framework lists are
relatively compacted and they can be revised in longer time. Moreover, framework lists of
neighborhood countries should be in accordance with each other as same geological events affected
these countries. The framework list of the southeastern European countries (Balkan Framework List)
has been already prepared and published. The proposed geosite Framework List for our country will
be presented here.

Framework List of geosites in Turkey prepared by Jemirko is composed of seventy-eight frames
within nine categories. There is still no frame in the Astroblem category as we have not any relevant
geosite yet. The most crowded category with frames is Stratigraphy (twenty-eight). Geosite

Framework List to be presented here can gain its national credit by contributions of all earthscientists.

Key Words: geosite, geological heritage, geosite list, framework list
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Jeolojik Miras ve Kiiltiirel Deger Olarak Rosen Maden Sahasinda
Eski Bir Demir izabe Yeri, Dogu Srednogorie, Bulgaristan
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"Geological Institute, Bulgarian Academy of Sciences, G. Bonchev str., bl. 24,
1113-Sofia, Bulgaria (E-posta: radnac@geology.bas.bg)
* University of South Carolina, Depariment of Geological Sciences, Columbia,
South Carolina, 29208 USA

Bulgaristan’in Dogu Srednogorie bélgesi, Tiirkiye’nin dogu Pontidlerinde oldugu gibi, biitiin uzanim
boyunca Ge¢ Kretase yash kayalar igine yerlesmis, pek ¢ok Cu madeni kapsar. Bunlardan Karadeniz
kiyilarindaki Rosen maden sahasinda 30°dan fazla, 1-10 m aras1 kalinliklarda, 1500 m kadar yanal
uzamimda damarin varhgi bilinmektedir. Asil cevher minerali kalkopiritttir. Halihazirda, bu maden
sahasinda hi¢ bir isletme faaliyeti yoktur.

Arkeolojik veriler, Rosen maden sahasmin, ayni zamanda, M.O 2—1 yy Helenistik dénemine ait eski
bir izabe yeri oldugunu ve burada Cu tiretimi yapildigini gostermektedir. [zabe atiklari, Rosen madeni
yakinindaki bir tepenin yamacinda, iizeri goreceli diiz, yanlan Karadeniz’e dogru egimli biiyike¢e bir
yigm halinde bulunur. Yaklasik 10 m kadar stratigrafik kalinligy olan izabe atiklari, 5-6 m lik yamag
dokiintiileri ile iki seviyeye ayrilmis durumdadir. Alt seviye 50-60 cm kalinhigi 20 m uzunlugu olan
mercek bicimindedir. Bolca ergimis parcalar ihtiva eder ve koyu siyah rengi ile kolayca farkedilir.
[zabe atiklarinin boylar1 8 -10 cm’e kadar ¢ikar. Bunlar metal ihtiva edebildikleri gibi tugla kiremit
kiriklari da bulundurmaktadir. Ayrica bu seviyede ates tuglasi parcalarma da rastlanmistir.

Ust seviye, atik yigimimnin teskil ettigi yamacin yukari kisminda bulunur ve 1--2 m lik bir kiiltir katinin
iizerine gelir. izabe atklarimin yogun oldugu bu ikinci seviyenin kalinligi 30 ¢cm kadardir ve eski bir
toprak diizeyinin i¢ine veya hemen altina yerlesmistir. izabe pargalarmin boylarn 2-3 c¢cm kadardur.
iclerinde hemen hi¢ metal bulunmaz; bu durum zamanina gore ¢ok ileri teknik ile metal retimi
yapildiginin isareti olabilir. Halihazirda bu tist atik diizeyi yiieylemistir ve atmosferik etkilere aciktir.
iki auk seviyesi arasinda kalan kisim herhangi bir izabe par¢asi veya insan yapimi bir madde
bulundurmaz.

Izabe atiklarmin kapsadigi bashca mineraller kirstenit, titanh manyetit ve kalsittir. Atiklarin i¢inde
demir zerreciklerinin gozlenmesi, daha 6nce belirtildigi gibi, burada bakir degil demir {retiminin
yapildigini ortaya koymaktadir. Demir cevherinin muhtemel kaynagi, Cu yataklarinin yakinlarindaki
damarciklar veya manyetit ve titonomanyetit bakimindan zengin kumsal kumlaridir. Atiklar i¢inde
rastlanan komiir pargalarmm tarihlendirmesi, alt seviyenin 2291440 yillik, yani, M.O 3-4 yy ait, st
seviyenin ise 2096440 yilhk, M.O.1-2 vyy’a, yani, klasik Yunan donemine ait odugunu
gostermektedir. Elde edilen bu veriler, iki ayrn demir devrinin yasandigini ortaya koyar; birincisi M.O.
3-4 yy’da baslamustir ve daha onceki arkeolojik verilere dayanarak onerilenden yaklasik iki yiizyil
daha erkene aittir. Ikincisi bundan iki ytzyil sonradir. Demir tiretimindeki bu iki yiiz yillik kesilmenin
sebebi, ¢cok muhtemelen ya sosyal olaylar ya da iklimsel faktorlerdir.

Rosen maden yataginin yakininda bulunan eski atik sahalarinin ¢ogu, %1 den fazla Cu ihtiva etmesi
sebebiyle, yakin zamanlarda yeniden isletilerek tiiketilmis ve yok edilmistir. Yalmzca yukarida
tanitilan yer kalmistir, bunun da énemli boliimii insaat malzemesi olarak alinmistir. Oysa bu lokalite,
mineraloji dahil, eski maden atiklarininin jeolojik ve jeomorfolojik siireglerini incelemek igin ¢ok
uygun imkanlar sunar. Ayrica, turizm igin ilging bir yer olabilir. Ote yandan, korunmasi igin gerekli
onlemler alinmamasi halinde, kolaylikla tahrip olabilecek ve ortadan kalkacaktir.

Anahtar Sozciikler: eski metalurji, demir i1zabe atigi, Rosen madeni, Dogu Srednogorie, C-14,
jeomiras
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An Ancient Iron Slag Site from Rosen Mine Area, Eastern Srednogorie,
Bulgaria — Geoheritage and Historical Value

Radoslav Nakov' & W. Edd Sharp*

/Ge()/ogical Institute, Bulgarian Academy of Sciences, G. Bonchev str., bl. 24,
1113-Sofia, Bulgaria (E-mail: radnac@geology. bas.bg)
’ University of South Carolina, Department of Geological Sciences, Columbia,
South Carolina, 29208 USA

The Eastern Srednogorie of Bulgaria, extending to the east as the Eastern Pontides of Turkey, encloses
numerous Cu deposits hosted in Late Cretaceous rocks. In the Rosen ore field, located on the Black
Sea coast, over 30 ore veins are known which range from 1-10 m thick and extend up to 1500 m. in
length. The main ore mineral was chalcopyrite. Presently, all mining activities are closed.

Based on archeological data an old metallurgical site from the Hellenistic epoch was previously dated
at 2—1 century B.C. and Cu production was suggested. The occurrence of ancient slag is located in the
vicinity of the closed Rosen mine on the slope of a hill, rising relatively abruptly above a flat, gentle
slope inclined to the Black Sea denudation surface. The site has a well defined over 10 m thick
stratigraphic section, where the slags occur at two levels, split by 5-6 m of slope-wash sediments. The
lower level is a lens-like body 50-60 cm thick and over 20 m in length. It contains abundant slag
pieces and is sharply distinguishable by its black color. The size of the pieces reaches 8-10 cm. Many
of the pieces contain particles of metal, remains of ceramics and bricks. Only in this layer pieces from
the tiling of the furnaces are found.

The upper level of slag outcrops in the higher part of the slope. It is located in the upper part of a
cultural layer with an outcrop thickness 1-2 m. The layer with slag is located in the soil or
immediately beneath it and has a thickness of about 30 cm. The slag pieces are obviously smaller in
size and are about 2--3 c¢cm. Metal in them is harder to find, which suggests a higher technology for
metal production. Presently, the upper layer is exposed directly on the contemporary denudation
surface. The section between the two slag levels lacks any evidences for slag pieces or other artifacts.

Prominant minerals in the slag include: kirschsteinite, titaniferous magnetite and kalsilite. The
observation of iron prills in the slag suggest that iron was produced rather than copper, as was
previously suggested. Possible source of the iron ore are the gossans of the neighboring Cu deposits or
local beach sands rich in magnetite and titano-magnetite. C-14 dating of charcoal embedded in slag
from these layers gave dates respectively of: 2291+40 years BP, meaning the boundary 3-4 century
B.C. for the lower level and 2096+40 year BP, meaning the boundary 1-2 century B.C. for the upper
level, showing the slag site is classic greek in age. The obtained data show the presence of two single
periods of ancient iron metallurgy; the earlier beginning at the boundary of the 3-4 century B.C.,
about 2 centuries earlier than previously suggested from archeological data. The reason for this 2
century break in production could be due to social or climatic factors.

Most of the ancient slag sites in the vicinity of the Rosen mine were destroyed in modern times and
the slag material re-processed as they contained over 1% Cu. In difference, the described site is still
relatively well preserved, despite the fact that part of it was quarried for construction purposes.
Presently, it offers good opportunities for studying of modern geological and geomorphological
processes as well as mineralogy of old slag sites. It could also become a very attractive tourist site.
being located in an important tourist area. Unfortunately, this could easily lead to irreversible
destruction, unless measures for protection are taken.

Key Words: ancient metallurgy, iron slag, Rosen mine, Eastern Srednogorie, C-14, geoheritage
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Avrupa Jeolojik Mirasi Koruma ‘Kilavuzu’- ProGEO biiyiik Projesi

Todor Todorov

Emekli Professor, ProGEO Ex-President, POBox 121, Sofia 1113, Bulgaria
(E-posta: uptech@tea.bg)

Avrupa Jeolojik Mirasi Koruma Birligi (ProGEO), birka¢ yil 6nce, "Avrupa’da Jeolojik Koruma’
adiyla buytik bir proje baslatti.

Amag: Avrupa tlkelerinin tiimiindeki meveut jeolojik mirasi koruma mevzuatini ortaya koyan, derhi
toplu bir kilavuz olusturmak ve bunu yaynlamakur. Burada vurgulanan Jeolojik Miras onemli
yersekillerini (jeomorfoloji), ‘jeosit’olarak adlanan jeolojik yiizlekleri ve biitiin toprakalt ozellikleri
kapsamaktadir.

Gerekge: Boyle toplu bir bilgi, kita dlgeginde yerbilimi dgelerinin korunmasinda uygulanan mevcut
durumu yansitacagindan, Avrupali doga korumacilarm karsihkli bilgi alisverislerini ve iletisimlerini
kolaylastiracaktir. {laveten, doga koruma konusunda ulusal yasalarin yeterliligi i¢in 6l¢t olusturacak
ve Avrupa politikasi ve uygulama yonteminin belirlenmesine katki saglayacaktr.

Kilavuzun kapsami: “Avrupa’da Jeolojik Koruma’ Kilavuzu, su baghklar altnda bilgiler ihtiva
edecektir; Onsoz, Giris, Ulke tamitimi, Avrupa (ilkelerinde jeo-korumacihgm gelisimi, Olast Avrupa
politikasi, Kaynaklar ve Temas noktalarinin adresleri.

Her iilkenin verecegi bilgiler; Giris, Yasal dayanak, Kurumlar ve Politika, Korunacak yerlerin se¢imi,
Tescil, Korunan yerler/Koruma, Yo6netim, Olanaklar (egitim, arastirma ve turizm), Sonuglar,
Kaynaklar ve Gerekli adresler.

Projenin durumu: proje ¢alismalari bir ¢ok zorlukla karsilasmistir, fakat halihazirda Moldova hari¢
hemen biitin Avrupa tlkelerinin yazilan alinmigtir. Yazilarm dil ve bilimsel yonlerden gézden
gegirimleri tamamlanmak tizeredir. Kilavuzun 2009’un sonunda yaymlanmasi planlanmaktadir.

Dagitim: Kilavuz biitiin jeoloji ve ¢evre arastirma birimlerine, kurum ve kuruluslara, Avrupa
kurumlarina, uzmanlara ve amatorlere dagitilacaktir. [laveten, Avrupa tilkelerindeki jeolojik miras
korumada ProGEO’nun c¢aba ve gayretlerini etrafa duyurmak amaciyla bitin {lkelere de

yollanacaktir.

Anahtar Sozciikler: ProGEO, Jeo-korumacilik, jeolojik miras, jeositler, Avrupa, Kilavuz
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‘Manual’ ‘Geoconservation in Europe’ — A Major ProGEO Project

Todor Todorov

Emeritus Professor, ProGEQ Ex-President, POBox 121, Sofia 1113, Bulgaria
(E-mail. uptech@tea. bg)

Some years ago the European Association for Conservation of Geological Heritage (ProGEO) — an
affiliated Association of the International Union Geological Sciences, initiated a large project entitled
‘Geoconservation in Europe’.

Objective: To produce and publish a manual, a comprehensive work summarizing the state of the art
in the Conservation of the Geological Heritage of Europe in each of the European countries.
Geological Heritage includes valuable landforms (geomorphology), geological outcrops and

pedological features as well as sites related to subsoil features, named in total “geosites’.

Motive: Such an overview is important for the mutual information of European Geoconservationists as
to the current situation in the protection given to the Earth-science elements across Europe. It will also
form a basis for assessing the adequacy of present national laws in protection, and for the formulation
of European conservation research program policy and code of practice.

Content of Manual: The content of the Manual ‘Geoconservation in Europe’ will include thr following
headings: Preface, Introduction, Country description, Evaluation of geoconservation in the European
countries, Towards a European policy, References, and Contact addresses.

Content of headings for everyone country: Introduction, Legal base, Organizations and Policy, Sites
selection,  Registration, Protected  sites/Protection, Management, Facilities:  educational,
interpretational/scientific and for tourism, Conclusions, References, and Contact addresses.

State of project: The work on the project went with many difficulties but at that time the contributions
from the practically all European countries (without Moldova) have been collected. The contributions
are in their last phase of scientific and language editing. The plans are the Manual to be published be
the end of 2009.

Distribution: The Manual will be distributed to the all Geological and Environmental Surveys.
Organizations and Institutions, European Institutions, individual experts and amateurs. Besides that it
will be also distributed in over the world countries with an aim to popularize the activity and

achievements of ProGEO in the conservation of the Geological Heritage in the countries of Europe.

Key Words: ProGEO, geoconservation, geological heritage, geosites, Europe, manual
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Kiiresel Jeoparklar ve Avrupa Jeoparklar Ag:: Siirdiiriilebilir Yerel Kalkinma
ve Yer Mirasmmin Korunmasimna Yonelik Kiiresel Bir Stratejiye Dogru

. - 1 . .2
Nickolas Zouros' ve Erdal Glimis

" European Geoparks Network Coordinator, Member of UNESCO Geoparks Bureau,
Department of Geography, University of the Aegean, Mytilene GR-81100 Greece
(E-posta: nzour@aegean.gr)

“ISLEM Cografi Bilgi Sistemleri Mithendislik ve Egitim Lid. Sti, Diinya Ticaret Merkezi,
A2 Blok No: 419, 34800 Yesilkoy, Istanbul

2000 yilinda kurulan Avrupa Jeoparklar Agi (EGN) Jeoturizmi gelistirmek suretiyle Jeopark sahasinda
surdariilebilir yerel kalkinma, jeo gesitliligin korunmast ve jeolojik mirasin halka anlatilmasin
hedefler. Ag, tiim Avrupa’dan aym hedefleri paylasan sahalari bir araya getirmistir ve tyeler hedeflere
ulasmak icin aktif ve dinamik bigimde ¢alismaktadir. Dort kurucu tiyeden olusan ag 2008 Eylil ay
itibariyle 13 Avrupa tlkesinden 33 tyeye ulasmustir.

Sade bir yonetim yapisina sahip olan ag UNESCO, IUGS ve IUCN’den de temsilcilerin bulundugu 11
kisilik Tavsiye Komisyonu ve her bir iiye Jeoparkin iki tiye ile temsil edildigi Koordinasyon
Komitesinden olusmaktadir. Agla ilgili kararlar sadece Koordinasyon Komitesi tarafindan
alinmaktadir. Ag1 temsil etmek tizere Koordinasyon Komitesinin tiyelerinden se¢im ile belirlenmis bir
EGN Koordinatorii ve Koordinasyon Yardimcist bulunur. Bu temsilciler agin diger uluslararast kurum
ve kuruluslarla (EU, UNESCO, UGS, IUCN) olan iletisimini ve toplantilarin koordinasyonunu
saglamakla yukiumludiir.

Jeoparklarda diizenlenen faaliyetler arasinda jeolojik yiiriiyiis rotalarinin olusturulmasi, egitict turlar,
okul gezileri ve jeolojik mirasin daha genis bir turist kitlesine yaymak yer alir.

2001 yilinda Avrupa Jeoparklar Agr UNESCO Yer Bilimleri Departmant ile resmi bir anlagma
imzalayarak UNESCO’nun onaymni almistr. 2004 yihinda UNESCO ile imzalanan ek anlagma
neticesinde UNESCO Kiiresel Jeoparklar Agina bagh Avrupa Jeoparklarimin tyeliklerini diizenleme
yetkisini kazanmustir.

2004 yilinda bir UNESCO inisiyatifi olarak kurulan Kiiresel Jeoparklar Ag1 (GGN) uluslararasi, kar
amaci giitmeyen bir sivil toplum kurulusudur. Ulusal Jeoparklara isbirligi platformu olusturmak i¢in
tiim dinyadan, bilim adamlarini, sivil toplum kuruluslarini, uzmanlar ve hiikiimet organlarint bir
araya getirerek kiiresel bir ortaklik olusturur.

Kiiresel Jeoparklar Agmin amaci tim dinyada yerel miitesebbisleri desteklemek ve tesvik etmek
suretiyle canli ve cansiz ¢evrenin korunmasini, herhangi bir dogal kaynak kullamimnm adil,
siirdiiriilebilir oldugu garanti etmek ve essiz yer miraslarni degerlendirmek suretiyle yerel halkin
sosyo-ekonomik kalkinmasint desteklemektir.

UNESCO semsiyesi altindaki kiiresel ag tyelerinin bilgi, tecritbe, uzman ve personel degis tokusu
neticesinde jeolojik sahalar diinya ¢apinda taninma firsati bulmustur. UNESCO tarafindan olusturulan
bu ortaklik tiim tyelerin kiiresel dl¢ekte bir bilgi ve tecriibe paylasimindan yararlanmasina imkan
tanir.

Anahtar Sozciikler: jeoparklar, kalkinma, jeoturizm, stirdtrtlebilirlik, kiiresel jeoparklar agi, Avrupa
jeoparklar ag1
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Global Geoparks Network and European Geoparks Network:
Towards a Global Strategy for Earth Heritage Protection,
Geoconservation and Sustainable Local Development

Nickolas Zouros' & Erdal Gumiis”

" European Geoparks Network Coordinator, Member of UNESCO Geoparks Bureau,
Department of Geography, University of the Aegean, Mytilene GR-81100 Greece
(E-mail: nzour@aegean.gr)

“ISLEM Cografi Bilgi Sistemleri Miihendislik ve Egitim Lid. Sti, Diinya Ticaret Merkezi,
A2 Blok No: 419, Yesilkoy, TR-34800 Istanbul, Tiirkive

Established in 2000, the European Geoparks Network (EGN) aims to protect geodiversity. to promote
geological heritage to the general public, as well as to support sustainable economic development of
geopark territories, primarily through the development of geological tourism. The network has drawn
together territories from across Europe that share these aims and now work together in an active and
dynamic way in order to achieve them. Originally consisting of four territories, the network has been
expanded to include, as of September 2008, 33 territories across 13 European countries.

The structure of the network is relatively simple and comprises an Advisory Committee (11 members
including representatives of UNESCO, IUGS and IUCN) and a Coordination Committee (comprising
of two representatives from each member). Decisions concerning the network are only taken by the
Coordination Committee. As part of the Coordination Committee, there is an clected EGN
Coordinator and Vice Coordinator to represent the whole Network. They coordinate contacts with
other international bodies (E.U., UNESCO, IUGS, IUCN, Council of Europe ctc.) and prepare the
agenda of the meetings in cooperation with the meeting hosts.

Examples of activities in geoparks include establishing of geological walking routes, education tours,
school outreach days and promotion of geological heritage to the wider tourism sector.

In 2001 the European Geoparks Network signed a formal agreement with the UNESCO Division of
Earth Sciences, whereby UNESCO gave the network its endorsement. A further agreement was signed
with UNESCO in 2004 whereby the EGN was given the responsibility for regulating membership of
European Geoparks in the UNESCO Global Geoparks Network.

Established in 2004, as a UNESCO initiative, the Global Geoparks Network (GGN) is an
international, non-governmental, non-profit network, which provides a platform of cooperation among
National Geoparks, brings together government agencies, non-governmental organizations, scientists
and experts from all countries around the world in a unique worldwide partnership.

The GGN mission is to influence, encourage and assist local societies all over the world to conserve
the integrity and diversity of abiotic and biotic nature, to ensure that any use of natural resources 1s
cquitable and sustainable and to support economic and cultural development of local communities
through the valorisation of their unique heritage and identity.

Under the umbrella of UNESCO and through cooperation with the global network partners, important
geological sites gain worldwide recognition and benefit through the exchange of knowledge, expertise,
experience and staff among Geoparks. This international partnership developed by UNESCO allows
all members to profit from a worldwide exchange of experience, as opposed to being a local isolated
initiative.

Key Words: geoparks, development, geotourism, sustainability, Global geoparks network, European
geoparks network
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‘Uluslararasi Yer Yili’ Kapsaminda Japonya’daki
Faaliyetler ve Jeoparklarin Yiikselisi

Eikichi Tsukuda

Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology (AIST),
Site 7, 1-1-1, Higashi, Tsukuba, Ibaraki, 305-8567 Japan (E-posta. e-tsukuda(@aist.go.jp)

Uluslararas: Yer Yili, topluma siirdiiriilebilir kalkinmada yerbilimlerin 6nemini anlatmak ve bu
konuda farkindalik yaratmak ig¢in diizenlenmis uluslar arasi bir programdir. Birlesmis Milletlerin 60.
Genel Kurul toplantisinda, 2008 yil1, ‘Birlesmis Milletler Uluslar aras1 Yer Yili — IYPE® — olarak ilan
edildi ve bu kapsamda Yer Yih faaliyetlerinin 2007-2009 arasinda ¢ yil siire ile bilimsel ve
toplumsal programlar olarak siirdiiriilmesi kararlagtirildi. Japon Bilim Konseyi Gezegen Yer Bilim
Komitesi’nin bir yan kolu olarak teskil edilen Uluslararasi Yer Yili Japonya Ulusal Komitesi (Japon
IYPE), Japonya’daki Yer Yili faaliyetlerini planlama ve bu faaliyetleri gerceklestirme islerinden
sorumludur. IYPE Genel Merkezi ile Japon Ulusal Komitesi adina Japon IYPE arasinda 31 Ekim
2007’de ulusal sozlesme (MoU-memorandum of understanding) imzalandi. 2008’de bu kapsamda iki
biiyiik toplanti yapildi; Jeoloji Giinii ve Jeoparklar. Japonya Jeoloji Giini, ilk kez 10 Mayis 2008°de
BM Ulusiar arast Yer Yilrm: kutlamak i¢in gergeklestirildi. O giin, aymi zamanda, 1876’da
Japonya’daki ilk bélgesel jeoloji haritasinin basihis yildoniimu ile 1878de ulusal jeoloji kurumunun
kuruluslar da anildi. Kirktan fazla kurum ve miize ¢esitli faaliyetler yapti, sergiler acti. Japon Jeopark
Komitesi Mayis 2008’de kuruldu ve bu komite hem Japon Ulusal Jeoparklari olarak, hem de Unesco
Global jeopark Agma iiye olmak i¢in ii¢ aday belirledi. 2008’de ‘Yer Yili’ ile alakali olarak
gerceklestirilen Japonya’da faaliyetler sunlardir; (1) 10 Mayis 2008°da ilk kez ‘Jeoloji Gund’
kutlamasi, (2) 2 Ekim 2008’de Tokyo’da ¢ocuklar i¢in ‘Gezegenimizi koruyalim; modern bilimin
yardimiyla dinyamizin gecmisi ve gelecegi’ konulu IYPE dersi, (3) 10-13 Kasim 2008’de
Tsukuba’da *“Modern Bilgi Teknolojileri ve Yer ve Giines Bilimleri’ uluslararasi sempozyum, (4) 8
Aralik 2008°de Japon jeopark Komitesi'nin yedi ayri bolgeyi Japon jeoparklar: olarak tescil ve ilan
etmesi, (5) 2008 yili iginde IYPE logosu tasiyan bes kitabin yayinlanmasi.

Anahtar Sézciikler: IYPE, jeoloji giinti, jeopark, Japonya Jeoloji Kurumu
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Japan National Activities of the International Year of the Planet Earth
(IYPE) and the Promotion of Geoparks

Eikichi Tsukuda

Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology (A1ST),
Site 7, 1-1-1, Higashi, Tsukuba, Ibaraki, 305-8567 Japan (E-mail: e-tsukuda(@aist.go.jp)

The International Year of Planet Earth (IYPE) is an international program to increase awareness of the
importance of Earth sciences in achieving sustainable development of society. The 60th UN General
Assembly has proclaimed the year 2008 to be the United Nations International Year of Planet Earth.
The I'YPE activities run the three years 2007-2009 (IYPE Triennium) to realize ambitious science and
outreach programs. The Japanese National Committee for the International Year of Planet Earth, a
subsidiary of the Earth Planetary Science Committee, the Science Council of Japan, has worked as a
base-height of the planning of the IYPE programs in Japan, and implementation of the IYPE activities
18 being carried out by the IYPE Japan with close relationship to the National Committee. On the 31st
of October, 2007, the IYPE Japan signed the MoU on the relationship between the IYPE Japan, on
behalf of the Japanese NC, and the IYPE Corporation. During the year 2008, there were two big
launches, Geology Day and Geoparks in Japan. The Geology Day in Japan has been launched for the
first time on May 10, 2008, celebrating the UN International Year of Planet Earth. It commemorates
the issue of the first regional geological map in Japan in 1876 and of the foundation of the national
geological survey in 1878. More than 40 museums and institutions held various events and
exhibitions. The Japan Geopark Committee was established in May, 2008, and it assessed three
candidates for the UNESCO Global Geoparks Network and also Japanese National Geoparks in this
year. Followings are selected IYPE-related activities in Japan in 2008: (1) Celebrated the first Geology
Day in Japan, 10 May 2008. (2) IYPE Lecture for children ‘Wits save the Earth — past and future of
global environment clarified by modern science’, Tokyo, Japan, 2 Nov. 2008. (3) [*Y International
Symposium ‘Fifty Years after IGY -Modern Information Technologies and Earth and Solar Sciences’.
Tsukuba, Japan, 10—13 November 2008. (4) Japanese Geoparks of seven areas authorized by the Japan
Geoparks Committee on 8 December 2008. (5) Four IYPE-logo labeled books published in 2008.

Key Words: [YPE, geology day, geoparks, IGY, Geological Survey of Japan
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Gorom Vadisi (Giimiishane) Jeoturizm Potansiyeli
Raif Kandemir', Coskun Eriiz’, Mutlu Giirler’ ve Gorkem Gokkaya'

" Giimiishane Universitesi, Jeoloji Miihendisligi Béliimii, 29000 Giimiishane
(E-posta: raifkandemir@gmail.com)
‘Karadeniz Teknik Universitesi, Siirmene Deniz Bilimleri Fakiiltesi, 61600 Siirmene, Trabzon
*Doga Cevre Dernegi, Ankara
! Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080 Trabzon

Gorom vadisi Giimiishane-Trabzon arasinda Gimushane’ye 10 km mesafede bulunur. Vadinin tarihi
dokusunun yani sira, icermis oldugu jeolojik 6zellikler bu vadiyi Gumishane turizmi i¢in vazgegilmez
yapmaktadir.

incelenen bu vadide Giimishane’nin turizm lokomotifini olusturan Karaca magarasi en 6nemli
jeosittr. Karaca magarasinin yani sira, buradaki karbonatli kayaglar igerisinde onlarca magara
bulunmaktadir. Yapilan ¢alismalarla, vadi i¢inden gecen tarihi ipek yolunun bir bélimi belirlenmistir.
Burast yiizyillar boyunca bir¢ok medeniyete besiklik yapmistir. Osmanli’nin son zamanlarina kadar
yogun olarak kullanilmis ve vadide yer alan glimiis ve altin madenleri isletilmistir. Vadi i¢erisinde
¢esitli medeniyetlerden kalma 34 kilise, 33 sapel, 2 manastir, 4 camii, 5 kale, 50 tarihi ¢esme, 100-300
tarihi konut, 5§ kemer koprii bulunmaktadir. Buradaki kiregtaglarinin dik yarlart Cehennem Deresi
Kanyonunu olarak bilinir ve ¢esitli dagcilik faaliyetleri icin de yararlamlmaktadir. Vadinin yiksek
kesimleri Gumiishane’yi Karadeniz’e baglayan bir ge¢it 6zelligindedir. Bu ylizden vadide ve
yiikseklerinde yer alan fauna ve flora yoreye hastir ve heniiz bozulmamstir. Yérede, eski yapilarda
kullanilan dogal yapitaslarinin kullammmm ve tas sislemeciligi alaninda giizel 6rnekler bulunmaktadir.
Vadide farkli disiplinlerle yapilan ¢alismalarla, kisilerin isteklerine bagh olarak, biitiin bu glizellikleri
gorebilecekleri ¢esitli istasyon noktalart ve bu noktalart birbirine baglayan rotalar belirlenmistir.

Antik ¢agdan 19. ylizyila kadar 6nemli bir ticari yol geciti ve maden sahast olan Gorom bolgesi 1600
1900 arasindaki donemde 6000-25000 niifusu barindirirken, bugiin toplam 1288 kisilik, ¢ogunlugu
vaslilardan olusan bir ntifusa sahiptir ve halkinin %90’1 ge¢imini bolge disindaki ticari faaliyetleri ya
da aldigi emekli maasindan karsilamaktadir. Mevcut nifus her gegen giin azalmakta ve gliniimiizde
gelir getiren tek sektér olan tarim ve hayvancilik tamamen bitme noktasindadir. Gorom vadisi
Giimishane ilinin 6nemli bir turizm degeri oldugu i¢in ve igermis oldugu 6zellikleri nedeniyle koruma
altina alinip, stirdtirtilebilir bir turizm ¢atisi altinda degerlendiriimelidir.

Anahtar Sozciikler: Giimiishane, jeoturizm, Gorom vadisi, jeosit, kiltiirel jeosit
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The Gorom Valley is located between the cities of Trabzon and Giimushane, and is 10km far from the
Gumiishane. As well as its historical texture, it is an indispensable for Giimishane tourism because it
contains valuable components. Investigated valley include important components with regards to both
geosites and culturel geology.

Geosites are representatives of geological events, processes and/or formations in the earth history,
such as rock units, mineral-fossil assemblages, typical texture, stratigraphic sequences, tectonic and
sedimentary structures, and landforms etc. Of these, underground towns, building stones, stone houses,
ornaments and gemstones, natural disasters and paleosoles which have archeological and historical
values, are all considered as culturel geosites.

Karaca Cave which forms tourism locomotive of Giimiishane is located in Gorom Valley and it is an
important geocites in the valley. In addition to Karaca cave, there are a lot of caverns in the carbonate
rocks outcropping in the valley. Gorom Valley is constitute a part of historical silk way. This historical
way was determined in this study. A lot of civilizations have located in the valley throughout
centuries. Especially Greeks have lived in the valley until the last dates of Ottoman and they have
mined silver and gold. Gorom Valley includes 34 churches, 33 chapels, 2 monasteries, 4 mosques, 5
castels, 50 historical taps, 100-200 historical houses, and 5 humpback bridges, which are the historical
monuments of different civilizations. Vertical cliffs of carbonate rocks are named Cehennem Deresi
Canyon. These cliffs are used for various mountaineering activities. Elevated part of the valley has a
corridor properties which connects Giimiishane to Blacksea. Therefore, the fauna and flora of the
valley and its elevated parts are characteristic for the region and have been preserved. Gorom Valley
has historical buildings which were made using natural building stones and good examples of stone
ornaments. Various routes and points of stations have been determined in the valley for the visitors.

The Gorom region, which is known to be an important mining area and commercial way from ancient
time to 19. be, has a population of 1288 people of which are mostly older generation today, although
6000-25000 people lived in the area between the 1600 and 1900. 90 percent of the people earn money
from the trade and their retired pay. The population is decreasing continuously and agriculture and
animal growth sector almost finished. Since the Gorom valley is an important value for Giimiishane
city and it contains unique properties, it is strongly suggested to be preserved and make a tourism
planning.

Key Words: Giimiishane, geotourism, Gorom valley, geosite, culturel geosite
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Camhdere Fosil Ormani: Avrupa Jeoparklar Ag Kapsaminda
Erdal Gumis

[SLEM Cografi Bilgi Sistemleri Miihendislik ve Egitim Ltd. Sti, Diinya Ticaret Merkezi,
A2 Blok No: 419, 34800 Yesilkoy, [stanbul (E-posta: erdalgumus@hotmail.com)

Jeopark basta jeolojik miras niteligindeki 6geler olmak fzere. tim dogal ve kiltirel mirasin
korunmaya alindigi, bilimsel ¢alismalarnn yuritaldagt, bu yapilirken sosyo-ekonomik kalkinmanin da
amagclandigl, smirlarn belirlenebilen bir alam ifade eder. Antropojenik faaliyetlere baglh olarak ortaya
¢gikan kiiresel isima, tirlerin yok olusu, yagmur ormanlarinin kaybedilmesi gibi kiresel felaket
emarelerinden sonra insanoglunun doga farkindaligi artmistir. Yakin bir gecmise kadar doga koruma
ile sadece canli varliklar akla gelirken, artik fiziki ¢evrenin de (topografya, peyzaj, jeolojik ve
jeomorfolojik olusumlar vs.) korunmas: gerekliligi ortaya ¢iknustir. Jeoparklar bu bakimdan 6nemli
olusumlardir. 2000 yilinda kurulan “Avrupa Jeoparklar Agi’ jeolojik mirasin korunmasi, halka
anlatilmasi ve jeoturizm vasitasiyla stirdiriilebilir yerel kalkinmada kullanilmasi tizerine ¢ok ilerleme
kaydetmistir.

Cok zengin jeolojik-jeomorfolojik yapilara sahip olan tilkemizde heniiz bir jeopark yer almamaktadir.
Yer mirasimt etkin bicimde koruyacak mekanizmanin cksikligi nedeniyle pek ¢ok alan kismen veya
tamamen tahrip edilmis veya tehlike altindadir. Bu ¢alismada tamitilan fosil orman, Anakara’nin 75 km
kadar kuzeybatisinda, Camhidere {lgesi’nin Pelitcik Koyii Kuztepe mevkiinde yer alir. Silislesmis fosil
agaclarin bulundugu alan volkanik kayac¢ katkili gol ¢okellerinden olusmaktadir. Erken Miyosen (23—
15 myd) olarak yaslandirilmistir,

FFosil ormanlar ge¢mis jeolojik doénemlerde yasamis bitkilere ait taslasmus fosillerin  topluca
bulundugu, fosil miktar ve tird bakimindan zengin alanlar ifade eder. Fosil ormanlar yerytiziiniin
olusumunu anlamanmuza yarayacak nadir olusumlardir. Camlidere Fosil ormanindaki fosil agaclar
boyut, yogunluk ve korunmusluk bakimindan dinyanin en 6nemli fosil ormanlar arasinda yer
alabilecek diizeydedir. Pelit¢ik Koyii fosil sahasinda fosiller onlarca metre kalinliginda yogun bir istif
halindedirler. Buradaki numuneler yas halkalari, gévde formlart ve dallarin gévdeye baglantilarin ¢ok
belirgin olmasiyla 6n plana ¢ikarlar.

Anahtar Sozciikler: jeopark, Avrupa jeoparklar agi, fosil orman, yer mirasi, silislesme, jeoturizm



Camhdere Fossil Forest in Context of European Geoparks Network
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Geopark is a limited area where outstanding geological, natu al and cultural heritage is protected while
maintaining the scientific researches in order to constitute socio-economical local development.

Nowadays many people meet on the necessity for the nature protection. Human awareness on nature
has enhanced after the global catastrophes due to the anthropogenic activities like global warming,
extinction of the species and destruction of the rain forests. Until recent days, nature protection
comprised just the living organisms, however today it is widely accepted the requirement for the
protection of the abiotic environment like Geology and Geomorphology.

The European Geoparks Network brought a new perspective to the nature protection concept via
balancing the equilibrium between and widely accepted all over the world.

In spite of its rich geologic and geomorphologic formations there is no Geopark in Turkey yet.
Because of the lack of the proper protection measurement and legislation in earth heritage protection, a
great deal of area are partly or totally damaged or threatened.

The Camhidere Petrified Forest lies on Kuztepe hill of Pelitgik village which belongs to Camhdere
town approximately 70 km northwest of Ankara, the capital city. The geology of the Petrified Forest
area basically consists of volcanic material and lacustrine deposits. The fossil bearing sequenced were
aged as early Miocene (23 to 15 my).

Fossil Forests are plant cemeteries, rich in species and amount of petrified bodies (trunks) of the
ancient plants which have lived in the past geological periods and remained untouched under the
ground. Petrified Forests are very rare formations that help us to understand the long story of the earth
history. Fossil Forests are created by a process called petrifaction or silicification.

The petrified trunks of the Camlidere Fossil Forest have outstanding characteristics in context of size,
density, and protection level compared with rest of the fossil sites around the world. The fossil trunks
of the Camlidere Petrified Forest are deposited in thick sequences of lacustrine deposits. The fossil
specimens of the area have great scientific value and visual appeal due to their well-preserved annual
rings, body forms, nodes and branches.

Key Words: geoparks, European geoparks network, fosil forest, earth heritage, silicification,
geotourism
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Kartil Koyi (Silifke-Mersin) Jeositi: Fosil Tarlasi
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Kirtill Koy, Silitke ilgesinin (Mersin) 35 km batisinda yer alir. Yoérede, orta-kalin tabakali kumliu, killi
ve silthi kiregtas:, kumtasi ve marn ardalanmasindan olusan kayaglar genis yizlekler vermektedir. Bu
kayaglar, Kirtil koytniin eski adimin Korucuk olmasi nedeniyle Korucuk Formasyonu olarak
adlandirilmig ve tip yeri olarak da burasi gosterilmistir. Formasyon, bol makrofosil igeren kumlu, killi,
silthi kiregtaslarindan olusan 2 metre kalinligindaki bir kilavuz seviye ile baslar. Ik trilobitli seviye
olarak bilinen bu tabaka, 7 metre kalinliginda, kumtasi ve marn ardalanmasiyla devam eder. [stifin
makrofosil bakimindan zengin bu ilk 10 metrelik kisminda, baskin olarak brakiyopod fosilleriyle
birlikte, bryozoa, stromatoporoid, deniz lalesi, trilobit ve mercan gibi omurgasiz fosillert bollukla
bulunmaktadir. Bu stratigrafik seviyede Ust Devoniyen’i karekterize eden brakiyopod cinslerinin
bulunmasi nedeniyle, Devoniyen-Karbonifer sinirinin Korucuk Formasyonu igerisinde oldugu gortlir.
[cerdigi zengin makrofosillere gore formasyona Ust Devoniyen—Alt Karbonifer yasi verilmistir.

Yorede, ayrismis kayaclarin, 6zellikle yagmur veya karlarin erimesinden sonra yikanmasiyla fosil
taneleri tasinarak yamacin az egimli kisimlarinda ‘fosil tarlalart’ adi verilen kiigiik alanlarda
yvigismistir. Fosil yataklarinin, daha da ileriye giderek fosil tarlalart olusturdugu bu ¢ok ender
rastlanacak dogal 6zellik, acilen bir jeosit alam olarak korunmaya gerektirir ve toplumun kiiltiirel
turistik gelismisligine katki yapmasi beklenir.

Anahtar Sozciikler: Silifke, fosil yatagi, Devoniyen, Karbonifer, jeosit, Mersin
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