BiGA YARIMADASI YENiCE—ARAPUCANDERE Pb—Zn—Cu
MADENLERI VE CEVRESININ JEOLOJ IK—METALOJENIiK
INCELENMESI

Pb—2Zn—Cu DEPOSITS OF YENICE—ARAPUCANDERE IN THE
BIGA PENINSULA, METALLOGENIC AND GEOLOGIC STUDY OF
THEIR ENVIRONMENTS ‘

Mesut ANIL, C.U. Temel Bilimler Fakiiltesi, Yerbilimleri Boliimii
Boélge yapisal bakimdan ii¢ kata ayrilmaktadir. Bunlar Paleozoyik taban, Me-
zozoyik Ortii tabakasi ve bunlar: kesen Miyosen yash volkanizmadir.

A — Paleozoyik yash tab::m, Siliko-alimiinéz epimetamorfik sistlerden ve me-
tamorfik kirectasi merceklerinden olusur.

B — Mezozoyik ortii, bashica ikiye ayrilir.

1 — Alt detritik seriyi olugturan arkozlar, uyumsuz diskordan olarak Paleo-
zoyik zemin iizerine oturmaktadir. Bu seri Alpin Orojenezinde hafifce
kivrilmis ve metamorfizma gecirmistir.

9 — Metamorfik olmayan kirectaslar1 uyumsuz diskordan olarak detritik seri
iizerindedir; Tersiyer volkanizmasiyla ortiiliidiir. :

Bu sedimanter kayaclari, iki tip intriizyon kesmektedir :

-— Diyabazlar; bu bazik kayagclar, sadece arkozik seriyi kesmekte, saha. disin-
daki metamorfik olkmayan kirectaslarim kesmemektedir.

— Granodiyoritik intriizyonlar ise arkozlari, diyabazlar:1 ve kirectaslarim ke-
sin bir sekilde kesmekte, fakat volkanik seriye ulasamamaktadir.

C — Miyosen yash volkanik kayaclar inceleme alanimizin dogusunda yiizey-
lenmektedir. Bunlar taban konglomerasiyla baslar, andezit ve silislesmis zonlarla
devam ederler.

Bu genel yap icinde cevhere eslik eden iki tip yantas, arkoz ve diyabaz ayirt-
lamir. Bu yantas icindeki cevher de iki tiptir.

1) — Kursunca zengin cevher
2) — Cinkoca zengin cevher.
Sonug, olarak cevherlesme icin iki cegit olugum ileri siiriilebilir :

1 — Minerallesmenin kaynag detritik seridir. Bu detritik seri icindeki metal
potansiyeli; intriizyonlarin olusumu sirasinda yeniden harekete gegerek
kirk ve fay zonlarma tasinmus ve buralarda konsantre olmuglardir.
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2 — Cevherlesme, volkanik kayaclarm yerlesmesi sirasinda metal eriyiklerce
zengin c¢ozeltilere baglanabilir. Kaynag1 magmaya bagh bu siilfiirlii me-
tal eriyiklerinin, karik ve cathaklarda konsantre olmuslardir.

The region can be divided into three structural units. These are, Palezoic ba-
sal series, Mesozoic cover, and Miocene aged volcanism which intersects these
formations.

A — Paleozoic aged basement series consit of eplmetamorphm schists and
metamorghic calcarous lenses.

B — Mesozoic cover series are divided into two formations.

1. The detritic basic series consisting of arkoses and lying on the paleozoic
basement. These series are lightly folded subjected to metamorphism during the
Alpine orogenesis.

2. Limestones, which are not metamorphosed, overlie the detrical series
with discordance,

All these series mentioned above are covered with Tertiary volcanism. These
Mesozoic sedimentary cover series are intersected by two different types of
intrusions :

— Diabases: These basic rocks intersect only arkosic series and do not in-
tersect the unmetamorphosed limestones outside the field.

— Granodiorites: This intrusion intersects diabasic rocks and limestones
but do not. intersect the volcanic series. -

C — Miocene aged volcanism are in the eastern part of the research area.
This series begins with a basal conglomerate and continues with andesitic and
silicified zones.

‘In this general structure, the mineralisation are always accompanied with
arkoses and diabases and there are two types of mineralisations :

a — Lead rich mineralisation »
b — Zlnc rich mineralisation

As a result two genetic possibilityies are proposed about the mineralisation:

1. The source of mineralisation is the detrital series. Metal contents of these
series are remobilised during the intrusions of diabases and granodiorites.

2. Mineralisation can be related to sulfide-rich solutions related to volcanic
rocks. Origin of these sulfide rich solutions is magmatic and they are
concerntrated in the fault zones.
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AKKAYA (GAZIPASA/ANTALYA) KURSUNLU BARIT ZUHURUNUN -
OLUSUMU UZERINE et

GENESIS OF THE AKKAYA BARITE OCCURRENCE -
M. Burhan SADIKLAR, Heidelberg Universitesl, Bat1 Almanya

' Akkaya kursuniu barit zuhuru, Gazipasa ilcesinin yaklasik 13 Km. giineyd()éi;’
sunda olup, adum kismen mermerlesmis yankayacin beyaza yakin renginden alamis
olabilir. Giimiisi yesil renkli, yogun kivrimianmal «Kuvars-Serizit-sistler» icinde
bilyiikce bir mercegi ammsatan beyaz, yarl mermerlesmis kirectasi, tabakalarina
paralel barit seviyeleri icerir; bunlarmm yaninda yine, cofunlukla barit tabakala-
rina paralel, galen mineralizasyonlarma rastlanir, Barit seviyelerinde kalinhk cm
ile birkac desimetre arasinda, galen mineradesmeleri ise mm ile birkag cm ara-
sinda degisir. >

1976 ve 1978 yazlarinda yapilan arazi ve bunlar: izleyen laboratuar incelemeleri
bu ve cevredeki benzeri cevherlesmeleri Petrascheck’in (1967) ileri siirdiigii gibi
«epijgnetik» yolla aglklamgnm-pek,de kolay qlamayacaglm gostermistir.

Yatak olusturan elementlerin gelim kaynagi heniiz kesin olarak bilinmemekle
birlikte, toplanmis olan arazi ve laboratuar verikeri adi gecen. cevherlesmelerin
yankayacla esit yasta QImalan gerektigi savim daha kabul edilébilir olarak gos-
termektedir. ; : S

Akkaya barite outcrops are situated approximately 13 Km. SE of Gazipasa,
which is quite close to ‘Antalya at Southern Turkey. The name of Akkaya, mea-
ning «whiterock», was believed to be given by peasants due to white colour of
Barite in the partly marbleized hostrock. it ] et

Barite layers are almost parallel to lense shaped, white, partly marbleized
limestones, which are surrounded by silver green, intensely folded quartz-sericite
schists.” , : : 8 LN e S ' i

. ‘Galena layers are observed as very thin strata between barite layers which
vary in thickness up to about 30-40 cm, whilst galena layers range between 1-3
mm to 1-2 cm. _
 Laboratory studies which were done soon after the field-works during 1976
and 1978 summers, gave an impression that the genesis of mineral occurences of
Akkaya area can not be explained with epigenetic theory as it was suggested by
Petraschek (1976)

The source of the elements which causes accumulation of barite and galena
in the studied area are still exactly not known, but under the lights of laboratory
and field studies it was believed that the time of are deposition was simulta-
neous with the hostrock. :
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DOGU PONTID VOLKANO — SEDIMANTER KUSAGIN STRATIGRA-
FIK ISTIiFi VE MASIF SULFID YATAKLARI

STRATICRAPHIC SEQUENCE OF THE EASTERN PONTID VOLCANO -
SEDIMENTARY BELT AND MASSIVE SULFIDE DEPOSITS

Omer T. AKINCI, M.T.A. Enstitiisii

Samsun ile SSCB hududu arasinda 400 Km, uzunlugundaki sahil seridini
kaplayan Dogu Pontid volkanik kusaf ve jeolojisi, bir metalojenik kusak olmasi
nedeniyle, yapilan bircok calismalara ragmen Tiirkiye’de ve diinyada en az oranda
ve en karisik bicimde bilinen bir bélgedir. Bu calssmada tipik yorelerin siitun
kesitlerinden, cevherlesme periyod ve seviyelerinden ve yapilrus radyometrik yas
tayinlerinden yararlanarak batidan doguya dogru birimler arasinda bir korelas-
yon yapilmaya calisilmustir.

Bolgede yaygmn volkanizmanin baslangici kabul edilen Liyas’dan yash for-
masyonlar «Temel» olarak adlandirmustir. Uste gelen voikano-sedimanter birim-
lerden, sirasiyle, 195-80 milyon sene arasmdakiler «Alt Bazik Seri», 80-64 milyon
sene arasindakiler «Dasitikk Seri», 6437 milyon sene arasmdakiler «Ust Bazik Se-
ri», 37-25 milyon sene arasmdaki intriizif kayaclar «Tersiyer Granitoidleri» ve
bunlar1 kesen dayk ve volkanik kayaclar «Geng Bazik Seri ve Geng Dayklar» ola-
rak isimlendirilmistir. Bu birimlerden Alt Bazik ve Dasitik Seriler toleitik, Ust
Bazik Seri ve daha iistteki birimler kalk-alkalen karakterdedir. Bu istiflenme
icinde kesin olarak saptanmus Triyas, Alt Kretase ve Paleosen yasl formasyonlar
bulunmamaktadir.

Bilgede damar tipi Pb-Zn yataklar1 temelden itibaren, bazaltik-spilitik birim-
ler hari¢, hemen hemen her formasyon icinde goriiliirler, fakat bazm belli yore-
lerde yogunluk kazanmirlar. Sencniyende takriben 10-15 milyon senelik bir zaman
diliminde olusmus cesitli bilyiikliiklerde 400 den fazla masif- siilfid yataklar1 ise
yalmiz Dasitik serinin asid bilesimli lav, tiif ve piroklastikleri icinde 4 ayr1 sevi-
yede yer alirlar. Ust Bazik serinin tabanmda gbriilen kuvars porfirli intriizifler ve
bres karmasi1 icinde ispir-Ulutasda 200 milyon ton rezervli ve % 0.25 Cu-Mo te-
norlii bir porfir bakir yatagi bulunmaktadur.

Sulphide deposits which form a metallogenic zone extending 400 Km.
along the Eastern Pontid volcanic belt between Samsun city and USSR.
border have been subjected to numerous studies but the picture of geological
setting of the area is far from being clear. This area is also little known among’
its kind in the world literature. In this study an attempt has been made to cor-
relate the geological data through typical columnar sections, from the results of
radiometric age dating studies, and from the mineralization levels andg periods.
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The age of extensive volcanism in the region is believed to be Liassic, units
older than Liassic are termed as «Basement». Volcano-sedimentary units over-
lying the basement in the decreasing order are termed as:

«Lower Basic Series» 195—80 million years

«Dacitic Seriesn 80—64 million years

«Upper Basic Series» 64—37 million years

«Tertiary Granitoids» 37—25 million years o
«Young Basic Series and Dyke Rocksy

Among these units Lower Basic and Dacitic Series are tholeitic, Upper Basic
Series and the rest of the rocks are calc-alcaline in character. In this igneous pile
fossiliferous Triassic, Lower Cretaceous and Paleocene units have not been iden-
tified. ;

In the region, vein type Pb-Zn mineralizations are known to occur from ba-
sement upwards almost in every unit except fresh basalt and spilites. Concen-
tration of mineralization is noticably high in certain Locations.

More than 400 massive sulphide deposits of various size are known to odcur
in the Dacitic Series. In this study it is shown that all these deposits are clearly
located along the distinct stratigraphic levels within the dacitic series during the
Senonian covering 10-15 million years period.

Apart from massive and vein type sulphide mineralizations, a porphyry cop-
per deposits is known to occur in the quartz - porphyry and breccia complex in
Ulutas (Ispir). The deposit has 200 million ton ore reserve with 025 % Cu + Mo
grade. Host rock of the deposit is situated at the bottom of the Upper Basic
Series.
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EljiR YAYLASI (SEBINKARAHISAR) FLUORIT ZUHURUNUN
MINERALOJiSi VE OLUSUMUNUN SIVI KAPANIM YONTEMi iLE
INCELENMESI

THE MINERALOGY AND STUDY OF THE FORMATION OF ETiR
YAYLASI (SEBINKARAHISAR) FLUORITE VEINS BY THE FLUID
INCLUSION METHOD

Faruk CALAPKULU, Ege Universitesi Yer Bilimleri Fakiiltesi
Zeynep AYAN, M.T.A. Enstitiisii, Maden Etiid Dairesi

Etir yaylas1 fluorit zuhuru Sebinkarahisarin (Giresun) kuzeybatisinda ande-
zitik Ust Kretase volkanitleri icinde yer alir. Liitesiyen bu birim iizerine taban
cakiltas: ile oturur.

En cok 50 cm’ye ulasan fluorit damarciklar:1 genellikle 1-17 cm kalinlikta
olup, KIOB—K40B dogrultusunda catlak sistemlerine yerlesirler ve 280. m. uzun-
fuk gosteren iic zonda yogunlasirlar.

Damarlarm geperlerinde kaolenlesme ve az silislesme gozlenir. Cevherlesme-
nin mineralojik incelemesi iki asamada olustugunu ortaya koyar:

1. Asamada yesil fluorit, galen, sfaferit, kalkopirit, tenantit (freiberjitik)

II. Asamada ise pembe fluorit ve/veya kuvars, mor fluorit. Bu iki asama
birbirinden breslesme ile ayrilmakta olup birinci asamaya ait parcalar kuvars ve
mor fluoritle ¢cimentolanmustir.

Ayrica fluorit ve sfaleritte yapilan sivi kapamm incelemeleri sonunda cev-
herlesmenin farkli asamalarmdaki- homojenlesme sicakliklar1 ve tuzluluk miktar-
lar1 saptanmustir. Homgjenlesme sicakhiklarn 150°—250°C  arasinda degismekte
olup, kapanim icinde tuz kristaVlerinin giriilmemesi tuzlulugun % 20’sinin al-
tinda olduguna isaret etmektedir. '

Etir Yaylas: fluorite veins are located at the northwest of Sebinkarahisar
(Giresun) in the andesitic volcanics of upper Cretaceous age. Lutetian formations
overlie these units whith basal conglomerates. \

Fluorite veinlets are of up to 50 cm. in thickness but they vary between 1-17,
cm. The veins are concentrated in three zones trending NIOW—N4OW, having

280 m. length.
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Kaolinization and small silicification can be seén in the walls of the veins.
The ore microscopy studies of the veins has shown that the mineralization took
place in two stages:

First Stage: Green fluorite-galene-sphalerite-chalcopyrite-tennantite freiber-
gitic)

Second Stage: Pink fluorite and/or quartz-purple fluorite.

These two stages are separated by a zone of brecciation fi"om each other
and the fragments of the first s‘tage are cemented with quartz and purple flu-

orite.

Fluid inclusion method was used to find out the homogenization temperatu-
res and the salinity of the samples indicating different stages of the mineraliza-
tion. Measurements were carried out on the fluorite and sphalerite samples. The
homogenization temperature changes between 150° —250°C, Absence of halite
(NaCl) crystals in the inclusion fluids indicated that the salinity was below
20 %,

36



SARAY-—SORGUN (YOZGAT) DOLAYLARINDAKI COKELLERIN
FASIYES OZELLIKLERI, ORTAM YORUMLARI, LINYIiT VE
URANYUM ICERIKLERI.

FACIES CHARACTERISTICS, ENVIRONMENTAL
INTERPRETATIONS, AND LIGNITE AND URANIUM CONTENT OF
THE DEPOSITS IN SARAY—SORGUN (YOZGAT) AREA.

Muzaffer SENOL M.T.A. Enstitiisii

Bu arastirma, Saray — Sorgun dolaylarinda linyit ve uranyum iceren cokel-
lerinlerin fasiyes Ozelliklerini saptamak, ortam yorumlarimi yapmak ve pale-
ocografyayr kurmak amaciyla yapilmistir, Yiizeylenen birimlerin fasiyes (geomet-
ri, sedimenter yapilar, paleoakinti dlciimleri, litoloji ve fosil icerigi) verileri der-
lenerek olciilii stratigrafik dikme kesitleri yapilmis ve sondajlardan yararlani-
larak birimlerin yeralt: ve yeriistii yayilimlar: saptanmistir.

Bolgedeki Eosen yasli birimler zaman ve fasiyes Szelikberine dayanarak iic
ana gurup altmda teplanmistir.

I — Liitesiyen-Yipresiyen yash fasiyesler:

1 — Kbtit boylamms, bloklu caklltazs1 fasiyesi,

2 = Llnylt yatakli, kumlu camurtas: fasiyesi, -

3 — Bitki kalintili, dalga izli, dereceli katmanh kumtasi-camurtas: fa-
siyest,

II — Liitesiyen yash fasiyesler : =Ty
1— Iyl yuvarlanmis-yass: cakilli, cakiltasi-kumtas: fasiyesi,
© 2 — Ostrea’ls, niimiilitli, mercanl, kumlu camurtas fasiyest,
8 — Niimiilitli gamurtas1 fasiyes1,

IIr — Lutes1yen sonu volkanizma ; -

Bunlar monzonit. porfiri latit-andezit, andezxt bazalt ve tiif turunden kaya-
lardir.

Ekonomik linyit yataklari birkac seviye olarak, degisik boyutlarda mercek-
ler ve kamalar halinde, Liitesiyen-Yipresiyen yash ikinei fasiyes icinde birikmis-
- tir. Bu yataklar bataklik, g6l, lagiin ve koy gibi ortamlarda olustufundan zaman
ve mekan icinde birbirlerinden kopuk parcalar olarak yansir.

Uranyum, Liitesiyen yasl birinci fasiyesin karbon kirmtilar: iceren cakilta-
si-kumtast birimlerinde depolanmistir. Bu birikim ctkellerin fasiyes ozelliklerine
bagimli olarak farkl seviyelerde, birbirlerinden kopuk, Kkiiciik boyutlarda mer-
cekler ve kamalar halindedir.
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This research has been made to determine the facies characteristics, to
interpret the sedimentary environment models, and to establish the paleogeog-
raphical relationships of the lignite-and uranium - bearing deposits in Saray-Sor-
gun region. The stratigraphical columnar sections of the outcropping units have
been. prepared by compiling the facies data (geometry, sedimentary structures,
paleocurrent directions, lithology and the fossil content), and also utilizing the
drilling data, the extensions of the units appearing on and below the surface
have been determined.

The Eocene units of the area have beea divided into three main groups
according to their chronological and facies characteristics :

I — Facies of Lutetian - Ypresian Age :
1 — Poorly-sorted block-bearing conglomerate facies,
9 — Sandy mudstone facies with lignite beds,
8 — Sandstone-mudstone facies showing graded bedding and with
" plant remains and wave ripples.

II — Facies of Lutetian Age :
1 — Conglomerate - sandstone facies with well-rounded to flaty pebbles,
2 — Sandy mudstone facies with Lamellibranchiata, Foraminifera and '
corals,
3 — Mudstone facies with Foraminifera.

IIT — Post-Lutetian volcanism :

These are rocks of monzonite-porphyry, latite-andesite, andesite, basalt, and
tuff-tuffite type.

Lignite beds of economic value have been deposited in the second facies of
Lutetian-Ypresian age as several horizons of lenticular and wedge-shaped ‘beds!
of different dimensions.

These bedsw are isolated from each other in terms of time and space, as they
have been formed in environments such as swaps, lakes, lagoons, and bays.

In the first facies of Lutetian-Ypresian age, uranium has been deposited in
the conglomerate-sandstone units which contain carbonaceous particles. This
deposition can be recognized as small-sized lenticular and wedge-shaped beds
which are separate from each other and found in different levels due to the
facies characteristics of the deposits. .
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KOPRUBASI URANYUM YATAKLARINDA GORULEN DOGAL
RADYOAKTIF DENGESIZLIK VE BUNUN GERCEK REZERV
USTUNDEKI ETKIiSi

NATURAL RADIOACTIVE DISEQUILIBRIUM OBSERVED IN
KOPRUBASI URANIUM DEPOSITS AND ITS EFFECT ON
ACTUAL RESERVES

Hiiseyin YILMAZ, Ege Universitesi, Yerbilimleri Fakiiltesi

Kopriibasi'nda Neojen aliivyal yelpazesinin konglomera ve kumtaslar1 icinde
uzamis mercekler biciminde bulunan uranyum yataklarinin ¢ofu oksitlenmistir.
Metamorfik temelin hemen kiyisinda yer alan oksitli yataklar jarosit-vaylan-
dit tipi ve ilmenit-manyetit tipi olmak fizere ikiye ayrilmistrr. Oksitlenmemis
uranyum yataklart ise pirit-siderit tipindedir. Kumtas1 ve konglomeralar icin-
deki uranyum, kayac hamuru icinde sacilmis olarak bulunur.

Laboratuvarda gamma isin spektrometresi ile bulunan uranvum miktar-
lar1 kimyasal yoMa bulunan degerlerden oldukca daha yiiksektir. Codu yatakla-
rin radyometrik uranyum (eU) miktarlar1 kimyasal uranyumunkinden (U) %
30-40 daha yiiksektir. Ayni yataklarda bulunan torvum miktarlarimm 40 pOM
ile 340 ppm arasmda degistigi de saptanmistir. Bévlece cevher sondailarindan
gamma teknifi ile elde edi'en uranyum tfenérii gzercekte radvometrik uranvem
(eU) ve toryumun toplam degeri olmaktadir. Biitiin bu verilerin 1s1%1 altinda
Kopriibasrnda bulunan uranyaum yataklarimin rezervleri yeniden gozden geciril-

melidir.

In Kbpriibasi, most of the uranium deposits occuring in tabular lenses in
conglomerates and sandstones of the Neogene alluvial fan are oxidized. These
deposits can be divided into jarosite-waylanditerich and ilmenite-magenetite-
rich types both of which occur near exposures of metamorphic basement
rocks. The unoxidized uranium deposits are called as pyrite-siderite-rich type.
Urantum 1is disseminated in the matrix of conglomerates and sandstones.

Uranium contents found by laboratory gamma-ray spectrometric measu-
rements are mostly much higher than those found by fluorimetric analvsis.
Radiometric uranium contents (eU) in most deposits are 30 to 40 % greater
than chemical uranium (U) contents. Thorium contents found in the same de-
posits range between 40 to 340 pom. Therefore, ore grades in the deposits ob-
tained by the gamma’bore hole technique is, in fact, the total of radiometric (eU)
uranium and thorium contents. Under the lights of these data, the reserves of the
uranium deposits in the Kipriibas: area must be reconsidered.
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BALIKESIR iLi SINDIRGI ILCESi DUVERTEPE KOYU VOLKANO
SEDIMANTER KAOLEN YATAKLARI

KAOLIN DEPOSITS OF VOLCANO—SEDIMENTARY ORIGIN
IN THE DUVERTEPE VILLAGE, SINDIRGI, BALIKESIR,

Salih GOK, M.T.A. Enstitiisii

Mehmet OKUT, M.T.A. Enstitiisii

Arif CAKIR, M.T.A. Enstitiisii

A. Bican CAKAR, M.T.A. Enstitiisii

Zeki KOSE, M.T.A. Enstitiisii

Hayrettin GENC, M.T.A. Enstitiisii %
Mehmet ELMACI, M.T.A. Enstitiisii

Diivertepe kaolen yataklari, bilinen en biiyiik kaolen revervine - sahip
olan ve en cok iiretim yapilan, seramik fabrikalarinin vazgecemedigi bir kaolen
yatagidir. Diivertepe kaolen yataklari cevresinde temell, tektonik deformasyon ge-
cirmig filis serileri ve bunlarla ardalanmah olarak bulunan denizel bazik volka-
nitler ve tektonik ile yerlesmis, sisti serpantin mercelkeri meydana getirmektedir.
Bu eski temelin, erozyon yiizeyi fizerinde Tersiyer volkanitieri ve bunlarla ardalan-
mali okarak bulunan gél cbkelleri yeralmaktadir. Baz kiiciik ckel canaklarmma ta-
sinan pircklastlar, kaolenleserek bugiinkii kaolen yataklarimi meydana getirmistir.
Diivertepe kaolen yataklar1 bunlardan biridir. Bu yataklar yaklasik iki bucuk km?.
alana yayilmaktadir. Kaoken yatagmin kahnhi 2-30 m. arasinda degismekte olup,
ortalama kahnlik iic metrenin tizerindedir.

Yataklarmm kiiciik bir boliimiinde 1978 ve 1981 yillarinda sondajli inceleme ya-
pilmustir. Sondaj karotlarindan ve yataklarm muhteMf yerlerinden sistematik olarak
alinan numunelerin teknolojik ve kimyasal incelemeleri yaptirilmistir,

Diivertepe kaolin deposits have the largest known reserv of kaolin in Turkey
has the biggest production. The basement of the Diivertepe kaolin deposits consists
of tectonically deformed fiysch with intercalated submarine basic volcanics and
tectonically emplaced serpentinite slices. On the erosional surface of this basement
there are Tertiary volcanics and intercalated lacustrine deposits. Pyroclastics ear-
ried to the small basms have been kaolmised forming the preseatd ay kaolin de-
posits, Diivertepe kaolin deposits are one of these They are spread over on area
of 2,5 km2 and have a thickness of 2-30 m with a mean thickness of over 3 m.

During 1978 and 1981 studies together with drilling have been conducted on a
small part of the deposits. Techological and chemical analyses have been carried
aut on surface samples and the drillcores. 7
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YERYUVARININ TEKTONIGINDE ARKEEN—PROTEROZOYIK
SINIRINDA MANTO KINEMATIGINDEN OTONOM
KINEMATIGE GECIS

TRANSITION FROM MANTLE KINEMATICS TO AUTONOMOUS
KINEMATICS OF TERRESTRIAL TECTONICS DURING THE
ARCHEAN — PROTEROZOIC BOUNDARY

Remzi AKKOK, i. T. U. Maden Fakiiltesi
A. M. Celal SENGOR, . T. U. Maden Fakiiltesi

Yeryuvarmin litosferik levha mozayiginin kinematiginde levhalar1 olusturan
1s1sal iist iletim tabakasinin yiizme duraysizhifimin en onemli etken oldugu bugiin
genellikle kabul edilen bir goriistiir. Okyanusal litosfer okyanus ortas1 sirtlarinda
gelisir ve bu sirtlardan uzaklasirken 80 milyar yillik oluncaya kadar siirekli sogur.
Isisal litosferin tabanini belirleyen peridotit solidus’m (1330°C) bu soguma netice-
sine yayilma merkezlerinden uzaklastikca derinleserek litosferin altma lerzolit ek-
lenir. Bunun sonucu olarak litosferin kalinligi ve ortalama yoZunlugu artar. Molnar
ve Atwater (1978) 50 milyon yildan daha genc okyanusal litosferin genellikle pozi-
tif yiizmeye sahip oldugunu ve batmaya kars: direnc gosterdigini belirtirler, Buna
karsin, 50 milyon yildan daha yash okyanusak litosfer ise, negatif yiizme kazanir
ve normal olarak astenosfere batar.

Yeryuvarmin 1sisal tarihi gézéniine alindiginda Arkeen zamanindaki 1s1 iiretimi-
nin en fazla oldugu ve bunun giintimiizdeki iiretimin 3-4 katm buldugu goriiliir
(Lee, 1967). Buna esdeger yiiksek 1s1 kaybim bugiinkiinden daha uzun sirtlar, daha
hizli levha hareketleri veya her ikisi de karsilamis olmalidir. Bugiinkiinden 6 kez
daha hizli bir levha hareketini varsaydigmuzda, negatif yiizmeye sahip okyanusal
litosferin olusamayacagim goriiriiz. Halbuki Arkeen yesi! tas kusaklarinmn jeolojisi
bunlarin dalma-batma olaylar1 sonucunda gelistiklerini géstermektedir. Yukaridaki
nedenlerle Arkeen dalma-batma olayl biitiiniiyle yiizme duraysizhmm sonucu ol-

mayip daha cok yeryuvari yiizeysel alamimin korunmasim saglayan bir gereksinme-
den kaynaklanmaktadir. Bu nedenke Arkeen’de dalma-batma olay1 sadece dalmanin
sonucudur. Dolayisiyla Arkeen dalma zonlar: dalmaya en az direnc gosteren yerler-
de gelismis olmalidirlar. Bu ozellige sahip yerler ise, mantodaki kiiciik boyutlu kon-
veksiyon hiicrelerinin asagi inen kanatlaridir. Arkeen levha tektonigi 6zelligi nede-
niyle en azindan iist mantodaki konvektif dolasim yiizeyde yansitnms olmalidir.
Okyanusal litosferin negatif yiizmeyi kazanmasi icin gerekli olan levha hizinin ye-
terince yavaslamasindan hemen sonra batma olayl egemen olmus ve 1sisal iist ile-
tim tabakasmm konvektif dolasimdan ayirmistir, Dolayisiyka Arkeen levha tektonigi
giiniimiiziin levha tektonigine ¢ok az bir benzerlik gosterir.
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Manto kinematiginden levha kinematiginin ayrilmasi yeryuvarinin termal ve
tektonik tarihinde Arkeen-Proterozoyik sinirinda bir yerde onemli bir gegisin bu-
lundugunu gosterir. Bu gecisin varhgimn saptanmasi tektonikte bazi sorunlara
onemli 6lciide 1s1k tutmaktadir. Ne yazik ki jeolojik kayitta sadece dalma-batma
zonlarmn izlerinin kalmasi da bu gecisi direkt olarak belgelemeyi giiclestirmekte-
dir.

It is today generally accepted that the kinematics of the terrestria] lithospheric
plate mosaic is largely dictated by the buoyant instability of the boundary conduc-
tion layer forming the plates. Oceanic lithosphere is created at the mid-ocean rid-
ges and it cools continuously as it moves away from them until it is about 80 m.
y.-old. The cooling of the oceanic lithosphere results in its thickening because the
peridotite solidus (1330°C) defining the base of the thermal lithosphere subsides
away from the spreading centres thereby adding lherzolite to its base and augmen-
ting its density. As Molnar and Atwater (1978) showed oceanic lithosphere younger
than 50 m. y. generally has a positive buoyancy and therefore resists subduction.
Oceanic lithosphere older than 50 m. y. acquires a negative buoyancy and normally
sinks in to the asthenosphere by subduction.

Considerations on the thermal history of the Earth show that during the
Archean the heat production of the earth was 3 to 4 times more than that of the
present (Lee 1967). This must have been compensated by an equivalent high heat
loss which must have been accomplished either by a longer ridge length or faster
plate motion than those of today, or both. We here make the simple observation
that under the assumption of a plate motion rate six times faster than that of
today, would be impossible to create negatively buoyant oceanic lithosphere. Yet
the geology of the Archean greenstone belts indicate that they were genarated by
subduction. Therefore the Archean subduction was not a result of buoyant instability,
but rather a kinematic necessity to conserve the surface area of the planet. Hence,
Archean subduction zones would have followed where there was leastdynamic
resistance to downgoing movement, such zones were zones were most likely the
downgoing limbs of the small-scale convection cells in the mantle. This indicates
that the Archean plate tectonics portrayed a faithful image of the convective cir-
culation of at least the upper mantle. As soon as the plate motion slowed down
sufficiently to allow the oceanic lithosphere to acquire negative buoyancy, -the
slab-pull effect became dominant and esseatially detached the thermal boundary
conduction layer from the mantle circulation. The present plate kinematics bears
little resemblance to mantle kinematics. i

The seraration of mantle kinematics and plate kinematics represents a signi-
ficant transition in the thermal and tectonic history of our planet, somewhere at
the Archean-Proterozoic boundary. This has a number of significant implications
for tectonics. Yet it would be impossible to detect it directly by field geological
methods, because only the record of subduction zones have been preserved in any
detalil. =



YERBILIMLERINDE VERI BANKACILIGI
DATA BANKS IN GEOSCIENCES
Tugrul BAYRAK, Maden Tetkik ve Arama Enstitiisii

Veri Bankalar: (Data Bank); biinyesinde bulundugu kuruluslarin kurulus amac-
larina yonelik arama, arastirma, iiretim, pazarlama, personel, finansman, iiretim-
maliyet analizi ve benzeri konulardaki tium faaliyetlerinin verilerini ham bilgiler
halinde bilgisayarlar aracilifi ile diizenli olarak kaydetmek ve bu bilgileri gere-
ginde tiim arastirma, yorum, istatistik, planlama - programlama islemlerine déniik
olarak bicimlendirmek, bu alanlarda damismanhk gérevi yapmak iizere kurulmus
teskilatlardir.

Ulkemizde cok az bir gecmisi olan Veri Bankalari, diinyanin hemen tiim ge-
lismis iilkelerinde yaklasik 30 yillik bir gecmise sahip olup, dzellikle hammadde
kaynaklar: ile ilgili sahalarda bilgi depolanmasi ve bu bilgilerin Ulusal Ekonomik
Yatirnmlar alaminda irdelenmesi konusunda kuManimaktadir. Veri Bankacilifiimn
en yaygin sekilde kullamldigr iilkelerin basinda Amerika, Sovyetler Birligi, Av-
rupa Ekonomik Toplulugu iiyeleri, Dogu Avrupa iilkeleri ve Japonya gelmektedir.

Ulkemizde de Dogal Kaynaklarsmiz hakkinda gerek MTA Enstitiisii icindeki
iinitelerde gerekse MTA disi kuruluslara dagilmis pek cok veri bulunmaktadir.
Bu verilerin bir Veri Bankasinda toplanmasi ile; bu veriere ulasilmas: ve kul-
lanimi cok daha kolay olacagimdan projelerin plan-program ve degerlendirme
asamalarmda zaman, isgiicii ve para gibi kaynak kayiplar1 en aza inecek, bir saha
. veya konuda yapilan calismalardan habersiz olmaktan dolayr degisik kurulus ve
arastirmacilarin o alanda ayni ¢alismalarn yapmalari onlenebilecek, Dogal Kay-
naklarimizin daha koordineli ve saghkli bilgilerle degerlendirilimesi miimkiin ola-
cak, sonucta iilke ekonomisine biiyiik yararlar saglanacaktr.

Bu dogrultuda bir calismaya MTA Enstitiisii biinyesinde kurulan DATA BAN-
KASI’'nda baslanmis olup, ileriki asamalarda ilgili tiim kurulus ve kisilerin ilgi,
isbirligi ve bilgi transferi konusunda yardimlari beklenmektedir.

Data Banks are established to regularly store and record the raw data of all
activities of the related institutions on subject as research. exploration, produc-
tion, marketing, personnel, finance, cost analysis, etc. by means of computers;
and when necessary, to format this data to use them in all exploration, interpre- )
tation, statistics, planning-programming processes, and to behave as a suparvisor
on the subjects explained above.

Although it is a new concept in Turkey, Data Banks are widely used in all
developed countries for the last 30 years especially in storing data related to na-
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" tural resources and evaluating; them in the field of National Economic Invest-
ments. The countries which widely use Data Banks are the United States of ‘Ame-
rica, the Soviet Union, members of the European Economic Community and Ja-
pan.

There is a great accumulation of data on the natural resources of Turkey,
both in MTA and other institutions. By centralizing these data by means of Da-
ta Bank will provide the minimizing of time, manpower, and finance losses in plan-
ning, programming and evaluation stages of related projects. More than all, such a
Data Bank will overcome a gap of communication of data and prevent the dup-
lications of work on the same subjects by different people, because of its bheing
so easy to reach as a reference. Out of these, the coordinative and rational in-
terpretation and evaluation of the national natural resources will be possible,
resulting with great inputs to the national economy.

Such a work in this direction is started at the DATA BANK established in
MTA, and the help of all related institutions on subjects of data transfer and
communication is expected in the future



- KIMMERIDOROJENIK SISTEMININ EVRIMi: ORTA
MESOZOYIKTE PALEO - TETiSIN KAPANMASI OLAYI VE URUNLERI

THE EVOLUTION OF THE CIMMERIDE OROGENIC SYSTEM :
PRODUCT OF THE MID - MESOZOIC CLOSURE OF PALAEO - TETHYS

A.M. Celal SENGOR, 1i.7T.U. Maden Fakiiltesi

Bir carpisma orejenik kusagi olan Alp-Himalaya sistemi Tetisin yok olusu-
nun iiriiniidiir. Son 20 yudaki jeolojik bulgular, Tetis bolgesinin, erken ve orta
Mesczoyik’te, enlemesine uzanan ve arada ince uzun kitalar ile birbirinden ayril-
mis bagimsiz 2 okyanustan olustufunu gostermistir., Arada yer alan bu dar ve
uzun kita, Kimeriyen kitasi elup Gondwana iilkesinin kuzeydogu kenarmdan, Tri-
yas'ta ayrlmaga baslamistir, Kitamn kuzeyinde Paleotetis yer almaktadir. Bu
okyanus, Permo-Triyas’taki Panjea’min, doguya dogru agilan iicgen girintisi du-
rumundadir. Kitammn giineyinde ise Paleotetisin  giderek yck olmasi siiresinde
evrimine basliyan Neotetis gelismektedir. Tetis okyanuslarimin her ikisinin de
tamamen yok olmasi ile, etkileri birbiri lizerine eklenen bir cift orojenik sistem
meydana gelmistir. Bu kusaklardan Paleotetisin yok olmasiyla gelismis olana
Kimmeridler, Neotetisten gelisenine ise Alpider admm vermekteyiz. Kimmerid
orojenine Tibet’e kadar Alpid yapilar1 da eklenmistir. Tibet ve Cin’de ise Paleote-
tis ile Neotetisi ayiran kitasal alanlarin eninin genislemis olmasi nedeniyle Kim-
merid ve Alpid yapilar birbirlerinden acikca farkli kusaklarda taninmaktadir,

Dogu Karpatlardan Albriiz daglarina kadar Kimmerid orojeni asitmeirik ve
ve yaln bir sistem olusturur, Dogu Albriiz ile 92° meridyen arasmda, yine asi-
metrik olmakla birlikte bu kompleks bir kusak halindedir. 92° meridyenin dogu-
sunda genellikle simetrik olup, birgok yifisum karmasiklar icermektedir. Songpan-
‘Ganzi sisteminin dogusunda ise cok kollu hale gelmektedir. Biitiin orojenik ku-
sak Loyunca, son carpisma Gec¢ Orta Triyas ile Gec Jura arasinda gelismistir.

On iilke ve ard iilke alaplarinda yayginca goriillen karmastk Saryaj, yanal-
atimia fay ve normal faylh deformasyon yapilarina, Dogu Avrupa’dan Indonezya’ya
xadar, orcjenin biitiin uzanum boyunca rastlanmaktadir.

iyi bilinen Donetz kompresyonel kusagi, Turan blok faylanma alani, Bat1 Si-
birya karmagik havzasimin ana kesimi, Angora rifileri, Dogu Iran flis zonu gibi
ornekler bu yapilarin arasmda sayilabilir. Bu yapilar gogun Alpid carpisma olay-
lan sirasinda yeniden hareket gecirmistir. ‘

Kimmerid kusagi ile onun on iilke ve ard iilke evrimlerini anlamak biitiin
Asyanin Mesozoyik tektonifini tammamiza 1sik tutmakta ve kita evrimiyle iliskild
birgok kavramin; drpegin gizli dalma-batma olaymu 6&renmemize yol acmaktadir.

The Alpine-Himalayan System of dominantly collisional orogenic belts is the
product of the obliteration of Tethys. Regional geologic considerations during
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the last two decades have shown that the «Tethyan domain» consisted, during the
early and medial Mesozoic, of two independent, latitudinal oceanic systems, se-
parated by a strip or string of continent (s), named the Cimmerian Continent,
which had begun separating from the north-eastern margin of Gondwana-Land
mainly during the Triassic. North of the Cimmerian Continent was Palaeo-Tethys, -
the original equatorial, eastward-opening triangular embayment of Permo-Trias-
sic Pangaea, whereas to its south was Neo-Tethys, which evolved at the expense
of Palaeo-Tethys. The double closure resulting from the complete elimination of
Tethyan oceans resulted in a double, largely superimposed orogenic system.
That which resulted from the closure of Palaeo-Tethys is herein called the Cim-
merides, whereas that which is the products of the disappearence of Neo-Tethys
is named the Alpides. As far east as Tibet, the Cimmeride Orogen is almost
completely superimposed by the Alpide structures, whereas 'in Tibet and China,
the increasing width of the continental domains separating Palaeco-Tethys from
Neo-Tethys affected a clear spatial distinction of Cimmerides from Alpides.

From the eastern Carpathians to the Alborz, the Cimmeride Orogen is
asymmetric and simple, between the eastern Alborz and the 92°E meridian, it is
asymmetric but involves a complex orogenic colage, and east of 92°E it is ge-
nerally symmetric, involws multiple = collages and east of the Songpan-Ganzi
System becomes multi-branched. Along the entire orogen, terminal collisions
took place between the late medial Triassic and late Jurassic.

Extensive foreland and hinterland areals of complex thrust, strike-slip and
normal fault deformations accompany the entire strike-length of the orogen from
eastern Europe to Indonesia and include such well-known structures as the Do-
netz compressional belt, the Turan block-fault terrain and a major part of the
West Siberian Basin Complex, the Angaran rifts, east Iranian “Flysch Zone and
the like. Such structures have been posthumously reactivated by the Cainozoic
collisions along the Alpides.

Understanding the evolution of the Cimmeride Belt and its fore-and hinter-
lands sheds much light on the Mesozoic tectonics of the entire Asia and leads
to a number of interesting concepts concerning continental evolution such as
«hidden subductions. N
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BORNOVA GUNEYI (iZMiR) UST KRETASE KIRECTASLARININ
STRATIGRAFI VE FASIiYES INCELEMESI

STRA‘TIGRAGRAPHY AND FACIES STUDY OF THE UPPER
CRETACEOUS LIMESTONES IN THE SOUTH OF BORNOVA (IZMIR)

Sacit OZER, Ege Universitesi, Yerbilimleri Fakiiltesi, Genel Jeoloji Boliimii
Oguz IRTEM, Research Institute, University of Petroleum and Minerals,
Dhahran, SAUDI ARABIA

Isiklar - Altindag (Bornova giineyi) alaminda, Ust Kretase yash kayalar baslica
kirectaslar1 ile temsil edilirler ve alttan iiste dogru asagidaki litofasiyes birimle-
rini icerirler :

(1) TForaminiferli -rudistli istiftas1 litofasiyesi: Baslica masif, koyu gri-siyah
istiftaglarindan olusur ve Kkiiciik bentonik foraminiferler, pellet, siinger spikiilleri,
rudist, ekinid ve mercan parcalar1 icerir. Bu litofasiyes icinde yersek olarak ru-

dist-mercan yifisimiar: olusmustur. Bu litofasiyes Turoniyen sonu-Santoniyen
sirasinda self lagiinii ortaminda cokelmistir.

(%) Pelajik foraminiferli vaketasi litofasiyesi; Bir havza ortamum karakte-
rize eden, Globotruncana sp. ce zengin, diizensiz cort yumrular iceren vaketas-
laridan olusur. Bu litofasiyes Santoniyen sonu-Kampaniyen basinda cokelmistir.

(3) Biyoklastik istiftas1 litofasiyesi : Baslica bilesenlerini biiyiik bentonik
foraminiferler, rudist, ekinid ve tamnamayan kavkl parcalari olusturur. Bu lito- -
fasiyes, yamag oOnii fasiyesinde ciékelmistir ve Kampaniyen sonu Maastrihtiyen ba-
s1 yashdar. \

(4) Foraminiferli-algld istiftas: litofasiyesi: Belirsiz katmanlanmal, acik gri,
biiylik bentonik foraminiferler ve alglerce zengin istiftaslarmdan olusur. Bu li-
tofasiyes Maastrihtiyen sonunda sif self ortaminda cokelmistir.

Ust Kretase kirectaslari, calisma alammn giineydogusunda dik ve kuzeybati-
ya dogru devrik konumludur ve Pakeosen kirmtih kayalar: ile dokanag1 her yerde
fayhdir.

Ust Kretase yash litofasiyes birimlerinin cdkelme ortamlarm denetleyen de-
niz diizeyi degisimleri, Santoniyen sonu ve Kampaniyen basinda doruguna erisen
bir transgresyon ve bunu izleyerek Maastrihtiyen sonuna kadar siiren bir regres-
yona isaret eder.

In the Isiklar<Altmdag (south of Bornova) area the Upper Cretaceous rocks
are represented mainly by limestones and divided, from base to top, into follo-
wing units X
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(1) The foraminiferal-rudistid packstone lithofacies consists mainly of mas-
sive, dark gray-black packstones and contains small benthonic forams, pellets,
sponge spicules, rudists, corals and echinoid fragments. Buildups, locally formed
by rudistid and rudistid-coral bounstones are common in this lithofacies. This
lithofacies was deposited in a shelf lagoon environment during the Late Turonian
and Santonian times.

(2) The pelagic foraminifera] ‘wackestone lithofacies is composed Globot-
runcana sp. rich wackestone containing irregular chert nodules indicating a ba-
sin environment, This lithofacies was deposited during the Late Santonia and
Early Campanian times.

(3) The main constituents of the bioclastic packstone lithofacies are large
benthonic forams, rudist, echincid and unknown shell fragments. This lithofacies
is Late Campanian and Early Maastrichtian in age and it was deposited foreslope
facies.

(4) The foraminiferal-algal packstone lithofacies coasists mainly of poorly
bedded light gray packstone rich in large benthonic forams and also red algae.
This lithofacies was deposited in a shallow shelf environment during the Late
Maastrichtian time.

The Upper Cretaceous limestones are vertical and overturned towards north-
west in the southeastern part of study area and which has faulted contact with
Paleocene detrital rocks.

The sea level changes which controlled the depositional eavironments of the
Upper Cretaceous lithofacies units indicate a transgression reaching its peak du-
ring the Late Santonian and Early Campanian and accompanied by a regression
lasting until the end of Late Maastrichtian.
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iZMIR - MANISA DOLAYLARININ STRATIGRAFi VE
YAPISAL OZELLIKLER

STRATIGRAPHIC AND STRUCTRAL FEATURES OF IZMIR-MANISA
REGION i

Necati AKDENIZ, MTA Enstitiisii
Ziibeyde OZTURK, MTA Enstitiisit
Nesat KONAK, MTA Enstitiisii
M. Halit CAKIR, MTA Enstitiisii

Mualla SERDAROGLU MTA Enstitiisii
Fahrettin ARMAGAN, MTA Enstitiisii
Erol CATAL, MTA Enstitiisii

izmir - Manisa delaylarinda gozlenen KD-GB yonlii ekaylar inceleme alanim
birbirinden az-cok farkl ii¢ ekay dilimine ayirmus ve bu dilimlerin, yaklasik D-B
gidisli genc faylarla béliinmesi sonucu bolgede baklava dilimi seklinde bir yap1
gelismistir. Daha sonra yapisal cizgilerin geng cokellerfe doldurulmas: ile, dilim-
ler birbirinden bagimsiz bir goriiniim kazanmistar.

Yiizeyleyen birinci ekay diliminin, Dofudaki Mahmat Dag ve Caldagmn-
da temeli Menderes Masifinin metamorfik kayalaridir. Metamorfitler iizerine acila
uyumsuzlukla gelen Mesozoyik kayalarin t¢abammda, yaklastk 30 m. kahnhginda
bir kirmntih diizeyi yer alir. Uste dogru dolomitize kirectasi-kirmtili ardalanmasi,
dolomit, dolomitize kirectasi ile devam eden istif, gri renkli kirectasma gecer.
Derlenen fosil orneklerine gére, bu istif Ust Triyas-Ust Jura zaman arabginda
cokelmistir.

Nif Dag1 ve Spil Dagmin bulundugu ikinei ekay diliminin temeli Ust Kretase-
Alt Paleosen yasindaki karbonatlardir. Otokton olarak yorumlanan bu karbonat-
lar, Tiironiyen-Paleosen yash fosiller iceren flis tarafindan devrilme ya da bindir-
melerle iistlenir. En iistteki olasii Ust Triyas yash dolomitize kirectaslar: ile bas-
layan ve Paleosen’s kadar siirekli olan karbonat istifi, KD-KB yénlii bir ters fayla
flis tizerine bindirmis olarak gozlenir.

Izmir-Manisa cizgisinin batisinda kalan iiciincii ekay diliminin giiney kesimin
temeli yine Ust Kretase-Paleosen karbonatlaridir. Bu karbonatlar iizerine acih
uyumsuzlukla gelen ve Permiyen, Triyas, Jura, Kretase, Paleosen, Alt Eosen yash
kirectas: calallar: iceren bir cakiltasi diizeyi, flis tarafindan, tektonik dokanakla
tistenir. Flis iizerinde bolca Megaladon kalmtis1 iceren Ust Triyas kirectas: bin-
dirmeli olarak yer alir. Kuzey kesimde ise, tabandaki Ust Kretase-Paleosen karbo-
natlar1 gozlenmez. Flis iizerine bindiren Megaladonlu Ust Triyas kirestas: Liyas ki-
regtasmna geger. Liyas yash kirectas: iizerinde Ust Kretase yash pelajik kirectas-
lar1 ve bunun iizerinde de yine flis gozlenir.
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Bilgedeki yapisal ozellikler tiimii ile KB-GD yonlii bir sikisma tektoniginin
belirtecidir. :

NE-SW trending thrusts observed in the region of izmir to Manisa have divi-
ded the studied area into three less or more different thrust sheets, and by division
of these thrust, sheels by about Etow trending recent faults, a diamond-shaped fe
ature has been created in the region. after-wards, these thrust sheets have been ac-
quired an appearance, as if they are independent from each others, by filling of
these structural trends with youger deposits.

The basement of Mahmut Mountain and ‘Caldag slices, which form the first
thrust sheet, is metamorphic rocks of Menderes Massif. A detrital level cf about
30 m thick lies at the base of Mesozoic rocks, overlying metamorphics with angu-
lar uncanformity, The sequence that continues upwords alternation of dolomitized
limestone with detritals, dolomite, dolomitized limestone, grades into gray colored
limestone, this sequence has been deposited during the interval of Upper Triassic
to Upper jarassic according to their fossil content.

The basement of second thrust sheet, outcropping in Nif and Spil Mountains,
is carbonates of Upper Cretaceous to Lower Paleocene. These carbonates interpre-
ted as autochthonous are overlain by overturaed or thrusted Flysh, in which Turo-
nian to Paleocene Fossils have been found. The continucus carbonate sequence,
which starts with a dolomitized limestone of Upper Jurassic age at the uppermost
part, and continues up to Paleocene, is observed to be thrusted on flysh by a NE
to SW treding thrust.

_ The basement of the southern part of third thrust sheet, exposing in west of
izmir to Manisa line, is also carbonates of Upper Cretaceous to Paleucene age. A
conglomerate level composed of limestone pettles of Permin, Triassic, Jurassic,
Cretaceus, Paleocene, lower Eocene, and overlying these carbonates with angular
unconformity, is overlain by the flysh with a tectonical contact. Upper Triassic
limestone with aboundant remmants of Megalodont overlie to be thrusted on flysh.
In the northern part, there is no carbonate of Upper Cretaceous to Paleocene age
at the base. On the other hand, Upper Triassic limestone with Megalodont, thrus-
ting on flysh, grades into the limestone of Lias age. Units of Lias age is over-
lain bythe pelagic limestone of Upper Cretacerus, and also flysh is observed on
pelagic limestone.

Structural features in the region indicate, as a whole, NW to SE - trending
compressional tectonics.
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BODRUM YARIMADASININ JEOLOJiSI VE MAGMATIK
KAYACLARIN PETROLOJIiSI

THE GEOLOGY OF THE BODRUM PENINSULA AND
THE PETROLOGY OF THE MAGMATIC ROCKS

Onder OZTUNALIL i. U. Yerbilimleri Fak.

Tuncay ERCAN, M.T.A, Enstitiisii,

Ahmet TURKECAN, M.T.A. Enstitiisii, 7
Erdogdu GUNAY, M.T.A. Enstitiisti,

Biilent CAN, M.T.A. Enstitiisii.

Bat1 Anadoluda yer alan, Bodrum yarimadasinda temeli, Paleozoyik yash ve
Giilliik formasyonu olarak adlandirilan, konglomera - kumtasi - seyi detritik arda-
lanmalarindan olusmus hafif metamorfik bir birim olusturur. Mesozoyik yash bi-
rimler, Triyas - Liyas yash dolomitik kiregtaslar1 (Pazardagi formasyonu); Liyas -
Malm yagsh siltli - marnh kirectaslar1 (Karadag formasyonu) ve daha iistte Malm -
Senomaniyen yash pelajik kirectaslar: ile tiim bu cokelleri iistleyen Ust Kretase -
Paleosen yash bir vahsi flis (Bodrum formasyonu) ile belirgindirler. Senozoyik ka-
ya birimberi, Eosen - oligosen yash cikeller (Koyunbaba formasyonu) ile baslar.
Daha sonra yarmmadada siddetli bir magmatizma etkin olarak cesitli evrelerde
pliitonik ve volkanik kayaclar: olusturmustur .Ilk kez, Orta Miyosende bir Mon-
zonit intriizyonu izlenir. Daha sonra yaygin bir kalkalin volkanizma etkinlesmis ve
tiif - aglomera yataklari, andezit - trakiandezit - latit tiirde lavlar olusmustur.
Kabuksal malzeme iiriinit bu kalkalkalin volkanizma, belirgin bir siirecten sonra
gittikce manto {iriinii alkali olivin bazaltik olusumlara déniismiistiir. Bu suretle,
ikinci volkanik evre baslamis olup, bu kez alkali nitelikte ve dayklar seklinde ba-
zalt-trakibazalt-trakit tiirde lavlar olusmustur.

Bildiride tiim magmatiklerin petrolojik inceleme sonuclar: verilerek plaka tek-
tonigi acisindan bélgesel yayilamlar: ve olusumlar: tartisilacaktir.

The basement of the Bodrum Peninsula which stands at the western Anatolia
was made up of the detritic alternation of conglomerate-limestone and shale.
The age of the basement which is called the Giilliik Formation is Paleozoic.

Mesozoic aged units contain the Triassic-Lias aged dolomitic limestones (the
Pazardagi Formation); the Lias-Malm aged silty-marly limestones (the Karadag
Formation) and the Malm-Cenomanian aged pelagic limestones with on upper
Cretaceous-Paleccene aged wild flysch (the Bodrum Formation) which overlays
al]l thase deposits.

Cenozoic rock units start with the Eocene-Oligocene aged deposits (The Ko-
yunbaba Formation). Later, a heavy magmatism has effected the Peninsula and
_has formed plutonic and voleanic rocks in various phases, Firstly, a monzonite
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intrusion is watched in the Middle Miocene, Later, a common calkalcaline volea-
nism has become effective and tuff-agglomerate beds and lavas of andesite-trac-
hiandesite-latite have formed.

This calcalcaline volcanism of the product of the crustal material has turned
into alkali olivine basaltic formations which are the products of the mantle, af-
ter a certain time. Therefore, the second volcanic phase has started and this time
lavas of basalt-trachybasalt-trachyte have formed in the shape of dykes and in
the alkali quality.

In the lecture, the petrologic research results of the all magmatics will be
given and their local distribution and occurences will be discussed from the vi-
ewpoint of the plate tectonics.
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MIiYOSEN'DE PALINOLOJIK YAS SAPTAMALARI VE SOMA ORNEGI

PALYNOLOGIC AGE DETERMINATION IN MIOCENE AND AN -
EXAMPLE FROM SOMA

Erol AKYOL, E.U. Yerbilimleri Fakiiltesi
Cengiz ALISAN, E.U. Yerbilimleri FakiiMesi

Tiirkiye’de Miyosen yash linyitlerinin, 8zellikle Anatolid’lerde 6nemli yataklar
olusturduklar: goriilmektedir. Bu komiir havzakari palinolojik acidan bir 6rneklik
gosterirler.

Miyosen mikroflorasi, cogunlukla, Inapertures, Saccites, Brevaxones ve Lan-
gaxones gruplarmma bagh pollen formlarindan olusmustur. Bunlarin yaninda, az sa-
yida Polypodiaceae, Osmundanceae sporlar: ile Bilateras ve Massuloides gruplarmn-
dan pollenler yeralir. Ancak amlan bu spor ve pollen tiplerinden stratigrafik de-
geri onemli formlar, ya hic gériilmez veya pek enderdirler. Diger bir deyimle,
formla formlarmm cogunlugunun stratigrafik dagihmlari genistir.

Alt Miyosen’de, genis stratigrafik dagilimh spor ve pollen tiplerine birkac
Oligosen tiirii, cok diisiik yiizdelerle eslik eder.

Orta Miyosen’de tipik hichir tiir yoktur. Tiim formlar, genis stratigrafik da-
gilim gosterirler.

Ust Miyosen'de ise, genis stratigrafik dagilimla ana formlar yaninda, az sayida
Pliyosen tipleri gdzlenir.

Orta Miyosen yasini veren Soma Havzasi alt ve orta linyit kémiir damarlarinin
spor ve pollenleri de, degindigimiz biyostratigrafik kurala uyumlu bir polinik
spektra sunmaktadir: Genellikle Tricolpopollenites densus ve T. microhenrici te-
mel tiirlerdir. Zaman zaman temel tiirler arasmna Inaperturopollenites dubius,
Pityosporites microalatus, Tricolpopollenites liblarensis, Tricolporopolienites cin-
gulum ve ender olarak da Inaperturopollenites hiatus, Tricolpopollenites henrici,
Tricolporopollenites pseudocingulum, T. microreticulatus temel tipler arasina ka-
tiirlar. Yan tipler arasinda en dnemlileri Triatriopollenites myricoides, T. ruren-
sis, T. bituitus, T. coryphaeus, T. plicatus, Subtriporcpollenites simplex, Polyves-
tibulopollenites verus, Tricolpopolenites simplex, Polyvestibulopollenites verus,
Tricolpopolenites asper, Tricolporopollenites villensis tiirleridir. Bir Pliyosen tiirii
olan Menoporopollenties solaris alt linyit damarinda pek ender, orta linyit dama-
rinda da ender olarak bulunmaktadur.

Belgilenen mikroflora, Orta Miyosen’de, yorede giinitmiiz Akdeniz iklimi ben-
zeri veya biraz daha sicak bir iklimin varhgma isaret eder. In situ beslenme sonu-
cu komiir damarlarinda goriilen pollenler, bir batakhk ve batakhg1 cevreleyen or-
manligm iiriinleridir. Ayrica yiiksek yerlerden akarsularla gelmis ve soguk iklimi
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simgeleyen pollenlerle, uzak ormanlik bolgelerden riizgarlarla tasinnms pollenler de
ornekler icinde yeralmaktadir.

There are important lignite beds of Miocene age especially around Anatolids in
Turkey. They generally resemble to each other palynologically.

Miocene microfloral assemblage consists mainly of the pollen grains belonging
to Saccites, Brevaxones and Langaxones groups. Besides these, there are also a
few spores of Polypodiaceae and Osmandaceae, and pollen grains of Bilateras and
Massuloides. But the stratigraphically important species of the above mentioned
groups are either absent or in very little amount. In other words, stratigraphic
range of these species are quite wide.

There are a few Oligocene species along with Early Pliocene Microflora.

There are no characteristic species of Middle Miocene and the ranges of the
species are wide. §

In the Late Miocene, it is possible to observe some Pliocene si)ecies within
Miocene Microfloral assemlage.

Distribution of spore and pollen grain assemlage of Middle Miocene Soma
lignites resemble very much to the general biostratigraphic ranges. Tricolpopolle-
nites densus and T. microhenrici are the main species. Inaperturopollenites dubius,
Pityosporites microalatus, Tricolpopollenites liblarensis, Tricolporopollenites cin-
gulum, Inarperturopollenites hiatus, Tricolpopollenites henrici, Tricolporopollenites
pseudocingulum and T. microreticulatus are also abundant. Secondary species
which are: Triatriopollenites myricoides, T. rurensis, T. bituitus, T. coryphaeus,
T. plicatus, Subtriporopollenites simplex, polyvestibulopollenites verus, Tricolpo-
pollenites asper and Tricolporopollenites villensis, Monoporopollenites solaris
which is a characteristic Pliocene species is very rare in the lower lignite bed
and rare in the upper lignite bed.

The studied Middle Miocene microfloral assemblage indicates that the pale-
oclimate of Soma region is similar to that of Mediterranean Sea or little warmer.
Most of the pollea grains are in situ or transported from a forest area close to
the depositional environment.

There are also some pollen grains which are transported by rivers and are
characteristics of cool climates and which are transported by winds from forests
far from the depositional environment.
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AKHISAR DOGUSU NEOJEN TORTULARININ DEPOLANMA
ORTAMLARI VE KOMUR YATAKLARI iLE OLAN
ILISKIiSI

DEPOSITIONAL ENVIRONMENTS OF THE NEOGENE
SEDIMENTARY ROCKS OF EAST AKHISAR AND THEIR
RELATION TO COAL DEPOSITS

Fuzuli YAGMURLU, Ege Universitesi Yerbilimberi Fakiiltesi

AKkhisar dogusu Miyosen tortul kesiti, alttan iiste dogru, Gocek, Yenikdy, Kii-
ciikderbent, Karaboldere ve Ahmetler formasyonlarma boliinmiistiir. Miyosen tor-
tul kesitinin toplam kalinligz 1700 metreye ulasir.

Giocek Formasyonu aliivyonal yelpaze ortamina ait cakiltas: ve kaba kumtasi
arakatkilarmndan olusur. Yenikéy Formasyonu akarsu ortamim simgeleyen, egemen
olarak capraz katmanl kumtasi, cakiltas: kanal dolgular: ile iist béliimlerde yera-
lan camurtasi, karbonlu seyl ve komiir arakatmanlarindan yapilidir. Formasyonda
yeralan kiok ve bitkisel kaluntili karbonlu seyl ve komiir diizeyi, taskin ovasmdaki
batakliklarda gelisen otokton olusuklardir. Kiiciikderbent Formasyonu, egemen
olarak golsel ortamu yansitan kalkerli seyl, kiregtasi, camurtas: ve az orandaki bi-
tiimlii seylden yapiladir, Ahmetler Formasyonu baslhica aliivyonal yelpaze ortamina
ait kaba cakiltasi, kumtasi, camurtas: ve algli kirectasi arakatmanlarmdan yap-
hidir. Karaboldere Formasyonu genel olarak asidik lav ve tiiflerden olusur.

Ekonomik komiir diizeyi, Yenikéy ve Kiiciikderbent Formasyonlar: arasinda
yeralir. Komiir diizeyinin kalnhgi 2 m’ye kadar ulasir. Yorenin kémiir potansi-
yeli 15-20 milyon ton arasinda ongoriilebilir. Komiirlerin ortalama kalori degeri
2964 kcal/kg, ortalama kiikiirt degeri % 3.29 ve kiil miktar ise % 16.5 dir; bu yon-
leriyle Bat1 Anadolu ve Tiirkiye'nin bilinen diger linyitlerine gore ortac karakter-
dedir. #

The Miocene rock sequence of east of Akhisar is divided into 5 formations i
ascending. order: Gcek, Yenikoy, Kiiciikderbent, Karaboldere and Ahmetler forma-
tions. The total thickness of the Miocene sedimentary and volcanic strata ise about
1700 m. :

The Gocek Formation is composed mainly of conglomerates with interlayers
of coarse sandstones which indicate an alluvial fan origin. The Yenikdy Formation
consists mainly of cross-bedded sandstones, conglomerates as channel deposits,
and higher in the section, mudstones, carbonaceous shales, and coals which are
of fluvial origin. The rootlet zones, carbonaceous shale and coal beds of the Yeni-
kdy Formation are autochthonous and thought to be products of swamps in flo-
od-plain environment, The Kiiciikderbent Formation consists of calcareous sha-
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le, clayey limestone, mudstone and bituminous shale, which appear to be lacustrine
in origin. The Ahmetler Formation is made up mainly of coarse conglomerate,
sandstone, mudstone and algal limestone, which are suggested to be alluvial fan
deposits. The Karaboldere Formation consists of volcanic rocks.

The economical coal horizon occurs in the uppermost part of the Yenikdy
Formation, and is overlain by the Kiiciikkderbent Formation. It varies from 05-5
m. in thickness. The apparent reserve of coal in the study area is suggested to be
between 15 and 20 million tons. The lignites have calorific value of 2964 kcal/kg.
The average sulphur and ash content is % 3.29 and % 16.5, respectively. With res-
pect to the known lignites of West Anatolia and Turkey the coal is of intermediate
quality.
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BATI ANADOLU'DAKI BAZI GENC KIRINTILI VOLKANITLERIN
MINERALOJiSi VE EKONOMIK ONEMI

THE MINERALOGY AND ECONOMIC IMPORTANCE OF SOME
YOUNG PYROCLASTIC VOLCANICS IN WESTERN ANATOLIA

Alev BAYKAL, E. U. Yerbilimleri Fakiiltesi,
M. Yilmaz SAVASCIN, E. U. Yerbilimleri Fakiiltesi.

)

Bat1 Anadolu’da genis alanlarda izlenen karasal Neojen tortullarda, ince taneli
piroklastik kaya topluluklari yaygmdir. Bu topluluklar, gerek eksojen, gerekse
hidrotermal etkenliklerle, mineral coziilmeleri, element gocii, bozusmalar ve ikin-
¢il minerallesme olaylarimi siirdiiriirler. Bu olaylar sonucu sézkonusu kayalarin
cogu kuvars-feldispat-kil (kaolinit-montmorillonit-illit) bilesiminde karsmmiza ci-
karlar. Jeokimyasal analizler, mineralojik-sedimentelojik incelemeler ve X-1smn
difraktomotre cabismalari sonucu bu tiir kayalarin, dogal olaylarla armdirilmas,
. diisitk tenérlii metalik hammaddeler olarak degerlendirilebilecegi saptanmstir.
Daha sonra drneklerden yapilan karisimsiz ve karisimh seramik hamurlarinin pi-
sirilmesi bu kamiyr dogrulayicr sonuclar vermistir. Incelenen kirmntili volkanitler,
oziinde dogal seramik receteleri olarak degerlendirilebilirler. Rezervlerin cok bii-
yiik boyutlarda olusu, aym zamanda bilesimin standardlastiriimasinda da siirekli-
ligi saglayabilecektir.

Fine-grained pyroclastic materials in the Neogene continental deposits are
widely persistent throughout the Western Anatolia. These materials still undergo
exogeneous or hydrothermal decomposition (e.g. mineral solution, element migra-
tion, secondary mineralization). The end product is composed generally of quartz,
feldspar and clay (kaolinite, montmorillonite, illite). Geochemical, mineralogical,
sedimentological and X-ray investigation indicate that the altered and weathered
volcanoclastic materials, which are purified to some degree by natural processes,
can be treated as low quality nonmetalic resources. The firiding of the mixed
or nonmixed ceramic raw materials, has proved their economic importance. The
volcanoclastic materials can virtually be regarded as natural ceramic recipes. The
reserves are extensive and make possible the continuity in the standardization of
material composition.
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TAVSANLI — DOMANIC YORESININ TERSIYER STRATIGRAFIiSi
VE MAGMATIZMASI

TERTIARY STRATIGRAPHY AND VOLCANISM OF
TAVSANLI — DOMANIC AREA

Halil BAS,

Inceleme alaminda Tersiyer, Kuizyen (Alt Eosen) yasl, bol Alveolina ve Niim-
milites fosilli kirectaslar: ile baslamaktadir. Orta Miyosen'de bolge grabenlesme
ile birlikte gdlsel ortamin etkisine gecer.

Miyosen cokelleri cakiltaslariyla bashiyarak cakiltasi-kumtasi ardalanmasi sek-
linde siirer. Bunlar, kil ve marnlardan olusan ve yine tanelilere ve kimi ydrede ki-
regtaslarina gecen kalinca bir birimle ortiilmektedir. Bu birim ekonomik degerde
komiir icermektedir. Miyosen sonunda bashiyan volkanik etkinligin ilk iiriinleri
olan tiifler ve lavlar genis bir yayilim gostermektedir. Miyosen-Pliyosen arasinda
acisal bir uyumsuzluk gozlenememektedir.

Plivosen, havzanin kuzeyinde daha genis bir yayilim gostermekte ve yer yer
kirectast1 ara katmanlh taneliler ve tiiflerle basliyan istiflenme lav akitilari ve
marn cokelimi seklinde siirmektedir. En genc iiriin olarak, silislesmis ya da silis
mercekli kirectaslar: gériilmektedir. Pliyosen sonunda golsel ortam sona ermekte-
dir.

Miyosen sonunda basliyan volkanizma lav ve tiifler seklinde Pliyosen sonuna
kadar etkin olmustur. Tiifler asidik ozellikli (riyolitik-dasitik) olup bol biyotit
icermektedirler. Miyosen lavlar1 kubbe goriiniimlii, pilajioklas, hornblend ve ku-
vars icerikli ve kalkalkali ozellikli dasitler seklindedirler. Bunlarin kimyasal bile-
simi kita kabugu kékenli olduklar goriisiinii vermektedir. Pliyosen lavlar1 pila-
jiyoklasm yani sira orto ve klinopiroksen ile olivin iceren bazaltik, andezitik akimn-
tilardan olusmaktadir. Kimyasal bilesimleri andezite uymakta ve kalkalkali soyun
ozelliklerini gostermektedir. Diger petrokimyasal tzellikleri de goz Oniine alindi-
ginda, bunlarin alt kabuktan tiiremis olabilecekleri ya da manto kékenli bir mag-
manin sialik kirlenmesi sonucu olugtugu diisiiniilmektedir.

In the investigated area Tertiary has started with Cuisian (Lower Eocene)
aged, abundant Alveolina and Nummulites bearing limestones. The region has been
affected by grabenization and lacustrine environment in the Middle Miocene.

Miocene deposits start with conglomerates and continue as an alternation of

~ conglomerate-sandstone upwards. This coarse-grained unit is covered by a thick

unit which has been formed as clay and marl and limestone in places. It contains

coal in economic value. Tuffs and lavas which are the first products of the vol-

canic activity that has started in the end of Miocene spread on a wide area. An
angular unconformity can not be observed between Miocene and Pliocene.
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Pliocene is more wider in the north of the basin. The sequence starts with
detritics and tuffs with interbedded limestones in places and continues as lava
flows and marl sedimentation. The youngest products are limestones that silicified
or contain silica lenses. The lacustrine environment ends in the end of Pliocene.

Volcanism which has started in the end of Miocene is active to Pliocene as
lavas and tuffs, Tuffs are in acidic quality (rhyolitic-dacitic) and contain abun-
dand biotite. Miocene lavas are in the view of dome and have plagioclase, horablen-
de and quartz and are as calcalkaline dacites. Their chemical compositions resupt
that they are in the origin of continental crust. Pliocene lavas have formed as
basaltic, andesitic flows which include plagioclase, ortho-and clinopyroxene and
olivine, Their chemical compositions give andesitic quality and show calcalkalic
characteristics. I'n conclusion with the other petrochemical peculiarities they were
derived from the lower crust or have formed from the sialle constamination of
niagma which has mantle origin.
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DIKILI — AYVALIK YORESINDEKI VOLKANITLERIN
PETROLOJISI

PETROLOGY OF THE VOLCANICS OF DiKiL] — AYVALIK AREA

Onder OZTUNALI, 1.U. Yerbilimleri Fakiiltesi,
Tuncay ERCAN, MTA Enstitiisii,
Ahmet TURKECAN, MTA Enstitiisii,
Erdogdu GUNAY, MTA Enstitiisii
Miislim ATES, MTA Enstitiisii,
Ali CEVIKBAS, MTA Enstitiisii,
Biilent CAN, MTA Enstitiisii.

inceleme alaminda Tersiyer Magmatizmasi son derece etkin olup cesitli yaslar-
da kalkalkalen ve alkalen iiriinler olusturmustur. Tersiyer Magmatizmasi ilk kez
Paleosen-Eosen yash kalkalkalen bir andezitik-dasitik volkanizma (Bagburun for-
masyonu) ile etkin olmustur. Bu volkanitler olasilikla eski bir yitim zonundan tii-
remis ada yay1 volkanitleridir. Bélgede daha sonra Kozak ve Eybek Gronodiyoritik
pliitonlar1 yiizlekler vermistir. Ust Oligosen yash andezitik dasitik kalkalkalen
bir (Hallaclar formasyonu) daha sonra etkin olmustur. Alt Miyosen yash yeni bir
volkanik evre ile (Dedetepe formasyonu) dasitik-riyodasitik-riyolitik lav ve tiifler
olusmustur. Daha sonra Orta-Ust-Miyosen yash andezitik-dasitik kalkalkalen bir
volkanik evre (Yuntdag volkanitleri) izlenir. Inceleme alamnda bu volkanizma ile
es yash cikeller de (Ballica formasyonu, Soma formasyonu) yiizlekler verir. Bu
volkanizmanin son iiriinleri olarak Ayvalik ignimbritleri olusmustur ve volkanik
firtinler akarsular aracihifiyla bir siire tasmarak yersel kiiciik gollerde cdelime ka-
tilmslardir. (Rahmanlar aglomerasi)

Kabuksal malzeme firiinii olan kalkalkalen volkanizma, giderek manto iiriinii
alkali olivin bazaltlara doniiserek dayklar seklinde bazalt yiizlekleri olusturmustur.
(Alibey bozalti) Ayvalik yoresinde yersel kiiciik monzonitik pliitonlar da bulun-
maktadir. (Madenadast monzoniti.) Bolgedeki volkanizma Alt Kuvaterner’de olu-
san alkali bazaltik lavlarla (Dededg bazalti.) son bulur. ;

Bildiride bu farkh yaslardaki tiim magmatiklerin petrokimyalar1 tanimlana-
cak ve plaka-tektonigi acismdan kokensel yorumlarmna gidilecektir.

The calcalcaline and alkaline Tertiary Magmatism in various ages is greatly
effeetive in the investigated area. Tertiary Magmatism has firstly been affective by
a Paleocene-Eocene aged calcalcaline andesitic-dacitic volcanism. (The Bagburun
Formation) It is probable that these are Island arc volcanics which were derived
from an old subduction zone. Later, the outcropping of the Kozak and Eybek gra-
nodioritic plutons have occured in this region. This was followed by an upper Oli-
gocene aged andesitic-dacitic calcalcaline volcanism (The Hallaclar Formation).
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