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STRUCTURAL EVOLUTION OF THE EASTERN TAURUS IN THE
CRETACEOUS - TERTIARY PERIOD

Ali YILMAZ and Evren YAZCAN
MTA, Department of Geology, Ankara-TURKEY

The Eastern Taurus, which is in the Alpine Orogenic Belt, is extending from
the Ecemis fault in the west, up to the Central lranian and Sanandaj-Sirjan

Belts further in the east, bounded by the Cimmerian Continent to the north
and the Arabian Ceontinent to the south

Thiz region consists of the urlts chowing continental, platform, cceanie and
island-arc type environmental charecteristics. These units have been juxtaposed
bBefere the Upper Maestrichiian. There iIs no data indicetive of formation or
preservation of any oceanic crust during and after the Upper Maestrichtian,
it can be concluded that the ophiclite as well as the continent-island-are—

continent collision occured befcre the Upper Mzestrichtian.

In the region the Uppee Meestrichtian-Tertiary units show the charecteristics
presenizd below: 1- density of local and regienzi unconformities, Z- marksd
variations of lateral or vertical sedimentary [acies, - datz of simulianecus
development of both exiensionzl and compressional tectouies within the same
vasins, 4- abscmce or local existance of metamorphism due to locz! tectonics,
5- rare magmatic activity and related imtracratenic volcanism, 6- a tendency
for longitudinzl as well as lateral basin ssymmetry. These features in general
represent envircnments developed under the centrol of strike-slip/oblique
fault systems in the stage followed by continent -continent collision. The
active tectonic. structures of today can be proposed to be formed under the
contral of tectonic activity prevailing since the Maestrihtian, that is 1o =ay

it may have been directed by paleotectonics.

On the other hand, if the displacement rates of the Arabian-Alricen continent

relative to the European continent are considered, the apparent decrease in
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the rate of convergence in the Upper Campanian -Maestrichtian time may
be said to be a result of continent-continent convergence and collision.
Particularly at the end of Eocene, the collision rate has been acclerated and
the Red Sea basin began to develop as an impactogene, because of the
velocity reactivation. When the opening of the Red Ses ‘and timing of
compressional events in Eastem Anatolia are compared, it can be concluded
rk=r thz opening of the Red Sea has been controlled by the compressional
events prevailed in the Esstern Anatolia.
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STRUCTURAL EVOLUTION OF THE EASTERN TAURLUS
IN THE CRETACEQUS - TERTIARY PERIOD

Al YILMAZ and Evren YAZGAN
MTA, Department of Geology, Ankara - TURKEY

ABSTRACT: The Eaziern Taurus of the Alpine Orcgenic Balt extends from the Ecemis Fyalt in the
wesl 1o the Sanandaj Sirjan Belt 1o the east. I i5 bounded by the Pontion Belt to the nocth and Arabiar
Contngnt ta the scuth This region consists of reck units depesited at costinental, platform, oceanic and 15
land arc environments, These unils are overthurst to each cther and juxiaposed before the Lau
Muaastrichtian. There is no data showing the cxisterce of any relici oceanic basing during and afier the Lau
Maastirichtian, Henceforth, it can be concluded that the ephiolites as well as continent - continest collisiar
cccured before the Late Maastrichtian, On the basis of sedimantry, tectonic, metimorphic, magmaric an
volcanic feaiures, it can be concluded that the Upper Maasirichtian - Tertiary cover shows environment
developed under the control of strike - slip f oblique faulting prevailed after the continent - continent calli
sion. The Neoizcnic structures of teday can be proposed to be formed under the control of wectonic activie
prevaiting since the Maastricihtian, that is w say ivmight hove been conwolled by palestecionics. On gy
oiher hand, regional tectonic geological evaluations within regional framework, it ean be suppesied tha
the Rezd Sea began lo develop as-an  impactogene after the paroxysm of the callision in  Olizocone
Miocens lime. -

INTRODUCTION

The Eastern Taorus segment of the Alpine Orogenic Belt, runs in approsimately WSW-ENE dircotion
and is sited between the Morth Anatolian Ophiolitic Beltin the north and Arabizn Plowe in the Souh (Fiz
13 In the Tauride Belt, different tectonic wnits are expesed and they consist of continental, platform
oeeanic and istand are wype of rocks assamblages. According o the previous siedics, continent - arc o
continent - continent collisions occured at the end of Cretceous (Michard e al, 1985; Yazpan, 1987}, 2
Eocene - Oligocens (Michard et al, 1985; Akay;1989) or Middle Miocene epoches (Sengr, 1980; Sengt
ct al., 1985; Dewey et al. , 1986}, Crewceous-Tertiary structural evolution of the arca was interpected it
different ways by Adamia el ol (1980), Senp6rand Yilmaz {1981), Yaxean (1984), Michard e1 2}, (1985)
Aklng and Roberison (1985, 1990). These different evolutionary models are caused by either the lack o
dota or the methods used 10 evalue the data, The purpose of this study 35 1o desenibe Lare Cremeeou
(mosily Maastrichuan)-Tertiary the structural evouton of the Easiern Tawrus Bel,
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Fig. , 1, The study area within the reponal framework  (After Intemztonal Geological Congress axva
Session, Guidebook, 1984 and Yilmaz, 1985).

I- Laba - Malka Zone af the Greater Caueasos; N Main Ranpe Zone of the Greater Caueasus; II1
Southeren Slope Zone of the Greater Caucasus; m'.. Gagra-Djava Zone and nomthern part of the
Trnscavcasus; 1Y - Black Sea Coastal ZonefAdjan-Toaletion and Talysh Zones; 12 Pontian Zong!
Somcheti-Kafan (Karabakh) Zone of the Transcaucasus (The southemn pan of the Cimmerian Conunent) Y
# Morthern Anatolian Ophinlitic ZelyThe Lesser Cauvcasian Ophialitic Belt ¥1 - The Eastern Taeros Beltf
The lmnian quasiplatform of the Lesser Cavcasus: Miskan-Zangezur and Araks Zones V1i- The northern
pan of the Arsbizn Contineni.

1 - Approzimaic borders of the ecionic zones, 2-Ophialitic Zones, 3 - The metamarphic massifs, 4+
Major overthiruges, 5-Borders of the siates

Abbreviaiions: AC, the Arabian Plae; APF, the Arubian Plavform Fragmienis; CC, the Cimmeasian
Caontinent; EF, the Ecomis Foull, 5P, the Scythian Platform.
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DESCRIPTION OF THE TECTONIC UNITS

The Eastern Taurus Bell, is divided into zones of dissimilar tecionic. sedimentologic and magmatic
higlories (Fig., 1,2). Thess zones are made of platform, oceanic and island-are type of the rock assemblag-
¢s thrusted onwe each other before Lawe Massiction (Fig., 2).

In Turkey, The Cimmerian Continent (Sengér, 1979, 1984) extending 1o the north of the Eastern Taurus
Beltis known as the Fontian Zone (Ketin 1966), The southern margin of this continent was farmely inier
preted as an south facing Atlantic type continental margin during in the Jurpssic-Lower Cretaceous and as
an noeth focing during island arc Late Cretsceous (Yilmaz, Y., 1980 Sengtie and Yilmaz, 19813, Main
characteristic of this margin is a local unconformity between the Pre-Maastrichlian and Manstrichtian
rocks: (Terlemez and Yilmaz, 19E0). Im contrast, there arc no island arc type of  volcanics of
Maastrichtian- Palcocene times. The Eocene and younger volcanics of the region were interproted as the
products of an inwacratonic volcanic activity ( Terzioflu, 1984, 1985 a, by 1986 ab, 1987).

In the Nonh Anawlian-lesser Caocasus Belt, The Jurassic-Lower Cretaceous ophioliles of cceanic
ridge origin (Yilmaz A, 1980,1981; Buket, 1982:; Zakarisdze 22 al,, 1983} and the Upper Cretaceous aphi-
olites of island arc-marginal sea ongin (Bekiag, 1981 Zakariadze e al, 1983) were mixed 1o zach other
by the teclonic processes. The ophioliies and melanges aliogether were obducted onte the Lesser Caucusus
during pre-Late Coniacian {((Gasanov, 1986) and onto the eastern pant of the Morth Anawolian Ophiolitic Belt
during pre-Late Campanian (Yilmaz, 1982). The Upper Coniacian-Upper Campanian molassic rocks
conformably overlie the ophiolites and melanges |

In the Epsicrn Taurus belt, main tectonic units are the Munzwr Platform, the Kcban-Malmya
feramerphics, the ensimatic-arc assamblage and the Bilis-Pitirge Metsmorphics (Fig.2). Tectonic juxt-
position of these units con be explained different ways, But, it is obvious that the ophiolites and the ensi-
niatic arc pssociation were obducied and then  juxtapased belfone Late Masairichiian, In the nontheasiom
part of the Munzer Mooniaing, around the Tecer area, the Upper Maastrichtian clastics and neriti= lime-
stoncs unconfommably overlie both  ophicliics and the Munzur Plaform type carbonates (Oepil, 1581
Aktimur ot al, 1938). The Kemalive formmion representing an clistostramal melange in Campanian ape
lics between the Munzur Platform and Keban-Malatya metamorphies (Ougil, 1951; Gzgll and Tursucu,
1984). In addition, arcund the Malatya area, the Upper Maastrichuan clastics overlic the Keban-Malatva
meLsmorphics and the ensimatic- are Associmion known as the Yikeekova unit (Peringek, 1979, 1980 or
Ispenderc- Kémbrhan to the Baskil units (Yargan, 1984), The Maasirichtian clastics also overlie the Ridis
Meumaorphics(Gonclofile and Turhan 1983), and the Akdal Melamorphics and ophioliles in Eagtern
Anaiolia (Yilmaz ot al, 1990). The Bitis Metamarphic rocks may be interpreted as metamamhic squival-
ent of the norhern Arabian Plate (Cafilovan et al, |, 1984).

Alang the northern part of the Ambion Plage, some ophiolitic units derived from the southem branch
of the Meo-Tethyan ocean are cxposed (Sengor and Yilmaz, 1981). This association known as the Kogali
Unit (Peringek, 197%) was denved from the aphiohites 1o the north of the Bidis-Pltirge frgment. The
ophictitic units are overtain unconformably by a post tectanic sedimentary cover of Upper Muastrichtian-
Terinry deposits.
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In general, the weoionic conlacs soparating the above-mentioned umils ane penerally nord-vergen. In
contrasy, south-vergent contncts ane also obscrved, in places.

POST TECTONIC COYER

Previously described tecionic units are unconformably overlain by o post- 1ectwonic voleano-sedimentary
cover of Late Maastnichtian- Tertiary age. Furthermore there 15 no dowm showing formuotion amd prescrea-
tion of any occanic erust  during or aficr Late Maastrichiian. So Continent- Continent callision has i be
occurcd before Lave Moostrichtiosn in this region.

Mow it will be wsefuol 1o look at the generalized and simplificd coloumnor section showing the sragi-
graphic and woionic dae of the Upper Moastrichtian- Tertiary sequence in the Eastorn Taures belt along
the Central and Eastern Anateia (Fig.3). Aler Lowe Massirichiion o regronal secionie uplill and . eroaon
ook place in the region, The cover i3 composcd of the alicmation of vansgressive and segressive st
quences { Yilmaz ot al 1988, 1990; Yazgan, 1987, Akay, 1989} In this unit, there is a density of Tocal and
regional unconformities. In additbon latemal or vénkeal vanations ef  sedimentary facics arc commen in
the unit, The uoconformitics represcnt ranspressional, whereas voleunic levels represent tmnsiznnnnal
siopes. The stapes of tanstenbons and Uranspression aliemate. There is o meamorphism of the Upper
Mazasirchian-Teriary sequence exeept [og slighy mewmorphsm due 1o leeal tectones. For instance, the
Epcene Maden Woloanics which show only local metamorphism along the major overthmusts. On the other
hand, these volcanics have becn interpreled as the products of ensimatic island- arc tholciites (Erdofan,
1977; Orgelik, 198%) or the produsis of inrcratonic subduction (Yazgan, 19831 Similarily, according Lo
Gikien and Floyd (1%87) the Paleocene Sarkigly volcanics are an andesite- dominated suiie of calc-aikali
lavas, probably developed adjscent o an active contineata] margin in 3 local (ensialic back-are 7) basinal
area. In Fact, all these voleanics were foemed aher regional ieetonic uplift and crosion of the Locionic units
andd the eover, and may represent tmnsicationil phase of the intraceaton a2 well, The Encene Kiseda sl
canics (Kalkanci, 1974), and Lhe Tentlary voléanics of (e Pontiin Zove {Tercioflu, 1982, 1987 have been
interpiecied as inwaeratbnie veleanics, Goochemically, the same volennics may be interpreted in dilieremt
way. 5o, the sérting of the wolcanics must be regarded as & whole, then geochzmical methles sluakd be
psed. In addivion, thore 15 a weodency for bongitudinal as weoll a5 lateral basin asymectrics of (e
Maasrrichtion- Tertary basins, Foresample, Sivas, Pasinler, Tokman-Karayaze, Hms (Yilmee ol
1988, 19%0) Mug (Akay, 1989), Maden (Yazgan, 1983, 1987) basing shoe longivudingd as well gs el b
sin asymeirics and developed under the tecionic condrol of xeral fagl sysiems,

The generad Teatures of the cover presented abave, mdicase covironments develnped windee the pontend
of strake-alip oblique fauly systems {Reading, 1980, Cheste Mok aned Bickille, 19851 i the stazos Lidie -
ing the contingni- continent collision, The aclive wolonic sruines ul 1gukiny &an b peaspiee L by o
under the control of the: elder lectonic seuvity which prevailing in the sre e e Sagsirclitiom, oo
i say, ithey might huve been direcied by Palobiecnnics,
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Fig; 3, Generalized gealogic column showing stratigraphy and tectonic evenis  of the Easiem Taorus
Belt along the Eastern  and Ceniral- Anatohia (Afler Yalmaz et al., 1988 and 1990; Yazgan,
1988; Akay, 1550).

THE EASTERN TAURUS BELT WITHIN THE PLATE TECTONIC FRAMEWORK

The Eastesn Tawus Bell represents a collision zonc between the Cimmeran and the Arabiar
Centnents, Collisional effects are seen on both continents. These effects have been interpreted in differ
ent ways previoosly. According o McKenzie (1972), aficr the opening of the Red Sea and the subseguoen
northward movement of the Arabian continent, the collision bcga-n in Migcene umes. This model was sup
poried later alsa by Sengée (1980), On the other hand, according w0 Michard e al, (1985), Akay (1989}
Aktes and Roberison (1990), the coliision must have cccared in the late Eocene- Oligocens tmes. In thes



cases, McKenzic's (1972) modcl is not vahid, In addition, Michard et al (1985) and Yazgan (1987 sug-
gestedd that the eollision must have occured at the end of Cremccops, Acconding to our fosults, the collision
should have occured in Pre-Uppor Maasrrichtian times. The gencralived columnar sestion indicating the
stratigraphic and eciomis femures of the Red Sea area (Fig., 4) is usehd for comelating gencral stratigraph-
ic and tecionic fentures of both the Red Sca and the Eastern Tawrus Bell According 1o Evans (195%).
Miller and Barakat (19E8) in the Red Sca arca (Fig.4), there is & granitic basement and unconlarmably
overlying Paleczoic- Cretaccous clastics and carbonaies. The vpper scquence is confomably passing 1o the
Tentary Gne grained limesones. At the end of Oligocene and bepining of Early Miocene, a regional lec-
tonit uglill had eccured and then the Miceene formations have conbnued to deposit on the emsional sur-
face of the clder units. In the Teniary sequence, some unconfoemilies have occurred, selaed w ehanges of
the extentbonal tectonics. The oceanic crust of the Red Sea staned to form in the Miccene: Plhocons
imterval,
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Comparing the Upper Maasmichtian-Terinry. stmtigraphic columns of the Esstern Taurus Bel (Fig. 3)
and the Red Sea reglon {Fig., 4.), the following résulis can be ottained:

1-In the Eastemn Taurus Bels, the Upper Measrichtian units gverlie unconformably the older tectonic
units, but, the temigenous clastcs pass gradually into the fine- grmined marine carbonales in the Red Sea
ared. Thus collision was prevailing in the Eastern Taurus, but extention and subsidance evenis in the Red
Seannca.

2- In the Eastem Taurus, the rate of collision has been aceelernicd and the basement units, such as the
cphiolites, melanges and other units, have besn sewarked at the end of the Eoceas and begining ol the
Oligocene. This stage represents the paroxysm of the collision, In the Bed Sen arei this collision cansed o
First a regional t=ctonic uplifi and then initiated in the opening of it duing Late Oligecens and Miocens
interval,

3+ Losal enconformities related to the chanpes of the collision intensity  formed in the Eaxtlern Tauns,
The stages of transtention and related intrmcontinental volcanism, the manspression- and relped erogaonal
events follawed each other respectively. In the Red Sca region the iectonic wplift, crosion and exlemional
stages followed each other becavse of the rapid tectonic subsidance. I the compressional events in the
moeth and the exizntional events in the souwth are comrelaled, iocan be ssen that these events: soredpond 1o
each other, In fore, the extention in the south might have been followed by acompression in the north.,

4- An imponon! transpressional unconformity 35 present betwieen the Law Miceene and Plivcene, and it
i3 the record of & ranspression event in the Eastern Taoms, in ploces. Doring the same interval, the oceanic
crust began o develos in the Red Sea area,

Moceover i the displacement rates of the Ambian-African continent relative to the Eurofeis continém
are considered (Livermore and Smith, 1984), the appearing decrease in the rats of convergence in the Late
Campanton-Mansirichtian may be 2 result of the conlinent-continent convergence and collision. Laie
Eocene fold axes of the southwesiemn pan of the Sivas basin and of Hems basin in the Easiern Toures are
epproximarely perpendicular o the opening dses of the Red Sea, The collision mue has been accelemied
and the Red Sea basin might have begun to develop a3 an impactogene becaese of the velocily norease,
particularly ar Late Eocene, When the opening of the Red Sea and the compressional evehis in the Enstem
Taunss are compared, it can be concluded that the opening of the Red Sen has been controdled by the com-
pressional evenss prevailed i Eastern Anatolia

COMCLUSION AND DISCUSSION

In the Eastern Taurus Bels, the colliston might have cooured in Middie Miocone { jengir, 1980, Sengte
el 8L, 1985; Dewey et ob,, 1586}, in Late Eccene-Ofipocens (Michard et al, 1965 Akay, 1959, Kozmin,

1939, Aktas and Robertson, 1990) or at the end of Cretaccous (Adsmia el al., 1980, Michasd e2 al., 1985;
Yazgan, 1987), cspecially in Pro-Late Massirichtian,

If the age of both the aphislie emplacement and of the post tectonic cover e considered, the Pre-Lae
Mazetrichiian sollision can be adopicd. The paroxysm of the callision might hive been in Late Escene-
Olighcene times and simultansously rifting may have started betwesn Africa and Arabia, resulting an the
initn! opening of the Red Sea, As a resuly, in the light of this discussion and data presonted in the, paper .
the following three poinis should be emphasized,
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1- In the Easiern Taurus Bels the contnent: contment collision and related ophicline obduction have
eocurcd in the Pre-Late Maassuichtian,

2- The Upper Maastrichtian-Tentary Sequence was deposited during the period foflowing the collision
in Easiern Answolia, This sequence shows the environments developed-under the contral of strike-stip/
oblique-slip faulling,

3-The Red Sea has been developed as an impactogene, due 1o the pangsysmal compressional events of
the collisian wok place in the Exstem Taurus Belt, during the Oligocene-biocent.
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DISCUSSION

Unligeng, U. C.: Could you give me the age of the first thrust along
the Bitlis Suture ?

Reply : The age of the first thrust is not nown along the

Bitlis imbricate zone. In addition, it is difficult to decide if
there is a Bitlis suture or not, but there may have been some
overthrusts active since the end of Eocene,

Sangﬂn,_H. : Do you think that Cretaceous collisien is coensistent
with the sedimentary history of Maden Basin ?

Reply : The Maden unit, representing voleano-clastic rocks,
overlies the Bitlis-Puturge metamorphics unconformably. This unit
may have been formed after collision in the transiticnal stage.

Sedimentary characteristics of this unit are apprepriate to this
stage.

Cemen I. : How is it possible that the Red Sea is opened as 2n
impactogen ?

Reply i : Fold axes of Eocene, representing paroxysm of

collision, are approximately perpendicular to the opening axes of
the Red Sea, so the Hed Sea started to open after cnllis?:m as an
impactogen, during Oligocene-Miccene transition.



