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Abstract

We compard the stratigraphic formationalong thesouthern margin of the
Black Seausing 196 nannoplankton agedetermired in the Western and Central
Pontides and 112new samples fronthe Eastern Pontide$Ve infered that the
sVWDQEXO DQG 6DNDU\D JRQHYV tAeHEAHYy DRaDeOULD PDWHG S|
Extensional subsidenamigrated eastwasdalong the Pontidesom the Barreman
to the PabeoceneAn eastward younging of the Cretaceomsagmatism suggesd
thatthe easterrBlack Sea Basins younger Locally, angular unconformiesand a
stratigraphic gagestify to the Late Albiaruplift of the Central Pontides, as the
consequence dhe collision of an oceanic edificeCretaceous Oceanic Red Beds
are marker beds @&antoniarage along themuch of thePontides, andareof mainly
Campaniarage withinthe Eastern Pontide§he Middle-CampaniarPaleccenewas
a nonvolcanic period characterized by extensional subsidema@ly along the
eastern Black Sea Basin. The efidCretaceousolcanismcan becorrelatedwith a
southward subduction jump. Syweompressional basins show that contraction
startedduring the Ypresianalong theentire Pontide belt. Eoceneolcanismstarted
earlier in the north (Lutetian) than in the south (Barton@irthe Eastern Pontides
This propagation of synollisional volcanism could haveesulted from slab
steepeninginder the Eastern Pontides.

Keywords: Pontides, Black Sea, nannoplankton, stratigraphy, geodynamics, rifting,
volcanic arc

The Pontidess a mountainbeltin northern Anatolighatextends over more
than 1000 km along the southern margin of the Black Sea Basin (FidheLNorth
Anatolian Fault rus along the length of itk range The Pontide domainvas
located at the southern margin olaurasa and recorded extensional and
compressional events related to therthward subduction of the Tethy®cean
sinceat leastthe Triassic (Barrier and Vrielynck, 208). These eventscludethe
opening of the Black Sea baekcbasin, and the collision afontinental fragments
derived from Gadwanaduring the Mesozoic .O UUHKLU E O-Rramlider DX UL GH
EORFN $UDELDQ SODWH +Ve HW DO & <OBPWRX]H\ HW
1981; Zonenshai& Le Pichon 1986 < O O Rt 1997 Okay & Tilysiiz, 1999;
<LEWEtRL, 1999 .D\PDNFO HW D 02010, Ustatmer& Robertson
201Q Robertson et al2014 Nikishin et al. 20158 Compressionakvents and
extensional epis@d might have been diachronous along this |os@stwest
striking mountain belt. Th€retaceous tdakocene Black Sea baekc basin is
composed of two main stimsins of either different ages (e.g. Robinson et al.
1996), or of same age (Nikishin et 20153) separated by the MiBlack Sea High
(e.g. Finetti et al. 1988G0orur 1988; Mangi et al. 1988 Robinson et al. 1995;
Yegorova et al. 20135raham et al. 2013\ikishin et al. 20%5b). As a result of the
lack of direct datdrom thethick sedimentary infill the interpretation of seismic
lineswithin the Black Sed@asinis mainly basé on correlations with onshore data
(e.g. Finetti et al. 1988; Robinson et al. 1996; Graham et al. 2013; Nikishin et al.
2015b). A knowledge of the stratigraphic evolution of the Pontides, that reflects the
geodynamic evolution of these basins and of atublocks, is thereforeof
fundamentaimportance Accurate gatigraphic ages of theock formationsof the
Pontides and their correlation along the entire bettay provide a better
understanding of the geologic evolution of this complex area.
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A previous revision of the age of rock formatiohased on nannoplankton
fossil assemblages from 164 samplesggestedstrong similarities betweethe
Western Pontides and tinestern part of the Central Pontid&sgy( 1; Hippolyte et
al. 2010). It also revealed stratigraphic gagocally extendingfrom the Upper
Albian to the Turonianwhich was interpretedo be the resukitherof rift shoulder
uplift during the Black Sea opening, of collisions along th& ethyansubduction
zone (Hippolyte et al. 2010/eijers et al. 20100kay et al. 2013)Thirty-two other
nannoplankton age determinations in the SiBogabat area (Espurt et al. 2014,
Hippolyte et al. 2015 confirm the similarities in the Cretaceous to Recent
stratigraphic sequences between the Westerridesnand the Central Pontides
VHSDUDWH G -HE GNDK H R $ilbBo=ReyH< O O BINLDI7Y.

We present and discubsrel12 newnannoplankton ages determined®y
Muller from 174 rock samplesat 109 siteswithin the Eastern Pontidg3able 1)
Comparisons with the stratigraphic series of the Cersinal WesternPontides
reveaed similarities and differences that we relate to the opening of the Black Sea
Basin and to the evolution of theethyan subduction zone. We focus on thate
Jurassic tdRecent period ando not discuss the older (Paleotethyan) evolution that
has beerdebDWHG HOVHZKHUH<GOP D HQU{WaY &.D1999;
Ustadmer& Robertson 2010).

Geological setting:

The Pontidemountainbelt borders the Black Sea Badm the southand
probably results from the tectonic inversion of its southern margin Keppolyte
et al. 2010; Espurt et al. 2014Rifting of the western Black Sea Basis often
considered to havstartedduring theEarly to Middle Cretaceous (Late Barremian
or AptianrAlbian-Cenomanian; e.g. Finetti et al. 19886rtr 1988; Manetti et al
1988; Gorlr et al. 1993; Robinson et al. 1.9¢&polyte et al., 2010 This age is
mainly supported by facies and thickness variationighin the Cretaceous
stratigraphic sequences of the Western Pontides (Gorir 1988, GO8ar et al.
1993). Otheresarches havesuggestdthat it opened contemporaneously with the
volcanic activity, fromthe Turonian to Maastrichtian (Tlysiz 199Blysizet al.
2012). There is no consensus on the age ofaastern Black Sea Basiit is
supposed to have rifted eithéaring the Albian to Santonian (Bektas et al. 1995
Eren& Tasli 2002) orduring the Late PaleocenéRobinson et al. 1995; Robinson
1997). This posDanian age of rifting is supported by the presence of an almost
complete Mesozoic to Lowdtalaegene seaswithin exploration wells drilled on
the Shatsky Ridge (e.g. Robinson et al. 1996).

Likewise, even if thePontide mountairbelt looks like a continuouseast
westtrending structure its stratigraphic sequence is generally thought to change
along strike.The AragDaday Skar Zone (Fig. 1)consideredio bethe eastern
continuation of the Intr&ontide suture€ O OP D] H W TIyGiiz 1999; Okagk
Tlysuz 1999) idraditionally taken as the limit between the Western Pontides and
the Central Pontides (e.g O O Bt 1997 Tuysiiz et al. 20d). Below a Jurassic
to Eocene sedimentary cover, the basement dMbstern Pontides, called VW D Q E X O
Zone, is characterized by a noretamorphosedPalaeaoic (Ordovician to
Carboniferous) sedimentary sequenajch contrasts withthe basemenof the
Central and Eastern Pontides, called Sakdiyae H J 0 HQ<d U0 REB];
Okay et al. 1994 <OOPD] HW DO <L+ (There is no
DJUHHPHQW DERXW WKH DJH RI MX[WDSRMEWLRQ RI W]
Dependingon whetherthe researchey point out similarities or differences in the
Lower Cretaceoustratigraphic sequencethie juxtaposition of these two zones is
considered to have occudredter the Middle Pakcocene (Okay et al. 1994) or
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GXULQJ WKH /DWH &UHW D F HRizY the<Albidn¥Z &bndankakly D O
(Tuysiz 1999), during the Early €raceousAkbayramet al. 2013), or before the
Early Cretaceous (Okay et al. 2013).

The eastern part of the Sakarya Zone is calledEastern Pontided=ig. 1)
During theLate Cretaceous a volcanic arc was initiated on the northern margin of
Neotethys da to the northward subduction of Neotethyan oceanic crust along the
southern border of the Sakarya Zone (e.g. Hsl et al. 1977; Letetzty1977
UHQJ|WOOPD] =R Q He wishbrl 86 <O O RD3l. 1997
<L+-LWERDDO U HQ J| Thetsuutdas®rn margin of the Pontides is
characterized by ophiolitic mélange nappes of Cretaceou@-agel)that formthe
Eastern Anatilan Accretionary ComplexTheir emplacenent over the Tauride
Platformandbackthrusing overthe Eurasian margibackstopoccurredduringthe
Late Cretaceouge.g.Hassig et al., 2014)t wasfollowed by continental collision
during Late PalaeseneEarly Eocenetimes H J <&Od#POP7 UHQJ|U HW DO
2003 Rice et al. 2009Robertson et al. 20)4The Upper CretaceousCenozoic
stratigraphy of the Eastern Pontides mainly defeom that ofthe Central and
Western Pontides by the developmeitlarge amount ofvolcanic and plutonic
URFNV RI WKH 3RQWLGH PDJPDWLF DUR DKL @MQ LN <O
1997; Okay & TuyslUz 1999; Ustadmé&r Robertson 201,0Eyubogluet al. 2013;
Hakyemez& 3DSDN $\ & QUGIACD N BigJ1). TheUpper Cretaceous
Eocenevolcanic and volcaniclastic roderies with alternatingcarbonate rocks, all
cut by intrusions, can be more than 2 #mck on the northern part of the volcanic
DUF 2ND\ UOUDKLQW-<UN 2WKHU VWUDWLJUDSKLF VLPI
theUppe Jurassic to recent stratigraphic seaesdiscussed in this paper.

Note that the term Central Pontides is also used for thahamed central
part of the Pontides (e.®/eijers et al. 2A.0; Hippolyte et al. 2010; Okay et al.
2013). To avoid confusignin this paper we will prefer the term CentRbntide
Arc (Hippolyte et al. 2010) for this arehat extendsbetweenEre+4i and Samsun
(Fig. 1). We comparethe published nannoplankton ages of rock formations of the
CentralPontide Arg with unpublished annoplankton ages fromight main areas
within the Eastern Pontides (Kig and 3 Table 1.

Upper Jurassic andLower Cretaceous

During the Late Jurassic, the V W DaQdE SaRaryazones evolved into
platforms on whichwere depositedJpper Jurassitower Cretaceous platform
FDUERQDWHY RI WKH g®DPW®D ) Rdmbn& L6AQO OW L Q
andtheBerdiga Formation (Pelin 1977) respectivéfg. 3).

UpperJurassic andLower Cretaceous of the Centrdontide Arc
Upper Jurassic to LoweCreta@ous platform carbonatestensivelycrop
out both within the CentralPontidesand within the Western Pontides. In the
'HVWHUQ 3RQWLGHV WKH gQDOWO RUPDWLRQ RI /DWH
(Ketin& **P+0 ;Derman& 6 D\O O Chas beeinterpretedto representhe
southfacing carbonate platform of the Neotgh oFHDQ H J & U<HIQQIPWD ]
1981 Robertson& Dixon 1984 .Ro\L&LWOWOQHU ExXlyLQJ WKH
Cretaceousthe sedimentation changed from shelf carbonates to demtkrial
wLWK WKH dD+OD\DQ *URXS .LOLPOL 6DSd&ms 7DVPDFD ¢
formations Fig. 3).
Near Zonguldak on the Black sea coast (Fig. Miasse et al. (2009)
suggested that the evolutidrom an Upper Barremian carbonate platform to an
Aptian silicidastic systenmwas relatedd flexural downwarping of tectonic origin.
We dated 66 samplesirom WKH FODVWLF PDWHULDOKWppolytt\eKH dD+-OD\D
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al. 2010).Their ages from the Late Barremian to the first part of the Late Albian
(Hippolyte et al. 200) agreewith the Late Barremian age of tharbonate platform
of Masse et al.2009)

However, the age of theupper formations of thedD+OD\DQ *URXS LV ROG|
than the previouslyproposed Aptian técarly Cenomanian age (e.gokay, 1952;

Gorir 1997).The Sapca and TasmabdarmationsRI WKH dD+ O habDM@ref UR X S
consideredo be ofAlbian and Cenomanian age respectively (Tokay, 1952; Tuyslz,
1999) contained nannoplanktonsamblages noyounger than the &ly Albian.
Thesenew age datalocally revealeda stratigraphic gap within the Cretaceous
sequencgFig. 3; Hippolyte et. al. 20100bservation of angular unconformities
indicated that this stratigraphic gagartly resulted from erosiofiFig. 4) The
uppermost RUPDWLRQ RI WKH dD=+OD\pregeryedRiO@ tlidDV ORFDOC(
erosion.The shallow marine charactef this formation,the Cemaller Formation
(Yergok et al., 1987)contrass with the deepening character of the underlying
Lower Cretaceous sequence. dige showsghat uplift, which led to erosionand

which explains the MieCretaceousingular unconformitiesstartedduring the first

part of theLate Albian (Hippolyte, et al., 2010)The Mid-Cretaceoustratigraphic

hiatus extendsin placesfrom the uppermost Albian to the Coniaciéifig. 3a).
However, the Derekdy Formatigra series ofvolcanic and volcanogenic dienents

that we could not datendwhich, according to Tokay (1952), Tuys§z999) and

Tlysuz et al.Z012)containsforaminifers of Midde TuronianEarly Santoniamge

locally narrove this stratigraphic gaffigs. 1 and 3a)

Below the Mid-Cretaceous unconformiWKH URFNV R GiofH dD+OD\DQ
are characterizetly extensionalfaulting along the Black Sea coa@ilippolyte et
al., 2010) This allowed us tanterpret theLower Cretaceous terrigenous deposits
cropping out alondghe Black Sea coasssynrift depositof thewestern Black Sea
Basin as first proposed by Gorur (1997)

,PPHGLDWHO\ HDVW RI WKH 34Edd) theGUs 6 KHDU =R
Formation R1 WKH dD+O R\MPRQoutQRIPOS $FgdN here three
sampledgndicatedages from Hauterivian to Bamian (Hippolyte et al. 201Fig.
3a). These ages, whichare ROGHU WKDQ WKH DJH RI WKH EDVH RI W
along the Black sea coasind the observed intenceompressional deformatipn
suggest that in this area the terrigenous sediments of theO2\DQ *URXS ZHUH
deposited with onlap on the accretionary wedge ofTinyansubduction zone,
but not within a Black Sea rift basias is seemear ZonguldaKHippolyte et al.
201Q Okay et al. 2013).

In the CretaceousBoyabat Basin, which is alseast R1 W K H-Da#layD o
6KHDU =RQH" VL[ VDPSOHV RI WKH VL @tdup(R&DVWLF WXUE
& *ePe( indicated Early Cretaceous agesip to the Late Aptian (Fig. 3;

Hippolyte et al.2015. The fact hat the Lower Cretaceousl D + O GY@u®Qwas

presentwithin the BoyabaBDVLQ ORFDWHG WR \Wiadhy Kb’ W R WKH
Zone” seens to confirmthat the g V W XQhEWa® already welded to the Sakarya

Zone during the EarlyCretaceous (e.g$\GOQ HW; Ba2kurt et al., 2012;

Okay et al 2@3; Fig. 3a and 3p

Finally, in the Central PontidegsQHDU $+OON]|\ +LSSRO\WH HW DO
within the Boyabat BasifFig. 4), there is a MidCretaceoustratigraphic gap ana
relatedConiacianSantonian unconfornytsimilar to thoseof the Western éntides
(Fig. 3; Hippolyte et al.2015. The fact hat the most recent deposits of the
d D+ O D\ D Qwerd & Xplan ageboth within the Boyabat Basin andithin the
Ulus Basin F. 3a and bHippolyte et al. 2010) indicates that theV W DaQdE X O
Sakaryazonesundewent similar tectoni@ventsduring the CretaceouSimilarities
in facies {urbiditic sedimentswith olistoliths) and ages support the idea that the
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Boyabat flysch basin wasfare-arc basin (Espurt et al. 2014) lateral equivalent of
the Ulus flysch basin during thEarly Cretaceouge.g. Okay et al. 2013).

UpperJurassic andLower Cretaceous of the Eastern Pontides

The Upper Jurassic to Lower Cretaceous neritic limestoh the Berdiga
YJRUPDWLRQ 3HOLQ & T ai® POP2)is ageefuivaent of the
2 QDBrdationof the Central Pontidgig. 3).0n the northern slope of the Eastern
Pontidesijt is mainly exposed between Giresun and R{a&deniz & Gluven. 2002
Hakyemez & PapaR002 Fig. 2).It coves Lower-Middle Jurassic volcanic series
andis overlain by Cretaceousnainly volcanogenicrocks. Ths neritic limestone
was deposited on a wide carbonate platform open tocStRe H J 0 HRQJIPW P D]
1981, Robertson& Dixon 1984). Indeeda thick sequencef pelagic limestone with
slump intercalationsis present between Oluand Erzincan (Fig. 2 and 5).
Immediately suth ofthis pelagicsequencgethe IzmirAnkaraErzincan suture zone
shows the ophioliticacks of the Tethys Ocean (Fig. ®Ye infer thatin the Eastern
Pontidesin contast with theCantral Pontide Ardhe margin of the Tethys Ocean
still represented byurassic pelagic limestomxposedetweenthe neritic limestone
of the carbonate pldorm and the ophiolites ao the Tethyanoceanic crustHig. 2;

H J uHQJIOW P D] Robertsor& Dixon 1984).

At sites W59 and W63, located 35 km south of Giregkig. 2) the
carbonates immediately beneath the Cretaceous volcanogenic sequened sho
nannofossils of Barremian age. Near O{grg. 2), three sampke of the pelagic
limestoneshowed nannoplanktasf Berriasian and Valanginian ages (samples E86,
87, 90, Fig.5) and sixothers showed nannoplanktgmedating the Barremian
(samples E77, 7985, 109, 110, 111). We infer that the sefatting carbonate
platform and margirwere built during the Late Jurassic and earliest Cretaceous
along the Eastern Pontides.

It is noteworthy that the large basins with terrigenous sediments of
BarremianAlbian age of the CentrdPontide Arcdo not extendnto the Eastern
Pontides (Fig. 1). In general, the Barremklbian period corresponds to a hiatus
within the stratigraphy of the Eastern Pontides (Robinson et al. 1995; &kay
UDKLQW+UN & Tasli(@082) showed that neafe P « 0 K DaXxBrbonate
platform depositional environment prevailed at least up to the Early Aftigro).

On the northern slope of the Eastern Pontides, Wpper Jurassid.ower
Cretaceous platform carbonates are directly ovebgia thick serieof volcanic
and volcaniclastic rock®f mainly Late Cretaceous ad€ig. 7). It is possible that
the lowermost part of the volcanic sequemgdocally of Early Cretaceous age.
South of Trabzon, near the village of Akarsu, Konak et(2009) described a
BarremianrAptian neritic limestone intercalated (olistolith?) withan volcanic
sequence overlain by calciturbidites with Aptieomams. This volcanic sequence
underlying the Aptian calciturbiditeswould constiute the earliest record of
Cretaceous magmatism in the Eastern Ponti#emak et al., 2009)Careful
observation of the neritic limestone shows that it includes volcanic clalsish
confirms that it is not an olistolith but Bmestonedeposited on volcanic rocks of
probableEaly Cretaceous agéiQ. 7).

On the southern slope of the Eastern Pontides, thin black marly sandstones
and silts are exposed above Valanginian carbonates near Olur and Uzundere (Fig.
2). Unfortunately we could not date these Cretaceous terrigenous sedimae
accurately than podtalanginian (Fig.5). Even if according to their facies they
might be the equivalerdf the formationsof the d D + O Y@ it remains clear
that theravasno large Lower Cretaceotlgsch or rift basinin the Eastern Pontide
similar to those ithe CentraPontide Arc



Red pelagic limestone
In the Eastern Pontides, thate Cretaceous is mainly represented by the
Kermutdere Formatignwhich consists ofandesits, basalé, rhyodacitiedacitic
lavas, pyroclastic rocks, tuffayith intercalaions of clayey limestones, sandy
OLPHVWRQHY DQG UHG SHODJLE& KanderminvaviBQeiv H J 6RI
compae this Upper Cretaceouseries with the stratigraphic unité the Cental
Pontide Ar¢we will distinguishthe carbonatentercalatons (Tonya Fomation and
red pelagic limestone Membeffsdm thevolcanogenic sequence

Red pelagic limestonm the CentralPontide Arc

Along the Black Sea slope of the Western Pontides30 m thick series of
characteristicthinly bedded red to pinkishhématite rich) pelagic limestonas
referedto asthe Kapanboaz@ormation (e.g. Gorur et al. 1993). This formation is
usually exposed at the base of ledcanicdominated<HPLUOLoD\ )RUPDWLRQ )L
1 & 3; Gorur 1997).Near Zonguld&, the red pelagic limestone is intercalated
within volcanicdominatedseries.This intercalationallowed Tuysiz (1999and
Tlysuzet al. (2012)to distinguishthe underlying volcanogenic sequence named
Derekdy Formationfrom the < H P L U Gdrmd&ibn of Gorur (1997). Aceding to
Tlysuz et al. (2012) the Derekdy Formation would besymift deposits of the
western Black Sea Basin

Gorur et al. (1993) and Gorur (1997), attribute the drastic change in
sedimentation from the dark siliciclastic sedints of thed D+~ O D\ D Qto*heR X S
overlying red pelagic limestonéeposited in a strongloxic environment of 500
1000 m water depth, to a rapid widening of the Black Sedahd@gnd ofanoxia and
the start of regional subsidence. Even if Gorir (1997) and Tuysuz et al. (2012)
disagree about the age of the triggering of the Black Sea rifttgd D+ OD\D Q
Groupfor the formerand theDerekdy Formatiorior the latter) they agree that the
.DSDQER=+D]0O )R U P EbwdkBRoGutcessitirk Bhdtha its deposition was
related to the beginning of oceanic spreading intbstern Black Sea Bas{@&orur
et al. 1993; Gorur 1997; Tuysuz et al. 2012).

The view hatthe deposition of the Kapankz @ed limestone has a tectonic
significance and recordbe openingf the Black Seas questionablevith respect
to its global distributionwhich largely exceeslbeyondthe Black Sea Basitdu et
al. (2005)conpiled the available data on Cretaceous Oceanic Red Beds (CORBS)
and pointed out that they are present in a broad geographic belt extending from the
Caribbean across the Europe to Asihe(Alps, Carpathiansand Himalag).
CORBs are diachronous but occurred mainly during the TurdD&ampanian.
They were depositedat low ratesof sedimentatiorin a variety of environments
from continental slopeto deep oceanic basinHu et al. (2005) concluded that
CORBsresult from a combination dfarth processe#cluding changes in oce@n
circulation and climate.

In the Pontidesthe tectonic significance of CORBs #&so questionable
because, as noticed by Gosdiral.(1993) and Tuysuz (1999eds of red limestee
arealsolocally intercalatedht various levelsvithin the Ye P L G O Eadtion.To
betterunderstandhe meaning ofhese typical red limestone bedse knowledge of
their distribution ad age is fundamental.

Based on planktonitoram assemblages, a Cenomanian to Campanian age
ZDV SURSRVHG IRU W K &tion DnStBeQ/NeRter®D POntijiBsU(Retdn
*e P e (1963; Gorlr et al. 1993; Gorur 1997; Tuysiz 1999). Nannoplankton
assemblagesrom five samplesin the Western Pontidesonstrained itsage as
Santonian(Fig. 3; Hippolyte et al.,2010. Tlysiz et al. (2012)corfirmed the
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homogeneityof this unit which they namd Unaz Formationover a large area (250
km). Also usingnannoplankton assemblagésey concludeda Late Santonian age
for thisunit in agreement wittdippolyte et al(2010)

The Kapanbeazdormationis also present to the east of tieag-Daday
Shear Zoneln theCentralPontides, sar $ + O Q iNynconformably overlies black
shales of Hauterivian agklere alspHippolyte et al. (2010)atel this typical red
limestone of the SantonianTo the rorth d this location and 6 km east of
'R+DQ\XUW Dbéd$ of red pelagic limestonmtercalated within the
volcanogenic sequence algeldeda Santonian age (Hippolyte et al. 2010). Near
Boyabat, the KapanbazOlimestone, which was deposéd over a Cr@iceous
subductioraccretion complex, was also dateas ConiacianSantonian by
nannoplankton assemblagg®kay et al. 2006). In the Sinop Basin, he
Kapanboazdimestone is present at the base of Uyper Cretaceouss/olcanc-
dominatedsequencé€Ugiz et al 2002) Its ConiacianrSantonian age/as confirmed
by a study of astratigraphic section located thenorth of Boyabat (Fig 1, 3 and
4b; Hippolyte et al2015.

Finally, even if thin beds of regelagiclimestone may be founikbcally, a
unique 10-30 meterthick formation ofred limestone was mappédroughout the
CentralPontide Arc(Yergoket al., 1987; 1989; Uguz et al., 20@2ppolyte et al.,
2010; Tuysuz et al. 2012) Despite the various namesat were given to this
formation, itsmappingand Sartonian agandicatedby nannoplankton assemblages
confirm that it constitutes a marker horizahroughout theCentral Pontide Arc
(Hippolyte et al. 20107 Uysuzet al. 2012)

Red pelagic limestonm the Eastern Pontides

,Q WKH (DVWHUQ 3 RePMIRKXNVS H DS sinil@ ltPtheV WR QH”
.DSDQERAHG SHODJk.B GHP et WWIBIIEve beemeported in
the Samsun quadrangle of the 1/500 000 scale geological mapkef . Talong the
North AnatolianFault (near Alucra, at sites W140 and W159; Fig. 2) (Hakyegnez
Papak 2002)As in the Central Pontide Ardhey are at the base of thépper
Cretaceousr/olcanicdominatedsequenceand over the Jurassilower Cretaceous
neritic limestone. Unfortunatelyn this area our samples did not allasto date
thesered limestonebeds more accurately thathe Late Cretaceous. However,
immediatelyeastof *« P « 0 K DE)dth& Tasli (2002) described transgressive red
pelagiclimestons andred marls in a same stratigraphic positiohhese sediments
are exposed at the base of the Senonian siliciclastic turbidites (Kermutdere
Formation Tokel 1972 and above thdurassie_ower Cretaceous neritic limesten
of the Berdiga Formation. Thesesearcher relatal the occurrence of theseed
bedsand of an underlying hardground surface to theakieg up of the Eastern
Pontidecarbonate platformUsing foram assemblageshey datedhe beds ofred
limestone of the Latest Coniacian to Campanian (6jgln agreement with this
age we found nannoplankton assemblagé&arly Campaniamgewithin sample
S93from the red marls (Fig. 2)

We found typical beds of red pelagicniiestoneintercalated within the
Upper Cretaceous volcanogenic sequence at six aitdie northern slope of the
Eastern Pontide@d=ig. 2). In particular, 17 km south of Trabzon a road cut exposure
showedtwo 1 m thick intercalations of red limestone withthe Upper Cretaceous
volcanogenic sequence. Samples E2, 3Ehglielded nannoplankton assemblages
of Late Santoniaage(Fig. 2).

However,intercalationsof red pelagic limestoneere also foundavithin the
Campanian volcanogenic sequence. This istitiied by theCalkoy section (Fig.

8), in which two membes of red limestone were recognizedithin the
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volcanogenic rocks of the Duzkdy Formation attributed to the Campanian
Maastrichtian (Korkmaz 1993). The uppaemberis a >15 m thick red limstone
with thin intercalations ofvolcaniclasticsediments Samples from its basgelded
nannoplankton assemblagaelsEarly Campaniamge(samples W24nd W25; Fig.

8). Another site (sample W30), located 33 km west of samples W24, slided
of red pelagic limesineof Late Campanian agehich suggestthat the upper part
of the thick red limestongequencef Calkoyis of the same age (Fi§).

The lowermemberof red pelagic limestonwithin the Cakoy section is
exposed 80 m bew, intercalated between twoykrs of white volcanic tuff (Fig.

8). An accurate determination of its age was not possible. It might be equivalent to
theUpperSantonian red limestone identified at site E2 (Fig. 2).

Beds of red pelagic limestonetercalatedwithin volcaniclastic sandsnes
are particularly well exposed at sites W32 awB3 (Fig. 2), located near
Dogankent where they form a 40 m thick sequence. At site W33, the limestone
sequence includes a few intercalations of volcaniclastic sandstones, and contains
slumped layers ahprobable radiolarian cherts (Fig.a-c). Similar characteristics
were found 55 km to the east, near the mountain village of Bektas at 2050 m
elevation (sites of samples WGD; Fig. 2). At site W67a membenof typical beds
of red pelagic limestone cabed intercalatons of volcaniclastic sandstoiEig.
9d), probable radiolarian chefFig. 9g), and slumped layers (Fi®e) with mud
balls of red limestone anglcanicclasts within the matrix(Fig. 9h). Samples W67
-W69 were barren of nannofossilsard sample W70did not yield agesmore
accuratahanLate CretaceousHowever, the stratigraphic positioaf these red beds
within the lower part of the volcanogenic sequence suggests that they are equivalent
to the Santonian red limestonésite E2(Figs.2 & 7). Note also that, in theinye-

Ordu area (Fig. 2), thiheds of red clays of Late Campanian age (sample W79)
couldalso be the equivalent of thipperCampanian red pelagic limestone

Hence, in the EasterfPontides, beds of red pelagic limestonere
deposited during the Late Santonian, the Early Campanian and the Late Campanian.
We infer thatthe .D S D Q E Reridgtion, fomposed ofSantonianred pelagic
limestone is presenthroughoutthe Pontides, bothn the g V W XGhEat®@in the
SakaryaZzone and both on the Black Sea side of the belt and dreitsyanside. Its
geodynamic meaning for trapeningof the Black Seas therefore doubtful. If its
deposition was related to the openioigthe western Black Sea Basimwvhy is it
present in the Sakaryzone? If it was depositewithin the Black Sea Basin, why is
it present above the subductiancreton complexes in the Central Pontides (Okay
et al. 2006)r in a forearc settingn the Eagern Pontides (sites W140, W1a8d
S93; Fig. 2)? Moreover, if the occurrence of the Santonian red pelagic limestone is
related to the transition from rifting to gading in the Black Sea Basimhatis the
significance of theipper beds afed limestonef Campanian age?

We showed thaton the northern slope of the Eastern Pontithesls of red
pelagic limestonare generally associated to the Upper Cretaceousniol@and
volcaniclastic rocks. This characteristic was also noticed in the Western Pontides
where the upper part of the Kapanb®]O )R U Eobtsihs Rnfercalations of
volcaniclastic sedimentg.g. Gortr et al 1993)he red pelagic limestone units
contain slumped layersyhich indicateunstableslopes probablyrelated to tectonic
deformationat time of depositionin the Cental Pontides slumps and thickness
variations of the ConiaciaBantonian sequence from 20 m to about 2000ane
been interpreted as related to normal faulting based on -@esson analysis
(Hippolyte et al.2019. In the areastudied the slumped layersfaed limestone
suggest that extensional deformation relatedne openingf the Black Sealso
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occurred on the northern margin of the Eastern Pontidesg the Santonian
Campanian.

Taking into account thgeographical exterwf the Upper Cretaceousde
beds(Figs 1& 2) and the findinghattheir deposition occurred during at leasto
main periods in the Pontides (Coniacantonian and Campanian), we conclude
that the occurrence of CORBs was probably more related to the environmental and
chemical caditions than to a geodynamic change from rifting to spreaditign
the Black Sea BasinThe fact hat red pelagic limestoneare interbedded within
volcanidastic seies indicates that they werdeposited during the activity of the
Late Cretaceous volaac arc This volcanic environmenof depositionsuppors the
interpretation that the characteiisted color resultedfrom a combination ofa
submarine volcanic source fdrematite (Gortr et al. 1993) andhe climatic
conditions (Hu et al. 2005).

Upper Cretaceous volcanic arc
Upper Cretaceous volcanic arc in the Western and Central Pontides

In the Western and Central Pontides, kW&l PLUO LoD\ )RUPDWLRQ LV DC
1500 metersthick series of basaltiandesitic volcaniclastic and volcanic rocks
(Gorur et al. 1993). Based dorams, a Turonian to Campanian age was proposed
IRU WKLV IRUPDWLR;Qlysiv@A9Q Gdilir D.£993).

Our samplegyieldedonly Santonian ages agreement with the Coniacian
6DQWRQLDQ DJH RI WKH XQGHUO\LQHBaryocampiaR+D]O )RUPI
age of the overlying marls of th $O0DS0O0 )RUPDWLRQ QHDU $PDVUD +
2010).Howeer, we could not date theolcanic rocksof the <HPLUOLoD\ J)RUPDWLRQ
that DUH ORFDOO\ SUHVHQW EHQH DWwatZongaiHak(RSWD QER+D]O )
and Aksay, 2002 and 30 km west ofCide @Baldiran tuffite member of the
Kurucaile Formation Akyol et al., 1974 Gedik and Aksay,2002 Fig. 1) Near
Zonguldak forams from limestone intercalations indica& Middle Turonian
Coniacian age for #se series which were namedthe Derekdy Formationby
Tlysuz (1999) This age impliesthat magmatismstarted during the Middle
Turonian in this areaof the Western Pontide@~ig. 3a; Tuysuz et al.,, 2012).

However, we noticed thatsouth of Zonguldakpart of the<HPLUOLoD\ )RUPDWLRQ
as mappedby Alan and Aksay(2002, was mapped as Cemaller Formatioh

Cenomanian agky Yergoket al. (1987)We showed thathe Cemaller Formation

is not of Cenomanian age, ldntainsnannoplankton assemblages of finst part

of the Late Albian andis the most recent terrigenotermation of the dD+OD\D Q

Group Fig. 3a;Hippolyte et al., 2010)Even if the mapping of these formations is

controversial, the available data indicateat Cretaceousvolcanism probably

occurred in thaVestern Pontides frortine Middle Turonian tothe Santonian(Fig.

3a).

In the Central Pontidesjear Handnithe basal and upper part of the
< H P L yOrbron@tionalso contain foraminiferacharacteristic of the Coniacian
Santonian (Okay et al. 2006). In tnop Range WKH <HPLUOLos\ )RUPDWLR
locally up to 2000 m thick and nannoplankton assemblages from one sample
confirmed its ConiacianSantonian agewhereas two samples showed that the
volcanic activity lastedintil the Early Campaniark{g. 3b;Hippoalyte et al.20195.

Upper Cretaceous volcanic arc in the Eastern Pontides

The Eastern Pontidesrogenic belt ischaracterized by a thick Cretaceous
sequence of volcanic anglcanogenicrocks in addition towidespread granitic
intrusions For example, theoad between Trabzon and the Akarsu village allows
the observation of nortdipping volcanic and voleaclastic series,probably
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thickenedby thrust faultsfor about 25 km(Fig. 2). Along this sectionthe several
kilometre thick volcanogenicsequencestratigraphically overlies Upper Jurassie
Lower Cretaceous platform carbonategich cropout at Akarsu, and is oveila
by a series of Campanian white limestone, calcarenite andwiach crogs out 7
km south of Trabzon (Tonya Formation; Frj.

In the TrabzonAkarsu stratigraphic sectiomhe volcanogenic sequence is
mainly of Santonian age (samples E10, 12, E2, 3, 4, E187)F¥le could not date
the lowermost volcaniclastic series that where attributes to the Barrépim
based onforam assemldges (Konak et al 2009). The uppermost volcaniclastic
sediments, below the white carbonate$ the Tonya Formatign yielded
nannoplankton assemblages of Early Campaaga(sample E136Fig. 7). Close
to this area, thealkoy stratigraphic section (Fi@) showed volcaniclastic and
volcanic rocks with red limestone intercalations up toLidte Campanian.

However, Calkoy is the only place where weund evidenceof volcanic
activity during the Late Campanian. To the west, in the UDsgu area, the Late
Cretaceous volcanic activity predates the depwsitof a series ofLower
Campaniardimestons and mars (Fig. 10). To the east, the Akli, Of, ard Hopa
Borckastratigraphic section@-igs 11& 12)indicatethatvolcanismstoppedduring
the Early Campaniarin the HopaBorcka area, th&olcariclastic sedimentsalso
yielded Santonian nannoplankton assembla@®eg. 12) Sample E32, near the top
of thevolcariclasic sequence, indicates a Late Santonian apereas0 m above,
the white limestone of the Tonya Formation yielded Late Campanian
nannoplankton assemblagdsamples E34 and E36Fig. 12) The Lower
Campanian volcanogenic sequence and red pelagic limestone observed in the
Calkoy and Of arem(Figs. 8 and 11)were not foundwithin the HopaBorcka
secton (Fig. 12) The fact hata part of the sequende locally missing or reduced
suggests that sedimentation was controlled by exteal faulting as proposed for
the Central Pontides (Hippolyte et 2015.

In conclusion stratigraphicagesalong thePontides (Fig. 3)ndicate that the
Cretaceous volcanic arc was active slighahgrin theCentral and Eastern Pontides
(from the Santonian to Campanian), than in Western Pontidegrom the Middle-
Turonian Tuysuz 1999 to the SantonianHippolyte etal., 2010). The Cretaceous
volcanic activity stoppediuring the Early Campaniam much of the Central and
Eastern Pontide@ig. 3c) but lasted until thestartof the Late Campanian ithe
central parbf the Eastern Pontidé€alkoy stratigraphic seicin; Fig. 8).

Upper CretaceousPalaeaene postvolcanic sequence

An upper Cretaceousmonvolcanic sequence is present all along the
Pontides belt. It mainly consists of white carbonates, carbonaceumdst@es and
turbiditic sedimentsin the CentraPantide Arg this carbonaceougguencenamed
the Akveren Formationis transgressive over older formations. In tBastern
Pontides a similar formation of white carbonates, the Tonya Formation, represents
the uppermost part of the Mesozoic sequence @Rl U D RLKkandekir 2013).

Upper Cretaceou$aleocene post/olcanicsequence in the Centra&ontide Arc

$ORQJ WKH QRUWKHUQ VORSH RI WKH :HVWHUQ 3RQW
is overlain by a noivolcanogenic transgressive sequenwediich consistsof
carbonates and calciturbidites of the Akveren Formation and variegate mudstones
(bODFN WR UHG G L Vokmafivh g\gketirsaBERR Q1963 <L<LWEDO HW
al. 1999 Leren 2003 The foramassemblages inditethat the Akveren Formation
isof MeaVWULFKWLDQ DJH DQG b¥iRathesoahe Bge@GOmRrUSMBWLRQ LV
Tlysuz D99). Nannoplankton assemblages indicae@ampanian t®alaecene
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age for this postvolcanic sequencé¢Alapl® $SNYHUHQ D QoBnafianEib u O
agreement with the nannogafNWRQ DJH RI WKH <HPLUOLoD\ )RUPDWL
al. 2010 Fig. 39. In detail, samples from the carbonabéshe Akveren Formation
yielded Late Campanian to Maastrichtian agand samples from the underlying
marls(Alapl &-ormatior) yieldedEarly Campnian ages

The Central Pontidareais characterized byhick siliciclastic turbidites of
the Gursokl Formationntercalatedbetween the<H P L 0 Caha Ehe Akveren
formations(Fig. 3b). These deposits represent aple®rine turbiditic system that
was spplied with sliciclastic sediments from theosthwestern margin of thieate
CretaceoussinopBoyabatBasin(Leren 2003 Fig. ). A CampaniarMaastrichtian
agewas given to the Gulrsoki Formatigiketin & * e P « (1963; Tuysz1999;
Leren 2008). Nannoplanktonassemblagesjielded Early Campanian to Early
Maastrichtian ages for this formatidiippolyte et al.,2015. In the $+ O G N |\
Devrekani basimf the Central PontideéFig. 1) we dated a local formation of dark
sandstonesthe Caylak Formation (Akat et allL990) to the Early Campanian
Maastichtian (Hippolyte et al. 2010). These ages demonstrate thatlaiséc
sedimentary rocks of th&urstkiand Caylak formationsare lateral equivalerto
the Alapl@nd Akvererformationsof the Western Pontid€gig. 3).

In the Central Pontides, after thfermation of the Gursoku turbidite
submarindan, the calciturbidites of the Akveren Formation mark the development
of carbonate slopapron systems that evolved to carbonate ramp and reefal
platform (Ketin& *«P e+ U0 ; Leren 2003). Nannoplankton fauna indicate a Late
Maastrichtian to Lat®alaeaene agdor the Akveren Formatignwhich constrains
the age of the overlying Atbé marls to the Late Palaeocefieocene(Fig. 3b;
Hippolyte et al2015.

Upper Cretaceou$alaeaene postolcanic segence in the Eastern Pontides

In the Eastern Pontides thipper Cretaceous pesgblcanic sequence well
exposed betweednye and Orduand in the Ardanug basiFig. 2 13 & 14). Our
mappingof the Unye and Ordwarea shows thahis mainly carbonaceous sequence
lies within graben structures formedn the thick SantoniarCampanian
volcanogenicsubstrate(Fig. 13). It is notable that hese NE-trending graben
structures arenainly locatedat the southern prolongation of the Mitick Sea
High (Fig. 15) Stratigraphic study of #ir infill is of particular interest because
these graben structures might be the soutlegunvalentof the block faulting
revealed by seismic linewithin the Mid Black SeaHigh and ascriled to a
Palaegeneextensional evenfRobinson et al. 1996).

In theUnye-Ordu area, the carbonaceous sequence is frequently 200 to 300
m thick. The location of the samples is given in Figd® and a synthetic
stratigraphic log for th&nye-Ordu area is given in figur#0. The oldest deposits
of the graben infill are oEarly Campanian agevhereas the youngest avéLate
Palaeceneage This mainly carbonaceous sequence is characterized by submarine
debris flow deposits intercalatl between beds of limestone, carbonaceous
sandstone, sandstone and di@ye (Fig. 10) The debrisflow deposits are mainly
composed of clasts (pebbles and boulders) of basaltic and rhyolitic volcanic rocks
from the Upper Cretaceous volcanicsubstrate but do not indicate a
contemporaneous volcanactivity. Debris flow intercalationswithin a carbonate
sequencean occur in rift basins as the result of the erosioth@bounding fault
scarpssuch adn the Oligocene graben structures of southern France (Hippalyte e
al. 1991). In theUnye-Ordu areathe observation ohormal faults confirra this
extensional tectonic setting (Fify0j). Syndepositional tectonic deformatianalso
attested by large olistoliths of lava along bounding faults (Edg). Although no
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volcanic activity was recorded durinthe Campanian and the Maastrichtian,
volcarogent rocks appear locallyvithin the Pakocene sequence (sample W78).
The main Cenozoic volcanic activity, isowever represented by volcanodisat
postdae the basininfill and are probably of Eocene to Plieae age (Terleme&
<O O RPIB(; Fig.10a).

The UpperCretaceous carbonaceous sequence is also exposed near Trabzon
where the thickness of the Tonya Formation varies between 90 and 260 m

6 R1UD F& Rar@emir 2013). On theAkarsuTrabzon section the Tonya
Formation is repreented by calciturbiditeshich consisof an alternation of white
calcarenites, marls and mudstones with inoceramids {rig-acies architecture
studies show that these calciclastic sediments were deposited in a submarine fan
system (slope environmengpurced from coeval carbonate platform lying to the
east or southeast6 R 1 U D RLiKanademir 2013). This sequenaehich is devoid
of volcaniclastic sediments, shie nannoplankton assemblages of Late Campanian
age(samples E1=nd EL6), in agreement with previous age determinations based
on planktonic érams (Ozer et al. 208).

The Arakli sectionlocated25 km east of TrabzofFigs2 & 11), includes
an about 50 m thick sequence Wpper Cretaceous white neritic carbonatés.
basal shallow wateldimestone which contairs oysters and corglsverlies volcanic
aggregatesnd is of Early Campaniaage (samples S18 and18; Fig. 11). It is
overlainby a series of limestoseand calcareniteof Late Campanian age (sample
S4, S8 andS9), Middle Maastrichtian age (samples &5 andS20) and Late
Maastrichtian agesémples S6 ahS11). As in the UnyeOrdu area, thid.ower
CampaniarlJpper Maastrichtian carbonate sequence does not siropevidence
of contemporaneous volcanic activity. Tly@ungest Cretaceous volcaniclastic
rocks are datedsEarly Campanian in a road dotcated14 km to theSE of Of city
(sampes S36 and3; Fig.11).

To the SW of Trabzon,within the Calkoy section, the Tonya Formation
consiss of about 100 m of white limestone overlying 10 m of marls and overlain by
20 m of dark calcareous sandstones (Fp. Foram assemblages indicate a
MaastrichtiarDanian (Korkmaz 1993) or MaastrichttahKDQHWLDQ @QDQ
1999 age for this formation. We found that its lower pass still of Late
Campanian age (samples W84, W5, W6, W7 and WL9; Fig.8). Its upper part
(dark calcareous sandstonasg¢lded nannoplankton assemblages of the Middle
Palaegcene (zone NP5, samples W15 andW16), in agreement with a previous
VWXG\ RI WKLV VHPI R@ TangaD-Qrmeitdh iB Gisconformably
overlain by a thickvolcanogenic sequence (Folddfrermatior) of Lutetian age
(Korkmaz 1993). Even ifthere are no debris flow intercalationswithin the
carbonate sequencat this location the observation of normal fauliggests an
extensional tectonic settirdyringthe Late CampaniafakocengFig. 8).

In the HopaBorcka area(Fig. 2) the pper Cretaceous carbonates
constitute a. 200 m thick sedimentary pile well expas&km to theeast of Hopa.
This sectionis characterizetdy well-bedded white limestone, calcarenand marly
limestone with slumped layers at various levelur sample yielded Upper
Campanian nannoplankton assemblagésthe base of the Tonya limestone
(Samples E34and E36; Fig. 12. A reddish colaor appeas in the uppermost
limestone layerswhich are overlain by >30m of marine dark red mgHAgy. 12)
These marls yielded.ate Maastrichtian andearly Palaeocenenannoplankton
assemblagetsamplesE40, E41 ande42 of the NP2 andNP6 zonesFig. 12. The
CampaniarPakacene sequence is cut by volmandykes and sills, but no
volcaniclasticor volcanic rocksvere foundo bestratigraphically intercalated. This
showsthat the volcanic activitypostdatesthe Early Pakacene in this arealhis

HW
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inference is compatibleith the “°Ar £°Ar agesof thehorrblendes of the overlying
volcanic rocks near Bor¢ckavhichindicate MiddleEocene (from 46.9 + 0.1 to 39.9
“ OD YROFDQLF DFWL Y HW\ $SiGilérQootieNd@iW and
Calkoy areas, in the Hopdorcka area the Campani®@akocene sequence is cut
by normal faults which suggest that sedimentatiorwas controlled ¥ extensional
deformation(Fig. 12).

On the southern slope of the belt, the thick snadquence of the Ardanuc
Basinyieldednannoplankton assemblagefsMiddle Palaegaeneto Earliest Eocene
age(zones NP to NP9, samples E4&51, E55, E57-E66, E64E66 andE70; Fig.
14). This indicakes that, in this area the Palaecene period was alswithout
volcanism(Fig. 14). In fact, an isolated small outcrop of MaastrichtiBaleocene
volcanic rocks (plagioleucititesyvhich represehthe youngestmagmaticproducs
related to the northiergent subduction of the northern branch of Neotethgs
identified to the SE of Bayburfar from the studied sectiortdltherr et al., 2008;
Fig. 2).

To synthetizethe CampaniarMaastrichtiarperiodwascharacterizedyy the
deposition of white neritic carbonateslong much orthe Pontides. The Pa¢ocene
sequence is dominated by nsgadandstongand limestongin the Eastern Pontides
as in the CentralPontide Arc Even if volcansm is attesteduntil the Late
Campanianat Calkoy (Fig. 8), and very locally, at Bayburt and Ordu (Fig. 2),
during the Pakocenejt generally stoppealongall the Pontidesrom the Middle
Campanian to thEocengFig. 3)

Eocene

The Eocene period is characterized by a general transgressiomusieof
the SRQWLGHYV Htal 09 .\WhérE€xrdainly sedimentary rocks fill syn
compressional basins in the Western and Central Pontides, both sedimentary and
volcanic rockswith various formation namese present in the Eastern Pontides.

Eocene in theCentral Pontide Arc

In the Cental Pontide Ar¢ the Eocene isnainly represented by marls,
sandstones turbiditic sandstones and conglomerates of the Kansu@Cemalettin
fRUPDWLRQV $\G Qupsiid VODDEbriir & Tiysiuz 1997 Leren 2003
Janbu etal., 2007 Fig. 39. Volcanic rocks are present localllg the south of
Kastamonu anavithin the Devrek basinwhere theyoverlie Lutetian sedimerdry
rocks (nannoplankton zone NNl4sample 662, Hippolyte et al. 2010). The
distribution of the Eocene sietents differs with those of older formations because
they fill intraamountain compressional basins: Karabik Basin, Eflani Basin,
Kastamonu Basin, Devrekani Basiand Boyalat Basin (e.g. Kaymakci et al.
2003a,b, 2009; Hippolyte et al. 2Q¥g. 1). The hicknessof the Eocene sequence
reachesl200 mwithin WKH % R\DEDW E DV L @arineth@ll of these7 KH
synthrusting basins stat during the EarlyEocene fannoplanktorzone NP12)
and enéd duringthe Middle Eocene (zone NP17; Fig) $Hippolyteet al. 2010).
However sedimentation wasot uniform becaus& was contolled by flexural
subsidence and local thrusting (Janbu et al., 2007). For exadopieg the Erdy
Eocene the Sinop Rangelisghe original SinopBoyabatBasin into two basins
(Fig. 1; Janbu et al., 2007)n most of the syrcompressional basingssin the
EoceneBoyabat Basin,marine sedimentationly occurred during the Early-
Middle Eocengnannoplankton zones NP-NP14;Fig. 3b; Hippolyte et al. 2010),
whereaswithin the SinopBasin marine sedimentatioalso occurredduring the
OLRFHQH H J <OOPD] HW DO
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Eocenein the Eastern Pontides

In the Eastern PontidgsEocene rocks arexposedin three main zones:
within an inner volcanic arc along the Black Sea coast (Ordpzdra Rize);
within an outer volcanic arc thadughlyfollows the southern slope of the mountain
EHOW 6DPVXQ (UEDD *eP 0K Wiihit outeDsyEcKrigd\on the X U
external thrust sheets (i@ & 15). These later are probably compressidhalst
top piggyback basins Kie those of the Centr&ontide Arc(e.g. Kaymakci et al.
2003a,b, 2009 Hippolyte et al. 2010; Meijers et al. 2010; Robertson et al. 2014
Fig. 195. South of these piggyback basins, Oligocttiecene sedimenisnainly
deformed by salt tectonic&Callot et al., 2014)fill a largeforeland basirextending
from Sivasto Erzurum(Figs 2& 15).

A good section of the Eocene sequens®jch unconformably overlies
Santonian volcaniclastic sandstones to Maastrichtian rocks, catudied near
20XU 'D+GLEL Fog&ionDIJD]W R U; Robertson et al. 201#ig. 5).

It starts with transgressive oysteearing shallow marine clays, sands and
sandstones oEarly Eoceneage (NP12 zone, sampleB95, E96 andE97); an
alternation 6 clays, sands, sandstones and conglomerat#éis,grey, yellow and

pink colorationthenforms a >1500 m thickedimentarysequence. An upper marly
layer, locally with nummulites (sample E10#s nannoplankton assemblages from

the NP12 zone (Early Eocersgmple E98) to the NP17 zone (Middlate Eocene,
samples E102 and 105). It is overlain by a >1200 m thick volcanogenic sequence of
Middle-Late Eocene age (zone NP17, samples EA90,E101, ande106).

In the Olur and the Kalarea (Fig. 2), the deposiion of transgressive
Eocene marine sediments stared during the Ypresian Karly Eocene,
nannoplanktorzones NP12 angerhapsNP1l;, Figs. 5 and b At Kale a few
intrusive bodiesdated by ArAr ages tobetween48 and 50 Maattest for
subsequen(YpresianLutetian) adakitic volcanic activitye.g. Karsli et al. 2010;
Eyuboglu et al 2013 Fig. 6). However, the thick nomradakitic volcanic and
volcaniclastic accumulatiorof the Alibaba Formatiorpostdatesthe Ypresian
(Eyubogluet al 2013 Fig. 6. Effectively, sample S90of volcaniclasticsediments
intercabted in the volcanic sequence showdiddle Eocene nannoplankton
assemblages, probably of Late Lutetian age (zone ®H@. 6). We infer that in
the Kale areahe outervolcanicarc mainly formedluringthe Middle EocendFig.

6). Similarly, in the Olur aredhe volcanic activityonly startedduring the Latest
Middle Eocene Zore NP17;Bartonian).In conclusion,with the exception of the
adakitic intrusive bodies of Kale, the construction of the outecavat arcpost
datal the Ypresian The Early Eocengvas characterisedby the depositiorof norn
volcanogenicsedimend (Fig. 3c) This period ofvery low volcansm in the outer
Eastern Pontidegjlobally corresponds tathe deposition of nonvolcanogenic
sedmentsin the Western and Central Pontides (zones NP12 to NR33;3a and
3b).

Along the Black Sea coast, in the Ur@edu area(Fig. 2), the Eocene
volcanic activitypostdatesthe Early Eocene zone NP13 (samples W113; Fijy.
The Calkoy section (Fig 2 and8) indicates thatthe accumulatiomf thick Eocene
volcanc rocks started during thécarly Lutetian (zone NP14of earliest Middle
Eocene age We conclude that the main construction of theer vdcanicarc
began befor¢hatof the outer volcaniearc (Fig. 39. In theHopaBorckaarea(Fig.

2), volcanic rocksyielded “°Ar #°Ar agesfrom 46.9 + 0.1 to 39.9 + 0.5 Ma
(Lutetian, equivalent to zones NR153 $\GO @ DNQU This also
suggest that the thickaccumulation ofvolcanic rocks along the Black Sea coast
started slightly before those of tbater volcaniearc Kale and Olur areas-ig. 2.
Thesedifferences in theges forthe main effusive activity of thievo volcanicarcs

DQG
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suggestthat magmatismpropagatedsouthwardg during the Middle EocenéFig.
15). This southward propagatiorcontrasts with th@reviousnorthwardg younging
of theadalktic volcanicactivity, from 55.83+ 0.04 Ma near Erzincan to 47490.7
to the south of Baybur&yubogluet al. 2011 Fig. 2.

We only have a few samples from the outer Eocene piggyback Hasins
brown in figures 2 and5). Within the Kelkit basin (samples S121, 1F3g. 2) and
within the Balkaya basifocatedto the souttof Glintishang(samples S133 to 137
Fig. 2, green volcaogenc sandstongieldednannoplankton assemblages adtest
Middle Eoceneage (NP17 nannoplankton zone &artonianagg. This age is
compaible with the age of the outer volcanic arcs. It suggests that compressional
deformation and thrustingrelated to these probable piggybablsins, were
contemporaneous of the volcanic activithis interpretation is also supported by
our multiple observéions of strikeslip and reverse faultsutting thevolcarogenc
sequenceNote that the NN17 nannoplankton zdBartonian, Fig.3cjs the age of
the most recent marine sedimewithin piggybadk basinsasin the CentralPontide
Arc (Fig. 39. This suggets that compressional deformation occurred
contemporaneously allong the Pontides.

Geodynamic implications and conclusions:

Along the southern margin of the Black S#a Central Pontidérc is
characterized b¥arly Cretaceoudasins filledwith clasic rocks.The infill of the
Boyabat basin presenssrongsimilarities in facies (turbidites with olistolithsand
in age with that of the Ulus flysch basin. These similaritie€lude the occurrence
of a Mid-Cretaceousedimentarygap (Fig 3a, 3b). They suggest tha during the
Early Cretaceas these two basinsvere equivalentdeepbasinsalong theEurasian
active margin(Fig. 15). The fact hat the Western and Central Pontides display
similar Cretaceous sequenakso suggestthat the g V W i@ S2k@rya zones were
already weldedluring theEarly Cretaceous. Thisontradictsprevious models (e.g.
Okay et al., 1994), bugrees witha recentinterpretation(based ordetrital zircon
age$ that a largeturbidite submarinefan coveredmud of the Central Pontides
during the Early Cretaceous (Okay et al 2013dwever stratigraphicdata support
the idea thathe deposition of the_ower Cretaceous sediments weantrolledby
tectonicdeformationThe nHULWLF VHGLPHQWYV Rwend/depositéal-OD\DQ *U
within rift basinsalong thepresentBlack Sea margifFig. 15), whereaghe flysch
sedimentsvere depositeavithin deepbasinsthat fringedthe active margin Both
basinsresulted fromthe drowning of theJpper-XUDVVLF /RZHU &WONVDFHR X\
carbonate platforrasontrolled bynormal faultgEspurt et al., 2014, Hippolyte et al.,
20195. Therefore,the fact thatthe Early Cretaceoudlysch basins ofthe Central
Pontide Arcdid not extendinto the Eastern Pontide@~ig. 15) indicates that
contrasting geodynamic conditions prevailed along the Pontidlesupports the
interpretation that thepening of thewestern Black Sea Baswas triggerediuring
the Early Cretaceous, befoithe openingof theeastern Black Sea Bagj@.g.Gorur
1988).

Obsevation of angular unconformitiegHippolyte, et al., 2010Fig. 4)
indicates that much of the Central Pontides was emergeduaiiggoing erosion
during theMiddle CretaceousEmersion stded during the earliest Late Albian and
the resultingMid-Cretaceos stratigraphic hiatuextendsin placesfrom theUpper
Albian to the Coniacian (Fig.a3and B. This emersioncould be a consequence of
WKH FROOLVLRQ RI WKH .DUJO FRQ W@ ldadissoP@ EORFN 2N
oceanic volcanic arcs and platsawith the Eursian margin (Okay et al. 2013).
During the Early Cretaceous the EasteontidegFig. 3c) and the Lesser Gaasus
were also emergedosson et al. (201@ttribute theEarly Cretaceous uplift and



17

erosionof the Lesser Caucasus the subdation of the sprading ridge ofthe

SevanAkera intra-oceanic baclarc basin.Taking into accounthe factthat the
SevanrAkera suture zone is the easrd prolongaion of the lzmirAnkara

Erzincan sutureonein Turkey (e.g. Barrier and Vrielynck, 2008p$son et al.,
2010; Hassig et al., 2014Meijers et al.,, 2015)it is also possiblethat the
subduction of theSevanrAkera spreading ridgevas the causeof the Midde

Cretaceous uplift of the Pontisle

Our stratigraphic data in the Pontides and a syntls&tatigraphic study in
Armenia and GeorgigSosson et al., 2010ndicate that he Mid-Cretaceous
emersion was followeduring theConiacianSantonianby a marinetransgression
over a wide areaxtendingfrom the Western Pontides the Lesser Caucas(i&Eg.
1 and 3) In the Pontidesthe transgressive sequeng&ludestypical red pelagic
limestone .DSDQER=+D]O; HarlrPed W.LIRYB generally intercalated
within a volcanogenic sequencéheyhave beernnterpreted as theynbreakup
succession fathe western Black SeBasin(Gorur et al. 1993; Goérlr 1997; Tuysuz
et al. 2012)Even if the depositionf these red beds waslated to he subsidence
of the Black Sea &sin, heir geodynamic interpretatios questionablavith respect
to the global digribution of the CORBs(Hu et al. 2005)We pointedout that in the
Pontides, beds a&d pelagic limestone eavedepositedbothon the southern margin
of the western and eastern Black Sessibs and along theactive margin (Fig. 1)
Stratigraphic agesbagd on nannoplankton assemblagesindicate that their
deposition occurredluring at leastthree periods the Santonianafl along the
Pontide volcanic aj¢ctheEarly Campanianandthe Late Campaniamgainlyin the
Eastern Pontides). Thicknesariations in the Upper Cretaceous series the
Central Pontides (Hippolyte et &2015, together withstratigraphicvariations in
the Eastern Pontides (Hop®rcka sectioncompared withthe Calkoy and Of
sections; Figsl2, 8 & 11), and the occurrence of slumped beifsred pelagic
limestone in the Central and Eastern Pontitiég. 9), suggest that tiredeposition
occurred during extensionfdulting related ¢ the opening of the Black Seadins.
We infer that after the Mid-Cretaceousuplift of the Central PontideArc,
extensioml deformation resumed along the western Black Sea Basimand
propagateetastward to the eastern Black SesiB during th&antonian

An eastwardoropagationof the opening of theBlack Seaalsoseemdo be
indicated by the @e of the Late Cretaceous volcanic arcThe volcanogenic
sequencés apparentlyslightly younger in te Eastern Pontidegrom the Santonian
to the Late Campaniahpthan in the Western Pontidésom the Turonian(Tokay,
1952: Tuysluz, 1999)to the Santonian(Hippolyte et & 2010) (Fig. 3. The
eastward propagation of the Black sea openioguld berelated toan oblique
subduction othe SevarAkeraridge

We emphasizethat along the Pontidesthe CampaniarPaleocenas an
essentiallynonvolcanic period. We correlate tle end of activity of the Pontide
volcanic arc toa subduction jump from theorth to the south of the Anatolide
TaurideSouthArmenianmicroplateat c. 80 Ma (Rolland et al. 201Rig. 15.

From the Early Campanian to the L&akacene carbonate platforsiand
carbonate slopapron systemserebuilt along theUpper Cretaceougolcanic ar¢
as shown by the carbonaceous sequeatése Akveren Formationin the Central
Pontide Ar¢ and Tonya Formation in the Eastern PontideqFig. 3.
Contemporaneously,sulmarine fans of mainly siliciclastic turbidites were
emplaced in the Central Pontides (Gulrsokl Formation)naad * « P « 0 K O{FgH
6). In the Eastern Pontideia deposition of tapostvolcanic sequenceas mainly
controlled by extensiondhulting as atésted by slumpsiebrisflow intercalations,
olistoliths and normal faults. These elements support the interpretdiessed on
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offshore seismiclines, that extensional block faultingf the eastern Black Sea
Basincontinueduntil the Palaeagene(Robinsonet al. 1996)

Marine sedimentationvithin Eocene syrnmes along the CentrdPontide
Arc and within the Eastern Pontideslates from the Ypresian tothe Bartonian
(nannoplankton zones NPNP17; Fig. 3). Tls contemporaneous infill othe
piggybak basinssupportssimultaneouscompressional deformation relatedtte
collision of the TauridéAnatolide blockall along the Pontidg(Fig. 15).

In the Eastern Pontidessignificant volcanism ocaurred after the
CampaniarPakocene extensional periahd created tw Eocenevolcanic arcs
Stratigraphic agesndicate that the outer Eocene volcam arc is about 7myr
younger than the inner volcargéec (Fig. 3¢ & 15). The Eocenanagmatismis

usually attributedo the laH HYROXWLRQ RI WKH 7HWK\DQ RFHDQLF

al. (2003). We point out that it occurred during the infill of piggyback
(compressional) basins (e.the Kelkit basin Fig. 2).Hence, this magmatism
occurred after backrc extensiormndduring the ©Bcene collision of the Anatolide
Tauride Block.The southwardpropagaion of thissyn-collisional magmatisnecould
reflect the rollback of the northward subducted slab, possibly accompanied by
lithospheric delamination (e.g. Robertson et al. 2FFg. 15 and followed by its
breakoff duringtheMiocene €.g. uUHQ J|U HW 3B rollbacks arehowever,
usuallyassociated witlbhackarc extension (e.g. Rolland et al., 201fh)the Eastern
Pontidesthe southward propagatiorof the Eocenemagmatisntould reflectasyn
collisional slab steepening under tBastern Pontidess proposed for the Miocene
collision-related volcanism of eastern Anatolia (Keskin, 200Rjte thatimportant
magmatic activity alsoccurred along the Lesser CaucaBos the Late Eocene to
the Miocene It has beeninterpretedas theconsequence ofhe ashenosphdc
upwelling that followed slab retreat arnmteakoff (Sosson et al., 2010)n the
Eagern Pontidesthe southward migration of theupwelling asthenospherduring
the Eocenés supported byhestratigraphic ages (Fig. 3c)

Finally, a significant difference between the Easterronfides and the
Central PontideArc is that the Eastern Pontides experienced relatively younger
extensioml deformation phasesAnother differenceis the formation of large
Eocene volcanic arcs in theastern Pontidesfter the last extensional eveof
CampaniarPakoceneage The boundary betweehe CentraPontide Arcand the
Eastern Pontide@round UnyeFig. 15)correspnds offshore to the Mid Blacke@
High. Therefore, stratigraphic comparisoof the Eastern Pontides with the Central
Pontide Arcsupports thedeathatthe eastern Black Sea Bass younger than the
western Black Sea Bas(e.g. Robinson et al. 1996; Spadini et al. 1996; Cloetingh
et al. 2003).
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Figure Captions

Fig. 1: Geological map of thdurassido Eocenerocks of the Pontidegmodified

from Akdeniz 2002; Akdeni& Giiven 2002; Aksay et al. 2002; Hakyem&z

Papak 2002; Uglz et.&002).Inset figure: tectonic map of the Black Sea region.

The mappingof the DerekéyFormationis from Tuysiz et al. (2012pAra¢-Daday

Shear Zone, West Crimea Fault and West Black Sea Faufroare<OOPD] HW DO
(1997, Okay et al. (1994) and Okay et al. (2013).

Fig. 2: Geological map of the Eastern Pontides with location of the sampled
sections(names onyellow backgroundl location of the sampls of red pelagic
limestone(text onpink backgroundl andlocation of samples W59 and W6fsom
Jurassid_ower Cretaceousimestone (text on gray backgroundl (modified from
Akdeniz 2002; Akdeni& Given 2002; Hakyeme& Papak 2002).

Fig. 3: Comparison of the age of the stratigraphic seritiseqh) Westen Pontides
(164 samples;Hippolyte et al. 2010),(b) the Central Pontides3@ samples;
Hippolyte et al.2015 and (c) the Eastern Pontidesl{4 samples;this work)
obtained by the determination of nannoplankton assemblagesr the Eastern
Pontides, the awlute ges of volcanic rocké16.9 £ 0.1 to 39.9 + 0.5 Mayefrom
$\G O Q &DINH@OIL3)

A-T: AkarsuTrabzon section; CEM: Cemaller Formation;, DER: Derekdy
Formation of Middle Turoniafarly Santonian age, based on foraminiferal
assemblages (TuysuzVé DO ,13 gQSLYR )FOSHMERROD]O
Formation; KIL: Kilimli Formation; SAP: Sapca FormationTAS: Tasmaca
Formation; VEL: Velibey Formatign< (0 <HPLUOLoD\ )RUPDWLRQ

Fig. 4: Red limestone of the Kapankzd-ormation unconformably oveying
siliciclastic sednents of thed D + O D \ D Q(a) thRh¥ South of the Boyabat Basin
(Fig. 1; coordinates UTM36: 619711E; 4614622N); (b) In the north of the Boyabat
Basin (coordinates UTM36: 658221E; 4611209N) where #wpanboazO
Formationyield nannoplankton assemblages of Santorimly Campanianage
(Hippolyte et al.20195.

These unconformities, similar to those observed in the Western Pontides (Hippolyte
et al., 2010) demonstrate that there wasersion ancrosionduring the Middle
Cretaceos in the Central Pontide ArcThis erosional event explains the Mid
Cretaceousstratigraphic hiatusocally indicated bynannoplankton age dat&ig.

3).

Fig. 5. Schematic satigraphic sectioffinotto scal¢ and nannoplanktoages of the

Olur area(Fig. 2). The ock formdions and ages according to Box U ) are

given in blue letteringA thick Eocene sequence overlieéseetaceous volcanic rocks

and volcaniclastic sandstones of Santonian age. Eocene volcanic rocks ademot ol

than Bartonian (NP17 ze). The Maastrichtian carbonates of the Akbayir
JRUPDWLRQ %R]NXU DUH PLVVTH 3edquencdVvdttts VW X GLHG
with nondated terrestrial clastic rocks of probable Oligocene age and Phlocene

Quaternary volcanic rocks.

Fig. 6: Schematic sttagraphic section (noto scal¢ and nannoplanktons ages at
Kale (20 km east of « P « U K DdQ Hhe southern slope of the Eastern Pontides (Fig.
2). Ages and data from previous authars given in blue letterindhe Campanian
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age of repelagiclimestone ad marl(Eren& Tasli 2002)is confirmed by samples
(S93)

Fig. 7: Schematic stratigraphic section (riotscal¢ and nannoplanktons ages on

the northern slope of the Eastern Pontides, between Akarsu and Trabzon (Fig. 2).
The red pelagic limestone intededed within the thick Santoniaower
Campanian volcanic and volcaniclastic sequeiscef Santonian ages in the
Central Pontide Ar¢Fig. 3).

Fig. 8: Schematic stratigraphic section (not scaled) menthoplanktons ages on the

northern slope of the E@sn PontidesCalkoy village area (Trabzon) (Fig. 2). The

7RQ\D )RUPDWLRQ ZDV VWXGLHG RQ W&mambeitF WLRQ E\ @ C
red pelagic limestone are present. Volcanic activity stopgeshg the Late

Campanianand restarteduring the Early-Middle Eocene.

Fig. 9: Examples of relationship between the red pelagic limestone and the
volcaniclastic sandstones at sites W33 and W67 (Fig. 2). (a) vertical beds of red
limestone without intercalations of volcaniclastic sediments (b) and (d)
intercalations of volcaniclastic sandstones (vand red limestone(c) and (e)
slumped layers of red limestone; (f) typical beds of red limestone with thin clay
interbeds; (g) probable radiolariahertlayer; (h) mud balls of red limestomethin

a sandy ratrix including volcanic clasthammer for scale)

Fig. 10. Synthetic stratigraphic section gfaben infill inthe UnyeOrdu area,
based on the age determination of 36 samples (FiqRdZk formations and ages
according to Terlemez& <O O P(DOBO) are given in blue lettering The
CampaniarPalaegeneseries ofimestones and mars (Fig. c, b, i)areoften cut by
normal faults (Fig. j). Debrilow deposits and olistoliths of volcanic rocks
intercalatedvithin the stratigraphic sequence (Fig. d, e, i)gprobably result from

the erosion of the pr€ampanian rocks along bounding fault scarps and horsts.
Volcanic activity is attesteduring theEarly Palaegene(sample W78)but mainly
occurred after the Ypresian (sample W113) ftbmEocene tdhe Pliocene (Fig. a;
Terlemez& < O O RIB().

Fig. 11. Schematic stratigraphic sectionof to scal¢ and nannoplankton ages
along the Black Seat Arakli and Of(Fig. 2) The Tonya carbonate sequencas
deposited above the Kermutdere volcanogenenic sequence tfie Early
Campanian téhe Late Maastrichtian.

Fig. 122 Schematic stratigraphic sectionof to scal¢ and nannoplanktorages
along the Black Se®&etween Hopa and Borcka (Fig. 2ges and data from
previous authors are given in blue letteriftr->*Ar ages of volcanic rocks near
Borcka indicate Middle Eocene (from 46.9 + 0.1 to 39.9 HMa) volcanic activity
$\G O Q & DDNH@U LQ DJUHHPHQW ZLWK VWUDWLJUDSKLF L
coast (NP14 atalkoy, Fig.8, and NP17 north of Hopthis figure.

Fig. 13: Geological map of thenye-Ordu aregFig. 2 with location of the dated
samples(modified from Hakyemez & Papak 2002). The Campaialaeocene
series of limestone and marl (Fig.)1l@ere deposited within grabestructures.
Eoceneocksoverle these extensional structures.
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Fig. 14: Middle PalaeaenelLowest Eocene stratigrajghsequence of the Ardanug
Basin on thesouthern slope of the Eastern Pontilegnnoplankton zones NP6
NP9;Figs. 2and ).

Fig. 15. Geological map of the Pontides with the main structural domains
interpreted according to their stratigraphic evolutiSame legend a& figures 1
and 2.

Note thespatial distributiorof thered pelagic limestonén pink) along the whole
Pontide beltThe facts thathe Boyabat flysch basin and the Ulus flysch basin (Fig.
1) had the same stratigraphic evolution (Fig.&8)d that they were located along
the active margin, suggettat they formed a single deep fowec basin during the
Early CretaceousThe main extensional subsidence migdatlong the Pontides
from the lower Cretaceous basins tiie Central Pontide Arcto the Upper
Cretaceous SineBoyabat Basinandto the Campaniai?aleocene basins difie
Eastern PontidesDuring the Eocene, magnsin propagated from the inner
volcanic arc to the outer volcanic arthe outer Eocene basins of the Eastern
Pontides arenterpreted as piggyback basinBhe OligocenéMliocene deposits
located at the south of the Eastern Ponti@lesyellow; e.g. Callot et al., 2013
constitutedhe foredeep basin of the Eastern Pontides.

Table 1: CoordinategUTM, WGS84) age, andnannofasils of the 174 dated
samples (109 sites).
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