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lntroduction

The Palaeozoic rock-units cropping our in Istanbul
and surrounding areas are classically known as the "Palae-
ozoic oi Isranbul" and g'ere incorporated in the Istanbul
Nappe ol Sengór ct al. (1984) or the Istanbul Unit ol Okay
(1989). The unit is assuned to cover the area betrveen rhe
rvestern Bosphorus and Cide bounded to the south by rhe
.rrrìds of rhc North Anatoli.rn Faulr Zone 1Fig. 17. The
srratigraphy of the Palaeozoic formations in this unit hirs

bcen subject of numerous studics since the 1860s. Paeck-
elnann (1938) carricd out the firsr detailed srratigraphic
n.ork in Istrnbul and the Kocaeli Peninsula; this work n as

followed bv a series of comprehensive srudies (see Haas
1968 for a review of the prer,ious studies), Kaya (1973 and
the contributions therein) and has recenrly been reviewed
by Gótù)' et al. (1997).

The lstanbul Unit consists of a Cadomian crvstal-
line basement rvith oceanic and island arc-rype rocks (c.g.
Góncùoglu et ri. 1997: Usraómer 1999), unconformablv
overlain by a Palacozoic sequence, exrending without
any riajor depositional breaks from Early Ordovician
to Late Carboniferous time (e.g. Abdùssclamoglu 1963,
1977). Sengór m al. (1984) suggesîed that within this unit
the Ordovici:rn-Earl1' Silurian period is characterized bv
"graben-facies" deposits followed by Atlantic-tvpe conti-
nental nrargin sed;menrs ol Late Silurian-Late Devonian
ase. Ir is n'idcly accepted rhar the "Ist:rnbul Nappe" was

part of the eastern European "Variscan chain" (Górúr et
aL 1997). During the Creraceous it was rifted fron rhe
Moesian plrtform, drifted south and collided with the
Cinmerides (Okay et al. 1991) during the Early Eocerre.
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ISTANBUL AREA, N'\(/ TURKEY

M. CEMAL GONCÚOGLU'. IL]ANA BONCHEVA'& YAKUT GÒNCÚOGLU'

Receì;ed ATtil t. ICC-): rcel,ted Decenùo IA, 200-1

K9''tolrlr: conodonts, niddlc 'hrurn;risirn, Biir ùk;rdr lìrrnr.r-
rion, Isrrnbul-Ccbzc rrer. NV TLr ko,.

,'lúsn'.rcr. The uppermost ll ers of rhc A.inebL,tnu nrcnber of
rhe Bù\'ùkidì li'rmarion in rhe Ist.rnbul-Gebze.rre:r .rrc repr'.'sent.'rl

br Griorre-rvpc pehsic noduhr linrcsroncs. Ths lielded conoclont
elerrents (Bis2.rtloilas snbitis nà Sìpborodell,r /olatr) thrt c.rn idc'n-

tifl rhc inrr:rvrrl ilon the upprr part c,i rhe s,rrrr#er3/ Zonc throLrgh rhe

xoxìcha- Uppcr crentLrta Zone - nricldlc ToLrrn.risì:rn - E:rrlv C;u bonif-
erous. This is rhe firsr middlc Tourn.rìsi.rn conodonr rccord publishcd
{ron, en lurochthonous succession in rhc lsr.rnbul Terrne. N\V Tur'-

ker: Thir lerel ch.rr.rcrerizes the vcrv l;rst c:rrbon:rr.'deposition.rnd is

folloned br'hdircs rnd black siliceour sh,rles end finallr br rhe;rccu-
nulrtion oi ilvsch-tr pe deposirs dulilg thc larc Tournaisian .rnd c.rrlr'

Vise.rn, that nrark rhc onset of Vrrìsc.rn elents to thc norrh of rhe ls-
tanbul Terrrnc. A corrclation rvith the Lorer Crrbonifcrous succcs-

sions ir thc crsterlv-loc.rted Zonguldl|i. lrcr suggcsts thrL lsr;rnbul rrnd

Zonguld,tk retrrn."s were in quitc dìffcrcnt p:rlacogcoqrephìc posiriols
during this tinrc inten'rl.

rirdrinrro. GIi str.*i sonmir;rli clcl membro ArincbunrLr dcll.r
Fornraziont' Ilúr'ùkrda nell':rre.r di Istrnbul-Ccbze sono cosriruiti,l.r
c:Jc:rri pelrrici nodul:rr; in fecics griorre . Essi h.rnno iorniro clenren-
ri di conodonri lBrs2atlodts :tab;lis c Sìphonottel/,r /olar,,) chc po'wno
indentific;rre ìintelr,allo cronologico rr:r l.r prne superiore dcll.r Zon,r
t xrndbergì,lt Ztsn t ísosticba sìno :LIl,r Zonr ircrrlatr supcfiorc del
Toutnesiruo ncdi<-r (CarboDifcro infcriorc). Quesro è ìl prilno rjnyeni-
mento pubblicarc diconodonti dclToulncsirno ncdio nelh succcssio-
ne autoctona dell'Lrenbul Terrenc, TLrlchir Nord-occidennle. Quesro
lirtllo cat.rrtcrizz.r I'uhinissinr deposizione c.rtbon.rricr ed è seguiro
da liditi e rrrgilliri silicee nere, cui succcdono dcposni di ripo ih.schoi-
de dur.rnte ilTurnesirno superiore e Vise.rno inferiote, denor.rocìo cosi
lo svìlupp:rrsi dcgli clcnti rarisìci a nord dcll'lstrnbul tìl.renc. Iì con-
lronto con le successioni del Crlbonifclo ìnfcliore di ZonguÌd.rk, po-
stc più ;rd cst, indica chc iTcrrrncs lst,rnLrul c Zonguldak ri tror':rr.rno
in posizioni p;rleogeoglafichc nolto difierenri duranre questo iurer
vrllo di renrpo,
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Both studics sugeesred that this unit renrrined a parr of rhe
Laurasian margin throughor"rr irs geological histon unrit irs

detaclrment ir onl Moesia in the Llre Crcr:rceous.
Based on nerv srîtiqraphic resuhs,rnd a c;rrcirLl re-

tien'of the previous data in the rrea betn'een Isrlnbul and
Cide, Góncùoglu (1997) rnd Còncúogìu & Kozur (1998,
1999) have shon-n thrt there are considerabie diffclcnces
in the stratieraphy of the castern înd u,cstcrn parts of rhe
"lstanbul Nrppc" ol Ser.rgór'et al. (198-l). Gònciioglu 3;
Kozur (1998, 1999) suggestcd that the "lstrnbul Nirppe"
actuallv includes tu,o diffcrent Earlv Pnl:rcoz-oic rerrrncs:
"lstanbul Terrane" in the ncst and the "Zongulcì,rli Ter-
rane" in rhe easr. ln contrast $,ith the suggestions oi Sen-
gór (198a) and Góriir et rl. (1997), Gòncúoelu (1997) and
Góncùoglu & Kozlu (2000) adlocated rh:rt borh of rhcse
unirs werc of Gondu'anan or'ìgin lnd accrctecl ro the Llu-
rrsian nlarllin durinu the Var-iscan or-ogenri

Accorcling to Kozur & Gòncùosìu (2000) one of rhe

most inrpoÌ1int diffcrences bets,ecn the Pllaeozoic succcs-

sions of thesc îwo terr:lncs is the deposition of shrìlon-
\\,ater carbonares iÌnd clasric rocks from the Lare Devonian
to the Serpukhovian in the Zonguldrk Terrane u'hich con-
trasts u.ith the deposirion of pelagic (nodular ) limestones,
rrdiohrian cherts and fìvsch-tvpc scdin'ìents during thc
same period in the Istrrnbul Terrane. This fearure is vcrr,
cr itical in underst.rnding the paìaeogeographic positions of
cither terrane and nc'cessitates iurrhcr detailed investìgarion
of the Upper Devonian-I-os-er Carborìferous rock units,
especiallv in the Istenbul uea. Previous studies subdivided
the Do'oni:rn-C;rrboniferous rock-units in rhis rrcir into
nun'ìeroùs Ìithosrratigraphìc units, s'herc different nanres

wcrc used for differcnt formarions (Kr1'a 1973; Teb. t for
comprrison of the str;rtigraphic nomencltrure).

In rhis srudy the authors presenr rhe;r preliminarv
fieÌd datr and conodonr lindings irom the uppcrnrosr
"Nodular I-imcstones" ol the Istanbul rrc'e, in order to
dìscuss rhe riming of the drorvnins o{ the Palaeozoic plat-
form, and the onsct of Variscan fl1'sch deposition. The
ruthors also correlarc the Late Devonian-Ear-ly Carbon-

Fìg. I Distriburion of rhe Irr.rnbul
.rnJ ZonguìJ.rk r.''rìncs ;n

N\\'.ìnrroli,r.rnd r hL. l,c.r-
rion ol rhc srudìcrl srrccession

isinìpìii;ed rlr.r Ciinciioglu
lc0t).

ifcrous stratigr,rph)'ot rìre srud\ rrea nith rhe Zonqul-
d:rk:rrea in NV Turker ir ordcr to cvalurte its p:riaeogco-

cÌxphic posìtion.

Stratigraphy

In the Ist.rnbul and Gcbze rcgions, Kla (1973,
1981ì) diifcrenri;rtecl the Isrinle Formrtion of rhe Scdef
Group (the lower prrt oi the Do onian succcssion) and rhe

lendik Group including rhe rcsr oi thc Devonian succes-

sion (Fig.2)- Fronì bottonr to rhe rop the Pendìk Group
includes the Kartal, Kozlatagi, lcelenkór, lnd Bùr'ùkada
forrnarions. The Penclik Croup is conform;ìbh overlîjn bl
the Baltrlirleni lìonnarìon, consisring of ildires and sili-
ccous shirles, l'hich were d;rtcd bv the prolific radìohrian
lluna jndicrring u c:rrlv ro nriddlc Tournaisian aee (Holds-
volth in KirIa 1913).

Detailed stretigrlphic sr.rccessìons and fossìl contents
of the Delonial fornrations in lstrnbul area are gilen in
Kaya (197i) rvith contributions of C. B.rbin (bivalvia), P
Calls (stropho:rr enids ), J. G.rndl (rrìlobites) and J. Kull-
men (uo n ìatites ancì cor rls ) . The conodonr faun,r of these
formarions n'as studied bv Abdùsselalnoglu (1963), HaiÌs
(1968) and morc rccenth, bv Capkinoglu (1997, 2000).
Thcsc studics suggested thar rhc deposition of the Dcvo-
nian limcstoncs terminered during rhc Late Delonian (Fa-
me nnian).

The uppermosr lithos rr arigrirphic unit of the Devo-
ni:rn Pendik Group in thc Istanbul-Gebze,rrea is knorvn
as thc Biivúkadi Fornrrtion (Kl.:r 1973). Onalan (1982)
introduced "Ti.rzla Forlnatiorr" .rs a nerv formation name
for thc Bùt'iikacla Formltion. For relsons of prìoritv l'e
v-ill follos'the nonrenclrrure oI Ka1'a (1973).

The studied succession is locared in thc uppennosr
parr of thc tsùvùkad;r Formiltion and v.as n,rntcd as rhe

Avinebur nu Mcnber (Kala 1973). In the previous work,
this unit s'as assigned to "Biinderschiefcr und Nierenka
lk" of Middle Deloni:ln ase \\'ithin the "Nierenkalk-Kiesel-
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,llilllc ltxrnnisian cottrtkntts tn IstdttouL +l.l

I:is. I - G.nef.ìlizcd c..luDn.ìr secti<'n oi th. Lrrc Siiuri.rn ro L.rrI
Crrboriferou: unirs in Ist.rrrbu! rff.ì (iirfr Kì\;ì l,)71t.

schìefer-Serie" bv P;recl<eìn:rnn ( 193S) or to rhc "crlcaircs

nodulcux" oi Abdùsselanroglu (196-ì), thxt las drted br
conodonts.rs larc F rasn iln-Flmenn iin an(l Fanrcnniln.
Haas (1963) assiqn.'d this unit to his "Denizli Schichten"
oi Larc Delrnian .rgc. C,rpkinogìu (2000) dcscribcd in dc-
rail rhe silrc unit in Gebze Denizliktir ti lrcr, ,r ferr kilo-
rìletrcs to rhe NE of thc'prescnt studv l,lrelr.

At its tr.pe locelirr' (.\r'incburnu, Birr iìk:rd.r. Prince
Islands in Mirrmarr See) thc thìcl<ness of tìris nrc'rrber is

,rbout 5C nr. .rnd inelud,. ,.ììos i.h -r.r t,) rr( \'. nìi( r'itiL-

bionicritìc lin.resrones.rnd grcvish ivhitc ro greri linelv
l.rnin.rtcd,rncl evenlr bedded rnicritic linrcstoncs.rltern;rr-
ing uith dalli grev, celcrtcous sh,rles. NodLrles ol blorvn-
ish black to lighr !:rcl chcrts ()ccur tou.rrtls top oi tìre

succesSlon.

Thc presentlr stuclied succession is located to the

east of Istanbul, on thc lstanbul-Ank.rr e Hiqhrilr' (L,-5)

ro the sourh of Gcbzc (Fig. .i). Thc outcrops describccl

hcre are on tìtc v,'estern sìopc of thc road-cuttings at thc

BP trnk-statjon on the highwev.rt .{-l'' knr, r'here rhe tran-
sition bcm'een the nodular ljmcstones of thc Ayinebur-
nu Nlerrber of the llùyùkrda Formarion anc{ the olerll-
inq sh.rlcs encl r,rdiol;rritcs of thc Baltalimani Fornrition is

clc.rrll obsen cd. The locltion corresponds to the bound-
ltv bctrvecn Uppcr I)elonian "nodullr chertv limestonc"
unit (d-1 unit) ;rnd l.o*.el Celboniferor.rs "bl:rck radiolar-

irn chelts l'ith phosplrate nodules" (k-1 unit) in the sleo-

logicel nrep ol Abcltissel;rnroglu (1977).
l'ì-re stLrclied succcssion reprcscnts only the up-

per nì()s! 5 m ol thc Af ineburnu Membcr (Fig. +). The
los er p.u-t of rhc succcssjon ìs cover-ed by' t:rìus deposits
in the studir'd ìocrrìin'. The Ìoner 1.5 rr of the scction
is leprcsentecl bl' ),"1Ìon'isl.r-!lrc) nodular limestones.
The -l ro 5 crrr noclules ilre clongrted. The linestones
arc niclitic,rrrd include onlv ostracode shells of ;rbout
lC'Ì'o.'l\vo int.'n'als of light-grcv ancl laminrted calcare-
ous shirlcs occur in this pirt. Above is a ljnrestone lev-
el (0.3 nr), cliiierentiated by'rhe prescnce oi fine lam-
inrtion .rnd irlegr-rìrrìy distrìbuted chcrt noduÌes. Thc
linrcstone is bluish-grel in colour and bionricritic. The
tollovirrg prrt is nrade up oi.r I nr thick lltern:rtion of
rhin b.rnds of c,rlc.rrcous shrles end clark srel nodular
ìinrcstonc. fhe linrestoncs hcre arc nricritic-biorrricritic
and includc clisconrinuous ban,:ls and lenscs of l,rnrinated
chcrts. The nodules in thc lincsrone are flarrened and
up to 7 cm irr lcngrh. A thick packrgc (1.5 m) of r.el-

lorvish-grev nodulrr limcstonc u-ith very thin and vellou'
nruh nrudsrone intcrcllltions nrakes up thc upper mid-
c1ìc p,rrt of rhe succcssion. Thc noduìes here are lround
5 cn in length and clisplar.pinch and ss'ell structures,
conip:rred *,ith thc undcrlving nodulirr linrestone levcls.

The upper I rrr ol the succession includes vellos-ish-grer.
nodul.rr linrcstoncs rvith chert bands and llyers. Under
the nricroscope rhe limestonc is nricritic and includes
rrdjoìrrians. Thc irrdìvidual noduÌes are cllipsoìdal and

rheir lcngth nrav rcech 7 cm.

The conlornrablv overlving 25 cn'r of dark blol'n to
lrleck siliceous shaìes abovc the hst nodular linrestonc band

lnd the r.rpu'rrrcl follorvinc succcssion q'ith lvdites, black
sh,rlc intcrcrlltions.rnd phosphatic nodules rre attributed
ro thc lhltalinrani Forn;rtìon of Keva (1973, 1980).

Along rhc studiecl scction, 5 sampìes (of approxi-
nrrtelv I kg each) n'cre collectccl, dìssolved in :ìcctic acjd

.rnd h.rntlpicked for conoclonts. Onll one samplc (Sample

Tuz- l). 15 cnr beìou' the topnost noclular linrestorrcs rvith
big and cllipsoidal nodules (diamctcr atrout 7 cm) r-ielded

.r Ieu' conoclont elemcnts.

Discussion and conclusions

The upperrttost nodul'rr lintcstonc beds of the

Avincburnr"r Member of thc Búvúkada Fornration include

conodonts indicaring the r.rppeÍ sd dbeigi-ctctttiLrtcr zoncs
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oi the nriddlc Tournrisian. So lar this is the first nridclle

Tourn:risian conodont lecord in an rrutochthonous srLcces-

sìon ìn the Istrnbul tcrtrne in N'W Turlic',,r The prcliouslv
publishcd conodont clxl' (Protognatbn ci. praedelrc,rttts,

Pollgttathus connntnis cotttnuni s, Poll'gn.ttl)ts Purus c[. :rb-
plu us, B íspatbodus st,tbìlis, e,nd I criogr r"ttltol us k,t1'aì n. gtn.
n. sp.) of Gedik Ec Capkinoglu (193-{) indicerinq rhe rs1)s-

ticht- Upper cren ulatt Zone rvas obtlined h onr a nrìcr itic
linrestone pebbìe l,ithin the Mesozoic brrsal conglomcr.rtcs
,rnd its oriqinal str:lti!1.ìphic position is unkno\\'n.

In the prer ior.rs studies, the ùpper rge Ìinit ol thr:

noclular limestoncs of the Avineburnu N{enber nls .rs-

sunrcd ro bc late Fanrcnnilr (Abdússehnroglu 1963; H.r.rs

l9(rlì; Onrìan 1990; Gòrtir et al. 1997). Holereq K:r'rr
(197.3) sugeested thirt thc dcposition ol Avircburnu \lern-
ber nrighr rc.rch up to the e:rrlr-ToLrtn.risi.rn. blsecl ort .t

probrì:ìe eerlt to middlc Tournaisi,rn r.rcliol;rrian nriclo-
flr.rn.r found lithin thc olerhing ts.rlr;rlinrrni Fornrrtion.
Thc colrodont fìndings in thìs prcscnt str.rdf indic;rte th.rt

the cleposìtion oi thc noclular linrestoncs clid not tcrrri-
rìirtc prior to rhc nridd]e Tournlisi:rn. l\{or.eover, the pelrrsìe

con()dont tiuna. toilrrheÌ \\ ith the dcp()sitìon.1l le.turcs (ìl

the srtrdied succession, suggest the deposition in r deep

b.rsin lncl nor at a sh,rllor. ra'''p :Ìs prelioLrsl) sugg".t..l
bi Onalan (1990),'l'hc confor mebh. ovcrllin g rrcliol.ui.tn

chcrts lnd black, org:rnic-rich sìliceous shllcs (B,rltrlinr.rni

Fornrruion of Kera 1980) further inclic.rtc that this brsin
n ls .rlroxic and decp enough for the dcposition of bed<1ctl

fiq. i - SinrplìfìeL1 scr,L,siu.ìl nr.rp oi
the (lebzL .rrc.r.rntl th, loc.r

tion c,f thr stLrclicLl succcssion
I \ifrtliiied ,ìlrcf H.Ìr5 l96S

rnLì \Lìdiì\\(1.ìnìr,!lu I r)/7r.

chcrts nìrh phosph.rte noclulcs. 'l'his interprcr.rrion also

contrists rr.ith thc deposition,rl nodcl of Delnrirn & Tùne

(2C00) for thc Istanbul arc.r, prrsrtrìrtins thirt thc dcposjtiorr
oi rhe catborr.rtcs rr:rs ìn l sh.rlloq nrrline environnrcnr,rnd
until thc cncl oi Ser pukhor i.rn. Thc Brltalinr.rni Fomr,rtion
is confornrlblr or erì.rin Lrl thc Trell'a Flr sch Form.rtion,
which r-icldcd ìlte Tour r'ìrjsj.ìn iossils in its lot etnrost part
(Krvr 1930). Bl this ìt is prÌr Iorward thirt thc trir.ìsition
lrom the cl.rssic:rl "Schscllcn"- to " Beckcn "-l:rc ies and

tlie .rcconrnroc{.rtion oi fl. sch deposition occurrcd s ithin
l short pcriocl cìuring thc nrjdrllc to llte Toutn.risi:rn. es it
is th.'casc'in rhe southcrn \lrisc.rn zone crtcncling trom
Nolth Afric.t to Centrll Lulope thtottgh Spain clLrring l-;rte

Der.onir'in to Crrbonitcrous ic.u. lìeading 19[ì2).

Another inportent inrplic.rrion of rhe prese'nt study

is reìrtcd to rhc loc;rtion oi thc Dcvoni:rn,r C irbon ilerous
bouncl.rlr'. l)rcrious studies rììrcqu;\'ocalll susgestcd rhet
rhe Arineburnu Nlember rcpr'csents a coltur'luo!ls sùc-

cessìon (e.g,. K.ur 1973). A te'cent conoclonr biosrrati-
grrphic stuclr' ((ì.rpkinoglu 2C00) in the Denizlikòr.ti rr-
c.r ro rhc nofrlì oi rhe prescrrt loclliti; h.rs coniirnìed the
prcscncc oi thc Upper erp.ra-,,r Zonc in thc rppct'p,rrr oÌ
rhe -\r inctrurnu \lcnrbcr'. C)ul rrcv finding enclorses the

p....,r." ,ri rh. uppcr s.tnrll.,,:rgi- crerlrr/dtu zoncs, togeth-
cr l irh thc conodont dit.ì ol C.ipkinogìu (2000), inclic;rte

tl,rt the I)evonirn/C,rrbonifcrous bound,rrt shoirld bc Ìo

c.rtecl 5clnrc\rhcrc s-ithìn thc upper part of this nrember.

s hich * ouìti rn,rkc thc Gclrzc .rrca a promising location

Neooene and euaternary cover t -l lcerenkóy shale
Ll ' 1 (rmsran)
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to stud\ the conodont bìostrltiglaphi i1r the De\on;iln/i
Cllbonifclor.rs bounderr'.

Th.'l.rst geologic.rl inrplic.rrion of rhis sruth is rhc
corrclirtion ol the E,rrh C.rlboniicrous elents rrithin rhc
Pllacozoic tcrr:rnes in N\\'Al.rtoìi.r. The convention.rl .rp-

prorrch (e.g. Sengiir l9E.l; Ok.ri er.rl. 1994; Górùr er.il.
1997) ìs rhrt the Istanbul .rncl Zoniluld,ìk areas wcrc prr'ls
ol r sin{le tcctono-stratigr.lphic unit. situated ;rìong thc
sorjthcrn Lrotdcr of the N'loesiln Pl.rtfolnr ;rnd reprcsen!s

the crrernll zones of rhe \'.rrisc.rn lrelt. Based on rhe lìrssil
provinci:rlitr (De';rn et 

'rl. 
1997) rrnclthc succe'ssion oic.r'cnts

(GiinciioglLr 1997) the Ist.rnbtrl ancl Zonguldak rcrr.rres irr'.-

consiclctcd es Gondn-,rn.r-clctired nricrocontinents. Thcy
nrost problblv ncle drilted togcthcr \\'jth sonlc othel rer-
rirncs (for r lcvicu-sec St;rnrptli 1996; Keh'od:r 2001, .rncl

\()rì Riunrcr ct r1.2002) fronr Gc>ncln'lnr,rnd succcssivc.h'

irccreled to lìltica. For the N\\'Anirroliin rcalm, Gónciios-
lu (1997) .rnd Gòncùoglu & Kozlu (2C0C) suggested th.rr

th!'Ist.ìnbuì ,rnd Zonguldali tcrr.rncs rr-ere eìreedl seplrlt-
ed ironr tlrc rìrain contincnt cluring the El Ìr- I).rl;reozoic.

Ho*cvcri thc succession of cvcnts in these ten'rnes incli-
ciltcs rh.rt thcv l.ÌiÌd r dilfcrcnr lccretion,rl histoli'. A sinril.rr
scen,rrio rlas proposcd for thc rerrrncs in thc B:rlìcn rcgiorr

(Bonchclr c\ I'aner l99i; \hner & I3oncherr 1997).

In the Zonguldek Terr'.rrrc, the dìstinct Ietcst SilLr-

r'ì.rn-c.uìiest Delonian unconiornlit\ and thermal clent
is .rscribcd ro rhe coll;sion ol this l ith thc \loesi.rn ter-
rrnc ("C.ììedonian timc evcrìt" in Kozur & Gònciioglu
2000) thrt ri'rs ilreadv xccrelcd to thc southern m'rrgin
of f)obruc,'r ur.rir of Prheo-Europc (Yrncv 3: Boncher':r

1997). The doching ol Zor.rgulcllk lncl Moesi,rn tclLlnes
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lrig. I Srrrrigrrphic log oi rle snrd

ied succession,rnd thc locr-
tion oI thc con<rlorL- Lrerrinc
srmplc l'UZ- l.

n-rs lerl probabìr' r'c:rlizcd along transfornral boundaries,
.rs no ophiolitc-bclrinil rccreîionan' complcxcs of Palaeo-

zoic xqe \1ere obsen cd in N\Y Anetolia.
In the Zonsuldrk Terrane rhe En'ìsian to Scpukho-

lian depositìon is nrainll' characterized bl nrcdium to
thick-beddcd limestoncs and dolomites th.rt alternatc
rvith chelo, limcstoncs (e.g. Dil & Kon)"ìli 1978). In
thc Gókgóì Sectjon, 3 knr to the southeast of Zonguldak
(Fig. 5), n'hcre r continuous Upper Devoniîn-Lower Car-
boniferous succc'ssion is observed, thc uppcr Fanrennian
(Fnr2cl) starts s ith thick-Lrcdded linrestones, [ollon ed bv
chertl linrestoncs,rnd s,rndr' Ìimestones. The Devonian
Carboniferous bound:rrv here is locared rvithin:rn almost
I nr rhick clolomite level thar conforrrably overlies the
srndy lirrcstoncs. Uprv,rrds follon's grcy-cream to dark
Lrcy doÌolì.ritcs rnd sînclr-limestones that yieìded fossiÌs

belonsing rc rhe Quasiexdot/4,ra hobeitusana Zonc (Tn1a
to lon'er Tnlb of scsrern Europe, Dil & Konyali 1978).

Thc niddle Tournlisi:rn in this section is represented bv
thick-bedded clolorrites. The upper Tour n;risian (Tn3) suc-

ccssion is rneinh' niÌde up of chert)'Ììmestones and thick-
bcddcd linrcstonts. The Tournaisian-Viseln tr;usition in
rhc Ci;kgòl scctiorl is leprcscnted b1' ,rn rltcrnetion of
thick-beddccl chelrv limestones and dolomites, Thc fos-
sil d,rta indìcate thrt this succession does not incìude an,v

clepositionel ble,rk,rnd continues up to late Visean. Based

on rhe iiÌunal iÌsseÌnblli;cs and petroeraphical fearures, Dil
3t Konlali ( 1978) susrcst rhat the upper Iìanrcnnian- late

Viseln reel lnd lrrgoonxl linìestones in the Zonguldak area

rrc repr esentirivc for shaìlo*' merine depositionaì environ-
nrenr. \vhen correliÌrcd rvith the Uppcr Dcvonian- Lower

ll..t,lL lrt',tt.ti:i.ut L\it!,^tt)]tt, tÌ. I'Lr)11/ttl
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Silceo!s shale vrith ydites and phosphatic nodu es

S ceous slrale

rUz l Nodu ar I mestonei yettowish-gfay, micrlic. arcrnarng
.r r7.r: ,r lh ari.dled "he_r5 T"e 'odL es d e elo_gdted dld-- - ùp tÒ l0 cm in englh

Calcareo!s shale

ruz r. Nodular limeslone. vellowrsh-gray mrurlrr The nodules
are erongareo ano arouno r crn rn renqLn
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Nod! ar mesione: dark gray ri critrc b om crilic alternéles
wilh aminaled chens The nodu es are up lo 7 cm n length.

Lam iated limestone: b ue sh gray bomicritic nclLding
noo! ar cnefs

Nod!Lar lmeslone:yellowlsh-qfay m critic. The nodules
are elongaled and arc!nd 5 cm in lèngth.
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Carboniferous succession in the Istanbul are:r, it is obr'ìous

that these t$,o successions rvere fomrcd in quite dificrcnt
facies zones as suggesred by larious authors (Góncùoglu &.

Kozur 1998; Kozur Ei Gòncúoglu 2000; K;rlvod.r 20Cl).
The development during the Viscrn to \\èstphrlian

intenal in both lrers is also inrportanr to underst:ìnd the
palaeogeogrrphic settings of the lst:rnbul rncl Zongulclak

rerranes wìthin thc Variscan domain. Thc flvsch-tvpe sed-

inents in thc Visean-Namurian Trak,vl Form,rtion in rhe

Isranbul :rre:r include lolcanic-r'olcanicllstic dctrirus (Klla
1980). The detailed scdimentological studics (Kava l9S0;

Onalan 1982; Dcrnran & Tuna 2OO0) tor thc larc Tournai-
sian to Nanurian time inten'al in lst:rnbul legion sugscst-

ed rhat the volcanic detritus was nrainll'supplied fronr the

north to northwcst. This n,ould inrpll thlt the Istanbul

area was in l fore'deep-type tectonic setting fot the tinte
concerncd. During the same tinre-inrcnal, ìn contrast to
the Isranbul region, predominanrlv shellou' phtlorm condi-

lig. 5 - Correl:rrion chrrt of Uppcr
r)t voni.rn-t.or cr crrbonii-
c11'us su.cdssion in I\irnbul
.rn d Zonguldrk rerr.rnes.

rions plo ailed in rhe Zonguld,rk elea. Llcusttine to fluvial
cllstic dcposition s ith ;r dcrritus supplr' fronr north (Kerer'

l9tì5) and rhc fornrrtion of coal sc,rms in thc Zonguldak
:'rÌ'c.r durinli thc L:rtc C.rlboniferous sugllcsts that there is

neither.r faci.rl continuirl nor,r pal,reobathvmetric sinri-
ìrritr, betn'een thcse ts'o arc:rs. This is further support for
rhc suggestion o[ Giìnciioslu & Kozur (1998) .rnd Kozur
& Giincùogltr (2000) th.rt thc Ìsranbul ,rnd Zongtrìdak irr-

e,rs shotrld bc consicìcrcd irs diiierent terrrnes.

Sysiematic palaeontology and age assignment

The single surple (Tuz-l fronr rhc uppcrnrost part

of the Avinebur nu i\lcnrbcr of thc' Biì1 ì.ik.rdLr l'ormarìon)
vicldecl onlr'.1 conodont elenrents. All conodont elemcnts

irc within a nnge of CAI 4, ìndicating burial tcnìperatures

(l'-pstein et il. 1977) .rbout 190-300'C ancl f;rìl into the

riìn!Ìe ot metîgenesls.
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Genus B ispatlndus (Iliiiler. I 961)

Trpc 'pcci..: l7'.al,a/r,r y'rrrrrlr, uv,,ris F.. l(. Brrn*n. l9ll

Bispathodus stabilis (Briinson .\ Nleh l. 1 9-1.1)

IJlrtr l.l;i{. l, L

l9l.l.ì Spdrro,l'r.r,ó/,, n. ,p. lJrrnsor N )ichl. p. rsl-tS9. pl. t/.
Ilg, r!.

t969 SÌntLogrll)odr!:r.,1,,i1is (llr.rnson & \l,ihll - Sclriio,rl,ìub. p. -ì1,).

pì. l. hq\ ll. li.
)9/1 Bt!t,rtb.'lrt ltrL,ilis tlJr.rrrs,rn & \fchll ZiLglcf !r.rl., p. l"îi-L!+.

pl. l. fj{s l-1.
t99') lr'p,rthol^ jr.,1,iliJ illf.ìnrìn fi \l.hli - \fì"",n N Iil(rr. p.

+ll, pl. l. Ji!\ l-6.

Rerrrarks. Thc 'lurkish specinrens .rr e rr ell prescrr-ecl

iìnd.rrc ven/ closc to rhe n'pc m.rcriil describccl in thc
orisinal di.rgnosis. B.:tabilis ts the onll specics oi thc Bl-;

P,1thútut ,;.roLrp th.rt does not h.rle .rcccsson denticlcs on
rhc right side ol the bl.rde - thc so c.rlled sirglc-ros'cd spe-

cres ol Bispatlndrs. The b.rsal c.rvin'is l.rrge. riith erten-
sìons oi c.rch siclc oi the bl.rde in B. st rlrll-s ìforphotlpe I

(Pì.1. fig. 2). R. .rralrlrs tr4orphorÌpe 2 (Pl.. iig. l) is \\'irh
proth ognrthoclid-like b,rs,rl c:rr itv rDd re:Ìches thc p()str'-
rior rip oi the blacie.

Stratigraphic occurrencc. Accotc{ing to Ziegler &
S.rndberg (19S1, fìg.1) tbe Bi. stabtli-s lViolpÌ.iorvpc I rlnges
ironr thc base oi the Uppcl lr,rrgrríJèra Zone - (Age: F:r-

merÌni.m -[itc Derorrirn) to tlìc r-r)Jtic/.1,r Uppcl ocarr
lta Z,'n.- \q.: rliJJl. Torln.ri.i.rrt - l: rr lr r .rrl,'rrit. r'-

ousll 1li. sr,rDrlr-s llolphorrpc 2 rlnges from thc base of
rhe [-orr e r e-yr.ul-i,i Zone (tornrer Upper stvri:ìcus Zonc)-
iAgc: lì.trrrertrli:rn- L:rrc Dcvorr i.rn) througlt the ri'orar.y'r,/-

Upper crcnulatr.r Zonc - (Are : rriddle Tournirisian - fllrlv
Carbonilcrous). In C,rpkirroqlu (-20C0, p. 9i) the Los,cr
trp,utstt'lonc h:rs bccn rccognized on the b;rse of the oc-
currcncc of 1Ji. -rr,r1.,r1r.r i\{olphorl'pe 2.

Ccnus Siplto*xlclLi Brillsorì & lvlehì, l9-14

l\pc.pteic.: \,11'or4.qtttrh': drpltLttt tsrrn\(ìn & \lchl, l9l.+

Siphonodella lobata (Br.rnson & Me hl, l9-14)

PIrte l. trig. -1.

te:'1 \tlht,)o:<)trth": lt)l,Jr,' n. \p. Bfrn\on N tiehl, p. -197, pl. 11, i;gs

t1- l;.
1966 \iphnollla lob,ttr llìr.rn\rìn N \lchll- Khpp.f. p. 16, pl. 2. liur

I{
lr6e titb',x'tlllr l,rl,.rr., rllr.rn',,n N \lehlr - lìcrrr,.rd, p. +3-.{+, pl.

:. irg\ r-r,
t.)6,) \ql!,r\ltll.t L/,.,r.i rllrrns,'n òi \lehll S.hònl.ìùb. p. .ì+5. pì.

l. lirs ll Ì1.

t')t)a \!fi!,tud.llt kibru rlJ,rn\(',ì ù \lthlr Ji N Zi,:glrr. pl..ll. tigs

1i 16.

Rerrrarks. 1'he li*urecl spccinten is verl close to the
t\ pc ln.ìt(rìitl oi Kl;rpper (I966) t it h rvcll-dcveloped outer'

lobc bearirrg r secorrd,rrv c.rrin,r (rr'ith 2-3 nodcs). StroneÌy,

.r'chcd e\\'nln)et1ic.rl pl.rtfornr rvith ,r par.rpet ornJrlented
bl equlì rrenslersc licì ges.

PLATh I

Srnrplc lirz-l tron rhe upper
m,xr p.rlr oi Lhe Alinrburnr
\lc'rnbtr oi the Búviikrd.r lrrr-
nr.rtìon ln Cebzc rrir. c.rstern

Isr.rnbul. \\\'Tulkcr: Thc tig-
urc.i nrrerirl is repositcd .rt

rhe pr!.rcc,nr,'logr coìlection
oi rhc l).p.ìftnìent oi (ìco

L,gìc.rl lìcse.rrch, {ìener.rl Di
rector.lc of )1iner.rl lìesr.rrch

;rnel Lrploretion, Ankrrr. l ig.

I - /lirp.,r/.'or/ri sr.úrlis ilirn
son N Ilehl, 19.11), mo+rho
rrpc 2. l.rtcr.rl rìcsr rcp.-no:
TUZ I 17. rl!C. I'ig.1-Bir
parl,odr: :ttbilr (Bf;ì,rsoD &
\lehl. l9l+). nrcrphotvpc 1.

uppcr rìr", rcp.-no: TUZ l,

16. rlii. l.ig. ) Sì1,ln,ndd
/,r /,rra., lBfrnr,,r r. N1ehl,

ì9:+), rpper !,e\.,ep.-no:
TUZ I /ll, \60.
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Stratigraphic occurr€nce. SiphonodeLh dupLictta

Morphoti,pe 3 rìr,es rise by rhe expansìon of the enterjor
portion of the outer platforrn to Srplrotodella lobat,t *-ith-
tn the sandbetgi Zone (Ji &: Ziegler 1993). The range of
Siphonodella lobata is from rhe uppcr prrt o[ thc santlbergi
Zone tlrrough the isosticha -Uppcr crenulata Zone (Sand-

berg et aÌ. 1978;Ji & Ziegler 1993) (Age: middle Tournri-
sian - Errlv Carboniferous).

The single sample Tuz-l from rhe uppermost prrr
of thc Ar-ineburnu lv{cmbcr of rhe Búvùkada Fornration
which yieldcd the conodonr eìemenrs: Bispathodus stabi.,

lis and Siphonodella lobata can be refcrred ro rhe inrerval

fronr the upper part of thc s,udbergi Zone throueh rhe
izc;sticha- Upper cretulata Zone - nriddle Tournaìsiln -
Eirrly Carbonilerous,

,lcknotlerlgeneux. Ihe der,rilcd comnrents .rnd impnr cnrenrs
on thc prescnr Iersìon br' .\{.C. Perri (BoÌoìlnr) .ìf J R. }lr$ \on (}1rc-
qurrie.Sidncr).rreer'.rrefullrachnorledccd.Thc.rurhors,rtro.rckrrosl-
cdqe the dctìiled Íelics ìng.rnd u*ful conrmcnrs ol Dr s. J.-\. \\/inchcster
(Keelc), F Surl) k (Copcnhrgenl .rnd Z. Bcllu lTiibingrn I on I prr\ iou\
\!ì5()n oi this p.rper. Thìs prpcr is.r contriburion to TUBIT.\K,ts,\S
loint projccr (1OlY1i7l !ìrled (loniì,tion oirht i,;Lh.ozoic lèrrines
in Bulgrrilr.rnd N$ Ànrrolir".
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