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"BS'l'RACT 

The analysis of the planktonic !oraminlreral assemblage. recorded in 
the carbonate-fly~ch sequence at Pro8silion in the Patnassua-Ghlona 
Zone colllbined with the lesults of sequene, Btratiqraphy indlca.ted that 
la} the pelaqlc limestone "'as deposited during the C."'Psnif,n­
Haaet richtian lntervel (the main" Lowstand" System Tract: LST2) tb) the 
.tro~atolltlc bed '01.8 deposited during the upper Low8r~Hlddle 
'aleocen. (the base ot the "Lovstand": LSTl (cl the red Shale, were 
depositeddurlng the J.,over Eocene (the 1'rarlsqrellalve System 'l'ract: t5T) 
while Id) the rlyach deposits durinq the Lower Eocenl'l-Upper paloocene 
(Hiqhllt.limd syst.sm Trsct: 8ST). At. the Crelaceoull Tflrti'ary boundary and 
lhrouqh the lowermost Paleocene the depoaition was interrupted and haa 
qiven ria. to a hardqround on the top ot the pela9ic l..1J118.t.one (Sequence 
Boundary: 58). The planktonic toraminiferal huna were uaed to 
distinquiah biozonsa in the .equence except in the h.rdqround­
IItI:OII'lat.olit.ic unit. 'rhey 61:e (a) the Globotruncanitll elevau IInd 
Globotruncanita calcarata. Zone. ot the Carapanian and the 
Globotrunelfna fa1.ostullrt.i, GllTlll1l8rina ganllllerJ snd Abat:hOlllPhalua 
IIhlyaroenll.l.a-K.taaabillns talaClulcar.tt.t Zonea ot tb.e H&altrichtian 
which are di.tinquiahed in the pelag10 11lfteetone, llnO (bj the 
P1anorpta1jte8 pseudORl6nardjl, Iforo~ovella nllaacoenll.ts zones of the 
Upper 'alflocene end thfl Iforo.ove11a 8ubbotinae, HOro.onl11a formo.a 
fo~os. .nd IIorol.o_11a tJragonensll1 Zonee of the Lower Eecene 
recoqnized in the flysch. The abOve biozones have been claaaifi.o in 
tema of sequence 8tratigr.tphy•. 1:t18Ultinq in relativ"" aea-level 
chanqe8 curve. Tbe atratigraphical .nd 8equence stratigraphy 
interpretation showa that the changes in the raciea that appeared i. 
the Proll8i11on lIection durin9 th. above interval. are the reault of ae. 
level chanqea, which are believed to have been caused by local 
1IIOvementa which atarted ill the lIO". durin9 w.,t. CI:.t8CeoUS ptob&l:>ly in 
combination with eu.tatiSDI. 

!tey worda: Planktonic For8lll1nifera. Cretaceous-Tertiary bloatra­
tigraphy. Saquenee Str.tig-r8phy, P.rM88U. - Gbiona lone, 8ellenics.., 
Greece. 

If.SOIJUl,;IU9: Depar~"t. of Marina o.olO9Y, Un1_~,a1tyor Goteborv 
Boa 7064,9·40] 12 Gotebort, swean. 

F .PQMDIII-PAPAIOAIQIOU: IneUtute ot Geoloqy and Mineral 'b:ploration, 
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INTRODUC'I'ION 

At Prosailion la N of the town of Anltissa in the Parnassus-Ghiona 
Zone, Central Greece lFig.l), is a carbonate-flysch sequence 
consistin9 of pela91c limest.one beds overl;ain by the clastic deposits 
of the flyseh. At the boundary between the lImestone and the basal 
shales ot the tlysch complex, is a phosphatlc hard9round-stromatolitic 
bed (Kalpaltls, 19791. The pelil,ql<:: lill;elltone beds in turn overlie thick­
bedded lillestones with rudist fragments. 

This sequence is of significance for the Cretaceous-Pale0gene 
stratigraphy of the zone Slnce tt: is composed of rocks deposited during 
two important events that affected the zone, the deposition of pelagic 
sed1ments in the Late Cretaceous which is considered to have been 
connected with the horst and grabell tectoniom (Richter, Mariolakos, 
19741 and the deposition of the flysch in the Early Tertiary. 

For most of the Mesozoic t.he Prossilion area was situated In 
shallow waterll. In the middle Late Cretollctlous the 11 "ea be']'1f1 to subside 
while durin9 the Late Maastricht.ian-earlier Paleocene it emerged to 
form >I. polleotopographic high IPomonl-Papai08nnou , So18kius. 19911 
During this interval deposition was Interrupted .. nd a hardground 
developed on top of the pelagic limestone (Solakius et al., in press). 
tn the lat.er [8rly Pa~eocene and the Middle Paleocene etromatolltes 
were developed above the haldglound showing thot the se~ was very 
shallow: in t.he Late Paleocene the sea floor subsided further and the 
clastic lIedimf!nt.s of t.he tlysch have been depostted. 

'rhe changes in the facies In t.he PtOssilion sequence ar.. the 
result. of the changes 1n the sea levei caused either by local movements 
Or beeaulle of eustatlc lij;hange15 in sea level. These changes in sea level 
will be demonlltrated below on t.he bltsts ot a seqUi:nce strati9raphy 
model, The tir;le at ;,hich t.he changclI took place and the durat.ion of the 
depo3ition that followed, is revealed by the foraminifera! 8ssemblages 
found in the beds. A biostratlgraphtc zonation based on tto", planktonic 
foraminlferal ~auna identified. will be presented. 'I'his Is the [lrst 
z011&tloll in the Upper Cret8ceoU.!l - Lo .... '!r Tertiary beds o! the zone to be 
presented and ....hich will be of signl[.cance rOI the inter=onal 
correlation of the Upper Cretaceous - Lower ,eltiary sedimentary beds 
in Greece. 

GEOLOGICAL SETTING AND LITllOLOGY 

The lllllestone-rlysch sequence is exposed lit Ptossilion ....hich 
lies 10 km north of t.he town of I\nlflssa in Central Greece (Fig.l). 'I'he 
sequence belong" to the Parnassus-Ghlona Zone, one of the many 
geotectonic units t.hat form the mainland Greece and the isl8nds. It Is 
bordered by the Subpelagon ian Zone to the east and the Pindus Zone to the 
west. The zone wall originally identlfipd by Renz (1940). Subsequently, 
Papllstiimatiou 11960) and Celet 0960, 19621 who have investlq8ted t.he 
'l:one in detail. confirJlled Renz's definttion of the zone. Two types of 
sediments can be recoqnized, the earbonllte formations below and the 
overlying clastic sedil:\ents of the flysch. From the 'I'Ihs:>ic until the 
early Late Cretaceous the cilrbonate deposition WilS neritic. Howe'/er, 
the presence or three lIl<Iill bauxite horl.1.o"" shows that the platform was 
emerged for three short periods durtng this time. 

In the Late Cretaceous there was I chang-e in the nerit.ic 
environment, t.he plat.form being- affected by horst and <;lraben tectonism 
(Richter' Mariolakos, 19741 ,combined with eustatic sea level fall. 
Extensive areas emerged, while in some parts the neritic environment 
cont.inued to exist. In the graben.!l, on the othor hand, sedimentation 
~as pelaqic. Curing the Paleocene the whole platform became sUbmerged 

vered b the clastic sediments of the flysch. Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



~~A '..:f

77­

.' .. .. .. 
" .' .. ....... 

.' .' .' ... .. .. . ' 

= u:::::::IJ 

N 
.. .' 

r 

r:mrn 
UU11J 

ITIIlll 

• 5tvdi~d 
areo 

Arnfisso 

Conglomerate (f1ysCh) 

Undivided 1Lysch
 
(Pol~ocene - Eocene)
 

Thin b2dded limestone 
(Senonion - Paleocene) 

Compact limestone
 
(Turonion_ Senonian)
 

Undivided Mesozoic
 
limestone
 
(Lower Cretaceous)
 

o 500 1000m 
I I 

Amtissa sheet 1:50000 

., . ~~ 
~. ...
 

0<::1 ,00, 
...... ,f:j" 

o • 
, 

.~
. 

Fig.l: GeoloqicallUp ot the ProssUion "reil showinq the lOcation ot the 
sequence studied. 
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The litholoqy of the rocks of the sequence is briefly as follows 
(Fig.3): foraminiferal wackestones-packstones 187,5m thick, overlie 
the rudlst-bearinq limeotooe beds; they were deposited 00 the outer 
part of t~e looer shelf and include platform components (rudist aod 
echlnoderm fragments) periodically transported to the muddy pelagic 
sediments. The ~ardground-stromatoliticunit is composed of a bored 
surface impregnated by iron oxides below, overlain by 
feHophosphati~edstromatolitic crusts. This unk varies in thickness 
from 5 to 20cm. The hardground-stromatolitic horizon p .. sses upwards to 
the clllcllUIOUS sh",les of the flysch complex which are 77m thick grey­
green in colour in the lower part and red in t~e upper part. They pass 
upwards to 35m thick grey Shllles interCll111ted with sandstone beds which 
in their turn are overla!n by 10m thick sllnd"tone bed!! (fig. 3) . 

SEQUENCE STRATIGRAPIIY 

The depositional. model represents II cllrbonllte pllltform that 
gradually. became sub..erqed owing to a eustatic rise in sea-level, 
beginning during the Campaoian. 1I0wever, a study of the sedimentary 
facies revesled several intermittent events that permitted a 
reCOn!!truction of the relative sea level curve. In t~e,,~ terms every 
unit corresponds to the rellltive sea level trend lrise or tell) 
differing fro.. that of the underlying or overlying units (Van 
Steenwlnkel, 1990). A eustatic: d.,o in !"'l~ l@vl!l inducing the landward 
"hlft of a nutrient-rich Tethyan current-system seems to h ..ve caused 
the subSIdence orthe platform in cOlllbination with the local movements 
(horat ~nd qrllben tectoniam, Richter' Mariolakos, 197(). 

In terms of the sequence strat1gr~phy CO"C~pt recently 
recogniozed (Srett et al., 19'0; Vllln Steenwinkel, 1990', the Prossillon 
section from base to top corresponds to the following systems tracts 
lFig.2) : 
(al a shallow-water, gradui!llly deepening, main ~Lowstand~ System T~act 

lLST2), where the Ca"panian-HllaStrichtian foramlnifer~l wackestones­
packstones were depo"ited lpeli!lgic !!edlmentation). 
(b) II condensed "ection (CD), reflecting very low sedJmentation rates 
and progradation due to i!! rapJd fllll in sea-level, (Upper Maallltrichtian) 
Ic) a non-deposItion Jnterval during which h~rdgrounds developed, the 
"ei!! floor being periol,llcally " ..posed (SO, Sequence 8oundaryl. 
Id) i!l shallow-water retrogradation correspondIng to the bllse of the 
"Lowstand" System Tract (LST1) during which stromatolites developed 
{Early-Middle Paleocenel. 
(e) a slow deepening (condensed sedimentation) during wh.lcll till! Urllt 
sediments of the clastic series were deposited (Late Paleocenel, 
If I II gradulllly deepening corresponding to the ,ransgressive System 
Trllct ITST) , w~ere the red marlll Wel'e d"posited (Early E:ocenlil) and 
(g) i!l deeper water retrogrlldational, aggr"dational or periodiclllly 
slightly prograd~tioni!ll, IIighstand System Tract (1157), during which a 
shale-siltstone-sandstone system related to turbidite current action, 
was deposited lflyschl. 

The lower pllrt of the section corresponds to a lowstand 
transgressive system tract (RLS: relative low!!tands) and con"ists at 
the bllse of rudi"t-bearJng 11m",stones ILST H oV<;l...-lain by pelllqic 
facies lLST 2), while the upper part corresponds to a highstand system 
tract (RllS: relative highstands) during which flysch sedimentation 
took place. 

Several small discontinuities recorded in the lo....er pelagic 
interval represent sea level drop surfaces ISOS) in a generally 
shi!lllo....~retrQqrad"tiortal-t...-ansgressive system tract. The red marine 
shales included 1n the tlysch complex conespond to an oa...-ly relat.ive 
highstand ITST) that grade" upwards into interbedded siltstooes and 
sandstones. (late highst~nd), dudog which deep-water conditions were 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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Fig. 2: Sequence st.rati'lraphy o~ the Call<pan i&n-Lower £ocene sedirr,entary 
beds at Prossilion. H51: Highstand System Tract. 1ST: Transgressive 
System Tract. LSTl: The base of the "LOw5tand" System :'ract. LS72: The 
main "Lowstand" System Tract. SB; Sequence boundary. CD: condensed 
section, m!,,: ma}(imum floodina sur!ac", 
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eetabliahed (NST). The boundary between the ehales and the flysch 
represen tll the IlIaxilllUIII flooding surface (mfs) (Fig. 2) . 

The boundary between tbe lower shallow-water transgreasive 
syatem tract and the overlyIng blqhstand vater faciea of the Bhalea and 
the flysch syl!ltelll is represented by a surtacll of non-dllpollition, caused 
a rapid t.al11n slla levlll, which resulted i~ a period of exposure. 

BIOSTRATIGRAPHY 

Both planktonic and benthic species of foraminifer)l a re rllcordlld 
in the sllquence. The planktonic l!Ipecies only have bllen trllated l!Iince 
thllY are of significance for biostrstigrl!lphic zonstion (Fiq.3). Thll 
zo~es diatinguishlld srll previously );novn biosonea that are well ­
eatl!lbliahed in the Upper Cretaceous and P'aleogene of the Tllthyan realm. 
The bio1.ones recogniled in the carbonate part of the lIucceaaion are 
thin-aection bio'Z.ones and sre besed on the first appearance of the index 
species for the zone which is not slwsys present in all of the beda. The 
zones distinguished in the flysch are the total ranga snd intervalzonea 
that are recognized for the Paleocene and Eo~ne (Toumarkine , 
Luterbacher, 1985). 

The limestone beds 

The foraminiferal assemblsges in the limestone beds are apsrse 
excapt in the upper part where they ere sbundant. The epeciea are 
identified on th" baala of two-dlmenalonllll vlews becsuse they are 
examined in thin-aecttons and the zones presented here ara thus thin­
sillction biotones. They are as foLLOws (froll below upw!lrds, Fig. 3) : 

Call1panian
 

The Clobotruncanita ell!lvata Zone
 
Sa1ftplea2and3. Fig.).
 
Author: P'ostWD8 (1971). P'artial ranqe zone extending through the Lowar
 
Call1panian to the lOwer Upper Campsnian.
 

This zone ie defined i",thll sequllnce by the first occurrence of 
Globotruncanita el.vata (Brotzen) and the first occurrence of 
Globotruncanita caicarata (Cushman), Bicarinella asymetrica (91gal) 
Which by its dlaappeatance msrks the lower boundary (If the zone (Caron, 
1985), has not been found in the beds indicsting that ths planktonic 
foraminifer8 IlIade their first appearance ln the Pro.siliol'l .Ire• .Iftor 
the beginning- of the Campanian; the lower boundary Il\ust therefore lie 
within the underlying- limestone bede with rudiat frsgmenta. The 
GJobotruncana ventricosa lone, which is intermediate between the 
Globotruncanita elevata and Globotruncanita calcarata lonea 
(Robastynaki et al., 1984; Ca~on. 1985), could not be dlstinquished 
since the zone marker ls absent in thia part of the succeeion. Other 
plsnktonic species identified in the Glob(ltruncanita elev4ta Zone are 
Globotruncana area (Cushman) and Globotruncane linne1ana (D'Orbiqny). 

The Globotruncanita calcarata lone 
samplell 3 to 15, Flg.). 
Author: Berm. (1962) 

Total renge zone reatrlcted to the upper part of the Upper 
CampaniM. Thla zone 18 detined on the total range of Globotruncanita 
calcarata (Cushman). The marker apecies ia aaaociated' with 
G'Jobotcuncane are.., Globotcuncanlt.. el.vata. Which (lccura only in the 
lower part of the zone, Glabotrllncana linnsJana and Globotrunc..nita 
stullrtifor8ia (Dalbiell.) • 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



M«a~tr1cht1an 

The G"lobotrunc..n .. f .. l,,08tu.lrti Zone 
Sample~ 15 and 46, F1g-. J. 
t\ut.hor~: Zone equivalent t.o the Globotcuncana f.ll$ostuacti Zone 1n t.he 
sense of Sal«j' Samuel (1966) and Rob<!lszynsk.l et.al .• (19B41. Interval 
zone extendi n9' th roug-hout the Lower Maast r i cht ian. 

The GlobotclJnc.n. flllso8tuacti Zone i.II the tir~t zone in t.he 
Maast.richt.ian and represents the interval marked by t.he firot 
occurrence ot Globotruncana falsostuacti Sig-81 and the first 
occurrence of Gan8serina gan88ecJ (Oolli). Other Important ~pecies 

found in this tone are Globotcuncanita stuacei£ocmis. Globotcuncana 
aCC4, Globotrunc..n.. ventrJcosa WhJte and Globot:runcanella havanensis 
(Voorwijkl. 

The Gans8eciniJ giJnssfJci Zone
 
Sample5 46 and 43. Fig.3.
 
Author: Or.onnimann 119521. InteP/al zone lIIarkin9 the lower part ot the
 
Upper Maa8tr1chtian.
 

This zone is defined by the first occurrence of Ganssecina 
gansseci (BoIl i I and the first. occurrence of Abathomphalus mayaroensJs 
{BolliJ. In the Ganssecina ganSSfJrl zone planktonic foraminiferal 
speci~s such as Rosita conttJs, (Cushmanl. RacemJgtJelrbelin(J powelll 
Smith , Peesagno. Racemiguembelina fcuctJcosa (E9gur). 
GlobotctJncanella havanensis, Globotcuncanita stuacei (De Lapparent) 
and other signiticollnt species "~re identified. 

The AbatIJomphdluI mayaroensis-/(assiJbiana falsocalcaraCa Zones 
Sallples 43-·41. Fig. 3. 
Authors: fOI the AbarhomphiJlusmaYllcoensis Zone BronnilflalHl (1952) and 
tor /(assabi"n" r,lsocalCiJr.. rd Zone I(anllab 119761 

The AbathomphiJlus mayacoen8is Zone was originally defined as a 
total H.nge 1<one. Ilowever the presence of Kass"biana falsoC.llcac.lca 
throughout the upper part ot the Ab.tt:holDphalus mayaroensJs Zone m"kes 
this an interval tone and the Kassllbianll rlllsocalcacata Zone to a total 
range zone. 

!he two tones tog-ether form the last interval of the 
Mallst.ichtisn at the top of the carbonate succesion since the tone 
markers appear toqether in the sediment~1; the upper part of the 
PrO$silion sequence being characteri~ed by " condensed sequence. The 
lower boundllry of the tones i3 defined by thg presence at Abathomphalus 
mayacc;ensis and Kass<1bl ..niJ f<11socalcarata and the upper boundary by the 
discontinulty surface and the presence of upper Lower Paleoceng species 
.... ithin the hardqround-stromatolitic bed. Apart of the zone lIlarkGrs 
CanssecinlJ glln8seci. GlobonunclInella havanensJs, Racemiguembelina 
po"'elli. R4cemiguembelJn~flIlCCJcO" ... Resit.. contu!J<J. GlobotruncdnJta 
stUi/lcti also occur. The occurrence of upper Lower Paleocene species in 
the stromatolitic b~d indicatea the presence of a hiatus between the 
limestone and the stromatolitlc bed (fig.31. 

The hardqround-strOlllatoliti(; foralllnifcr;a1interval 

Sample 41. fig.3. Uppl"r Lower-Middle Paleocene. 
Previous studi.es made 011 the transition tram th~ <;arbon"to to the 

flysch facies of this sequence (Solakiu5 et al .• in press) indicated 
that the foraminiteral ass"'l'l'.blages found within the hardground­
stromatolitic bed belong to the upper Lower Paleocene and the Middle 
paleo<;ene and that there was an interruption in deposition beg-innin9 at 
the end of the Maastrichtian and extending throughout the earlier p(lrt 
of the tarly Paleocene. This cOnClUSiOn is based on the presence of Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



bios~~atig~dphlcally signl~icant Paleocene species such as 
Ho~ozove11d pseudobu11oides (P1uw~e~I, G1obige~ina t~j1ocu1jnojdes 

p 1ull"rne~, P1dnoroCo/I1 ices Chdptfldni (PeH ~I , Mo~ozove11 a dngu1a ta lWh 1 te I 
.. nd Pl",noroe"lit .. :< pussiJa pussll" lBol:I). Lover Pilleocene ."lpecies 
such as Glob;Jgerina fr inga Subbot in", G1obigerin" eugubina Lutelbacher 
& Premoli-Sllva and Ci1oboconusa d,'llbjergensis IB~onnillannj have not 
been recorded in ~he bed indicating that the~e was no deposition in the 
........ dunng tlli" I"t.,.,v«l. The lIardgroulld-:ltrOlJ.atol..l:tic bed IS c. 25cm 
thick which indicates tllat the stromatolalC bed developed slowly and 
the 'auna found In ~he bed i:.l o~ dl ~~erent. age!l. 

The torami.n1teral as:lembla9<!~ reCorded in the clastic sediments 
ol the sequence are abund«nl ~nd l,venH!led except. In the uppermost 
part (san,t.<,tolle beds) wile.'" ltot:' p1anktOfllC fOr<lll"lllifllra alOe entirely 
:aclung. The !e.... ltgq:utlnltted ~or"mln.i~era found ill thelle bedS will be 
t.rflll.ted In a !"o"Ulcomlng pappr. Only !l,e most SIQ:lIltu:ant planktonIC 
:;peCle.:l were ",;;:al:'lineu 011 tht'l b"lIls o~ whiCh the followlnq 
b'o .. trati",ulJ.>hlc "'c.ntf" W\U", di."lt.lngul:ihed. 

Uppl''' Pa1eocene 

':'h"" PI lfnoro"" li tcs PS~u,IQ'JUnMr di j tooue
 
~amples 49-5J, FIg.].
 
Authcr: 130::1. !l951al. ':'0t.a1 rdllge Zone occurrill9 I.n the lower p,Ht of
 
! he Upper Palt'ocene.
 

In ou" ccqucnc:e th.. Pl"no~nrdIJc:es pseudo~enacdll loone is t.he 
lnt~rval defined by the tOla: ""ngo of the gpecles PJanorot"lites 
pseudomenardii (Oolll), Glolligennd cri1oeulinol·de:., Norozove11a 
dngu1ata. MorozovelJa oeclusa occlus. Loebllch , TlIppan, 
Pli'1llf}ror"lilHs c1>amp"ni • .. nd M010Hlv",11a Veld$COensis (Cushmanj a1150 
oceu r. 

The Moz·ozove11a velascoensis ZOIIt'
 

Sl'lmples '>3-: :IS, Fig. J.
 
Author: Oolli (1951a). Interv(l! zone occurrinq In the uppermost
 
Paleocelle.
 

This zone HI defillPd by the lal:lt ol,;currence o~ Planorotitlites 
pst;>llrlomflm, rdJ i i 13011 i) <l nd ti,e la:; t occu r rence of Morozove 11 it 
ve1i'1scoensis (Cushm,u). Several planktonic species made their firlJt 
appearance e.g. HorozovelJa subboCinIJe (Moroloova), Itc"rinin" 
soldadoensis soldddoensJs (lhonnllnannJ, Morozove11a fortr.os<J grllcilJs 
(0011,) ""d MorozovoJl" m"r<Jinod.."tdt" (Svbbot.inal. 

Lower Eocene 

The Moro7:ovell .. sllbboti ".le Zone 
~ample.s 106-113, fig.3. 
Authors' The name GJoborotalia subboCinae Zone has been u!led by the 
Soviet authors (Anonymous, 1963); the zone was later defined by 
I.uterbllc:h.. " , P"cmo1i 5ilv<l Cll1 CdrO et. a1.,19/5). Interval zone 
marking the lower part of the Lower Eocene. 

This zone is defined by t.he last occurrence of Morozove11it 
ve111scoensis (CUShmlln) and the flrst occurrence ot Morozove11a 
i1r-'<J0nensis (Nuttalll. However, t.he Lower Eocene Morozo~·e11a edgitri 
Zone could not be distinquished since few specimens of Morotovella aff. 
edgari (I?remoli-Silva , 13(111) have been identified are few illnd these 
are PQorly preserved. The other species found in the Horozovella 
subbotinae Zone are Horozovellll mdrginodentdto/l, ACo/Irinina 
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soldlldoensis soldlldoensis, Horozovell" formosa grllci 1 is 'od 
Horozovellll formosll for.'fIosa (13011 i ) . 

The Horozovellll formosiJ (ormosa Zone
 
Samples 113-116, Fig.3.
 
Authors: Beckrnan et al. (1~69) Interval zone occurring in the Lower
 
Eocene.
 

'l'his interval zone is defined by the first occurrence of 
f'lorozovelliJ iJragonensis (Nutt:lllll and the first occurence of AcarinIniJ 
pentacameraCa ISubbotinll). Apart from Horozovella formosa formosa 
(Bollil, also the species Morozovellll formosa gracIlis, Globigerina 
Inequlsplra Subbotina, ACdrinind bullbrooki (Bolli), ACllrinina 
spinulolnflaClI (Bandy), AClu'lnina broedermani (Cushman & Dermudez) and 
Ho.cozovelll1 aragonensis lire present. 

The MorozovelliJ iJcagonenfJis Zone 
Stlmples1l6andl17, Fig.3. 
Author: Bol.l.i (195711). Interval 7.one. Lowl1c Eocene. The ~nterval 

distin9Ui.,hed by the first cooccurrence of Acarinln11 pentacallerata 
(Subbotina) and the first occurrence o~ Turbocotalia cerroarulen$h; 
fcontosa (Subbotina) or Planorotlll i CBS plllmerae (Cushman & Derrnudez) . 
There is no upper boundary since the zone-miJrker., TurboraClIlifj 
cerroazuinsis fcontos" or Planocot",liCes palmecde W61e not found. Tho 
most .'Ii9nificant llpecies are MOl'orovell" drdgoflensis, Mara,wvella 
cauclI~ic" (Gl<'le.,ner). AClldnlna pentllCamer.tCB and Acarinin" 
pseudotopilen~is (Subbotina). 

CONCLUDING REMARKS 

Anal ys i s has shown that the Ill!d i ll'ents of the Prollsi 1ion sequence 
were deposited durin9 the Ltlte Cretaceous and Early Tertiary. The 
deposition was, however. not continuous and tIle Iflta Q! lH.dill'elltat.i.on 
varied consider<lbly because of changes in se<l level. 

The prellcnl:e of the Globotl'llncarlitd ,:!levllta Zone in the lower 
pi!lrt of the peli!l'Jic limestolle show.., Lhat the ch,10ge from the nerltic to 
pelaglc !aci.. " look plec" during the Cartpllnian. Tha rate of 
sedimenation was low 35 :'le!:!n by the 7m thick beds jncluded ill thi.s zone 
(Fig.]) llowever, since the ':'ower boundary of the zone has not been 
found and the GlobocrunCBnit" elevdca Zone is extonded here to include 
the Mldclle Campanian (the ~idtlle Cllmpllnian Globotcul1cana ventricos8 
Zone culd not distinguished here because o~ the lack ot the index 
species). lt •.'1 dIfflcult to (letermjne whetlL~r 81'c!HrellLation be91ln',in 
the Lower of Midule Cai'1palllan. During the Late Cal1'plin~arl the sea became 
deeper and a thick sequenl,;e wa'J depo51 ted. 

'rhi., 7"lm tl,[l,;K <"",lJv" ... t~ :.lC"t[llCnC') (i.nclud<>rl in the 
GlobotcuncJnJt" calcaratil Zone} may indicate a qr,;;,dual jllcrea:;e of the 
Ielative :'lea· level r":le r"te In terms of seCluence .~tratigraphy this 
unit corresponds to the main "/'ow,:t,u.d" 3y:;t,-,m Tract (LS';2) . Tllin beds 
(2.511') rn~rkpd hy the Lower ~... astIIchtian GlobotrunciJna falsoscuarti 
Zone no,ay indlCi\t.e that dUIing the slow Jtlept'l1ing of the ba!:l~n a short 
period intervell!:!d showing 11 shdllow·upwtlrd tendency and resulting in 
condensed se,hmentatl0n. This as:3urnption suggests t1lat the Campanian 
transgre:'lsion "'ali foll.owecl by a regression in the Lower fl:aastrichtian. 

The low rate ot sedurelll",L.L()/1 "ppeororcd throuqhout the I..owf'r 
Maastrlchtlan continued also ~n tbe Upper Ma<l$tr,i(,:htiarl. as it is shown 
by the t:hickness of the beds included in the Upper Maastrichtian 
Gllnsserina gansseri and Ab<lthomphdlu$ mayal·oellsis Kassabiana 
f"l:JOc"lcilrata Zon.. s whir"1'1 'lIP no Irore than 2,5rn thick. (condensed 
sedil'.entationl. 

At the end of the Maast.richtian. a sudden fall of sea-level 
occured. fol:Qwed by an intern,ptiolJ of :>edilmntation and periodical 
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local sub aerial exposure. The above event may be is attributed to the 
"horst and graben~ type tectoni~m of the area probably combined with 
eustatism The regression culminated in a break of deposition which 
extended through the lowermost Paleocene, since the area became 
exposed. A hardground was developed subsequently on top of the 
cilrbonate sequence (CD: Condensed Sequence). 

During the upper Lower Paleocene stromatolites appe/lred above 
this discontinuity surface. This stromatolitic facies which followed 
after a long break, continued to eXlst until the Upper Paleocene where 
ttHI first clastic beds were deposided. Thus, the development of the 
stromatolitic bed was formed during the upper Lower and Middle 
Paleocene. The stromatolitic horizon indicate a new cycle of sea-level 
rise and in terms of sequence stratigeaphy the unit corresponds to the 
base of the "Lowstand" System Tract (LSTI). 

The fIrst sediments of the cl~stic series were deposited during 
the Upper Paleocene as lS shown by the presence of the Upper Paleocene 
index species PJanorotI!J11ces pscl1dotllenardii. and other Upper Paleocene 
species (Fig. J). llowever, the betl.'3 included in the Upper PlIleoecene 
PlanoroclIlj ces pseudomenardJ'i. 311d MorozoveJ la velllscoensis Zone are 
only 6m thick indicating that during the Paleocene tr<'lnS9raS:lion the 
r3te oC 5ediment3tion was low (condensed sediment3tlon). This unit 
correaponds to the n;aln "Lowstand" SY5tem Tract (LST2). The facies 
toward.'l the top correspond to greater depths. 

The deposition of the clastic sediments reaChed its maKlmum in 
the Lower Eocene, when It thick nequence consisting of red shales 
occurred. This Is the mllln trarlsgcession of Lower Eocene and 
corr~sponds .to the Transgressive System Tract (TST). Towards the top 
the depth and the r3te of se3-1evo: rise increase. The top of the unit 
marks the maximum flooding surfaco (mfs). The subljeque'nt depositIon of 
sand!ltone Ishale alternatiOl1 over1ain by sandstone beda (last lOm), 
clearly indlcate a gradual prograding towards the sequence top. 
Proqradatiol1 may be is due to an increal:linq sedimentation rate, that 
overWhelmed the relative aea-level riae rate. In terms oC sequence 
stratigrapily the last unit cor:responds to the llighstand Systems Tract 
(IlS'i'). In thi!l classic sequent:e, the Lower Eocenc biozones recognized, 
included beds of conlliderable thit:kness (Fig.J) 
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