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PREFACE 

In publishing the first rt:sults of its research works (Giornale di Geologia 
vol. XLI V, fase. f- f 1, J 9 81 ) the Palacogene/N eogcne Boundary Working Group 
while not having defined any final object yet, has nonetheless enabled us to: a 
recall attention to the existenr:e of !ithofacies (e. g. turbidites, ·1olcanoclastil 
rocks) of great significance with respect ro the geodynamical siruation of che 
Mediterranean; b) to clarify the significance of sorne first class faunal markers 
particularly as regards planktonic foraminfera. 

These resuhs permitted ro direcr the course of subsequent research work 
carricd. out by the Group, in the way of giving to che fnternational Commissior 
on Stratigr<1phy, sorne objecrive data Far n $atisfactory solurion o( che problem 

RestJlts of a second research series, coor,dinated by the Group in Sicily anc 
Spai n , are illustrated hereaftcr. ·: · . 

1 n Sicily, M. Romeo an d A. Di Grande of Catania University ha ve presen 
red to the Working Group two sectiorís across relatively soft carbonatic rock~ 
of the iblean Foreland which outcrop around Ragusa. 

[n Spain , J. M. Gonzalez-Donoso, D. Linares, E. Molina an'd F. Serranc 
from the Universities of Malaga and Zaragoza have offered the possibility te 
study two sections in terrigenous rocks from the Betic Cordilleras which out 
crop to the NE of Granada. 

Although all investigated sections are across the critical time span, th( 
opinion of the Working Group is that none of them can be classified as strato 
typical; in the area of the Mediterranean they surely are reference point for thc 
reconstruction of the geological events at the boundary between Palaeogenc 
and Neogene, but they lack sorne essential features which would allow them te 
be considered references of absolute value. 

The results presented in this volume must therefore be considered only ª' 
a further step towards the possible solution of the problem which has been 
dcalt with by the Palcogene /Neogene Boundary Working Group. lt will be nec
essary to organizc future activities taking into consideration both new areas 
accepting also suggestions from colleagues who so far did not participare in thr 
activ ities of the Group, and exploring areas already known, taking account oi 
any negative elements that past cxperience has allowed to identify. 

The editors are grateful to all active members of the Working Group, espe 
c ia lly to th ose that contributed to the success of this volume. They would 
likc to acknowledge also the ever flexible assistance of the late Prof. Dr. A . 
Martinsson, Chairman of the !UGS-Commission on Stratigraphy, and Dr. M. 
G. Bassett, the Secretary General of this commission. Their warmest thanks go 
to the editorial staff of the Rivista Italiana di Paleontología e Stratigrafia for 
having accepted this paper ; they are particularly grateful to Prof. C. Rossi 
Ronchetti for the critica! review of all manuscripts and to Dr. C. Albanesi for 
th e careful editing. 

The volume is printed with the financia! support of MPI 40% and of the 
Centro di Studio perla Stratigrafia e Petrografia delle Alpi Centrali. · 

The Editors 
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ITALY: SICILY, lBLEAN REG!ON 

.-lbstrcict. Two sections proposcd as Pobcogcnc/Ncogcne Boundary strarotypc havc bccn srudicd in 
the foreland of thc lble::m rcgion. Thc distribution of sclcctcd calcarcous nannoplankton, planktonic and 
bcnthonic foraminifcrJ. t.Jxa has bccn studicd. 

The Case Cocuzza section is brokcn by a hi:nus covcring ch e en tire GluborotcJlia ku,(llcri Zonc. Thc 
Costa dell'Angelo scction is brokcn by a hlatus covering thc C. kugleri - Catapsydrax dissiinilis - Cata
psydrax stai11fortl1i zones of Bolli ( 1966 ). 

Both scctions :ne: nen suirablc to serv e as a Palacogcne/Ncogcnc Boundary stratotyp~. 

General Geology (Fig. 1 ). (A. di Grande). 

Foreword. The lb lean area, in southeastern Sicily, lies between the Catania 
Plain, the Vittoria Plain, and the Medirerranean and lonian Seas. 

In recenr papers, Sicily is considered as a natural continuacion of the E- W 
trending Apennine Chain beca use of its present physiography anci mainly duc to 

tectonic-structural similarities and paleogeographic evolution. orne geo1ogical 
analogies are also found to the North - African mounrain chai.ns. ar leasc wirh 
regard to the scdimentological features and structural arrangement of certain 
formations. 

From a paleogeographic point of view, che tble~n regíon , rhat corresponds 
to the Ragusa «plateau», is considered as being stratigraphically a.nd structurally 
a foreland domain, laterally continuing northward to the Apulo - Garganic plat
form and southward through the Maltese archipelago to the northeastern 
African chains. 

At present the lblean area is an uprised structure bounded by tensional 
fau!ts, chieíly trending in a NE-SW and NW-SE direction, having been active 
at least since the Upper Miocene to rhe Presenr, with recently recognized strike 
-slip characters (Ghisetti& Vezzani, 1981). 

Tectonic-sedimentary evolution. [n the !blean area sedimentary and eruptive 
terrain are known ranging in age from Mesozoic to Quaternary. The levels older 
than Upper Cretaceous are only known by bore-hole data ( Rigo & Cortesini, 
1959; Rocco, 1959; Kafka & Kirkbride, 1959; Caílysch & Schmidt Di Fried
berg, 1967); the Oligo-Miocene succession makes up the bulk of rhe out
cropping rocks, while the Plío-Quaternary ones are found at its periphery over 
limited areas. 

According to Catalano, D'Argenio & Montanari (1982), three larger depos
itional episodes related to the tectonic evolution can be recognized in rhe 
Mesozoic succession of the Iblean area. The oldest one is represented by the 
Gela Fm. dolomires, calcarenites and evaporites grading upward ro shales and 
laminated dolomitic limestones (Noto Fm. ); this is Upper Triassic (Norian
Rhaetian) in age and indicares rapidly subsiding platform (restricted tidal 

lralv: Sicily, lblea11 regían 457 

Fig. 1 - Geological map of the Case Cocuzza area. 
1) Alternating marls and calcarenites (Ragusa Fm. - Leonardo Mb. ). 2) Massíve 
bedded calcarenite leve! (Ragusa Fm. - lrminio Mb.). 3) Alternating marls and 
calcarenites (Ragusa Fm. - lrminio Mb. ). 4) Alternating marls and calcarenites (Tel
laro Fm.). 5) Grave!, conglomerates, sands and calcarenites of the Quaternary age. 
6) Actual debris. 7) Fault. 8) Section. 
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plain) conditions. The tectonic events at the Triassic-Jurassic ~oundary allow 
a western (Ragusa sector) and eastern (Syracuse sector) domam to be d1stm
guished. 

During the second depositional cycle, in Liass:ic times, the differences 
between the two dornains becorne larger, wirh an open Umestone platform 
environmcnt (a lga! and oolitic limest0nes of the Syracuse Fm.) in the eastern 
sector and subsiding basin conditions (Streppenosa Fm. p.p. and Modica Fm. p. 
p.) i~ the western sector. . . 

A third Middle-Jurassic to Uppcr Cretaceous ep1sode is marked by the 
almost complete disappearance o f the Syracuse eastem platform followed at 
first by condensed sequences (Buccheri Fm. p.p.) with radiolarite marls and 
marly limescones rhen by pelagic calcilurites, deposited in the Ragusa western 
basin. At the end of this deposirional cycle a tectonic phase, combined with 
subaqueous and volcanic activity (Capo Passero Mb. of t?e Amerillo ~m.), fol
lowed by rudistid limestones (Ponopalo Mb. of the Amenllo Fm.)~ ag~m. allo:-Vs 
partial identification of distinct eastern and wesr~rn sector~. Th1s ?istmcnon 
becomes more evident from the Eocene ro ch e M1ocen.e unul the tlll1e of rhe 
general uprising of the Iblean area (Messinian ,according to Di Grande & Romeo 

1980). . . . 
In the Ragusa sector, during the Tcrt iary, the pelagic sed1mentat10n (A_me-

rillo Fm. ) is replaced by sedimentation with detrital features ( calcaren1tes, 
calcilutites and marls of the Ragusa Fm .) (Fig. 1) in a subsiding basin of mod
erate depth, with depth increasing larer in the Lower to Middle Miocene as 
indicated by the deposition of the Tellaro Fm. marls. These are followed by the 
Palazzolo Fm. calcarenites and calci~u ~ites, relared to a rewessiv~ episode. 
Jmmediately afterwards, m the Mess1man, the present configu~auon of 0e 
Iblean Mountains became outlined wit:h che central part emergmg a;nd with 
evaporitic basins being formed at the periphery as a result. During rhe sarne 
time ( Eocene-Tortonian) the eastern sector o:hows srab!e open sea platform 
conditions, with both a moderate depth and a condensed sedimentat ion com
pared to that in the Ragusa area. The e.merging central part of the iblean region 
leads to rhe formation of lagoon basms at the penphery of th e sector, these 
correspond with the evaporitic ones in rhe western sec:i:or. 

In the above mentioned Neogene inrerval, tecconic phases conrro!Jed the 
sedimentation in both sectors. An importam episode in rh e Syracuse sector is 
transgressive deposition due to an uplift: ing of t he Palazzolo Fm. limestones, 
the latter reach the Oligocene-Mioce·ne bou ndary here. In rhe western sector 
the deposition of the thick calcarenire beds marking che rransition b~twee~ 
the Leonardo and lrminio Members of the Ragusa Fm .. corresponds wtth th!S 
episode . . 

The upper pan of rhe analyze.d sections probably shows the mfluence_of 
thi s recton.ic- sedimenrary episode wh ich led to a decreasing basin depth w1th 
increasing detrital in pu-i; and possib le local emersions; this episode could _be 
responsible for che se.dimentarion gaps and the subsequem lack of certam bio
stratigraphic intervals. 

ltaly: Sicily. Iblc,,m rc¡¿ ion 459 

fhe Case Cocuzza Section. 

Location and lithology (Fig. 2). (A. Di Grande & M. Romeo). 

Location . According to l.G .M. official Glrtography, this scction is in thc 
sourh - easrern pare of the Licodia Eubea quadrangle (F . 273, 111 NE ), 6 km NW 
of the Montcrosso Almo rown with thc following coordinares: long. (Rome M. 
Mario) 2º 14 30", lat. 37º 6' 30". lt has bcen measured and samplcd mainly 
a long t.hc left side of Cava S. Nicola , starting upslope from Case Cocu:aa atan 
altitude of 690 m a.s.l. 

Only the lower part has been sampled along the right side; the continuity 
between the two parts is certain. 

Lithologic sequence (Fig. 2). The analyzed lirh os tratigraphi c interval is en
tirely within the Ragusa Fm .. lying he re below the Tell aro Fm . ; both units are 
part of a monoclinal structure, dipping ar an average angle of 15° to rhe S or 
SSE and interrupted by tensional faults th at trend mainly in a NE-SW but also 
in a E-W and NW-SE direction. 

The sequence is rather uniform , compose d mainly of soft marls and hard 
calcarenites, cherty at places. The overall measured thi ckness is 90.1 O m. 

Three lith olo"ic intervals can be rccogni zed. [n rhe lowest one whirish 
weak marls, calcar~ous marls and marl y limestones are fow1d in layers 5 co 30 
cm thick, regularly interlayered with hard whicish. finegrained cali;arenires i_n 
20-40 cm thick laye rs ; thicker bcds, up to 1 m , are occasionall lound. Th 1s 
interval is 38.25 m thick and corresponds with i:he uppe.r pan of rhe Leon, rdo 
Mb. (Ragusa Fm. ) of Rigo & Barbieri (1959 ). . 

The middle interval is made up of hard mainl y finc-grained. somet1mes 
coarser calcarenite beds interlavered with thin lav ers of white-vellowish .somc
times s~ndy, marls. This interv~l is 38.45 m thi ck in its entircty'and correponds 
with the lower part of the Jrminio Mb. (Ragusa Fm. J and wi th the le\·el with 
thick calcarenitic beds (Di Grande & Grasso. 19 77 ). 

Thc hiahest interval is similar t o the lowest onc and consists o f ye llowish o 
coarse calcarenites in !aye rs 20 to 40 cm thick alternating with yellowish to 
white-yc llowish sandy marls in layers of equal thickness. The hardcr lavcrs in 
the lower part , thicker than the soft ones, include macroforaminifera '.Miogyp
sina sp., etc. ). This inter\'al is 8.4 m thick and correspo nds with the top part of 
the lrminio Mb. 

Calcareous Nannoplankton (Fig. 3; Pl. 34 ). (M. Biolzi, R.H. Lehotayova, C. Mueller & G. 
Palmierí). 

Low d.ive.rsiry characterized the nannofossil associarioa in the Case Cocuz
za seccion: Dictyococcites bisecta, Cyclicargolirlms abisectus C. floridam1s1 

Coccqlithus pelagicus an d Sphenoli#ws morifomris are rhe most common 
species throuirhout che secrion. Nannofossils are common in samples CCl ro 
CC1 5, an d ar~ 'less frequenr from s¿1mple CCl 6 ro CC27. They are sligh tly co 
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Fig. 2 - View o f the Ca se Cocuzza section; the arrows indica te the top and the bottom. 

h eavily m·ergrown and often brnken. In so rne samples, reworked Cretace ous 
and Eocen e s pec ies occur sporadi ca ll y. 

Tl1e distr ibu rion of the stratigraphically most im portant species ( see : 1 n 
Search of che Pa laeogene/Neogene Boundary Stratotype, part 1) according to 
the d iffe rem aurhors an d the bi ostra tigraphic zonati on they proposed a re given 
in Fig. 3. LehotayO\'<I could srudy only few samples. rherefore her rcsults are 
not included in rhe chart. 

According to all aurhors samples CCl to CC23 belong to the Sph enolitlws 
ciperoe11sis Zonc (NP 25 of Martini zonation, 1971 ), therefore to rhe Late Oli
gocenc. The upper boundary of this zone is dcfin ed by the highest occurrencc 

of Sphenolitlms ciperoensi.~, Helicasphaera recta and Zygrhablitlrus bijugatus. 
Dictyococcites bisecta is common in sample CC22 and CC23, whereas only 
one specimen was found by Mueller and Palmieri in sample CC.:24 and CC25. 
Muclle r a.crua ll u es Diccyococcites diccyodus aud nor Dictyococcites bisect 
but since the au rhors agreed rhar the rwo names correspond bere ro the sarne 
form che , keep Dictyococcite~- bisecta. 

Helicosphaera carteri indicaring an Early Miocene age is found from 
sample CC24 upw::irds. Ar rhe same leve! a decrease in siz.e of rhe nannofossi ls 
can be observcd. The specimens are larger up ro sample CC23 rhan in samples 
CC24 tO CC27. Th is change has been observed also in orher re.gions (Arl, nric. 

/t,i/y: Sicily. f/¡/ea11 re~ion 

ltalyo S1cily o Ragusa ore u 

CASE COCUZZA SECTION ° 
Steininger F, Di Grande A,B Gelati R., 1981 
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Mediterranean. north Germanv) between zones NP 25 and NN 1. On these 
observations Biolzi and Muell~r dated the sediments from sample CC24 to 

CC27 Early Miocene but no definire cvidence exisrs ro assigne rhe last portion 
of rhe sequence ro che nannofossil Zone NNl . The possibiliry of a hiatus 
between samples CC23 and CC24 is very like ly . Palmieri found a form of 
Discoastcr sp. cf. dmJ?.gii in sample CC25 (see PI. 34. fig. 7, 8) rherefore. he 
assigned rhe sequence from rh is sample to rhe rop ro rhe Disco.ister dmggii 
Zone (NN2 ). T pica! D. dmggii is generall missing or very rare in most par of 
tbe Medirerranean <1rea. Howcver, bo rh in rhe western ;md in the eastern 
Mediterranean. in surface and/or outcropping sections, six rayed Discoaster 
with a broad central area , resembling D. druggii but not typically developed, 
are usuallv detected in sediments referred to the Lower Miocene Zone NN2, on 
the basis 'o f other srratigraphical data, and are indicared as D. sp. cf. druggii. 
The presence of Helicosphaera ampliaperta usually found from the upper part 
of Zone NN2, in sample CC27 would support Palmieri's ass umption . 

Planktonic Foraminifera (Fig. 4: Pi. 35). (J. W. Zachariasse, M. Biolzi, G. Bizon, A.M. Bor
setti, F. Cati, M. G. D'Andrea, R. Gelati, J. M. Gonzalez-Donoso, S. laccarino, E. 
Malina & M. Romeo) . 

Plankronic foraminifcra are poorly preserved throughout the section Case 
Cocuzza. Due to post - burial processes of dissolurion and reprecipitation of 
carbonare most plankronic foraminifera are recrystal lized, overgrown or even 
partially dissolved. 

The small average size of rhe specirnens in combination with the poor 
state of preservation severely hinders a reliable determination of the individual 
fauna] components. 

Fauna] analyses were initially carried out by M. Romeo who correctly 
concluded that the stratigraphic range of the secrion extends from the Oligo
cene up into the Mioccne. Later, sorne 27 samples. collected during che P/ 
Boundary meeting on Sicily ( 1981 i. were throughly studied by che ocher par
ticipants. Their distribution chans are presented in Fig. 4. Even chough mosr 
authors refrained from making a rotal fauna analysis, the scattered distribution 
of selecred taxa along wirh the grear nurnber of questionable dererminations 
readily portrays the poor state of preservation of the planktonic foraminiferal 
fauna. 

During the PIN-meeting held in Malaga ( 1982 ), the distribution charts of 
the Sicilian sections were compared with one another to verify the degree cf 
correspondance in the srratigraphic ranges of biostratigraphically important 
taxa. In cases discrepancies occurred rhe true stratigraphic ranges were es
tablished rhrough cross-checking rhe material of individual aurhors by rhe 
whole group. In rhis way we could reach a consensus on the stratigraphic 
distriburion of selected taxa the resulr of which is given in the rightmost 
column of Fig. 4. Selected taxa are figured on Plate 35. 
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As shown in Fig. 4 rcpresentacivcs of che gcnus Globi,1?cri11oides occur 
chrough ut che sccti n. Thc rnxa GlvbiJ!cri11uidcs c¡11,ulrilubat11s triloba ( RclL~S) 
:111d G. il-tiaperhtrtts Bolli werc differenriared within rhe group of Clobij!eri-
11oide.\. C. qrrndrilobatus trifoba is che label stric rly used for specimcns having 
(:ilmosr ) thrce chambcrs in rhe final whurl. Specirnens meeting chis definirion 
are found by ali authors in the interval delimited by the sarnples CC24 - CC27. 
C. alti<1pert1tr1tS is rarely registered by Molina and Go11zalcz - Do11oso in samples 
CC24 - CC27. and by Bizon and Romeo in sample CC26. Thc general upinion 
is thar typical C. altiapcrt11ms occurs unly i11 s;1mple CC26 and rhat specimens 
r·eported from samples CC24, 25, and 27 are eirher too poorly preserved or 
have too small a supplemcntary aperture: they fit in better with the definition 
of Globi_gcri11oides para111oodi ( Kel ler. 1 981 ) . 

Ir is to be noted that in all cases th e poor pre sc r·vatiun hinders a certain 
discri111ination berween G. alriu.pem1n1s and Globi~eri11e1 woodi woocli Jen kins. 
C. woodi u1oodi is rcported b mosr aurhors from sa mple CC24 upwards. Spec
imens labelled by Gelati and D"Andrcu ;1s Clobi,!,?erimi bra;::iC"ri Jenkins in 
sa mples CC24 an d 25 werc cor\sidercd ind is •inguislrnble from specimcns as
signcd hcrc -ro C . woodi woodj_ In sample::s CC \ .J-16. CC9-10 , and CC6 rhese 
autho rs used rhe labe l G. brazieri for specímc11s considered to be of indefinirc 
taxonomic affinirv. 

Thc highest ~ccurrcnce of Globigerina u11g11lis11t1mdis Bolli is reponed by 
Bizon from CC24. Checking the specimcns collecrcd by Bizon confirms the 
co.ntinuous presence of this species up to sample CC24. 

Globigerinita g/11 ti11ara ( Egger ) is reponed only by Molina and Gonzalez
Donoso and by Bizon. These aurhors find the spccies from sample CC24 up to 

CC27. 
Globoq1,¡¡¡dri11a delii»cens (Chapman. Parr & Collins) is found by ali 

authors in sample CC27. lts presence in samples CC2.S and 26. reponed by Mo
lina and Gonzalez-Donoso, is accepted by the other authors. The lo wermost 
stra tigra ph ic occurrence of .\!eogloboq11adri11a acrostoma ( Wezel ) is reponed by 
Borsetri a nd Ca ti and Rom eo from sarnple le ve! CC24. 

Specimcns assignable to Catapsydrax st,únforthi Bolli, Loeblich & Tappan 
occur sporadically in samples CC26 and 27 fMolina and Gonzalez - Donoso; 
Romeo). 

Represenratives of rhe Globorotalia lwglC'ri group (including mo rpb orypes 
labc ll ed by Blow (1969) as Cloborocalia nie11dacis an d C. pseudok11gleri ) are 
e ..... --rremely rare in rhe U.pper part of rhe secnon. C. mendacis and C. pseudo
k11gleri are reponed by Borsetti a:nd Cati to occur disconrinuously from sample 
CC20 up ro CC26. A few specimens a.ssigned w Cloboruralia kugleri Bolli are 
reponed by Gelari. D' Andrea, Bizon Borseni and Cati. and Romeo frorn 
various samples above leve! CC24. 

Finally , sorne quesrionable occurrences of :\!eogloboquadri11a opima opi
ma (Bolli ) were verified and subsequently omítted from thc record. 

Conclusions. The distribution patte rn s of the planktonic foraminifera pre-
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senred in Fig. 4 indicare a disconrinuiry in rhe uppcr part of seccion Case Co
cuzza. A number of ra ., a . which in continuous sec:¡ucnccs havesuccessive first 
occurrences, abruptly a ppe3r at or immediacely ahove sample leve! CC24. 

The (almosr ) .e ncinuous prescncc of C. dc>hisccns, C. quadrilobatus 1,..;
loba , and oF C. woodi 1wodi1 together wirh che occasi na! occurrences of C. 
altíapertums and C. st1.únfurtl1 i and rhe absencc of Cloborotalía praesci111 /t.1 
Blow from leve! CC24 upwards penn it us ro posirion chis higher incerval bio
strarigraphica\ly wirhin che C. dissimili.' Zone (Bolli. 1966) or within che lowcr 
pan of thc C dissimilís / C . • 1lric1perwrns Zone of che Medirerranean scheme of 
Bizon & Bizon (1972). Th e reporced sporadic occurrences of C. a11g11/is11turalis 
in CC24 ( Bizon ), of C. ciperoe11.sis in CC25 (Bor.secri a nd Cari: Romeo). and of 
che C. k11gfori group ar various levels above CC24 ( Bizon: Borsetti and Cui ) 3re 
considered ro be d.ue ro reworking. 

The association found. below le el CC24 is characrerized by ihe joinr pres
cnce of C . angalfr11turalis and Clobigerinoide~· spp. and withour .\'. opima opi
ma. lt is indicarive for the C . ciperocmsi> Zone of Bolli (1966) and Bizon & 
Bizon (19 72) . 

The analysis of rhe planktonic foraminifera thus reveals a hiatus in bc
tween sample levels CC23 and 24, the extcnt of which corresponds with one 
planktonic foraminiferal zone (the C. kugleri Zone of Bolli , 1966 ). 

Case Cocuzza Scctioon - Benthon ic Forammifera 

Alabamlna -...·oltersto..-(i (Franke) 
:\lmaena sp. 
."imphistegino lessonii d'Orb. 
Anomalina affinis (Harnken) 
Anomalina granO$O (Hantken) 
Bolivina beyrichi cor'lnata Hantken 
Bolivino budensis (Hantken) 
Bolivina hebcs .\\acfadyen 
BoJivino koessenensú L1ndenbc rg 
Bolivina liebusi Hofmann 
Bu.!imino alo=anerui$ Cush . 
Bulimino alsotica Cush. et P2rker 
Cossidulinoides compacta Cush. et f..ll1sor 
Ellipsog1anduliria vOsOr-helyil (HJn t:O:cn) 
Elphidiu m cr'ispum (Linnc ) 
Elphidium fichCeliam..;m prac{orme PJ.pp 
Etphidium minu tum (Rcu-ss) 
Efphidium oreenburgense (E¡;gcrl 
Heterolepo cos(oto Franzcndu 
Heterolepa eoco eno (Gurn!Jcl) 
Hopkinsino gracil is (Reuss) (,,, Uv(qarino farinosa Hanti.:cn 
Karreriella siphOnel!a (Reuss) fide 5ztrJ.\,; o:; l') i9) 
Morginulinopsis behmi (Rcuss) 
.\fiogypsinidae 
Osongularia p teromphal ia (GumOcl l 
Plonulino costara {Hantkcn) 
Tri{arina bradvi Cush. 
Tri(arina bude'°nsis (Hantkcn) 
Tri{orina t1Jbull{era {Kaas~chictcr) 
Tritazia cubensis !Cush. et Bcrrnudez) 
Tri tozia havanensis lCush. et Bcrrnudcd 
Tritozilina reus.si {Hamkcn) 
Uvigerino eocaeno Gu:nbel - me.ricona ,\!uu.il ¡;r. 
Uvigerina (linti Cush. 
Uvigerina gallowayi Cush. gr. 
Uvigerina hantkeni Cush. et Edw. - nuttalll Cu:.h. et Ed 1.1.1• gr. 
Uvigerina havonen.'I L'i Cush. ci: Ocrrnudcz 
Uvigedna cf_ longistriala Pcrconig 
VictorieHo oquitanica Dcbourle et Oel mas 
\'ictoriellinae (Eoruperria?) 
\'irgulop.'lis ka~.'le!en.!f" (Barjes) 
Vfrgulop.'ll."1 tubercu/ata (Egger) 
Vulw.llna jarvbi C ush. 

1 2 34 5G 
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~ 

Fig. 5 - Distribution of benthonic foraminifera in Case Cocuzza section. 
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Benthonic Foraminifera (Fig. 5: Pl. 37-39). (A. Poignant). 

Benthonic foraminifera are rath cr abundant and wcll prescrvcd in marly 
lcvels; thcy are scarce and badly preservcd in calcareous oncs. . 

On thc whole, the microfauna mamly contams hyalme spec1es and few 

<Lgglutinarcd nes. . . . . . . 
r\:odosariidae: Lentic11linu, Chrysalogonwm, Margmul111ops1s , l·ro11d101l<1-

ria. f>lectofrondicularia, Vaginulinopsi.> .. . and J:~111•igerinidae: Siphorwdos,m<1, 
Srilostoniella, are fairly common umil sample 2:i, but the1r spec1f1c ass1gnme~ir 
is always difftcult and most of rhem do not have any biostratigraph1cal s1gn1f. 

tGlllCC. I 
The other predominant genera with rhe largest specifíc diversiry are: Ho i-

pina, {/11igerina, Trifa.rina, Elphidi11m, Heterolepa .. . . 
Many spccies cxist both in Oligocenc and M1ocene_o r have a '."1de strau~ra· 

phica.I range in rhe Teniary. The mosr imercsring ~p~c1es f~r rh_e mcerpre.tat_ion 
of rhe Oligocene~Miocene boundary belong to B l1P111a, UP1f:rina, Hopkms111u., 
Trifarina, Victoriella F:lph.iditm1. Miogypsin~i Rercrolepa, .4 ma:na_. 

According co sorne papers , a few spec1es oF .-\lmae~~ pcrs1st 111 ~he Lower 
Miocene nevenheless ir is a rather Olío-ocene genus: Bol111ma budens1s, B. koe,;
sencnsis,' B. liebusi, Hopkinsi11a gracili~ are reponed from Oligocene. Frifari11a 
tubulifera, described in rhe Eocenc of Bclgi.uni, is f~und _m rhe F:ench and 
Hungarian Oligocene. Victoriella aquitanica was descn?ed :n the Oligoccne of 
southwesrcrn France, Hetera/epa costara 1s w1despread 1n l1gocene . 

On the contrary, Holi1•ina hebes is reponed from Mioc7ne, Uvigerinu fli11ti 
appcars in thc Mioccne of rhe Po Plain, Up/1 idh1in fichtel1a11wn praeforme is 
rccorded in the Aquitanian stratotype and 111 che Miocene of Ausrna, at lasr, 
Miogypsina indicares the Miocene. . 

From these data, it implies that rhe boundary could be placed approx1-

mately rowards samples CC24-25. . . . 
Wit.h regard to rhe paleobarhymerry , 111 the lower and mid~l e part of rhc 

section, the presence of Victoriellinae in three samples, the relattve abundance 

0 f Almaena, the lesser number of PHllenia, Pleurostomella, the absence of 
Oridorsalis. Cibicidoides, 1 adosare/la., suggest a sea-depth of about 100-200 
m . In the upper part of e.he. seer.ion , A1iogypsi1rn, Elphidium, .. hnphistegina 
point to shallow deposiríon with sea-dcpth probably not exceedmg 50 m. 

Biostratigraphy of Case Cocuzza section (Fig. 6). (M. Romeo ). 

The scratigraphíc distribution of sorne seleGed raxa of pla~ktonic and 
benrhon.íc foramini.fera as well as calcareous nannoplankcon spec1es has been 
studied by severa] specíaliscs of che ~ Working <?rou p on rh_e Palaeogene/Neoge
ne Bound.ary » and are ploned here in a rentac1ve correl~c10n ~hart to evaluare 
the biostracigraphic conelation for rhe Case Cocuzza secnon (F1g. 6. ). f 

The u.Ppermosr Olig;ocene level, charac reriz.ci~ _by che last occurrenc~ o 
GlobiJ¡erina angulisuturalis, fa lls within sam ple posmon CC2J and is recogmzed 
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as the C. ciperoensis ciperoensis Zonc ( Bolli , 1966 ). Within the same sam ple 
the last occurrence of Helicosp/1,1era recta, 7-ygrhablitlrns bij11gatus and Spheno
litlrns ciperoensis was recorded in th is section; ali these taxa are limited to thc 
calcareous nannoplan kton Zone NP25 of Martini ( 1971 ). 

Several meters above this. ar sample position CC24 and CC25, the last 
occurrence of Holil'ina koesseneusis, Hopkinsirza gracilis and other taxa typical 
for Oligocene benthonic foraminifera associations were recovered. 

The following-higher - interval of the section - sample position CC24 -
is characterized by thc prescnce of Clobigerinoides q11adrilobat11s triloba, Clo
bigerina woodi woodi, Cloboq11adrina deliiscens rogcther with Catapsydrax 
stainforthi and C. altiapert11rns. This fauna allows the recognition of the 
Catapsydrax dissimílis Zone of Bolli (1966 ) or the lower pan of thc C. dissi
milis / C. altiapert11rus Zone of Bizon & Bizon (1972). This result is in good 
agreement with rhe observed occurrence of the calcareous nannoplankton 
Discoaster cf. dmggii and Helicosphaera ampliaperta, taxa reponed in general 
from the NN2 Zone interval of Martini ( 1971 ). 

This foraminiferal and nannoplankton record revealed a majar disconti
nuity of this section across the Palaeogene / Neogcne boundary. The entire G. 
k11gleri Zone of Bolli ( 1966 ) seems to be missing, as is the larger part of nanno
plankton Zone NN1. This result cannot be comrolled using the benthonic 
foraminifera record, sin ce ( ·Pigerina flinti, Uphidium fichtelian11111 praeforrne 
and Miogypsina sp. are significanr Miocene taxa and indicare an Aquitanian 
age only. 

This sedimentation gap between sample position CC23 and CC24 /25, 
detected by planktonic foraminifera and calcareous nannoplankto n associations 
only, is situated in the upperm ost part of the «Livello a banchi calcarenitici>> 
and could be the reason for the absence of an entire planktonic foraminifera 
zone - the «C. kugleri Zone» - straddling the Palaeogene/Ncogene boundary. 

The analysis of the Case Cocuzza section within rhe wider lblean area re
vealed a majar discontinuity covering the interval berween the Oligocene/MiQ,;:. 
cene boundary and reaching up into the Burdigalian. This phenonienon was 
already noticed elsewhere, in severa! other sections studied in detail as potential 
Palaeogene/ Neogene boundary stratotype sections (Cati et al., 1981; Borsetti et 
al., 1983). 

This general conclusion is supported further by the paleobathymetric 
study carried out by A. Poignant on the benthonic foraminifera of this section. 
A. Poignant reconstructed a basin evolution from the upper epibathyal zone at 
a paleodepth of about 100 to 200 meters during Oligocene time, decreasing to 
about 50 meters into the inner neritic zone in the Early Miocene pan of the 
section (Wright, 1978). 

The hiatus recognized in the Oligocene/Miocene transitional part of the 
«lrminio member» of the «Ragusa formation» (Rigo & Barbieri, 1959), identi
fied as « Livello a banchi calcarenitici» by Di Grande & Grasso ( 1977) is prob
ably dueto a sedimcntation gap in the course of an cmersion of thc enrirc Jblcan 
area beginning in the Upper Oligocene and lasting until the Early Mioccne. 

467 

Fig. 7 - Geological map of the Costa deil'Angelo :tre:t. 
1) Akcmaring marls and c.akarenites (Ragusa Fm. • Leonardo Mb. J. 2) Massive 
bedded calcarenite leve! (Ragusa Fm. - Lrminio Mb. ). 3) Alternating marls and calca
ren ices (Ragu sa Fm. - lrmirúo Mb.). 4) Alremati.ng calcarenit es and mar.Is (Tellaro 
Fm.) . 5) Whirish marls (Teíl ro Fm.J. 6) Rcccnt and acrual alluvium. 7) Faulc. 
8) Section. 
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The Costa dell'Angelo Section. 

Location and lithology (Fig. 7, 8). (A. Di Grande & M. Romeo J. 

Location (Fig. 7 ). According to l.G.M. official cartography this section is in 
rhe central-southern part of the Ragusa guadrangle ( F. 276, 1 NO ), 0.5 km ro 
the east of Ragusa lbla , and has the following coordinares : long. (Rome M. Ma
rio ) 2°· 18' 20", lat. 36° 55 ' 30". Thc section has been sampled a long the left 
side of rhe lrminio Rivcr vallcy starting from rhe coníluence with thc Cava S. 
Leonardo vallcy at 502 m a.s.l. clown to about 350 m a .s.l. 

Lithologic sequence (Fig. 8 ). The section has been wholly samplcd within the 
Ragusa Fm . which líes a.l mosr hori:zonrally, clips gently to rhc E, and is cut by 
a dense pattern o f tensional faulrs, mainly trending in a N E- SW direction; 
occasionally different and variable clips are found. 

The sampled secrio n is 1 52 m thick and the lithol ogic sequence is com
posed o f har.d , fi ne ar coarse-grained. calcarenites and sofc marls. 

Three intervals can be recognized based on the manner in which the 
above-mentioned lithologic types are associated. 

In the lowest interval hard, fine-grained, whitish calcarenites in 20-40 
cm thick layers regularly alternare with rhinn er layers o f soft whirish marls. 
Hard calcarenite beds up to 1.5 m in thickn ess and brown cherty nodules are 

Fig. 8 - \licw o t' rh c Cosra dcll"Angclo sec tio n; che arrows indicare rh e rop and rhe bo rrom . 
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also found ar irs botrom. This interval corresponds with the upper part of the 
Leonardo Mb. (Ragusa Fm.). 

The middle interval consiscs of hard calcarenite beds, grading upward from 
fine-to coarse-grained interlayered with lenticular bodies of sandy marl s or 
with alternating layers of calcarenices and sandy marls. Each of the beds, at 
times showing slum.ping structures, has a variable thickness of up to 20 m lac
erally; three of such beds have been observed along che surveyed section. The 
inrerval corresponds with the lower part of che lrminio Mb. 

The highesc in cerval is 6.6 m thick entirely and is made up of hard, coarse
grained yellowish calcarenite layers 20-60 cm thick and of yellowish, relatively 
hard sandy marls in layers of the same thickness. This interval is distinct from 
the lowest one because the mar! layers are thicker, harder and coarser-grained; 
it corresponds with the top of the Irminio member. 

Calcareous Nannoplankton (Fig. 9; PI. 34 ). (M. Biolz i, C. Mueller & G. Pa lm ieri). 

The ca.lcareous nannofossils presenr in the Costa dell Angelo .secrion 
srrongly ;uy in abunda.nce and preservaüon. In the lower pan of che sequence 
up ro sample CA15, thc change is m a.inly rela.red ro recrisrallizacion and frag
menracion due to diagenesis, which is expe·cially srrong in <he carbonate rich 
layers. Nannofossils are rare in samples CAl 6 to CA20 , af!d become more 
comrnon again in samples CA2J to CA23. In sample CA24- chey are almost 
a.bse nt and in samples CA25 to CA27 are very rare. 

The assernblages are generally of low diversicy: Dictyococcites bisecta 
Cyclicargolithus abisectus, C. fioridanus , Coccolithus pelagicus and Sphenoli
thus morifonnis are che most common species rhroughou t the section. In Fig. 9 
che biosc:ratigraphic zonacions proposed by rhe differenr authors a.nd che distri
bucion of the srratigraphically mosr importa.ne species (see: In Search of the 
Palaeogene /Nea gene Boundary Stratotype, part 1) are given. 

Ali three a.uthors a:ssigned the sequence from the boctom up ro sarnple 
CA22 to rhe Late Oligocene Sphenolithus ciperoensis Zone ( P25 of Manini 
zonarion 1971 ). Ar.. this leve!, coinciding with rhe highesc occurrence of Sphe
nolithus ciperoen.sis Biolzi and Palmieri rraced rhe upper boundary of zone 
NP25. Mueller used Dictyococcites bisecta (= dictyodus ) as index. fossil (she 
didn t dececr any Spherrolithus ciperoensis high er rha.n sa.m.ple CAl 4 ), therefore 
she placed che same bounda.ry one sample higher, berween CA23 and CA24. 
Actually Dictyococcites bisecta has a continuous distribution, wherea.s Sphe
nolithus ciperoen.sis, common up ro sample CA14, becomes rare and discontin
uous in che upper part o-f ics range. Howeve.r, since i.ts decerminarion is doubc
less (see PI. 34, fig. 16) and since its highest occurrence level, slightly lower 
chan the leve] of extinction of Dictyococcites bisecta, ís ripical, Sphenolithus 
ciper-oensis is here considered a r eliable marker of che upper bounda.ry ofZone. 
NP25. Helicosphaera recta and Zygrhablitlrus bijugatus are useless for the 
definirion of che Oligocene/Miocene bounda.ry in the Costa deil 'Angelo section 
bec.ause they have ch.eir. highest occurrence in levels far lower (somewhere be-
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tween 4 7 m and 82 m,according to che different auchors ) than those of Sp'1c110-
litl111s ciperoensis and Dictyococcites bisecta. No age determination was pos
sible for sample CA24, because of the scarsity of nannofossils. The prcsence o f 
Sphenolithus i1eteromorplius and Helicosphaera ampliaperta in sarnple CA25 
assigncs this sarnple to the Helicosphaera ampliaperta Zone (NN4 ). The last 
occurrence of Helicosphaera ampliaperta would actually define the boundary 
becween NN4 and NNS, however, because of the absence of other significant 
species and because one of the auchors detected Helicosphaera ampliaperta also 
in sample CA27, it seems better to assigne the upper part of the sequence from 
sample CA25 to the Early Miocene Zone NN4. 

A hiarus representing about 5 million years exists between sam plcs CA23 
and CA25. 

Very few Eocene reworked species have been observed. 

Planktonic Foraminifera (Fig. 10; Pl. 36 ). (J . W. Zachariasse , M_Biolzi. G. Bizon, A.M. Bor
setti , F. Cati, M. G. D'Andrea, R. Gelati , J. M. Gonzalez-Donoso, S. laccarino, E. Mo· 
lina & M. Romeo). 

The state of preservation and the overall aspect of the planktonic forami
niferal fauna in section Costa dell'Angelo is similar to that reponed from sec
tion Case Cocuzza. 

The pilot study of M. Romeo, demonstrated thc Oligo-Miocene age of 
the section. Late, sorne 27 samples were studied by the working group th e 
results of which are presented in Fig. 10. Following the procedure described 
earlier, che general opinion on the stratigraphic ranges of se lected taxa is given 
in the righcmost column of Fig. 1 O. Selected tax a are figured on Piare 36. 

Thc poor state of preservation of the planktonic foraminiferal associations 
is accentuated by the extreme poverty of data in the middle/upper part of che 
section . Thanks to the perscverance of sorne authors we could ascertain a defi
nite turn -over in the planktonic foraminiferal composition in the upper part of 
the section. 

From sample leve! CA25 upwards, all authors reponed various occurrences 
of Clobigerinoides quadrilobatus triloba (Reuss), Globoqlladrina dehiscens 
(Chapman, Parr & Collins), and Clobigerina woodi woodi Jenkins. In addition, 
most authors registered Neogloboquadrina acrosto1na (Wczel ), while sorne 
authors (Molina and Gonzalez-Donoso; Bizon ; Borsetti an d Ca ti) documented 
the presence of Cloborotalia praescitula Blow. 

A lengthy discussion was held on the taxonomic status of specimens label
led as Clobigerinoides sicanus De Stefani by Molina and Conzalez-Oonoso, 
Gelati and D' Andrea, Biolzi, Borsetti and Ca ti, and Romeo. The final conclusion 
was th at these forms are indistinguishable from C. sicanus and consequently 
we added the !abe! C. sican us in the combined discribution chart of Fig. 10. 

With respect to Clobigerinoides altiapertums Bolli no consensus could be 
reached. The specimens collecced by Gelati and D' Andrea from sample CA26, 
and by Borsetti and Cati from CA25 did not allow a certain determination. 
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Nonc o f thc taxa lis ted above was found below leve! CA25. The m ost 
c haracreristic elem ent in che associations Írom below CA25 is C/obiReri11a 
ang11/i,-uttir(lli.~ Bo ll i the h ighest occu.rrence of wbich has be.en fixed :1r sam ple 
leve! CA24 . Up to the same sarnple leve! scattcred ccurrences of Globigerirw 
cipe roenús Bo lli are re poned by Bizo n and by Borserti and Cati. 

Although sorne aurh o rs collecred a few specimens wh ich werc question
able assigrrcd ro N •ogloboqrwdri11a opima opima (Bolli ) rhcy did nor m eer 
sufficicntly weLI rh e o peraüo nal definirían . 

The lowermost stratigraphie occurrence of the genus C lobigeri11oicles 
could be fixed at s;1mple leve! CA!4 . 

Conclusions. Th e disrribution patterns of pla nktonic foraminifcral taxa in 
section Costa dell"Angelo undoubtly indicare the prese nce of a promin ent 
discont inuity in the upper part of the section. 

The occurre·nce of C. sicanus and C. pra.esciti1la in rhe intervaJ de limircdí 
by the samples CA25 - CA27 indicares rhat this part o f the secrion can be 
correlated wirh the upper part of rhe C. insueta Zo ne of Bolli (1 966) and with 
t he upper part of rh e C. trilobus Zone of .Bizon & Biz.on ( 1972 ). The in terval 
b.elow sample le vel CA25 is attributable to the C . cipe roensis Zonc of Bolli 
(1966) and of Bizo n & Bizon ( 1972). 

Hence a hiatu s is present in our reco rd in between samplc leve ls CA24 and 
CA25 the ex tent o f which is greater than in sec tion Case Cocuzza. 

Benthonic Foraminifera (Fig. 11 ; PI. 37-39). (A. Poignant). 

The benthonic foraminiferal assemblage is not essentially different from 
that o f the Case Cocuzza section; it is, howcver, a little less abundant and di
versified. 

As in Case Cocuzza, calcareous hyaline species are predominant and agglu
tinated ones rather scarce. Nodosaríidae a nd EouPigerinidae are num ero us. Th e 
other predominant genera are the same as in the Case Cocuzza section . 

The species apparent!y most interesting for the biostratigraphy belong t o 
the genera: Bolíl'ina, Recto boli1•ina, Hopkinsina, Discorb inella , Elphidium, Co
ryphostoma and .4 lmaena. 

.4 lmaena is m ainly an Oligocene genus: Boli11í11a budensís, B. koessenensis, 
B. liebusi, R ec tobolivina costifera and Hopkinsinagracilis are reported from the 
Oligocene. 

Bolii•ina míocenica and Elphidium fichtelianum praeform e are re corded in 
the Miocene. Coryphostoma sp. is found in the Lower Miocene of southwestern 
France and Discorbinella bertheloti in the Fren ch Burdigalian. 

The boundary between the Oligocene and Miocene is not obviou s because 
the last levels are highly calcareo us marls and contain a poor and b adly pre 
served faun a. 
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Fig. 11 - Distributio n of benthonic foraminifera of Costa dell"Angelo se ction. 

Because accordi no- ro rhe AGIP book Holii>i11a miocenica appears in th e 
Langhian, ccrtain leve!; in the Lowcr Miocene are possibly missin g. 

~As far as paleo bath ym etr y is concerned , representanves of .4 lmae11u. and 
Up'1idi 11 m in most of rhis sec tion and similarly in the Case_Co:una se.cr1on._as 
well as the ab sence or scircity of genera su ch as Oridorsalis, C1/J1cido1des, .\ o 
dosare lf ,1. f>1tllenia, Pleurostomella indicares a deprh simibr to that tn Case 

C - · e 100 to 200 m. The t op levels of the section porn t to a decrcasrng ocuzza , l. . 

depth of dcpos irion ap proach ing 50 m. . . . 
Compared with che sect1ons o f the P1ed_mont _( Lemm.e ! and Marche reg1ons 

(~a· rusconi , Montebello DºUrbino, Casa d1 Tos1J. the S1e11ian sec t1on s are n o t 
as rich in b enrhonic foraminifera. In the Lemme section the nchest neady 120 
spccies bel onging to 62 genera were found, while in Case_Cocuzza only 64 spe
cics and 43 genera were recorded . On th e whol e, foram1mfera are b etter pre-

scrve d in th e Sic ilian sections. _ 
In general, rhe depth of the Sicilian dcposi ts is _lower than m 1:onhe~n. lr-

a ly as indica ted b y ch e lack o f both agglutin~ted sp_ec1e~ ( ~arrene lla . .1 nta~;ci/ma , 
t:ggerella, Do rothia, Ma rtinottie/la ) and O nd?rsalzs. Czbzc1do1des, :\odo,u.rella, 
e.h e presence of" .i.lmaeria, Elphidium and i~1cto n e lla, and m the upper le vels 
numerous f ; /plúdimn, M iogypsina and A mphzstegina. 

Biostratigraphy of Costa dell' Angelo section (Fig. 12 ). (M. Romeo ). 

Thc suatigraphic distributio n of sorne selec ted taxa of plank tonic and 
benth onic foraminicra as well as calcareous nan noplankton species has b ee n 
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srudied by severa! spccialiscs of che Palaeogene Neogene. Boundary Working 
Group and are ploncd here in a rcnrativc corrclarion charr ( Fig. 12). 

The larger parr of che sectioa belongs to rhe Lace Oligocene since C, ang11-
lis11 turalis is present up to sample CA24. Tbis en tire inrerval of che seer.ion 
cherefore can be correlated ro che C. ciperoensis Zone of Bolli (1966). The 
uppermosr occurrence of Sphenolithus ciperoensis and Dictyococcites bisecta 
indicacive for che calcareous nannoplankton Zone NP25 of Martini {1971 ), was 
recorded slighcly lower in sample CA22 or CA23. Towards sample CA23 che 
laresc occurrence oí Boli11ina budensis, B. liebusi, R ectoboli ina costifera and 
Hopkinsina gradlis also indicares the Lace Oligocene age of chis pare of the 
sec t ion . 

A sudden faunistic change is recognized ac sample position CA25 by che 
occurrence of C. sicanus and C. praescitula a long with C. quadrilobatus triloba, 
C. dehiscens and C. woodi 111oodi. This associaci.on is typical for the C. insueta 
Zone of Bo!H (1966) and che uppermost pare of che C. trilobus Zone in rhe 
Medicerranean biosrrarigraphic zonarion of Bizqn & Bizoa (1972). Together 
wirh che.se planktonic indicacors we can follow the appearance of Sphenolitlms 
hetero nwrphus and Helicosphaera ampliaperta , indicarive of nannoplankroa 
Zone NN4 of Marüni (1971 ). 

This major hiacus between sample CA23/24 and CA25 strerches overa 
time imerval of approximately 7 million years and contains che plankton fora
minifera zones C. kugleri - C. dissirnilis - C. stainfortl1i - and pare of the C. 
iris11eta Zone .in the zonation of Bol li (1966) or che C. kugleri - C. primordius 
- C. dissimilis/G. alriaperturus - and the lower pan of rhe C. trilobus - zones 
in che Medirerranean zonation scheme of Bizon & Bizon (1972). In terms of 
calcareous nannoplankton zonarion, parts of che NP25 - NNl - NN2 - N3 
and even parts of che NN4 Zone in terms of Martinj s (1971 ) zonation are 
missing. Benchonic foraminifera indicare chat the Aquitanian and nearly the 
encire Burdigalian is missing in rhis secrion. 

Th is ma jor h.iatus in che Costa. del!' Angelo secrioa muse be seen in con
neccion with rh~ evolutíon of entire lblean area and is aga.in recorded in the 
<d rminio member» of the « Ragusa fonuarion» in the uppennosr beds of the 
so- called « Livello a banchi calcarenitici» (Di Grande~ Grasso, 1977 ). The sedi
mentation gap may be due rn a complete ºemersion of the area. The benrhonic 
ÍOiarninifera record ar leasc again poims co a paleodepth evolution of the area 
similar to that recorded in the Case Cocuzza secrion. 
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Fig. 1.2 

Fig. 3,4 

Fig. 5,6 

Fig. 7,8 

Fig. 9 ,10 

Fig. 11 

Fig. 12 

PLATE 34 

Nannoplankton from Case Cocuzza and Costa deli 'Angelo scctions. 

Hclicosphacra a1nplia¡Jert.i Bra111lcttc & Wilcoxon. Sarnplc CA25. 

Splienolithus lieteronwrplws Deflandre. Sarnple CA25. 3) Long axis at 0° to 
crossed nicols; 4) long axis a t 45° to crosscd nicols. 

Helicosphaera carteri (Wallich ) Karnptncr. Samplc CC26. 

Discoaster sp. cf. dru¡utii Bramlctte & Wilcoxon. S:unple CC25. 

Helicosphaera recta (Haq ) Martini. Sarnple CC4. 

Cyclicarg,olithus abisectus (Muellcr ) Bukry. Sample CA 13. 

Dictyococcites bisec ta (Hay, Moher & Wade) Bukry & Percival. Sample CA_l. 

Fig. 13,14 - Zygrhablithus bijugatus Def!andre. 13) Frorn Costa dell'Angclo ,cction . '·"" 
ple CA13; 14) frorn Case Cocuzza section, sample CC4. 

Fig. 15-17 - Sphenolitlws ciperoensis Bramlette & Wilcoxon. 15) and 16 ) from Costa Jcl
l'Angelo section, sample CA3: 15) long axis at Oº to crossed nicols; 16) long 
axis at 45° to crossed nicols: 17) from Case Cocuzza section, sample CC4: 
long axis at 45° to crossed nicols. 

"1. Hioloi et al. 

H.ampliaperta S.heteromorphus 

; 

H. r ecta C.abisectus 0.bisecta 

Z.bijugatus S.ciperoensis 
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Fig. 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7,8 

Fig. 9,10 

Fig. 11-13 

Fig. 14 

].W. Zachariasse et al. 

PLATE 35 

Planktonic foraminifera from Case Cocuzza section. 

Globigerina woodi woodiJenkins. Sample CC26; x 125. 

Globigerinoides quadrilobatus triloba (Reuss). Sample CC27; x 125. 

Globoquadrina delziscens (Chapman, Parr &: Collins). Sample CC27; x 125. 

Globigerina angulisuturalis Bolli. Sample CC23; x 125. 

Catapsydrax stainforthi Bolli, Loeblich & Tappan. Sample CC26; x 125. 

Globigerinitaglutinata (Egger). Sample CC26; x 125. 

Globigerinoides altiaperturus Bolli. Sample CC26; x 125. 

Globigerinoides quadrilobatus primordius Blow & Banner. Sample CC12; x 75." 

Globorotalia kugleri Bolli. Sample CC25; x 125. 

Neogloboquadrina acrostoma (Wezel). Sample CC27; x 125. 

Riv. Ir. Pal.. v. 89 - Tav. 3~ 
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PLATE 36 

Planktonic foraminifera from Costa dell'Angelo section. 

Fig. 1 .4 Glob\¡;cri11a anguli.rn tura/is Bolli. Sample CA9; x 125. 

Fig. 2 Cass\¡;erinclla cl1ipolcnsis (Cushman & Ponton). Sample CA 15: x 250, 

Fig. 3 Globoquadrina dl'i1isccns (Chapman, Parr & Collinsl. Samplc CA25: x 125. 

Fig. 5 Globigerinoidcs qrwdrilobatus triloba (Reuss). Sa111plc CA27: ' 1 25. 

Fig. 6 Globigcrina woodi woodi J enkins. Sample CA27; x 1 25. 

Fig. 7,8 Globorotalia praescitula Blow. Sample CA25: x 1 25. 

Fig. 9,10 - Globigerinoidcs quadrilob,1t11s pri111ordi11s Blow & Banncr. Sample CA16; 
X 75. 

Fig. 11-13 Nco¡;loboqrradrina acrostoma (Wezcl\. Samplc CA25: x 125. 

Fig. í4 - Globi¡;erinoides sicanus De Stefani. Sample CA27; x 125. 

Riv. lt. Pal.. v. 89 ·- T<iv. 36 
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Fig. S,8 
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Fig. 10 

Fig. 11 

Fig. 12 

A. l'oignant 

PLATE 37 

Benthonic foraminifera from Case Cocuzza and Costa dell 'Angelo sections. 

- Marginulinopsis fragaria (Guembel). Sample CCl 5; x SO. 

Vaginulina cf. aculeata (Cushman & Gray). Sample CClS; x SO. 

Bolivina rcticulata Hantken. CA21; x 110. 

Bolivina hebes Macfadyen. Sample CC2S; x l SO. 

Bolivina koessenensis Lindenberg. Sample CClS; S) x 100; 8 ) enlargement of 
the younger part x 300. 

Bolivina budensis (Hantken). Sample CAl 9; x 1 SO. 

Bolit>ina miocenica (Gianotti). Sample CA27; x 160. 
4 · 

Rectobolivina costifera (Cushman). Sample CA13; x 9S. 

Virgulopsis pupoides (Nyiro). Sample CA14; x 210. 

Bulimina alsatica Cushman & Parker. Sample CA13; x 160. 

Uvigerina beal/i Cushman & Bermudez. Sample CC27; x 6S. 

Riv. lt. Pal.. v. 8 9 - Tav . 37 
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Fig. 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 

.1. Poivzant 

PLATE 38 

Benthonic foraminifera from Case Cocuzza and Costa dell' Angel o sections. 

Ut>zgerina eocaena Guembel mexicana Nuttal group. Sample CCl 5; x 125. 

Uvigcrina gallowayi Cushman group. Sample CC16; x 120. 

Uv(¡;erina cf. longistriata Perconig. Sample CA 16; x 11 O. 

Rcctzn'igcrina cf. ele;;ans (Hantken). Sample CC21; x 100. 

Uvigcrina hantkeni Cushman & Edwards nuttalli Cushamn & Edwards group. 
Sample CCl 5; x 1 OO. 

Uvigcrina flinti Cushman. Sample CC27; x 11 O. 

Trifarina angulosa (Williamson). Sample CC15; x 175. 

Siphouvigerina multicostata (Bergquist). Sample CA13; x 130. 

Trifarina tubulifera (Kaasschieter). Sample CA13; x 115. 

Hopkinsinagracilis (Reuss). Sample CC22; x 100. 

Planulina costata (Hantken). Sample CC15; x 95. 

Victoriella aquitanica Debourle & Delmas. Sample CC23; x 30. 

IZiv. Ir. P:il.. 1·. 89 Tav. 38 
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Fig. 1 

Fig 2 

Fig. 3 

Fig. 4 

Fig. 5,6 

Fig. 7 

Fig. 8,9 

A. Poignant 

PLATE 39 

Benthonic foraminifera from Case Cocuzza and Costa dell'Angelo sections. 

Elpliidium crispum (Linné). Sample CC27; x 65. 

Elpl-iidium fichtelianum praefom1e Papp. Sample CA25: x 125. 

Elpliidiuni ortenburge11se (Eggcr) . Samplc CA16: x 150. 

.llnomalinagranosa (Hantken). Sample CClS; x SO. 

Heterolepa costata Franzenau. Sample CCl 5; x 65. 

Osangularia pteromplialia (Guembel). Sample CCl 5: x 1 OO. 

Almaena sp. Both sides. Sample CClS; x 120. 

~· 
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