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PREFACE

In publishing the first results of its research works (Giornale di Geologia,
vol. XLIV. fasc. I—11,1981) the Palacogene/Neogene Boundary Working Group,
while not having defined any final object yet, has nonetheless enabled us to: a)
recall attention to the existence of lithofacies (e. g. turbidites, volcanoclastic
rocks) of great significance with respect to the geodynamical situation of the
Mediterranean; b) to clarify the significance of some first class faunal markers,
particularly as regards planktonic foraminfera. .

These results permitted to direct the course of subsequent research works
carried out by the Group. in the way of giving to the International Commission
on Stratigraphy, some objective data for a satisfactory solution of the problem.

Results of a second research series, coordinated by the Group in Sicily and
Spain, are illustrated hereafter.

In Sicily, M. Romeo and A. Di Grande of Catania University have presen-
ted to the Working Group two sections across relatively soft carbonatic rocks
of the Iblean Foreland which outcrop around Ragusa.

In Spain, J. M. Gonzalez—Donoso, D. Linares, E. Molina and F. Serrano-
from the Universities of Malaga and Zaragoza have offered the possibility to
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, the
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 the
reconstruction of the geological events at the boundary between Palacogene
and Neogene, but they lack some essential features which would allow them to
be considered references of absolute value.

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

The editors are grateful to all active members of the Working Group, espe-
cially to those that contributed to the success of this volume. They would
like to acknowledge also the ever flexible assistance of the late Prof. Dr. A.
Martinsson. Chairman of the IUGS—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 ltaliana di Paleontologia e Stratigrafia for
having accepted this paper; they are particularly grateful to Prof. C. Rossi
Ronchetti for the crirical review of all manuscripts and to Dr. C. Albanesi for
the careful editing.

The volume is printed with the financial support of MP1 40% and of the
Centro di Studio per la Stratigrafia e Petrografia delle Alpi Centrali.

' The Editors
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ITALY: SICILY, IBLEAN REGION

Abstract. Two sections proposed as Palacogene/Neogene Boundary stratotype have been studied in
the foreland of the Iblean region. The distribution of selected calcareous nannoplankton, planktonic and
benthonic foraminifera taxa has been studied.

The Case Cocuzza section is broken by a hiatus covering the entire Globorotalia kugleri Zone. The
Costa dell’Angelo section is broken by a hiatus covering the G. kugleri — Catapsydrax dissimilis — Cata-
psydrax stainforthi zones of Bolli (1966).

Both sections are not suitable to serve as a Palacogene/Neogene Boundary stratotype.

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

Foreword. The Iblean area, in southeastern Sicily, lies between the Catania
Plain, the Vittoria Plain, and the Mediterranean and lonian Seas. .

In recent papers, Sicily is considered as a natural continuation of the E—
trending Apennine Chain because of its present physiography and mainly due to
tectonic—structural similarities and paleogeographic evolution. Some geological
analogies are also found to the North—African mountain chains, at least with
regard to the sedimentological features and structural arrangement of certain
formations.

From a paleogeographic point of view, the Iblean region, that corresponds
to the Ragusa «plateauy, is considered as being stratigraphically and 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 Iblean area is an uprised structure bounded by tensional
faults, chiefly trending in a NE—SW and NW—SE direction, having been active
at least since the Upper Miocene to the Present, with recently recognized strike

slip characters (Ghisetti & Vezzani, 1981).

Tectonic—sedimentary evolution. In the Iblean 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; Katka & Kirkbride, 1959; Caflysch & Schmidt Di Fried
berg, 1967); the Oligo Miocene succession makes up the bulk of the out-
cropping rocks, while the Plio—Quaternary ones are found at its periphery over
imited areas.

According to Catalano, D’Argenio & Montanari (1982), three larger depos-
itional episodes related to the tectonic evolution can be recognized in the
Mesozoic succession of the Iblean area. The oldest one is represented by the
Gela Fm. dolomites, calcarenites and evaporites grading upward to shales and
laminated dolomitic limestones {(Noto Fm.); this is Upper Triassic (Norian-
Rhaetian) in age and indicates rapidly subsiding platform (restricted tidal
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Fig. 1 — Geological map of the Case Cocuzza area.

1) Alternating marls and calcarenites (Ragusa Fm. - Leonardo Mb.). 2) Massive
bedded calcarenite level (Ragusa Fm. - Irminio Mb.). 3) Alternating marls and
calcarenites (Ragusa Fm. - Irminio Mb.). 4) Alternating marls and calcarenites (Tel-
laro Fm.). 5) Gravel, conglomeérates, 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 boundary allow
a western (Ragusa sector) and eastern (Syracuse sector) domain to be distin-
guished.

During the second depositional cycle, in Liassic times, the differences
between the two domains become larger, with an open limestone platform
environment (algal and oolitic limestones of the Syracuse Fm.) in the eastern
sector and subsiding basin conditions {Streppenosa Fm. p.p. and Modica Fm. p.
p.) in the western sector.

A third Middle—Jurassic to Upper Cretaceous episode is markcd by the
almost complete disappearance of the Syracuse eastern platform followed at
first by condensed sequences (Buccheri Fm. p.p.) with radiolarite marls and
marly limestones then by pelagic calcilutites, deposited in the Ragusa western
basin. At the end of this depositional cycle a tectonic phase, combined with
subaqueous and volcanic activity (Capo Passero Mb. of the Amerillo Fm.), fol-
lowed by rudistid limestones lPO]topalo Mb. of the Amerillo Fm.), again allows
partial identification of distinct eastern and western sectors. This distinction
becomes more evident from the Eocene to the Miocene until the time of the
general uprising of the Iblean area (Messinian, according to Di Grande & Romeo,
1980).

In the Ragusa sector, during the Tertiary, the pelagic sedimentation (Ame-
rillo Fm.) is replaced by sedimentation with detrital features (calcarenites,
calcilutites and marls of the Ragusa Fm.) ) (Fig. 1) in a subsiding basin of mod-
erate depth, with depth increasing later 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 calcilutites, related to a regressive episode.
Immediately afterwards, in the Messinian, the present configuration of the
Iblean Mountains became outlined with the central part emerging and with
evaporitic basins being formed at the periphery as a result. During the same
time (Eocene—Tortonian) the eastern sector shows stable open sea platform
conditions, with both a moderate depth and a condensed sedimentation com-
pared to that in the Ragusa area. The emerging central part of the Iblean region
leads to the formation of lagoon basins at the periphery of the sector, these
correspond with the evaporitic ones in the western sector.

In the above mentioned Neogene interval, tectonic phases controlled the
sedimentation in both sectors. An important episode in the Syracuse sector is
transgressive deposition due to an uplifting of the Palazzolo Fm. limestones,
the latter reach the Oligocene—Miocene boundary here. In the western sector
the deposition of the thick calcarenite beds, marking the transition between
the Leonardo and Irminio Members of the Ragusa Fm., corresponds with this
episode.

The upper part of the analyzed sections probably shows the influence of
this tectonic—sedimentary episode which led to a decreasing basin depth with
increasing detrital input and possible local emersions; this episode could be
responsible for the sedimentation gaps and the subsequent lack of certain bio-
stratigraphic intervals.
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The Case Cocuzza Section.
Location and lithology (Fig. 2}. (A. Di Grande & M. Romeo).

Location. According to 1.G.M. official C;lrtc':gmphy, this section is in the
south—eastern part of the Licodia Eubea quadrangle (F. 273, III NE), 6 km NW
of the Monterosso Almo town with the following coordinates: long. (Rome M.
Mario) 2° 14° 30, lat. 37° 6° 30", It has been measured and sampled mainly
along the left side of Cava S. Nicola, starting upslope from Case Cocuzza at an
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 lithostratigraphic interval is en-
tirely within the Ragusa Fm., lying here below the Tellaro Fm.: both units are
part of a monoclinal structure, dipping at an average angle of 15° to the S or
SSE and interrupted by tensional faults that trend mainly in a NE—SW but also
ina E-W and NW—SE direction.

The sequence is rather uniform, composed mainly of soft marls and hard
calcarenites, cherty at places. The overall measured thickness is 90.10 m.

Three lithologic intervals can be recognized. In the lowest one whitish
weak marls, calcareous marls and marly limestones are found in layers 5 to 30
cm thick, regularly interlayered with hard, whitish, finegrained calcarenites in
20—40 cm thick layers; thicker beds, up to 1 m, are occasionally found. This
interval is 38.25 m thick and corresponds with the upper part of the Leonardo
Mb. (Ragusa Fm.) of Rigo & Barbieri {1959).

The middle interval is made up of hard mainly fine—grained, sometimes
coarser, calcarenite beds interlayered with thin layers of white—yellowish,some-
times sandy, marls. This interval is 38.45 m thick in its entirety and correponds
with the lower part of the Irminio Mb, (Ragusa Fm.) and with the level with
thick calcarenitic beds {Di Grande & Grasso, 1977).

The highest interval is similar to the lowest one and consists of yellowish
coarse calcarenites in layers 20 to 40 cm thick alternating with yellowish to
white—yellowish sandy marls in layers of equal thickness. The harder layers in
the lower part, thicker than the soft ones, in clude macroforaminitera (Miogyp-
sina sp., etc.). This interval is 8.4 m thick and corresponds with the top part of
the Irminio Mb.

Calcareous Nannoplankton (Fig. 3: PL 34). (M. Biolzi, R.H. Lehotayova, C. Mueller & G.
Palmieri).

Low diversity characterized the nannofossil association in the Case Cocuz-
za section: Dictyococcites bisecta, Cyclicargolithus abisectus, C. floridanus,
Coccolithus pelagicus and Sphenolithus moriformis are the most common
species throughout the section. Nannofossils are common in samples CC1 to
CC15, and are less frequent from sample CC16 to CC27. They are slightly to
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Fig. 2 — View of the Case Cocuzza section; the arrows indicate the top and the bottom.

heavily overgrown and often broken. In some samples, reworked Cretaceous
and Eocene species occur sporadically.

The distribution of the stratigraphically most important species (see: In
Search of the Palacogene/Neogene Boundary Stratotype, part 1) according to
the different authors and the biostratigraphic zonation they proposed are given
in Fig. 3. Lehotayova could study only few samples, therefore her results are
not included in the chart.

According to all authors samples CC1 to CC23 belong to the Sphenolithus
ciperoensis Zone (NP 25 of Martini zonation, 1971), therefore to the Late Oli-
gocene. The upper boundary of this zone is defined by the highest occurrence
of Sphenolithus ciperoensis, Helicosphaera recta and Zygrhablithus bijugatus.
Dictyococcites bisecta is common in sample CC22 and CC23, whereas only
one specimen was found by Mueller and Palmieri in sample CC24 and CC25.
Mucller actually uses Dictyococcites dictyodus and not Dictyococcites bisecta
but since the authors agreed that the two names correspond here to the same
form they keep Dictyococcites bisecta.

Heiicosphaem carteri indicating an Ear[y Miocene age is found from
sample CC24 upwards. At the same level a decrease in size of the nannofossils
can be observed. The specimens are larger up to sample CC23 than in samples
CC24 to CC27. This change has been observed also in other regions (Atlantic,
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Mediterranean. north Germany ) between zones NP 25 and NN 1. On these
observations Biolzi and Mueller dated the sediments from 5’11‘np]e CC24 to
LC27 Early Miocene but no definite evidence exists to assigne the last portion
of the sequence to the nannofossil Zone NN1. The pObSlblilty of a hiatus
between samples CC23 and CC24 is very erly. Palmieri found a form of
Discoaster sp. cf. druggii in sample CC25 (see Pl. 34, fig. 7, 8) thercefore, he
assigned rhc sequence from this sample to the top to the Discoaster druggu
Zone (NN2), Iypma] dmggu is genera“v mmsmg Or very rare in maost part of
the Mcdncnancan arca. However, both in the western and 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 usually detected in sediments referred to the Lower Miocene Zone NN2, on
the basis of other stratigraphical data, and are indicated 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 assumption.

Planktonic Foraminifera (Fig. 4; PL. 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.
Molina & M. Romeo).

Planktonic foraminifera are poorly preserved throughout the section Case
Cocuzza. Due to post—burial processes of dissolution and reprecipitation of
carbonate most planktonic foraminifera are recrystallized, OVergrown or even
partially dissolved.

T‘}'H_. ‘i'['f]’il] aver r]gt:‘ Sl?f‘ []F th(\‘ SP\..(]ITICH.S 11‘1 Combfnafloﬂ \u’\"lth the POOI’
state of preservation severely hinders a reliable determination of the individual
faunal components.

Faunal a:'ua]y:ﬁ:s were initially carried out by‘ M. Romeo who correctly
concluded that the stratigraphic range of the section extends from the Oligo-
cene up into the Miocene. Later, some 27 samples, collected during the P/N
Boundary meeting on Sicily (1981), were throughly studied by the other par-
ticipants. Their distribution charts are presented in Fig. 4. Even though most
authors refrained from making a total fauna analysis, the scattered distribution
of selected taxa along with the great number of questionable determinations
readily portrays the poor state of preservation of the planktonic foraminiferal
fauna.

During the P/N—meeting held in Mdld;_;c] (1982), the distribution charts of
the Sicilian sections were compared with one mother to verify the degree of
correspondance in the stratigraphic ranges of biostratigraphically important
taxa. In cases discrepancies occurred the true str:ltigraphic ranges were es
tablished through cross—checking the material of individual authors by the
whole group. In this way we could reach a consensus on the stratigraphic
distribution of selected taxa the result 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 representatives of the genus Globigerinoides occur
throughout the section. The taxa Globigerinoides quadrilobatus triloba (Reuss)
and G. altiaperturus Bolli were differentiated within the group of Globigeri
noides. G. quadrilobatus triloba is the label strictly used for specimens having
(almost) three chambers in the final whorl. Specimens meeting this detinition
are found by all authors in the interval delimited by the samples CC24 —CC27.
G. lerfﬂpf_’rtiimﬁ j.S 1'[11‘0'1\_«" r(—:gis[(—:rcd b} Molina 'drld GOHZH‘]EZ DO'H Q50 in 54m p!c.‘i
CC24 —CC27, and by Bizon and Romeo in sample CC26. The general opinion
is that typical G. altiaperturus occurs only in sample CC26 and that specimens
reported from samples CC24, 25, and 27 are either too poorly preserved or
have too small a supplementary aperture; they fit in better with the definition
of Globigerinoides parawoodi {Keller, 1981).

It is to be noted that in all cases the poor preservation hinders a certain
discrimination between G. altiaperturus and Globigerina woodi woodi Jenkins.
G. woodi woodi is reported by most authors from sample CC24 upwards. Spec-
imens labelled by Gelati and D’Andrea as Globigerina brazieri Jenkins in
samples CC24 and 25 were considered indistinguishable from specimens as-
signed here to G. woodi woodi. In samples CC15-16, CC9—10, and CCO these
authors used the label G. brazieri tor specimens considered to be of indefinite
taxonomic affiniry.

The highest occurrence of Globigerina angu lisuturalis Bolli is reported by
Bizon from CC24. Checking the specimens collected by Bizon confirms the
continuous presence of this species up to sample CC24.

Globigerinita glutinata (Egger) is reported only by Molina and Gonzalez
Donoso and by Bizon. These authors find the species from sample CC24 up to
CC27.

Globoquadrina dehiscens (Chapman, Parr & Collins) is found by all
authors in sample CC27. Its presence in samples CC25 and 26, reported by Mo.
lina and Gonzalez—Donoso, is accepted by the other authors. The lowermest
stratigraphic occurrence of Neogloboguadrina acrostoma (Wezel) is reported by
Borsetti and Cati and Romeo from sample level CC24.

Specimens assignable to Cea.f'apsydm.\‘ stainforthi Bolli, Loeblich & Tappan

occur sporadically in samples CC26 and 27 (Molina and Gonzalez-Donoso:
Romeo). -
Representatives of the Globorotalia kugleri group (including morphotypes
labelled by Blow (1969) as Globorotalia mendacis and G. pseudokugleri) are
extremely rare in the upper part of the section. G. mendacis and G. pseudo-
kugleri are reported by Borsetti and Cati to occur discontinuously from sample
CC20 up to CC26. A few specimens assigned to Globorotalia kugleri Bolli are
reported by Gelati, D’Andrea, Bizon, Borsetti and Cati, and Romeo from
various samples above level CC24.

Finally, some questionable occurrences of Nc‘eo‘gfoboqrm(frma opima opi-
ma (Bolli) were verified and subsequently omitted from the record.

Conclusions. The distribution patterns of the planktonic foraminifera pre
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sented in Fig. 4 indicate a dis;r.rmtinuity in the upper part of section Case Co
cuzza. A number of taxa, which in continuous sequences have successive first
occurrences, abruptly appear at or immediately above sample level CC24.

Thf_. |rd11'|1['}‘\t| L()ﬂrlnu(]u‘s PT‘E“\&“C&. ()F (r d(’hi\f‘(’ﬂf (L q”:’?(llrf f)barh‘.,& tri-
loba, and of G. woodi woodi, together with the occasional occurrences of G.
aftmpertums and C. stainforthi and the absence of Globorotalia praescitula
Blow from level CC24 upwards permit us to position this higher interval bio-
stratigraphically within the C. dissimilis Zone (Bolli, 1966) or within the lower
part of the C. dissimilis/ G. altiaperturus Zone of the Mediterranean scheme of
Bizon & Bizon (1972). The reported sporadic occurrences of G. angulisuturalis
in CC24 (Bizon), of G. ciperoensis in CC25 (Borsetti and Cati; Romeo), and of
the C. kugfen' group at various levels above CC24 (Bizon; Borsetti and Cati) are
considered to be due to reworkin

The association found below level CC24 is characterized by the juim pres-
ence ()f (I LI”XMI]‘.\H{M?’{III\ rilld ( f{)biﬂl”f”’-’f_)lfjf’\ Spp «-]nd W][}]()‘]t :’\ (?pfma (_?pf‘
ma. It is indicative for the G. ciperoensis Zone of Bolli (1966) and Bizon &
Bizon (1972).

The analysis of the planktonic foraminifera thus reveals a hiatus in be-
tween sample levels CC23 and 24, the extent of which corresponds with one
planktonic foraminiferal zone {the G. kugleri Zone of Bolli, 1966).

Case Cocuzza Section - Benthonic Foraminifera | 23456789101 723456783201 234587
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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 rather abundant and well preserved in marly
levels; they are scarce and badly preserved in calcareous ones.

On the whole, the microfauna mainly contains hyaline species and few
agglutineued ones.

Nodosariidae: Lenticulina, Chrysalogonium, Marginulinopsis, Frondicula
ria, Plectofrondicularia, Vaginulinopsis ... and Eouvigerinidae: Siphonodosaria,
Stilostomella, are fairly common until sample 25, but their specific assignment
is always difficult and most of them do not have any biostratigraphical signif-
1cance.

The other predominant genera with the largest specific diversity are: Boli-
vina, lvigerina, Trifarina, Elphidium, Heterolepa.

Many species exist both in Oligocene and Miocene or have a wide stratigra-
phical range in the Tertiary. The most interesting species for the interpretation
of the Oligocene—Miocene boundary belong to Bolivina, Uvigerina, Hopkinsina,
Trifarina, Victoriella, Elphidium, Miogypsina, Heterolepa, Almaena.

According to some papers, a few species of Almaena persist in the Lower
Miocene, nevertheless it is a rather Oligocene genus. Bolivina budensis, B. koes
senensis, B. liebusi, Hopkinsina gracilis are reported from Oligocene. Trifarina
tubulifera, described in the Eocene of Belgium, is found in the French and
Hungarian Oligocene. Victoriella aquitanica was described in the Oligocene of
southwestern France, Heierolepa costata is widespread in Oligocene.

On the contrary, Bolivina hebes is reported from Miocene, Uvigerina flinti
appears in the Miocene of the Po Plain, Elphidium fichtelianum praeforme is
recorded in the Aquitanian stratotype and in the Miocene of Austria, at last,
Miogypsina indicates the Miocene.

From these data, it implies that the boundary could be placed approxi-
mately towards samples CC24—25.

With regard to the paleobathymetry, in the lower and middle part of the
section, the presence of Victoriellinae in three samples, the relative abundance
of Almaena, the lesser number of Pullenia, Pleurostomella, the absence of
Oridorsalis. Cibicidoides, Nodosarella, suggest a sea—depth of about 100200
m. In the upper part of the section, Miogypsina, Elphidium, Amphistegina
point to shallow deposition with sea—depth probaHy not exceeding 50 m.

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

The stratigraphic distribution of some selected taxa of planktonic and
benthonic foraminifera as well as calcareous nannoplankton species has been
studied by several specialists of the «Working Group on the Palaeogene/Neoge-
ne Boundary» and are plotted here in a tentative correlation chart to evaluate
the biostratigraphic correlation for the Case Cocuzza section (Fig. 6.).

The uppermost Oligocene level, characterized by the last occurrence of
Clobigerina angulisuturalis, falls within sample position CC23 and is recognized
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as the G. ciperoensis ciperoensis Zone {Bollt 1966). Within the same nmpl o
the last occurrence of Helicosphaera recta, Zygrhablithus bijugatus and Spheno-
lithus ciperoensis was recorded in this section; all these taxa are limited to the
calcarcous nannoplankton Zone NP25 of Martini (1971).

Several meters above this, at sample position CC24 and CC25, the last
occurrence of Bolivina koessenensis, Hopkinsina gracilis and other taxa typical
for O}ig()(:t:ne benthonic foraminifera associations were recovered.

The following -higher —interval of the section — sample position CC24
is characterized by the presence of (J'fobrge'r:“n(;lidf’s‘ qmm’n' obatus triloba, Glo-
blge?’lﬂa ?‘l‘/‘()()({[ TPUUO,I (\f()b()quﬂ(;{?'ﬂ'i(l d(ghi\f TENLS r()%tthe]’ \;\"]rh (dfr?f’)%)'drﬂ‘(
stainforthi and G. altiaperturus. This fauna allows the recognition of the
Catapsydrax dissimilis Zone of Bolli (1966) or the lower part of the C. dissi-
milis | G. altiaperturus Zone of Bizon & Bizon (1972). This result is in good
;J.gl“(_‘{-:m(-:nt With th{: DbS[:T\"Cd occurrence (Jf th[‘. Cé{lCE{rU(}LlS ”E{nrl()Pl?l"kt()n
Discoaster cf. cfmgg.-'i and Hc’ffcosphaem amph’aperm? taxa 1‘ep0rted in general
from the NN2 Zone interval of Martini (1971).

This foraminiferal and nannoplankton record revealed a major disconti-
nuity of this section across the quaeogene; Neogene boundary. The entire G.
kugleri Zone of Bolli (1966) seems to be missing, as is the Llroel part of nanno-

plankton Zone NN1. This result cannot be controlled using the benthonic
for'amm;f"em record, since Uvigerina flinti, Ir'pmdmm fichtelianum prarvﬂere
and Miogypsina sp. are significant Miocene taxa and indicate an Aquitanian
age only.

This sedimentation gap between sample position CC23 and CC24/25,
detected by pl.lnkt()lllt foraminifera and calcareous nannoplankton associations
only, is situated in the uppermost part of the «Livello a banchi calcarenitici»
and could be the reason for the absence of an entire planktonic foraminifera
zone — the «G. kugleri Zone» — straddling the Palacogene/Neogene boundary.

The analysis of the Case Cocuzza section within the wider Tblean area re-
vealed a major discontinuity co»cring the interval between the Oligocene/Mio
cene I‘)Ollndrlry r]nfi I[.—i(]”]]g L].p ]nf[) rh.{_, BUI’dlL}d]ldl’l Thi"\\ phLIl()lIlCIl()Il was
already noticed elsewhere, in several other sections studied in detail as potential
Palacogene/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 epibachyal ZONne 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 part 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-
ab]}e‘ due to asedimentation gap in the course of an emersion of the entire 1blean
area bcginning in the Upper Oligocene and lasting until the Ear]y Miocene.
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PALERMO -,
A et

Fig. 7 — Geological map ol the Costa dell’Angelo area.
1} Alternating marls and calcarenites (Ragusa Fm. - Leonardo Mb.). 2} Massive

bedded calcarenite level (Ragusa Fm. - Irminio Mb.). 3] Alternating marls and calca-
renites (Ragusa Fm. - Irminio Mb.). 4) Alternating calcarenites and marls (Tellaro
Fm.). 5) Whitish marls (Tellaro Fm.). 6) Recent and actual alluvium. 7) Fault.

8) Section.
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The Costa dell’Angelo Section.
Location and lithology (Fig. 7. 8). (A. Di Grande & M. Romeo).

Location (Fig. 7). According to 1.G.M. official cartography this section is in
the central—southern part of the Ragusa quadrangle (F. 276, 1 NO), 0.5 km to
the east of Ragusa Ibla, and has the following coordinates: long. (Rome M. Ma-
rio) 2°°18" 207, lat. 36° 55’ 30”. The section has been sampled along the left
side of the Irminio River valley starting from the confluence with the Cava S.
Leonardo V:;Hey at 502 m a.s.l. down to about 350 m a.s.l.

Lithologic sequence (Fig. 8). The section has been who”y s;}.mp]ed within the
Ragusa Fm. which lies almost horizontally, dips gently to the E, and is cut by
a dense pattern of tensional faults, mainly trending in a NE—SW direction;
occasionally different and variable dips are found.

The sampled section is 152 m thick and the lithologic sequence is com
posed of hard, fine or coarse —grained calcarenites and soft 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 alternate with thinner layers of soft whitish marls.
Hard calcarenite beds up to 1.5 m in thickness and brown cherty nodules are

Fig. 8 — View of the Costa dell’Angelo section: the arrows indicate the top and the bottom.



[taly: Sicily, [blean region 469

T
ITALY. SICILY RAGUSA ARED
BloL Zi MULLER PALMIERI
COSTA DELL'ANGELD SECTION - 1 )
Steninger F,Dn Gronde & & Gelah R 3 s
kol £ SR
ong 34 82 9 a b
oW a w 8 &2 £ b o w oo
b 2 @ = A
: $883.8 3 % 288
uox n 0 [ T = ooy 5 = 3
0 T UL ohowm e R
" LT G oAl oo n g gy I'.uq,\s.:,;:f\
& £ Y TR S - S T Wmog g > on E
5 [ S - T S~ S 5 4 L a8
£ LW ITMN T TN DT N WX
@ _ ' — =T =
b
| .
559?_3'0“ | 4
= b+ — NN4 T e NN 4
150 : 1
"‘.ran‘cn/n 2wall —— R —— _I-: - T e _l__
crossing
CAZ4-seclipnin
E-wdirect ]
oo - - _
140 P NP25
v
Sxl B
: Bapz NP25 NP25
i capp— E‘oj"g —
e
Taz
T wai Lwall
120 sechion 1
L E-W arert
3 CAZ0_CAZD
& 43,20m
B westof |
o the wall
X o
2 Ca g g4
= c
£ 2
d o -
a
i ®
= —Vi—Cal8 g — .
] o |
~ g | | |
< £ |
3 Ea | '
@ caI7 3 | |
(8] & | |
N : 1 : -
| = |
= Calbr— |
iy & |
) Slumping e I
in SIruCIures = |
T - CAIA - 274597 |
|
® CAI3 2f
= ~ CAI2 —— 5 —
L —=8-—CAll » | |
g Caln 25—
& o
@ =
E — —
) : wEX @
Y Doemor pha o~
© chert —CAB - 3
[ e ] |
i H
= Y
o E |
X “chari—CAS— @ — |
ZBQ®ro* |
Sechicnbe-
gins aboul
SR m above
Son Leanar
~Sen XX C4 | — do-rwar ge | |
Leonordg neral direc:
River ten 20°
oft marly hmestones % hard (fine or coarse) imestone
e QI INET g limestone |Lh[:-r.nn.fi.|lcs

Fig. 9 — Distribution of the stra;igraphically most important nannofossil species and biostra-
tigraphic zonations (Martini, 1971) proposed by each author in Costa dell’Angelo
section,



470 Pafa(?ogeﬂe,f’-f\fm)gpne Bouﬂdmy

also found at its bottom. This interval corresponds with the upper part of the
Leonardo Mb. (Ragusa Fm.).

The middle interval consists of hard calcarenite beds, grading upward from
fine—to coarse grained interlayered with lenticular bodies of sandy marls or
with alternating layers of calcarenites and sandy marls. Each of the beds, at
times showing slum'ping structures, has a variable thickness of up to 20 m lat-
erally; three of such beds have been observed along the surveyed section. The
int.cl‘\"a.]. CUrrCSP()ndS W]rh Ehf_’, lf)wel‘ pﬂ.rt O'F thc ]rm'l’ﬂ]‘o Mb -

The highest interval 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 marl layers are thicker, harder and coarser —grained;
it corresponds with the top of the Irminio member.

Calcareous Nannoplankton (Fig. 9; P1. 34). (M. Biolzi, C. Mueller & G. Palmieri).

The calcarcous nannofossils present in the Costa dell’ Angelo section
strongly vary in abundance and preservation. In the lower part of the sequence
up to sample CA15, the change is mamly related to recristallization and frag-
mentation due to diagenesis, which is expecially strong in the carbonate rich
layers. Nannofossils are rare in samples CA16 to CA20, and become more
common again in Samples CA21 to CA23. In sample CA24 they are almost
absent and in samples CA25 to CA27 are very rare.

The assemblages are generally of low diversity: Dictyococcites bisecta,
Cyclicargolithus abisectus, C. floridanus, Coccolithus pelagicus and Sphenoli-
thus moriformis are the most common species throughout the section. In Fig. 9

the biostratigraphic zonations proposed by the different authors and the distri
bution of the stratigraphically most important species (see: In Search of the
Palaeogene/Neogene Boundary Stratotype, part 1) are given,

All three authors assigned the se qllf‘ﬂ(‘( from the bottom up to sample

CA22 to the Late (')hgocene Sphenolithus ciperoensis Zone (NP25 of Martini
zonation, 1971). At this level, coinciding with the highest occurrence of Sphe-
nolithus ciperoensis Riolzi and Palmieri traced the upper boundary of zone
NP25. Mueller used Dictyococcites bisecta (= dictyodus) as index fossil (she
didn’t detect any Sphenolithus ciperoensis higher than sample CA14), therefore
she placed the same boundary one sample higher, between CA23 and CA24.
Actually, Dictyococcites bisecta has a continuous distribution, whereas Sphe
nolithus ciperoensis, common up to sample CA14, becomes rare and discontin-
uous in the upper part of its range. However, since its determination is doubt-
less (see Pl. 34, fig. 16) and since its highest occurrence level, slightly lower
than the level of extinction of Dictyococcites bisecta, is tipical, Sphenolithus
ciperoensis is here considered a reliable marker of the upper boundary of Zone
NP25. Helicosphaera recta and Zygrhablithus bijugatus are useless for the
definition of the Oligocene/Miocene boundary in the Costa dell’ Angelo section
because they have their highest occurrence in levels far lower (somewhere be-
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tween 47m and 82 m, according to the different authors) than those of Spheno-
lithus ciperoensis and Dictyococcites bisecta. No age determination was pos-
sible for sample CA24, because of the scarsity of nannofossils. The presence of
Sphenolithus heteromorphus and Helicosphaera ampliaperta in sample CA25
assignes this sample to the Helicosphaera ampliaperta Zone (NN4). The last
occurrence of Helicosphaera ampliaperta would actually define the boundary
between NN4 and NNS5, however, because of the absence of other significant
species and because one of the authors 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 hiatus representing about 5 million years exists becween samples CA23
and CA25.

Very few Eocene rewarked 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 reported from sec-
tion Case Cocuzza.

The pilot study of M. Romeo, demonstrated the Oligo—Miocene age of
the section. Late. some 27 samples were studied by the working group the
results of which are presented in Fig. 10. Following the procedure described
earlier, the general opinion on the stratigraphic ranges of selected taxa is given
in the rightmost column of Fig. 10. Selected taxa are tigured on Plate 36.

The poor state of preservation of the plankronic foraminiferal associations
is accentuated by the extreme poverty of data in the middle/upper part of the
section. Thanks to the perseverance of some authors we could ascertain a defi-
nite turn—over in the planktonic foraminiferal composition in the upper part of
the section.

From sample level CA25 upwards, all authors reported various occurrences
of Globigerinoides quadrilobatus triloba (Reuss), Globoquadrina dehiscens
(Chapman, Parr & Collins), and Globigerina woodi woodi Jenkins. In addition,
most authors registered NrmgIf‘)boq:.t;adrina acrostoma (Wezel), while some
authors (Molina and Gonzalez—Donoso; Bizon; Borsetti and Cari) documented
the presence of Globorotalia praescitula Blow.

A lengthy discussion was held on the taxonomic status of specimens label-
led as (?fobigﬁrfr'ﬂ.oides sicanus De Stefani hy Molina and Gonzalez—Donoso.
Gelati and D’Andrea, Biolzi, Borsetti and Cati, and Romeo. The final conclusion
was tI'lat thCSC ﬂ)rIIIS are indis[ing”ish{lblﬂ E‘rorﬂ (J S.I;(.'(,I}'IMS :—llld CUHSC(IUUIIEIY
we added the label G. sicanus in the combined distribution chart of Fig. 10.

With respect to Globigerinoides altiaperturus Bolli no consensus could be
reached. The specimens collected 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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None of the taxa listed above was found below level CA25. The most
characteristic element in the associations from below CA25 is Globigerina
angulisuturglis Bolli the highest occurrence of which has been fixed at sam ple
level CA24, Up to the same Samplc level scattered occurrences of ('}fobige'rz'm
ciperoensis Bolli are reported by Bizon and by Borsetti and Cati.

A]though some authors collected a few specimens which were question-
able assigned to Neogloboquadrina opima opima (Bolli) they did not meet
sufficiently well the operational definition. .

The lowermost stratigraphic occurrence of the genus Globigerinoides
could be fixed at sample level CA14.

Conclusions. The distribution patterns of planktonic foraminiferal taxa in
section Costa dell’Angelo undoubtly indicate the presence of a prominent
discontinuity in the upper part of the section.

The occurrence of G. sicanus and G. praescitula in the interval delimited
by the samples CA25 — CA27 indicates that this part of the section can be
correlated with the upper part of the G. insueta Zone of Bolli (1966) and with
the upper part of the G. trilobus Zone of Bizon & Bizon (1972). The interval
below sample level CA25 is attributable to the G. ciperoensis Zone of Bolli
{1966} and of Bizon & Bizon (1972).

Hence a hiatus is present in our record in between sample levels CA24 and
CA25 the extent of which is greater than in section Case Cocuzza.

Benthonic Foraminifera (Fig. 11; PL. 37—39). (A. Poignant).

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

As in Case Cocuzza, calcareous hyaline species are predominant and agglu-
tinated ones rather scarce. Nodosariidae and Fouvigerinidae are numerous. The
other predominant genera are the same as in the Case Cocuzza section.

The species apparently most interesting for the biostratigraphy belong to
the genera: Bolivina, Rectobolivina, Hopkinsina, Discorbinella, Elphidium, Co-
ryphostoma and Almaena.

Almaena is mainly an Oligocene genus: Bolivina budensis, B. koessenensis,
B. liebusi, Rectobolivina costifera and Hopkinsina gracilis are reported from the
()ligocene.

Bolivina miocenica and Elphidium fichtelianum praeforme are recorded in
the Miocene. Coryphostoma sp. is found in the Lower Miocene of southwestern
France and Discorbinella bertheloti in the French Burdigalian.

The boundary between the Oligocene and Miocene is not obvious because
the last levels are highly calcareous marls and contain a poor and badly pre-
served fauna.
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— |
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Ralivina budensis (Hantken} — — _ _
Boliving koessenensts Lindenberg Ll st iy =
Holivina liebusi Hofmann b _ : o | ]
Bulivina miocenica (Gianotti) =}
Bulimine elazanensis Cush. pe
Rutimina alsatica Cush, et Parker -
Caucasina capralithpides (Andreas) —a pl=a
Coryphostoma sp. I
Cribrononion heteroparum (Ehrenberg) L Gl
Discorbinella bertheloti (d'Orb.) _
Elphidium fientelinnum praeforme Papp
Elphidium minutum {Reuss) =i
Elphidiur ortenburgense (Eggerl B
Elphidium sp-
Heterplepa castata Franzenau B - .
|

'

Heterolepn eacaena (Gumbel) —
Hopkinsing gracilis (Reuss) (= Uvigerina farinose Hantken a—
Marginulinapsis behmi (Reuss) fide Sztrakos 1979} —

Blanuting eastata {Hantken)

Rectaboliving costifera (Cush.]

Reetabolivina reticulosa [Cush.) _
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—_
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Virgulopsis tuberculata (Egger)

Fig. 11 — Distribution of benthonic foraminifera of Costa dell’Angelo section.

Because according to the AGIP book Bolivina miocenica appears in the
L:mghizm, certain levels in the Lower Miocene are possibly missing.

As far as paleobathymetry is concerned, representatives of Almaena and
Elphidium in most of this section and simi]arly in the Case Cocuzza section, as
well as the absence or scarcity of genera such as Oridorsalis, Cibicidoides, No
dosarella, Pullenia, Pleurostomella indicates a depth similar to that in Case
Cocuzza, i. e. 100 to 200 m. The top levels of the section point to a decreasing
depth of deposition approaching 50 m.

Compared with the sections of the Piedmont (Lemme) and Marche regions
(Ca’ Fusconi, Montebello D’Urbino, Casa di Tosi), the Sicilian sections are not
as rich in benthonic foraminifera. In the Lemme section the richest nearly 120
species belonging to 62 genera were found, while in Case Cocuzza only 64 spe-
cies and 43 genera were recorded. On the whole, foraminifera are better pre-
served in the Sicilian sections,

In genem], the depth of the Sicilian deposits is lower than in northern It
aly as indicated by the lack of both agglutinated species (Karreriella, Tritaxilina,
Eggerella, Dorothia, Martinottiella) and Oridorsalis, Cibicidoides, Nodosarella,
the presence of Almaena, Elphidium and Victoriella, and in the upper levels
numerous Iffphidium, Miogypsina and 4 mph':'stegiwa.

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

The stratigraphic distribution of some selected taxa of planktonic and
benthonic foraminiera as well as calcareous nannoplankton species has been
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studied by several specialists of the Palacogene Neogene Bmmdary Working
Group and are plotted here in a tentative correlation chare (Fig. 12

The larger part of the section belongs to the Late Oligocene since G. angu-
lisuturalis is present up to sample CA24. This entire interval of the section
therefore can be correlated to the G. ciperoensis Zone of Bolli (1966). The
uppermost occurrence of Sphenolithus ciperoensis and Dictyococcites bisecta,
indicative for the calcareous nannoplankton Zone NP25 of Martini (1971), was
recorded slightly lower in sample CA22 or CA23. Towards sample CA23 the
latest occurrence of Bolivina budensis, B. liebusi, Rectobolivina costifera and
Hopkinsina gracilis also indicates the Late Oligocene age of this part of the
secrion.

A sudden faunistic change is recognized at sample position CA25 by the
occurrence Of(} .3“_,(1?’“,3"\ drld F }'}f’df’ ULTA,JFG' 'ﬂ(‘mg Wlth (_1 q”adr!iobarﬂs‘ frf{obﬂ
G. dehiscens and G. woodi woodi. This association is typical for the G. insueta
Zone of Bolli (1966) and the uppermost part of the G. trilobus Zone in the
Mediterranean biostratigraphic zonation of Bizon & Bizon (1972). Together
with these planktonic indicators we can follow the appearance of Sphenolithus
heteromorphus and Helicosphaera ampliaperta, indicative of nannoplankton
Zone NN4 of Martini (1971}).

This major hiatus between sample CA23/24 and CA25 stretches over a
time interval of approximately 7 million years and contains the plankton fora-
minifera zones G. kugleri — C. dissimilis — C. stainforthi — and part of the G.
insueta Zone in the zonation of Bolli (1966) or the G. kugleri — G. primordius
— C. dissimilis/G. altiaperturus — and the lower part of the G. trilobus — zones
in the Mediterranean zonation scheme of Bizon & Bizon (1972). In terms of
calcareous nannoplankton zonation, parts of the NP25 — NN1 — NN2 — NN3
and even parts of the NN4 Zone in terms of Martini’s (1971) zonation are

missing. Benthonic foraminifera indicate that the Aquitanian and nearly the

entire Burdig'llian is missing in this section.

This major hiatus in the Costa dell’Angelo section must be seen in con
nection with the evolution of entire lblean area and is again recorded in the
«[I’Tﬂ]n]o TT]EIT]bel); OF Lhe 4@ RdngSd. fUerldtl()H}P ln thE. Upperf“()h[ heds O'F thﬁ‘
so—called «Livello a banchi caleareniticis (Di Grande & Grasso,1977). The sedi
mentation gap may be due to a complete emersion of the area. The benthonic
foraminifera record at least again points to a Paleodepth evolution of the area
similar to that recorded in the Case Cocuzza section.
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SPAIN: BETIC CORDILLERAS

Abstract. Two sections proposed as Palacogene/Neogene Boundary stratotype have been studied in
the Betic Cordilleras. The distribution of selected calcareous nannoplankton, planktonic and benthonic
foraminilera taxa has been studied.

The Navazuelo section reaches up into the Globorotalia kugleri Zone; however the boundary to the
Globigerina cipercensis Zone is debatable and the Catapsydrax dissimilis Zone is not reached. In the Bar-
ranco Blanco section the Globigerina ciperoensis and Globorotalia kugleri zonal boundary is also unclear;
the Catapsydrax dissimilis Zone is reached but the boundary to the Globorotalia kugleri Zone is represent-
ed by a hiatus, respectively a tectonic contact. The section itself is heavy tectonized. :

Both sections are not suitable to serve as a Palacogene/Neogene Boundary stratotype.

General Geology (Fig. 13). (J.M. Gonzalez—Donoso, D. Linares, E. Molina &
F. Serrano).

Betic Cordilleras are the furthest west mountain systems of the european
alpine chains. They range all along S and SE of the Iberian Peninsula, with a
WSW—ENE general direction; they are bounded northwards, from W to E, by
the Guadalquivir Basin, the tabular cover of the Hercynian massif in the Meseta
and the Iberic Cordillera. They extend along 600 km with a variable width of
about some 200 km.

In short, it can be said that the Betic Cordilleras are composed of a series
of superimposed overthrusts dipping towards the north foreland, that is, the
Meseta. Generally, the importance of folding decreases from S to N, so that in
the septentrional realm (prebetic) overthrusts cannot be individualized:

Several geographical units can be identified from S — to N:

a) Internal Zones (or Betic Zone s. str.), characterised by the presence of
overthrusts affccting basement and cover. Within these units three superim-
posed tectonic complexes, composed on the whole of overthrusts, can be
distinguished: Nevado—Filabride, Alpujarride and Maliguide; the first two are
formed by paleozoic and triassic—metamorphic materials. whereas the third

Fig. 13 — Geological sketch map of the Betic Cordilleras (after Vera, 1982): 1) Tabular
cover of the Hercynian massif of the Meseta (Triassic and Jurassic); 2) External
Prebetic: 3) Internal Prebetics 4) Intermediate Units (or intermediate realm); 5)
External Subbetic; 6) Median Subbetic: 7) Internal Subbetic; 8) Penibetic; 9)
Ultrainternal Subbetic and units of dorsalian affinities and flysch substratum:
10) Tectonically underlying Campo de Gibraltar Units; 11) Campo de Gibraltar
Units; 12) Rondaides or Betic dorsal; 13) Malaguide; 14) Alpujé.rride (p: perido-
tites); 15) Nevado—Filabride; 16) Upper Miocene—Pliocene—Quaternary (r. v.:
voleanic rocks); 17) Guadalquivir allochthonous units (Olisthostromes of Subbetic
origin inside Miocene materials).

In the Paleogeographic reconstruction: E. P.: External Prebetic; I. P.: Internal
Prebetic: I. U.: Intermediate Units; E. S.: External Subbetic; M. S.: Median Sub-
‘betic; S. L: Internal Subbetic; P. N.: Peniheric.
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one is formed by little or non—metamorphic paleozoic and triassic materials
as well as post—triassic sedimentary materials. Furthermore, a fourth unit can
be locally identified: Betic dorsal unit or Rondaide, formed by sedimentary
mater 131:; l)i Pel ]I]lclll cllld more recent c]gf.

Internal Zones actually display some difficult problems, mainly those
(:011Lern1ng their former reldtl\»e paleogeogrdphlc positions occupied by the dif-
ferent tectonic complexes integrating them before their actual arrangement;
L]]CI’C L\f‘st"s 1|(]WL\-(T some lgrf’E‘ant on th(’ +«.|Ct thdt Thf:,‘\" LOUId be Pth D‘F i
microplate (Albordn), situated much to the E of its actual position.

b) External Zones, characterized by a basement, probable continuation of
the Hcrcyniarl massil of the Meseta, not affected hy the :aipine overthrusts and
not cropping out; a Triassic unit whmh acts as detaching level and a sedimen-
tary, mesozoic and cenozoic cover, except a few and localized volcanic inter-
beddmgs

Within the External Zones two major units can be distinguished: a
autochthonous or parautochthonous Prebetic at north, formed by off—shore
platform and even subaerial environment materials and Subbcuc ovcrthru%tmg
the former, further south and formed by pelagic materials from the Carixian,
The so called intermediate units can be paleogeographically and tectonically
inserted between these two major units.

Each of the major units, Prebetic and Subbetic can be divided into a series
of minor ones, with different stratigraphic series being laid down in separate
realms differing by their bathimetry and distance from the continent.

Thus, in the Prebetic, outer and inner parts extending north and south-
wards respectively can be individualized: the first one less thick, with a higher
number of detected stratigraphic gaps and mostly integrated by shallower sed-
iments than the second one.

In the Subbetic the features of either typically «threshold» or «subsident
trough» Jurassic series lead to the differentiation of three separate realms from
N to S: an External Subbetic (threshold extending southwards of the trough in
which the intermediate units were laid down), Median Subbetic (trough) and
Internal Subbetic (t]‘lres]mldj; in the Lower Cretaceous the most western part
of the latter became individualized as a sing!c block that even p:irti:llly em erged,
as can be inferred by the presence of the series of stratigraphic discontinuities,
making it possible to separate a western realm (Penibetic) and an eastern one
(Internal Subbetic s. str.).

It should finally be noted that Subbetic materials appear disposed in a set
of overthrustings which would roughly correspond to the above described
units.

c) A series of mesozoic and cenozoic units, which have been hitherto
intcrprcted in quite different ways develops between the Internal and External
Zones; these are the units of Campo de Gibraltar as well as several others ap-
pearing strongly similar to Subbetic or Rondaide.

The Campo de Gibraltar units are a set of gravitatory overthrusts, consist-
ing mainly of turbidites, ranging from Cretaceous to Lower Miocene. There is
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no agreement whether they sti il occu py their original relative position or they
come from a further — southern area such as that realm of the Internal Zones
or even another one much further south yet.

Units showing Subbetic affinities (Ultra—internal Subbetic) could have
been laid down in a sedimentary trough extending southwards the inner sub-
betic threshold.

Units displaying rondaide (or dorsalian) affinities could constitute the
basement for at least part of C'lmpo de (Jlb["'lj.t"ll" units.

d) Finally, a series of intramountaneous basins (Ronda, Granada, (,uc1d1\~
Baza, etc.) infilled with neogene materials laid down after the main folding
plnse (s) as well as another marginal one extending northwards, that of Guadal
quivir, may be also recognized.

The Navazuelo Section.

Location and lithology (Fig. 13). (J. M. Gonzalez—Donoso, D. Linares, E. Molina & F.
Serrano).

The Navazuelo section is situated near the village of Guadahortuna within
the area of Montes Orientales in the northern part of Granada province. It falls
inside the sheet of Huelma 20-39 (970 of the Spanish military map 1:50.000.

The studied series crops out 2 km eastwards of the Cortijo «El-Navazue-
lo», along Arroyo Piletas, between Cortijo de Fuente de los Potros and Cerro
Granado (altitude 1240).

The section is bounded by the following U.T.M. coordinates: Cortijo de
Fuente de los Potros: 30SVG649539, Cerro Granado 30SVG655526.

The section is accessible by a path from km 176 of National Road 324
(Cordoba to Almeria through Jaen) which leads to Cortijo de Fuente de lo Po-
tros.

The Navazuelo section belongs to the external zones of Betic Cordilleras,
more precisely within the Median Subbetic realm, which appears to be a sub
sident trough during the Eocene.

p;.lla.(:ugcn{:—|.()W(:I’ Mi()CC[]C III&:].[CI’]IZ{IS ]aid. dUV\«"]] i]] t}lilt rC:—.i.].l'l']. 1’1’1?—{}/ l‘CH.C}l
up to more than 1.000 m thickness and, during Eocene—Aquitanian times may
be commonly found as flysch facies; olisthostromes being usually found inside
them as well. A angular unconformity is common at the Aquitanian—Burdi-
galian boundary, in which deep marine environments were replaced by a shal-
IOW'CI— Ones.

Comas (1978) established a formal lithostratigraphic nomenclature for
median subbetic se quences of the Montes Orientales. The Navazuelo section
falls accordingly within Cardela group, Cafada formation (Eocene—Aquitanian).

The Cafada formation, which may range up to a thickness greater than
,_00 m. 1"3 (_'OITEPO‘\((-{ m ng‘ILT i] 1"!\' lht‘(ib(,ddm%j [)'F stﬂth m]( r]r]f dT‘Id mrlr]Y
limestones as well as massive marly interval. The altemanon appears stronglv
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rhythmic and the successions seem to be of turbiditic origin. Furthermore
east of Navazuelo section, olisthostromes and olistolites are included in the
sections. The deposition took place in a deep marine environment, however
above carbonate compensation depth level, with an important supply of turbi-
dites; the turbiditic beds interbedding with hemipelagic levels (Comas, op. cit.).

Lithologic sequence. The series dips some 20° southwards; the e\posud part
with a thickness of 250 m.

As far as the lithology is concerned the section appears quite umfurm,
mainly composed of a rhythmic interbedding of calcarenites and marls, with a
Varlablc prcd()”]“]dn(.t (){ S0me (‘Omp(‘]n(’nrg aver th(‘ Uther& through out the dli
ferent levels in the section.

Most of calcarenitic layers display qun,e unclear parallel bedding with a
massive aspect; although from time to time some internal sedimentary struc
tures such as graded bedding, parallel bedding and current—ripples can be
observed. In these same levels organic structures («Lebensspuren») and load
structures may be observed. All these darta suggest the possibility that the
calcarenitic layers could correspond to turbidites.

[n order to avoid the danger of reworking, typical in such deposits,
samples used for the study ofplankcomc microfauna have been collected at the
top of marly intervals, that is, in the autochthonous part of the deposit. How-
ever, several samples have also been collected at the lower part of marly inter-
vals; their study prooved that heterochrony inside planktonic microfauna is
almost inexistent.

The following lithologies have been identified from base to top of the
section {Gonzalez—Donoso, 1977/78; Molina, 1979): a) 20 m mdmlv marls,
dark grey; b) 60 m rh\«thmm Jnlcvbtddmg of calcaremtes and marls becommg
more calcareous rowards the upper part; ¢) 70 m mainly limestones, w1th some
marly mterbeddmgs d) a typical unit, composed of 45 interbeds of calcarenites
and marls; e} at the top of the section, in Cerro Granado, 50 m, Velj, rhythmic
flyschoid facies with strong dcvelopmenc of parallel and convolure bedding.
The share of sand appears quite high, and light—coloured marly intervals appear
rdl]—l\l’ "rlp(}\"er]‘shﬂd mn denkfon](‘ m1(‘r0{’]11n3

Calcareous Nannoplankton (Fig. 14). (M. Biolzi, M. Baldi Beke & C. Mueller).

No typical Miocene form is recorded in the Navazuelo section; all the
thirteen samples collected belong to the Oligocene Zone NP25. Samples NA13
to NA10 and samples NA5 to NAT are rich in nannofossils but are characteriz-
ed by low diversity of the assemblages and poor preservation, with frequent
overgrowth.

In samples NA9 to NA6 nannofossils are less frequent. Cyclicargolithus
floridanus, C. abisectus, Sphenolithus moriformis, Coccolithus pelagicus,
Helicosphaera parallela, H. perchnielsenianae, Dictyococcites bisecta and
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Zygrhablithus bijugatus are the most common species observed.

Among the stratigraphically important species Helicosphaera recta has the
highest occurrence in sample NA9 (M. B.), Sphenolithus ciperoensis in sample
NAS8 (M. B. and C.M.) and Dictyococcites bisecta is recorded throughout the
section (M. B. and M. B. B.).

One of the authors (C. M.) suggests that the uppermost part of the section
might belong to the Early Miocene (NN1 ?); the top of the Oligocene would be
either at sample NA4, according to the highest occurrence of Ericsonia fenestra-
ta and Zygrhablithus bijugatus, or at sample NA2, using the last occurrence of
Dictyococcites dictyoda (= D. bisecta). But Zygrhablithus bijugatus and Dictyo-
coccites bisecta have been found higher than NA4 by the other authors and no
Miocene species is recorded to confirm such an age.

Reworked Cretaceous and Eocene species have been observed.

Planktonic Foraminifera (Fig. 15: Plate 40). (J.W. Zachariasse, M. Biolzi, G. Bizon, A.M.
Borsetti, F. Cati, R. Gelati, J.M. Gonzalez—Donoso, S. laccarino, D. Linares, E. Molina,
M. Romeo & F. Serrano).

The marly intervals of the Navazuelo section contain high relative numbers
of planktonic foraminifera most of which are poorly preserved (i.e. recrystal-
lized and partly cracked).

_ The results of an earlier study on planktonic foraminifera (Molina, 1979)
indicate that the stratigraphic range of the Navazuelo section extendes from the
Upper Eocene up into the Lower Miocene,

[n view of the objectives of the working group, resampling of the Navazue-
lo section focused on the interval which could contain the so—called ““critical
time—span”. Altogether some 13 samples were taken, 9 of which were studied
for their planktonic foraminiferal content, The results were discussed in Milano
(1982) and are presented in Fig, 15. Selected taxa are figured on Plate 40.

Consensus could be reached on the (local) stratigraphic ranges of Globige-
rina angulisuturalis Bolli, Neogloboguadrina opima opima (Bolli), Globigerinita
glutinata (Egger), Globorotalia kugleri group, and of representatives of the genus
Globigerinoides.

The highest occurrence of G. angulisuturalis is fixed at sample level NAS.
As is the case in the Barranco Blanco section, specimens assignable to G. anguli-
suturalis are small—sized and tightly coiled and are outnumbered by larger—
sized specimens of Globigerina ciperoensis Bolli.

Specimens assignable to G. glutinata have been recorded by Gonzalez —Do-
noso et al. and Zachariasse from sample level NA10 upwards.

The lowermost occurrence of representatives of the genus Cfoi‘)zgerf'noid(m
is recognized by all, but one author (Gonzalez—Donoso et al.) at sample level
NAS8. Forms belonging to Globigerinoides were differently labelled by the var-
ious partecipants. Phylogenetically primitive forms, displaying a loose chamber
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arrangement and an incipient cancellate wall—structure, are referred to as Glo-
bigerinoides primordius Blow & Banner or kept in open nomenclature. Such
forms have been registered up to the top of the sampled interval. In addition to
the forms lumped into the category of G. primordius and Globigerinoides sp.,
morphotypes labelled as Globigerinoides trilobus immaturus Le Roy were sin-
gled out by Biolzi, Gelati, laccarino, and Romeo in the interval delimited by
the sample NA8 and NA1. Although supplementary apertures are mostly not
perceptible, it was decided that specimens showing a more compact coiling and
more pronounced reticulate wall—topography could belong to G. trilobus im-
maturus and occur from sample level NA5 upwards. The label G. trilobus imma-
turus, however, may include forms belonging to Globigerina woodi connecta
Jenkins.

No consensus could be reached as to the range of Globorotalia kugleri
Bolli and the same holds true for the occurrence of Globoquadrina dehiscens
(Chapman, Parr & Collins).

Representatives of the G. kugleri group occur from sample NA8 upwards.
Morphotypes assignable to G. kugleri are reported from samples NA1 and NA2
by almost all authors but there is no agreement on the lowermost occurrence of
G. kugleri types. Therefore the FOD of G. kugleri, and thus the base of the G.
kugleri Zone, is placed somewhere in between sample level NA7 (Gelati; Gonza-
lez—Donoso et a].j and se'lmp]e level NAZ2.

Forms close or identical to G. dehiscens are reported from sample level
NAS5 by all authors. Gonzalez—Donoso et al. and Zachariasse consider these
forms to fit in with the original definition of G. dehiscens, but, according to
Borsetti and Cati, Gelati, laccarino, and Romeo these forms are not fu[ly recon-
cilable with the above—mentioned species. Specimens registered as G. dehiscens
from below sample level NA5 (Gonzalez—Donoso et al.) are considered to be
atypical; they resemble Globoguadrina venezuelana (Hedberg) but differ in
having more compressed chambers. The finding of such morphotypes may indi-
cate that G. venezuelana is a serious candidate amongst the taxa considered to
be the predecessor of G. dehiscens.

Specimens close or identical to G. dehiscens are severely reduced in rela-
tive number above sample level NAS5. Trace occurrences are reported by Romeo
in samples NA4 and NA2, and by Gonzalez—Donoso et al. in samples NA4,
NAZ2, and NAT.

Finally it is observed that representatives of the Globoquadrina group (in-
cluding G. sellii Borsctti, G. binaiensis (Koch), G. tripartita (Koch), G. venezue-
lana (Hedberg), and G. globularis Bermudez) and representatives of the genus
Catapsydrax are frequent throughout the section. Specimens of G. globularis
close to Globoquadrina altispira globosa Bolli occur in the top—part of the sam-
pled interval {e.g. samples NAS and NA2).

Conclusions. The results of our team—work indicate that the lower part of
the Navazuelo section (i.e. sample levels NA13 and NA11) can be correlated
with the G. opima opima Zone (Bolli, 1966), whereas the interval from level
NA10 through level NA1 contains the G. ciperoensis Zone and G. kugleri Zone.



484 Palacogene/Neogene Boundary

The boundary between the latter two zones is placed roughly in between levels
NA7 and NA2. Hence, the “critical time—span” cannot be fully documented in
the Navazuelo section.

Benthonic Foraminifera (Fig. 16; Pl. 42—45). (A. Paignant).

Smaller foraminifera, and in certain levels, numerous larger ones are pres
ent throughout the section.

On the whole, the microfauna of smaller foraminifera is not as abundant
as in the Barranco Blanco section; the fauna is not very well preserved and is
always recrystallized. However there are numerous and various species in sam-
P]&S NA2, NA3, NA7, NA8, NA13.

The assemblage of smaller foraminifera shows an Oligocene age with spe-
cies also found in the Barranco Blanco section: Almaena hieroglyphica, Anoma-
lina granosa, Bolivina crenulata, B. fastigia. B. liebusi, Bulimina alazanensis, Glo-
bocassidulina globosa, Heterolepa costata, Karreriella siphonella, Tritaxia cuben-
sis, T. szaboi, and also Anomalinoides ammophylus, Chilostomella cylindroides,
Nownion elongatum, N. grateloupi, Reussella oligocaenica etc.

Larger foraminifera are particularly abundant in samples NA7 and NA13,
but are very poorly preserved and seem to be partly reworked. They are chiefly
lepidocyclinids (Eu— and Nephrolepidina), Nummulites tournoueri, rare N. va-
scus, Operculina complanata, Grzybowskia, Spiroclypeus, Cycloclypeus, Amphi-
stegina lessonii, Pararotalia viennoti, Victoriella aquitanica, Biarritzina sp. etc.
Both levels NA7 and NA13 show striking similarities with the well—known
exposure of Escornebéou in southwestern France (Upper Oligocene) which
except for Cycloclypeus contains the same larger foraminifera.

As far as paleobathymetry is concerned, the water—depth is estimated at
about 100 m, except in the levels with larger foraminifera (Victoriella and Biar-
ritzina) in which it probably did not exceed 50 m.

A nummulite possibly reworked from the Eocene was found in sample
NAT3.

The larger foraminifera: Nummulites tournoueri, N. vascus, Grzybowskia,
Spiroclypeus have been identified by Dr. A. Blondeau, Université P, et M. Cu-
rie, Paris.

Cycloclypeus was said by C.W. Drooger (1979): “(to be) present in some
areas... possibly southern Spain”,

Biostratigraphy of Navazuelo section. {J. M. Gonzalez—-Donoso, D. Linares, E. Molina & F.
Serrano).

Some of the most interesting biohorizons related to Palacogene/Neogene
boundary have been identified in Navazuelo section (Cafiada Formation). These
are the following, from older to more modern:
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1. Biohorizon of extinction of Globorotalia opima opima in sample NA13.

2. Biohorizon of the first appearance of Globigerinoides primordius in the
sample NA10;the species becoming much more abundant from NAS.

3. Biohorizon of extinction of Globigerina angulisuturalis.

4. The Globorotalia kugleri group appears in the sample NA18.

5. Biohorizon of appearance of Globorotalia kugleri s. str. is placed
between samples NA7 and NA2.

Finally, Globoquadrina dehiscens, was recorded at sample NAS5. Globigeri-
noides primordius and Globorotalia kugleri are still present in the last sampled
level NAT:beyond that point the series appears poorly exposed due to vegeta-
tion.

In terms of biozonation of Blow (1969) the sampled part of Navazuelo
section would comprise the zones N. 2 (part), N. 3 and N. 4 (part).

According to Molina (1979), zonation established in the central sector of
Betic Cordilleras, it would comprise G. angulisuturalis (part) and G. primordius
(part) zones. In terms of Bolli (1966) zonation the G. opima, G. ciperoensis
and part of the G. kugleri — zones are recorded.

As far as nannoplankton is concerned, data appear slightly contradictory,
according to Biolzi and Baldi Beke the whole section belongs to NP25 Zone.
whereas, according to Mueller, sample NA1 already belongs to NN1 Zone.!

The Barranco Blanco Section.
Location and lithology (Fig. 13). (J. M. Gonzales—Donoso, D. Linares, E. Molina & F.
Serrano).

The Barranco Blanco section is situated in Chirivel (Almeria). The studied
sequence is easily sampled in the Barranco Blanco ravine, which crosses Nation-
al Road 342, from Granada to Vélez Rubio, at km 121.7. It is located in Chirivel
sheet 23—29 of the Spanish military map (E. 1:50.000). The section is bounded
by the following U.T.M. coordinates: 30SWG697632 (base) 30SWG693634 —
(top).

It should be noted that some toponimic contradictions affect the area in
which the section is located. The two nearby villages are called, according to
the map, Ciudad Granada and Rambla de Abajo, but they are most popularly
known as Cortijo Granada and Las Nogueras by their inhabitants. Furthermore,
two more or less parallel ravines named Blanco, appear on the map; the above
quoted one and another one crossing the road at km 119 and 120. One is
known as Barranco de la Cantera on Soediono’s map (1971), — and the other
as Barranco Blanco. To make martters worse the inhabitants know the ravine in
which the section crops out as Barranco de las Pozas.

As it has been commented above in many areas of the Betic Cordilleras,
no direct contact between the internal and external zones may be observed; a
series of uncertain and long debated units are situated between them, namely:
units of Campo de Gibraltar, units of subbetic affinities and units of rondaide
affinities.
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The Barranco Blanco section is just located in one of these contact areas
in which materials coming from internal zones (Maldguides), external zones
(Internal Subbetic) and a series of units whose relation with these zones has
been long subject of debate, are found to crop out. These units were formally
defined by Soediono (197 l} namely: Ciudad Granada Group ((“mdad Grifads
Fotmatlon Frac. Formation, Cortijo del Perro Malo Formation), Fuente For-
mation, Espejos Formation a.nd Pinar Formation (or Solana Formation; Geel,
1973).

Regardless the discussion of arguments, which should bc dLLdllCd else-
where, the authors will assume the Ciudad Granada Formation as belonging
to the Maliguide complex; Equos and Fuente formations as equivalent to
some others laid down somewhere else in the internal zones after their defini-
tive structural arrangement, and Pinar Formation as one of the Campo de

Gibraltar units. _
In the northern part of Barranco Blanco several lil:hological units, upwards

the ravine, may be observed: a) Alpujdrride complex materials, with some vol-
canic interbeddings, b) Ciudad Granada Formation, ¢) lower part of Espejos
Formation.

The Cindad Granada Formation dis;p];].ys a thickness of about 180 m at
our locality. On the ravine floor, after the Maldguide materials and after a non—
observable part, the first level cropping out is a thick conglomerate stratum;
further westwards some materials probably corresponding to that non—observa-
ble interval seem to be visible: they appear to be formed by a sequence of marls
and sandstone—conglomerate interbedding. Again on the ravine floor, after the
conglomerate interval, a series including sandstones and calcarenites interbed-
ding with marls and clays, may be observed. Finally, a thick sequence of
brownish red clays with very scarce calcarenitic interbeddings in its lower part,
crops out.

This part is followed by the Fuente Formation, with an approximate
thickness of 30 m; the formation is mainly composed of greyish marls, with nu-
merous coarse—grained detritic mterbeddmgs at its lower part; its bdb& being of
olisthostromic character. Towards the upper part “silexitic’ and * ‘tuffacecus”
materials are commonly found.

The transition — respectively the contact — from the Ciudad Granada and
to the Fuente Formation crops out by a sudden lithological change and con-
tact points to a major unconformity. The Ciudad Granada Formation extends
in E-W direction, with a dip of 60 N. Olisthostromic part of Espejos Forma-
tion extends with a 80°E direction and 30°N dip, subsequently changing to a
120°E direction and 60°N dip.

Paleoecology. From the basal transgressive levels from Ciudad Granada For-
mation a impoverished fauna of pl'mktonic foraminifera was recorded; how-
ever, fragmentary invertebrate remains (mainly echinoderms and mollusca) as
well as benthonic foraminifera, appear fairly common; furthermore ngypwm—
dae identified by Soediono t\1969_,, as well as some specimens of Heterostegina
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sp., Operculina sp., Amphistegina sp., some Miliolidae and calcarcous algae,
have been identified. Such an association points to a shallow marine environ-
ment with high energy and warm waters.

A deeper environment (perhaps more than 200 m), in which macrofora
minifera did not develop any more, but on the contrary, planktonic foramini-
fera as well as small—sized benthonic ones became very abundant, was pro-
gressively replacing the former. This fauna appears quite well preserved and
highly diversified; among benthonics the most meaningful genera are: Alaba-
mina, Almaena, Bolivina, Bulimina, Cassidulina, Gyroidina, Uvigerina, Pullenia,
Cibicides, and Eponides. The planktonic/benthonic ratio enables to infer, for
2/3 of Ciudad Granada Formation, a depth ranging from the outer shelf to the
Llppcr bal,}]}fa}. i

Towards the upper parts of Ciudad Granada Formation pteropods (mainly
Vaginella sp. and Clio sp.) as well as holothurian sclerites become common in
these levels.

The best indicators for water temperature are the planktonic foraminifera:
some subtropical, although never abundant forms as Globorotalia kugferf, G.
mendacis, G. pseudokugleri, and Globigerina binaiensis have been recorded.
Several others such as Globigerina sellii, G. venezuelana, G. angulisuturalis, G.
pracbulloides occlusa, Cassigerinellachipolensisand Globigerinoides primordius,
are most common. On the other hand, the groups of Catapsydrax dissimilis and
Globoquadrina dehiscens appear to be very rare. This association would indi-
cate a temperate—warm water environment transitional from tropical to tem-
perate arcas.

The Fuente Formation could have been deposited in a much deeper basin,
though in a tectonic very instable interval, specially as far as the first part of
the formation is concerned., The recorded fauna displays a high share of radiola-
ria as well as numerous planktonic and small benthonic foraminifera. Both ra-
diolarians and *silexitic levels” appear related to some volcanism evidenced by
the presence of tuffs in some parts of the Betic Cordilleras. However, studies
carried out on samples of this section showed a very small share of voleanic
glass (Ardanese, oral communication), therefore they could not be considered
as typical silexitic or tuff levels.

Calcareous Nannoplankton (Fig. 17). (M. Biolzi, M. Baldi Beke, C. Mueller & A. Romein).

The transition Oligocene—Miocene is not continuous in the Barranco Blan-
co section; a hiatus exists, probably including the uppermost part of the Oligo-
cene and the lowermost part of the Miocene,

Samples BB1 to BB18 have rich Late Oligocene (NP'ZS} nannofossil assem-
blages: Cyclicargolithus abisectus, C. floridanus, Coccolithus pelagicus, Helico-
sphaera parallela, Discolithina enormis, Dictyococcites bisecta (=dictyodus),
Zygrhablithus bijugatus, Sphenolithus ciperoensis, S. moriformis, Ericsonia
fenestrata, Coronocyclus nitescens.
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Distribution of calcareous nannoplankton of Barranco Blanco section.
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Sample BB19 is situated immediately below an olisthostrome easily rec
ognizable in the field. It is very poor in nannofossils but contains Helicosphaera
recta and thus is assigned to Zone NP25. The overlying sediments belong to the
Early Miocene. Samples BB20 to BB25 contain poorly preserved, broken and
overgrown nannofossil assemblages of lower diversity than the underlying Oli-
gocene sequence. Rare Discoaster druggii and D. variabilis suggest that the up-
per part of the section belongs to Zone NN2.

Two authors (C.M. and A.R.)found no Discoaster druggii in sample BB20
and therefore assigned the upper part of the sequence to the Early Miocene
(NN1?), based on the absence of Oligocene markers. One author (A.R.) did not
study all the samples in the critical interval and therefore placed the Oligocene/
Miocene boundary somewhere between samples BB16 and BB19. He found no
Helicosphaera recta in sample BB19.

Only very few reworked Cretaceous and Eocene specimens were observed.

The unconformity between samples BB19 and BB20 which probably con-
tains the Oligocene/Miocene boundary, might also be indicated by the altera-
tion of the nannofossils in sample BB19 and by the distinct red color of the
sediments.

Planktonic Foraminifera (Fig. 18; Plate 41). (J.W. Zachariasse, M. Biolzi, G. Bizon, A.M.
Borsetti, F. Cati, M.G. D'Andrea, R. Gelati, J.M. Gonzalez—Donoso, S. laccarino,
D. Linares, E. Molina, M. Romeo & F. Serrano).

Amongst the sections investigated by the working group, the spanish Bar-
ranco Blanco section contains the best preserved planktonic foraminiferal fauna.
Notwithstanding the strongly tectonized sediment succession, planktonic fora-
minifera show surprisingly little distortion and their wall—structure can be fully
utilized for correct specitic determinations. :

The results of a pilot survey, carried out by Gonzalez—Donoso, Linares,
Molina, and Serrano, suggested that the Barranco Blanco section could contain
a well—documented record across the Palacogene/Neogene boundary interval.
This is why this section was rcrsan'lp]ud during the Pa]aeoguuCchogen(‘ meeting
in Malaga (1982).

Some 11 samples were analyzed in detail for their planktonic foramini-
feral content. The results were discussed in Milano (1982) and are presented in
Fig.18. Selected taxa are figured on Plate 41.

Globigerina angulisuturalis Bolli is recognized from sample BB1 up to and
including sample BB11 by almost all authors. 1t is noted, however, that speci-
mens labelled here as G. angulisuturalis are more tightly coiled and possess less
prominent U—shaped sutures than do the notorious low latitude assemblages.

Representatives of the Globorotalia Feugf{?ri group first occur in :sa,mplc
BB8 and extend their range up into sample level BB19. Their presence in sample
BB23 recorded by Borsetti and Cati is questionable: The features of the species
Globorotalia mendacis Blow and G, p.s‘eucfokugferi Blow cover almost the entire
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morphological range of the G. kugleri group. No consensus could be reached as
to the lowermost occurrence of true Globorotalia kugleri Bolli. According to
Borsetti and Cati, and Gonzalez—Donoso et al. spccimens assignable to G. ku-
gleri occur as low as sample level BB13, whereas Zachariasse does not report
this taxon until sample level BB19. Considering these differences in the lower-
most occurrence of G. kugleri the base of the G. kugleri Zone (Bolli, 1966) is
placed somewhere in between sample levels BB13 and BB19.

Representatives of the genus Globigerinoides have an extremely low fre-
quency up to aampk level BB19 but are common in sample% BB23 and BB25.
Phylogenetically primitive forms are recorded as Globigerinoides sp. and G.
primordius Blow & Banner and are lumped here into one category the highest
occurrence of which is fixed at sample level BB19. Associated with this catego-
ry are forms resembling Globigerinoides trilobus immaturus Le Roy but lacking
a supplementary aperture. The latter forms are close or identical to Globigerina
woodi connecta Jenkins and are probably registered as G. trilobus immaturus
by Gelati and D’Andrea, in samples BB6, BB7, and BB11 and by Gonzalez—
Donoso et al. and laccarino in sample BB19. 'l'ypjca] G. trilobus immaturus
together with (“i'obige*rim)idex trilobus trilobus (Reuss) and Gfobtgermmdes al-
tiaperturus Bolli occur in samples BB23 and BB25.

Another discussion focused on the reported occurrence of \zeogfobf;'qua-
drina opima opima (Bolli) in samples BB11, BB13, and BB16. Comparison with
topotypes, brought along by Biolzi, showed some specimens to be virtually
identical with N. opima opima. These have either been reworked or represent
end—morphologies of Neogloboguadrina mayeri (Cushman & Ellisor). The lat-
ter species proliferates with large—sized specimens from sample level BB11 up
to level BB19.

Globoguadrina dehiscens (Chapman, Parr & Collins) is recorded from sam-
ple level BB19 by almost all participants and only by Gonzalez—Donoso et al.
from samples BB23 and BB25. Trace occurrences of this taxon, reported by
Gonzalez -Donoso et al. and by laccarino from below sanlple level BB19 are at-
tributed to downstream contamination, since the state of preservation of these
specimenssis distinctive for the upper Ti{hological unit.

Globigerina woodi woodi Jenkins first occurs in sample BB19, whereas
the lowermost occurrence of Catapsydrax stainforthi Bolli, Loeblich & Tappan
is fixed at sample level BB23. The first occurrence of Globigerinita glutinata is
registered in sample BB7 (Gonzalez—Donoso et al.).

A few specimens of Neogloboquadrina acrostoma (Wezel) are found by
Gonzalez—Donoso et al. in samples BB23 and BB25 and by Bizon in sample
BB25. Trace occurrences of Cassigerinella chipolensis (Cushman & Ponton) are
1‘ep0rted solely bv Bizon (s*]mples BB7, BB8, and BB11).

Finally it is observed that the group of C?oboguadrma tripartita (Koch),
including G. binaiensis (Koch) and G. sellii Borsetti, is a very characteristic ele-
ment in the associations up to sample level BB19.

Conclusions. The lower lithological unit, delimited by samples BB1 through
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BB19, contains a fairly well —diversified and excellently preserved planktonic
foraminiferal fauna which is correlatable with the G. ciperoensis Zone and G.
kugleri Zone of Bolli (1966). The boundary between the two zones is placed
somewhere in between sample levels BB13 and BB19. The associations obtained
from the upper lithological unit are less diversified, more poorly preserved and
are admixed with high relative numbers of radiolaria. The co—association of
G. altiaperturus and C. stainforthi, along with the absence of Globorotalia prae-
scitula Blow, indicate that these associations are assignable to the C. dissimilis
Zone of Bolli (1966) and to the lower part of the C. dissimilis | G. altiaperturus
Zone of Bizon & Bizon (1972).

The change in preservation, diversity, species composition, and radiolaria
content on either side of the lithulogi.ca.l break above sample level BB19, to-
gether with the limited thickness of the G. kugleri Zone, point to a discon-
tinuity in the sedimentary and faunistic record in the so—called “critical
time—span”

Benthonic Foraminifera (Fig. 19; Pl. 42-45). (A. Poignant).

Two parts can be distinguished in the Barranco Blanco section:

(1) from the base to sample BB19:

The microfauna is rich, diversified, rather well preserved homogenous.
About 100 species belonging to 50 genera have been collected. They are agghl-
tinated taxa (Textularia, Karreriella, Cyclammina, Tritaxia, Vulvulina...),
Nodosariacea (Lenticulina, Dentalina, Marginulina, Nodosaria, Planularia...),
often characterized by their large size. Various Stilostomella, Bolivina, and
Heterolepa are also found in abundance.

This assemblage is typical of the Oligocene and it is impossible to enumer-
ate all the species. Among the most commonly representatived we can note:
Almaena delmasi, A. escornebovensis, A. hieroglyphica, Anomalina affinis, A.
cryptomphala, A. granosa, Bolivina Bude’wsrs B. fastigia, B. liebusi, B. reticulata,
B. semistriata, Bulimina alazanensis, B. al\aizca Cyclammina acu!:donata Gau-
dryina dt_fformxs, Heterolepa costata, Hopfemsma. gracilis, Karreriella uphoneffa,
Marginulinopsis asperuliformis, M. fragaria, Miogypsinoides sp., Nummulites
tournoueri, Rectobolivina szigmondii, Textularia lanceolata, Tritaxia cubensis,
T. szaboi, Tritaxilina reussi, Uvigerina eocaena, U. gallowayi, Victoriella aqui-
tanica.

All the encountered species are well-known in Oligocene deposits; partic-
ularly the Spanish levels are closely similar to the Rupelian and lower Egerian
of Hungary (cf. K.Sztrakos,1979). The small benthonic foraminifera correspond -
well and it is of interest to point out the presence in Barranco Blanco of Plancto-
stoma oligocaena Sztrakos, a species described in the lower Egerian of Hungary
and never recorded elsewhere.

(2) Above sample BB19:
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There is a change in the last levels with an increasing abundance of Radio-
laria and Foraminifera such as Gyroidina, Oridorsalis, Melonis, Pullenia, Glo-
bocassidulina, Pleurostomella, Hetemfepa. Some new species appear: Bolivina
hebes, B. tectiformis, Pullenia miocenica, Cassidulinoides mekranense.

The upper levels belong to Lower Miocene.

As far as paleobathymetry is concerned, we can say that in the lower ley-
els the water—depth of deposition did probably not exceed 50 m (beds with
Nummulites, Miogypsinoides, Amphistegina, Operculina, Victoriella); in the re-
maining ones it must have been more than 100 meters. The water was tropical
with normal salinity.

There. was an increase in the water depth during the Lower Miocene
(samples BB23, BB25), enabling the appearance of radiolaria and numerous
foraminifera (such as Gyroidina, Oridorsalis, Melonis etc.); these forms suggest
a water—depth between 800 and 1000 m.

Compared to the Sicilian sections, the Barranco Blanco section shows a
microfauna of benthonic foraminifera which, while not differing significantly,
is better preserved, richer and more diversified.

Biostratigraphy of Barranco Blanco section. (J.M. Gonzalez—Donoso, D. Linares, E. Molina,
& F. Serrano).

A succession of first and last appearances, more or less interesting for dif-
ferent reasons, are observed all along the Barranco Blanco section, Ciudad Gra-
nada and Espejos formations.

These are, from older to more recent:

1. Globigerinoides primordius, identified from the first studied sample
BB1 up to sample BB19.

2. Globoquadrina dehiscens, the sporadic appearance in the lower levels
(BB5, Romeo; BB7, Gonzalez -Donoso, Linares, Molina and Serrano) is due to
downstream contamination; a regular appearance is recorded in samp]c BB19,

3. Globorotalia kugleri group, represented by rare, smallsized specimens,
which appears from sample BB8 upwards; Globorotalia kugleri s. str. (after Bor
setti, Gonzalez—Donoso, Linares, Molina and Serrano) appears first on sample
BB13, according to Zachariasse on sample BB19.

4. Gfobigerina cIPIg:,tI'z's:,trurcz.fis seems to be extinct from SEU'II]_)IC BB11 up-
wards.

5. Globigerina woodi appears in the last sample BB19 of Ciudad Granada
Formation.

An al'lgular and erosive uncon {:orl'm'ty, meaning a quite important stratigra-
phic gap, appears between Ciudad Granada and Espejos formations; thus, the
relative position of some biohorizons cannot be accurately set in the Barranco
Blanco section. Globigerinoides primordius and Globorotalia kugleri are record-
ed only up to unconformity. Globigerinoides trilobus, Globigerinoides altiaper-
turus and Catapsydrax stainforthi (the latter already present in Ciudad Granada
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Formation according to Romeo) appear in Espejos Formation.

According to the biozonation of Blow (1969), Ciudad Granada Formation
can be placed into Zone N. 4 {part] and Espejos Formation into Zone N. 5
(part).

[n terms of Bolli (1966) zonation the G. ciperoensis and part of the G. ku-
gleri Zones are present below the hiatus and the lower part of the C. dissimilis
Zone in Espejos Formation.

According to the biozonation of Molina (1979), Ciudad Granada Forma-
tion would comprise the G. primordius Zone (part) and Espejos Formation
would comprise the G. altiaperturus Zone (part). The stratigraphic gap be-
tween both formations would comprise, at least, the subzone of G. trilobus s. |.
(last part of G. primordius Zone).

As far as nannoplankton is concerned, there exists some disagreement
among the authors; according to Baldi Beke, the Ciudad Granada Formation
belongs to NP25 and Espejos Formation to NN2; Mueller assigns Ciudad Grana-
da Formation to NP25 and Espejos Formation to NN1 with some reservation.
Romein identified the NP25 Zone up to sample BB16 and the NN1 Zone, with
some reservation, in the Espejos Formation.

Finally, as far as other groups of microtossils is concerned, Poignant has
studied the very abundant and well preserved benthonic foraminifera. Macro-
foraminifera are frequent at the base of the section and become extremely
rare towards the top of Ciudad Granada Formation. In sample BB11 several
interesting species of Almaena, Bolivina and Miogypsinoides are present; one
species of Nummulites (? N. tournoueri) and Victoriella aquitanica have been
identified as well. At Espejos Formation (BB23 to 25) a change to a deeper
water species has been detected.

Conclusions on the biostratigraphic results of the proposed potential Palaeo-
gene/Neogene Boundary stratotype sections in Italy (Sicily) and Spain
(Betic Cordilleras) (Fig. 20). (F.F. Steininger).

During two field seasons (Sicily 1981 and Spain 1982) the members of the
Working Group sampled two proposed potential boundary stratotype sections
in Sicily and two other ones in Spain (see above). Calcareous nannoplankton,
planktonic and benthonic foraminifera have been studied independently by
several specialists from these jointly sampled, identical sample sites. The results
have been discussed and the samples compared on the microscopes at meetings
in Malaga (1982} and Milano (1982},

For cach of these four sections the biostratigraphic results of each group
of organisms have been discussed separately and this discussion is followed by
a general concluding discussion on the biostratigraphy of the section itself

In the following these results will be evaluated by their meaning in respect
of the biochronologic datum levels of the Palacogene/Neogene Boundary with-
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in the so—called “critical time—span” and on their bearing in function of a
boundary stratotype for the Palaeogene/Neogene Boundary (for the general
goals and ideas see Cati et al., 1981 and Steininger, 1982).

Italy: Sicily, Iblean Region.
Case Cocuzza Section (Fig. 20).

Consistent calcareous nannoplankton results of four specialists assign the
lower part of the section including sample CC23 to the Triquetrorhabdulus ca
rinatus - NP25 Zone. From sample CC24 upwards the presence of Helicosphaera
carteri indicates a Miocene age. G. Palmieri assigned samples CC25 to CC27 to
the Discoaster druggii - NN2 Zone because of the presence of Discoaster aff.
druggii and Helicosphaera ampliaperta. A hiatus is likely according to the
nannoplankton preservation, size and distribution between sample CC23 and
CC24.

Ten specialists studied independently the distribution of planktonic fora-
minifera, Including sample CC23 the section represents the G. ciperoensis Zone.
In sample CC24 the abrupt FOD af G. dehiscens, G. woodi woodi and G. qua-
drilobatus triloba together with G. altiaperturus and C. stainforthi till to the
end of the section indicates the presence of C. dissimilis Zone. By these results
a hiatus could be detected between samples CC23 and CC24 covering the entire
G. kugleri Zone. This opinion is supported by the scattered appearance of re-
worked specimens of G. angulisuturalis, G. kugleri and G. ciperoensis in samples
CC24 and CC25.

An Oligocene/Miocene faunal change is recorded by benthonic foramini-
fera close to the sample position CC24/25.

This indicates that the most important part of the “critical time—span”
and the important biochronologic datum levels in relation to the Palacogene/
Neogene boundary are missing in this section.

Summarizing all these facts the Case Cocuzza section is not suitable to
serve as a Pa.]aeogcnchcogcm! bnundai‘y stratotype section,

Costa dell’Angelo Section (Fig. 20).

The lower part of the section including sample CA22 is assigned by all
three calcareous nannoplankton specialists to the Triguetrorhabdulus carinatus
- NP25 Zone. C. Mueller also assignes sample CA23 to this zone. Sample CA24
is to poor in nannofossils to give an age indication. Unanimously samples CA25
to CA27 are assigned to the Helicosphaera ampliaperta - NN4 Zone since the
nominating taxon was also recorded in sample CA27 by one author. According
to these results a major hiatus covering the calcareous nannoplankton Zones
NN1 and NN2 to NN3 exists between samples CA24 and CA25.

The same results were achieved by eleven specialists working on the
p]a.nktonic foraminifera of this section. Up to sample CA24 the continuous
occurrence of G. angulisuturalis and the scattered occurrence of G. ciperoensis
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assign this part of the section to the G. ciperoensis Zone. In sample CA25 the
occurrence of G. quadrilobatus triloba, G. dehiscens, G. woodi woodi and
others together with the unanimously agreed upon occurrence of G. sicanus
places the upper part of the section into the G. insueta Zone of Bolli (1966)
respectively into the upper part of the G. trilobus Zone of Bizon & Bizon
(1972).

The major hiatus between CA24 and CA25 covers at last the C. kugleri,
the C. dissimilis, the C. stainforthi Zones of Bolli (1966) respcctivc]y the G. ku
gleri, G. pr:mordauc C. dissimilis | G. altiapertus and parts of the G. trilobus
Zones of Bizon & Bizon (1972). A time—span of several - five to six - million
y(..dr.‘y.

Benthonic foraminifera also indicate Oligocene age to sample CA23 and
Middle Miocene forms are recorded from sample CA25.

This indicates that the most important part of the “critical time span” and
the important biochronoiﬁgic datum levels in relation to the Pa.latogencﬁNco-
gene boundary are completely missing in this section.

Summarizing all these facts the Costa dell’Angelo section is not suitable to
scrve as a Pdldcogj(,m,,’NcogLnL bounddry stratotype section.

e

Spain: Betic Cordilleras.
Navazuelo Section (Fig. 20).

Ca]c{erOUS Tla]’l”oplankto“ IICSUILS 4are more or ICSS COnSiStenL; 'c!,CCOrding Lo
three specialists the entire section belongs to the Sphenolithus ciperoensis -
NP25 Zone. C. Mueller suggc&tcd that Triquetrorhabdulus carinatus - NN1
Zone might be mpresemed in the uppermost part of the section (sample NA4
upwards). However, since NP25 markers occur till to the top of the section and
no Miocene indicators are present it was generally agreed upon that only NP25
Zoneis present in the studied part of the section.

In contrary results of the eleven specialists studying the planktonic fora-
minifera record are more inconsistant, especially as far as the “critical-time
span” is concerned: the lower part of the section (sample position NA13—11
belongs to the G. opima opima Zone of Bolli (1966). In the upper part (sample
position NA10 to NA1) the G. ciperoensis Zone and the G. kugleri Zone were
recorded. However, no agreement was found on the boundary position between
these two zones. According to the different authors the boundary would fall
between sample position NA7 and NA2. All authors agreed that sample posi-
tion NA2 and NA1 for sure belong to the G. kugleri Zone.

It is most important to remark that G. dehiscens was unanimously identi
fied with typical forms by all specialists frequently in sample NA5 and a serious
candidate considered as a predecessor of it, G. venezuelana, in samples below
(to this question compare also Borsetti et al., 1983).

Benthonic FOI’dIIlIIl[fCI’A ]I!dlCd[’t‘ an OIIgOC(’I‘lC age tl]l’OL‘lg]’lOUt the entire
section.

One of the most important biochronologic datum levels for the Palaeoge-
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ne/Neogene boundary the FOD of Globoquadrina dehiscens (Chapman, Parr
& Collins) is present at sample NA5 in the G. kugleri Zone. However, the boun-
dary between the G. ciperoensis Zone and the G. kugleri Zone is debatable and
the boundary between the G. kugleri Zone and the C. dissimilis Zone was not
recorded, since the upper part of the section is partly covered and the
continuity of outcrops is very doubtful. Therefore the “critical time-span”
could not be recorded. The section itself shows various internal sedimentary
complications and tectonic structures.

Summarizing all these facts the Navazuelo section is not suitable to serve
as a Palaeogene/Neogene boundary stratotype section.

Barranco Blanco Section (Fig. 20).

Calcareous nannoplankton studies of four specialists are consistent and
record inclusive sample BB19 the Sphenolithus ciperoensis - NP25 Zone. Asso-
ciations between samples BB20 to BB25 seem to belong already to the Disco-
aster druggii - NN2 Zone. Since D. druggii was not recorded in sample BB20 C.
Mueller suggested that this part of the section might correlate to the Triquetro-
rhabdulus carinatus - NN1 Zone.

Results of twelve specialists of planktonic foraminifera came to a biostra-
tigraphic picture comparable to the Navazuelo section: G. ciperoensis Zone was
recorded from the base upwards, the boundary to the G. kugleri Zone falls
according to the different authors in between samples BB13 and BB19.

Two important markers were recorded nea.rly by all specialists in samplc
BB19: the FOD of G. dehiscens and the FOD of G. woodi woodi. The upper
part of the section (BB20 to BB25) belongs according to all authors to the C.
dissimilis Zone of Bolli (1966) respectively to the C. dissimilis/G. altiaperturus
Zone of Bizon & Bizon (1972).

Benthonic foraminifera studies gave the same result: up to sample BB19
Oligocene forms and from sample BB20 upwards Miocene forms. Unfortu-
nately a major event with an abrupt change of facies and a hiatus separates the
lower part (BB1 to BB19 - the “Ciudad Granada Fm.”) from the upper part
(BB20 to BB25: Espejos Fm.} of the section. The upper part might even belong
to an other tectonic unit and therefore be only in tectonic contact with the
lower part. .

Two of the most important biochronologic datum levels for the Palacoge-
ne/Neogene boundary, the FOD of Globoquadrina dehiscens (Chapman, Parr &
Collins) and the FOD of Globigerina woodi woodi Jenkins, have been recorded
in sample BB19 within the G. kugleri Zone. However, the boundary between
the G. kugleri Zone and the C. dissimilis Zone is represented in this section by
a hiatus and the boundary between the G. ciperoensis Zone and the G. kugleri
Zone is not clear. Tn this respect the “critical-time span™ was not recorded in
its biochronologic sense. The section itself is heavily tectonised in its lower part.

Summarizing all these facts the Barranco Blanco section is not suitable to
serve as a Palacogene/Neogene Boundary stratotype section,
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PLATE 34

Nannoplankton from Case Cocuzza and Costa dell’Angelo sections.
Fig. 1,2 — Helicosphaera ampliaperta Bramlette & Wilcoxon. Sample CA25.

Fig. 34 — Sphenolithus heteromorphus Deflandre. Sample CA25. 3) Long axis at 0° to
crossed nicols; 4) long axis at 45° to crossed nicols.

Fig. 5,6 — Helicosphaera carteri (Wallich) Kamptner. Sample CC26.
Fig. 7,8 — Discoaster sp. cf. druggii Bramlette & Wilcoxon. Sample CC25.
Fig. 9,10 Helicosphaera recta (Hag)Martini. Sample CC4.

Fig. 11

Cyclicargolithus abisectus (Mueller) Bukry. Sample CA13.

Fig. 12 — Dictyococcites bisecta (Hay, Moher & Wade) Bukry & Percival. Sample CA3.

Fig. 13,14 — Zj)fgrhablithus bijugatus Deflandre. 13) From Costa dell’Angelo section. sam
ple CA13;14) from Case Cocuzza section, sample CCA4.

Fig. 15-17 — Sphenolithus ciperoensis Bramlette & Wilcoxon. 15) and 16) from Costs del-
I’Angelo section, sample CA3: 15) long axis at 0° 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.



