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PALEOCENE CORALS
FROM THE NORTHERN ADRIATIC PLATFORM

Dragica Turnsek and Katica Drobne

Abstract

1. From the northern margin of the Adriatic platform 22
species of Paleocene corals belonging to 15 genera were sys-
tematically described. Two species (Rhizangia padricensis and
Goniopora hrpeljensis) are new.

2. The most convinient circumstances for the beginning of
coral growth were at the edge of the platform near to the open
sea. Here in Dolenja vas as first the local dendroid-phaceloid
coral association thrived. Then, toward the hinterland, perhaps
in more stages, toward Sopada, Padriciano, Hrpelje—Kozina,
GoleZ to Breg, new generations of massive and phaceloid
corals settled which built smaller or larger patch reefs.

3. Corals found in Adriatic platform can be compared with sim-
ilar findings of species in the wide area from Greenland to
Volga and Egypt.

Izvlecek

1. Iz severnega obrobja Jadranske platforme je sistematsko
opisanih 22 vrst paleocenskih koral, ki pripadajo 15 rodovom.
Dve vrsti (Rhizangia padricensis in Goniopora hrpeljensis) sta
novi. :

2. Najbolj ugodni pogoji za zacetek rasti koral so bili na
obrobju platforme blizu odprtega morja, kjer je v Dolenji vasi
nastala samosvoja dendroidno-faceloidna koralna zdruzba.
Potem so morda v ve¢ fazah v zaledju od Sopade preko Padric,
Hrpelja-Kozine, Goleza do Brega sledile naselitve z novimi
generacijami masivnih in faceloidiih koral, ki so gradile vegje
ali manjSe “patch” grebene. )

3. Najdene korale z Jadranske platforme lahko primerjamo
z najdbami enakih vrst od Grenlandije do Volge in Egipta.

Key words: Dendroid-faceloid corals, Paleocene, zonation, NW Adriatic platform, Karst, Slovenia, Italy.
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INTRODUCTION

The northern part of the Adriatic carbonate platform
is one of the few regions in the world where shallow car-
bonate deposits of Early Paleocene age may be preserved
as an exceptionally complete series of strata document-
ing the rise of carbonate producers after the Cretaceous-
Tertiary boundary event. In this context, the nature and
composition of the first coral communities contributing a
major part of the biomineralized carbonate are of partic-
ular interest in order to understand the processes of recov-
ery of the carbonate producing communities. Comparing
the pattern of biostratigraphic first appearences, in the
common framework of the Shallow Benthic (SBZ) zona-
tion, of coral, algal and foraminiferan taxa may provide
additional insight of their respective role in the recovery
of environments dominated by K-strategists producing
the carbonate.

So far, only 9 taxa from a single locality Dolenja vas
in Slovenia (Drobne et al., 1988), were identified.
During subsequent field work, new coral bearing locali-
ties were discovered and sampled. They are Sopada,
Hrpelje—Kozina, Breg, Golez (all Slovenia) and Padrici-
ano (Italy). Thus, the inventary grows to 22 species
belonging to 15 genera. Only 2 species recognized in
Dolenja vas reappear at the new sites.

The specimens from Slovenia are kept in the Ivan
Rakovec Paleontological Institute ZRC SAZU in Lju-
bljana, those from Italy in the Paleontological Institute of
the University in Trieste.

The systematical research of corals was made by
Dragica TurnSek, the detailed field work with strati-
graphical position of the coral bearing samples from the
Paleocene sections, and their paleoecological explana-
tion was prepared by Katica Drobne.

LOCATION AND STRATIGRAPHIC POSITION
OF THE CORAL BEARING LOCALITIES

Coral assemblages from the Adriatic carbonate plat-
form were collected in SW Slovenia and on a part of the
Trieste Karst on Italian territory. The deposits providing
corals represent the extreme, northwestern part of the
Outer Dinaric tectonic unit (Placer, 1996). The exposed
carbonates are of Cretaceous to Paleogene age. The Pa-
leogene limestones with their Late Cretaceous substrate
crop out in four parallel belts corresponding to four tec-
tonic subunits extending roughly from North-West to
South-East. Sections were selected for study in each belt
in order to register the stratigraphic distribution and the
composition of subsequent assemblages of corals, algae
and foraminifera in their respective facies (Drobne ef al.,
1991; Ogorelec et al., 1995; Pugliese et al., 1995; Jur-
kovsek et al., 1996; Barattolo in print).

Corals in particular (Fig. 1, 2) occur in all four

Paleogene belts. They are always firmly cemented in the
limestones and therefore had to be studied exclusively in
thin-sections. The coral bearing limestones were collect-
ed in the selected and measured sections (Fig. 3).

1. Padriciano, located at the southernmost margin of
the Trieste—Komen Plateau. The series of limestones
crop out along the high-way leading to the settlement of
Padriciano (Brazatti ef al., 1996).

2. Hrpelje in the Hrpelje—Kozina belt, where the cor-
responding beds are crossed by the forest road to the
Slavnik mountain, at the foot of the hill behind the vil-
lage. The samples were collected in the ditch for supply
between the forest road and the railway Divaca—Koper
and Pula. The thickness of the Paleocene beds amounts
here to cca 90 m, and of the Ilerdian beds to an addition-
al 20 m (Figs 1, 2). This section corresponds to the sec-
tion described on the hill Golez some km forward to
Slavnik (Drobne ef al., 1991).

3. The Golez section is situated along the road lead-
ing from Kozina to the summit of Slavnik. After 5 km a
path branches off towards the east. The Paleocene beds
outcrop along this way, about 400 m. On the contact
between Cretaceous and Paleocene limestone the bauxite
occurs. The lowest part of the Paleocene is developed in
the lagoonal, shallow and restricted environment. During
the Thanetian marine influences prevailed, bearing the
frequent foraminifers and partly also corals (Drobne &
Pavlovec, 1991).

4. Sopada hill (580 m SE of Storje) where outcrops
along the road document the sedimentation of carbonates
from the Cretaceous-Tertiary boundary to the limit of the
Paleocene-Eocene (Pugliese et al., 1995).

5, 6. Dolenja vas East and West (DVE, DvW), at km
6 of the road from SenoZeCe to Vrabce, on the slopes
towards the Vipava valley (Drobne et al., 1988, 1996).

7. An isolated outcrop at Breg IV and V provided
additonal coral specimens. There outcrops are located in
the eastern part of Brkini range, at km 3.5 on the road
from Ilirska Bistrica to Knezak. Here, Paleogene beds
are isolated from their stratigraphic context by thrust
folds. Thickness of the Paleocene beds attains about
45 m, laying in the inverse position (Kahn, 1976; Kahn
etal., 1975).

The stratigraphic range of corals is indicated here
according to the distribution of the foraminifera
observed in the sections studied and their zonation
recently revised (Shallow Benhtic SBZ zonation) (Serra-
Kiel et al., in print). Tentatively, the SBZ1 zone corre-
sponds to the Danian stage, the SBZ2 zone may be to the
Selandian stage, SBZ3 and SBZ4 to the Thanetian and
SBZ5-9 to the Ilerdian stage (Fig. 3).

The zonation of foraminifera and corals mainly cor-
responds to the distribution of dasycladacean algae, stud-
ied partly from the same sections on the Karst area by
Filippo Barattolo (this volume).
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Fig. 1: Geographical position of the Paleocene sections and localities:

1 Padriciano

2 Hrpelje

3 Golez

4 Sopada

5 Dolenja vas West
6 Dolenja vas East
7 Breg
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SYSTEMATIC DESCRIPTION OF CORALS 1988, where detailed explanations were given. A differ-

ence arises as to the systematic position of the genus
Rhizangia, attributed here to the Meandriina as explained
in the text, and as to Litharaea previously attributed to
Litharaeopsis. For those species already described from

Dragica Turnsek

The systematics in this paper are based mainly on a

combination of the revisions published by Alloiteau,
1952, 1957; Wells, 1956; Floris, 1972; Barta Calmus, ~ Dolenja vas (Drobne ef al., 1988) the synonymy and

1973; Frost & Langenheim, 1974; Kuzmicheva, 1975;  eventual complements to the description are given here.
Russo, 1979; Beauvais, 1982; Turn3ek in Drobne et al., ~ The microstructure is very poorly preserved; the centers
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of calcification and growth of the fibres are wiped out. [
was not able to recognize their pattern according to the
microstructural groups proposed by Roniewicz &
Morycowa (1993) and Morycowa & Roniewicz (1994).

With the description on the species level, the follow-
ing measures are given: d = inner diameter of corallite,
D = diameter of corallite including wall, cc = distance
between the centres of the neighbouring corallites,
s = number of septa or density of septa (= number of sep-
ta or skeletal elements in definite distance), sl+s2+s3 =
septal cycles, () = very rare.

Subordo: Archapocoeniina Alloiteau, 1952
Fam.: Stylocoeniidae Alloiteau, 1952

Genus: Astrocoenia Milne Edwards & Haime, 1848

Astrocoenia bistellata (Catullo, 1856)
Pl 1, figs 1-6

1856 Astraea bistellata n. sp. Catullo: n. v.
1973 Astrocoenia bistellata (Catullo). Barta Calmus:
215-217, PL. 8, figs 7-8.

A modern description was given by Barta Calmus
(1973). The subcerioid colony has polygonal to round coral-
lites. Septa are compact, developed in a hexameral sys-
tem, laterally sharply granulated, in their axial part thick-
ened or having auriculae. The columella is styliform, it is
sometimes joined with the septa because of recrystaliza-
tion and therefore appearing very large. Wall is septothe-
cal, wide, because the septa are touching each other over
a wide region. Endotheca consists of the vesicular dis-
sepiments. Microstructure is very poorly preserved.

Dimensions of our specimens: d = (0.8)1-1.3 mm,
D=0.9-1.5mm, s = 12 (6+6).

Comparison: All features of our specimens fit with
the Barta’s description of the species, but our specimens
are smaller in size (Barta-Calmus, 1973): d = 1.2-1.5 mm,
D =1.2-1.8 mm, s = 12 (6+6).

Systematic position: Astrocoenia was put into the
suborder Meandriina by Alloiteau (1952). Barta-Calmus
(1973) ascribed it to the Archacocoeniina what is accept-
ed here.

Previously indicated occurrences: Brendola in
Venetia, Eocene.

New occurrences on the Adriatic carbonate platform:
Padriciano: Pad-11 (11002, 11003), Pad-28 (11005,
11006); Breg: Br-1V/4. Zone SBZ4.

Genus: Stylocoenia Milne Edwards & Haime, 1848

Stylocoenia was compared to *Astrocoenia by
Alloiteau (1957), and Barta-Calmus (1973). They
emphasize the presence of “colonnettes murales” as a
typical characteristic to distinguish this genus from
Astrocoenia. Our specimens of these two genera differ

also in their endotheca, Stylocoenia having tabulate and
Astrocoenia vesicular dissepiments.

Stylocoenia montium (Oppenheim, 1912)
Pl 2, fig. 1

1912 Stylophora montium n. sp. Oppenheim: 132, Taf.
14, figs 14—14a.
Stylocoenia montium (Oppenheim). Kuzmicheva:
18, Tab. 1, fig. 1.
Stylocoenia montium (Oppenheim). Drobne et al.
184, PI. 29, figs 1-3.

1975

1988

A description, comparison and distribution of this
species were given by TurnSek in Drobne ef al. (1988).

Previously indicated occurrences: Paleocene of
Rosiéi in Majevica in northern Bosnia, Montian-
Thanetian of Luzanovka in Ukraine.

Occurrence on the Adriatic platform: Dolenja vas:
DvW-22 (4683). Zone SBZ2.

Stylocoenia neutra Barta-Calmus, 1973
Pl. 2, figs 2-5

1973 Stylocoenia neutra sp. n. Barta-Calmus: 200-202,
Pl. 10, figs 10-13.

A description was given by Barta-Calmus (1973).
Our specimens form bulbous subcerioid colonies with
polygonal corallites, and produce new buds extracalici-
nally. Septa are compact, developed in a hexameral sys-
tem, the first cycle joining with the styliform columella.
Their lateral granulations are small. Wall is septothecate,
endotheca is consisting of tabulate dissepiments.
Microstructure is very poorly preserved.

Dimensions of our specimens: d =1-1.2 mm, s = 12
(6+6).

Comparison: Our specimens are almost identical to
those of Barta as to their structural features and their di-
mensions d = 1-1.5 mm, s = 12 (6+6). They differ a lit-
tle as to their columella, which in our specimens is more
irregularly joined with the septa and endotheca better
preserved.

Previously indicated occurrences: Sud de Blieux in
Basses Alpes, France, Eocene.

Occurrences on the Adriatic carbonate platform:
Dolenja vas: DvW-29. Zone SBZ3; Sopada Sop-6/0
(10463, 10456, 10457, 10459, 10461, 10462). Zone
SBZ4.

Subordo: Dendrophylliina Vaughan & Wells, 1943
Fam.: Acroporidae Verrill, 1902

Genus: Haimesastraea Vaughan, 1900

Haimesastraea peruviana Vaughan, 1922
Pl. 3, fig. 1
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1922
1974

Haimesastraea peruviana n. sp. Vaughan: n. v.
Haimesastraea peruviana Vaughan. Frost & Lan-
genheim: 193-194, P1. 29, figs 1-5.
Haimesastraea peruviana Vaughan. Drobne et al.:
186, PI. 30, fig. 3.

1988

Description and distribution were given by Turnsek
in Drobne et al. (1988).

Previously indicated occurrences: Paleocene-Lower
Eocene of Mexico and NW Peru.

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DvW-9 (979). Zone SBZ]1.

Genus: Astraeopora de Blainville, 1830

Astraeopora pseudopanicea Oppenheim, 1912
Pl. 3, figs 26 =

1912 Astraeopora pseudopanicea n. sp. Oppenheim:
101-102, P1. 10, figs 1-1a.

Description: The coral colony is massive, bulbous,
plocoid, composed of round corallites and le'frge perithe-
ca. In cross section corallites have rounded outline. Septa
are compact corresponding to an hexameral system. First
cycle septa are thickened in their axial part, sometimes
joined with each other. Second cycle is much shorter.
Lateral ornamentations are consisting of rare granulae.
An important part of the colony consists of a peritheca,
named coenenchyme by EliaSova (1974). In the centre of
the peritheca there are big round spaces which could be
very large centres of calcification. Some of them could
also be explained as new buds of young corallites. In our
specimens the corallites appear as if they were surround-
ed by a paratheca. Endotheca is composed of very abun-
dant tabulate and vesicular dissepiments. In the relevant
literature it is emphasized that there is no columella. In
our specimens the septa reach the centre and often join
each other forming some kind of axial structure. The
microstructure can be compared with the one described
in Astraeopora decaphyllia by EliaSova (1974, 141, text-
fig. 17) i. e. some kind of large trabeculae in the wall,
and mini trabeculae with median line in the septa. In our
specimens it is much more recrystalized.

Dimensions of our specimens: d = (1.2)1.5-1.8
(2) mm, cc = 1.5-2 mm, s = 12—14 (6+6+s3).

Comparison: Oppenheim (1912) mentioned some-
what larger corallites (d = ca 2 mm), but if we measure
diameter of corallites on his figures it also shows
1.5 mm. The exact value of the diameter of corallite
depends on the degree of wall recrystalzation. There is
no real columella, but recrystalized and thickened axial
endings of septa form some kind of axial structure.

The similar genus Parastraeopora EliaSova (1974)
differs in being cerioid, and Pseudastraeopora (Russo,

1979) in having
chim”.
Previously indicated occurrences: Probable Paleo-
cene in Rosi¢i (northern Bosnia).
New occurrences on the Adriatic carbonate platform:
Sopada: Sop-7 (11133, 11134, 11136, 11137, 57734,
57735, 57736). Zone SBZ4.

“septocostae and reticulated coenen-

Fam.: Dendrophylliidae Gray, 1847
Genus: Dendrophyllia de Blainville, 1830
Dendrophyllia candelabrum Hennig ,1899

Pl. 4, figs 1-2
1899 Dendrophyllia candelabrum n. sp. Hennig: n. v.
1972 Dendrophyllia candelabrum Hennig. Floris:

92-93, Pl. 6, figs 35-37, PI. 7, figs 2, 5, 6, (syn-
onymy).

Dendrophyllia candelabrum Hennig. Drobne et
al.: 185, Pl. 29, figs 4-6.

Dendrophyllia candelabrum Hennig. Bernecker
& Weidklich: 113, PI. 26, figs 1-2, PL. 29, ﬁgs
1-4, P1. 30, figs 1-2.

1988

1990

A s

Description and distribution were given by Floris
(1972) and also by TurnSek in Drobne et al. (1988, 185).

Previously indicated occurrences: Danian of Den-
mark, Lower Danian of Greenland, Lower and Middle
Danian of Sweden, Paleocene of Medvednica.

Occurrences on the Adriatic carbonate platform:
Dolenja vas: DvW-1, -7, -8, -15, -16, -18, -21, -22, -23, -
28, -K/5986, DVE-31, -32, -37, -38. Zones SBZ1, SBZ2,

© SBZ3, SBZ4.

Dendrophyllia dendrophylloides Milne Edwards &
Haime, 1850
Pl. 4, fig. 5

1850 Dendrophyllia dendrophylloides M. Edwards &
Haime: 36-37, Tab. 6, figs 2, 2a—c.
Dendrophyllia dendrophylloides M. Edw. &
Haime. Kuzmicheva: 28, Tab. 4, figs 2-3.
Dendrophyllia dendrophylloides M. Edw. &
Haime. Drobne ef al.: 185-186, PI. 30, figs 1-2.

1975

1988

Description and distribution were given by
Kuzmicheva (1972) and also by Turnsek in Drobne et al.
1988.

Previously indicated occurrences: Lower Eocene of
England, Montian-Thanetian of Luzanovka in Ukraine,
Paleocene of Middle Volga region.

Occurrences on the Adriatic carbonate platform:
Dolenja vas: DvW-7, -8, DvE-32, -37. (Not DvW-28 as
mentioned in Drobne ef al., 1988. 186, text-fig. 10).
Zone SBZ1.
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Dendrophyllia sp.
Pl 4, fig. 4

In almost all investigated localities individual coral-
lites were found which, in their structure, resemble the
genus Dendrophyllia. The whole colonies are not known,
so they are designated as Dendrophyllia sp.

Occurrences on the Adriatic carbonate platform:
Dolenja vas: DvW-28; Sopada: Sop-5 (11141), Sop-8/2
(10367), Sop-12 (11120, 11121), Sop-13 (11112, 11113),
Sop-14 (11105), Sop-16 (11068), Sop-18 (11062), Sop-
28 (10881); Hrpelje-Kozina: Hrp-23 (11343), Hrp-25
(11333), Hrp-40 (11288, 11890); Breg: Br-1V/10, -
IV/16, -V/30; Golez: Go-6, Go-10); ?Padriciano: Pad-
G12. Zones SBZ2, SBZ3, SBZ4.

Fam.: Oculinidae Gray, 1847
Genus: Oculina Lamarck, 1816

Oculina conferta Milne Edwards & Haime, 1850
PL 5, figs 1-4

1850 Oculina conferta. Milne Edwards & Haime:
27-28, Tab. 2, figs 2, 2a-b.

Description: Dendroid-phaceloid colony has cylin-
drical corallites, wich bud under an almost right angle.
Corallites are in some places set very closely but in some
become free and long after budding. Septa are compact,
they are developed in irregular septal cycles, with strong
lateral granulae. Wall is some kind of septotheca, but it
has no costae outwards. Axial ends of septa thicken or
join with pali to produce a papillose columella. Endo-
theca is consisting of thin rare dissepiments. Micro-
structure is very poorly preserved.

Dimensions of Adriatic specimens: d = 1.5-2 mm,
s=ca24.

Comparison: Our specimens show the characteristics
of the species as originally described by all their struc-
tures, all patterns and even in their dimensions. Only
adult corallites can be something longer. In dimensions
they are also similar to O. oziris Wanner (1902, 100, PI.
14, figs 8-9) from the Paleocene of Libya, but differ by
having irregular septal cycles.

Previously indicated occurrences: London Clay at
Bracklesham Bay, England, Lower Eocene.

New occurrences on the Adriatic carbonate platform:
Sopada: Sop-8 (10334-10343), Sop-8/H (11239-11256),
?Sop-6/0 (10460, 10464); Hrpelje—Kozina: Hrp-23.
Zone SBZ4.

Subordo: Meandriina Alloiteau, 1952
Fam.: Phyllocoeniidae Alloiteau, 1952

Genus: Plocophyllia Reuss, 1868

Plocophyllia carstica TurnsSek, 1988
Pl. 6, fig. 1

1988 Plocophyllia carstica n. sp. Drobne et al.: 187, PI.
31, figs 1-3, PI. 32, figs 1-3.

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DvW-23B (981a, b, ¢, d). Zone SBZ2.

Fam.: Dendrogyridae Alloiteau, 1952
Genus: Orbignygyra Alloiteau, 1952

Orbignygyra sp.
PI. 6, figs 2-3

Description: A fragment of the meandroid colony
shows corallites in a single meandroide serie. Septa are
compact, costate, differentiated in 3—4 cycles. They are
axially thickened, and laterally granulated. The type of
wall is paraseptotheca. Endotheca consists of thin tabu-
lar and vesicular dissepiments placed in thecal region
only. The columella is thin, lamellar, continuous, some-
times joining with the axial prolongations of septa.
Microstructure in septa and wall is recrystalized.

Dimensions: d of series = 4 mm, s = 6-7/2 mm (at
wall).

Comparison: In the Eocene of Mexico the very sim-
ilar coral Placosmilia copoyensis was found (Frost &
Langenheim, 1974: 240-242, PI. 83, figs 1-7). Our spec-
imen could be compared with one of the meandroid parts
of it, where they would fit in structure and dimensions.
Nevertheless, the Mexican coral is more angular.
Because of the presence of several meanders, the latter
could perhaps be ascribed to Orbignygyra. Very similar
is also the Upper Cretaceous Orbignygyra daedalea
(Reuss) found also in Slovenia (Turnsek, 1994, 12, P1. 6,
figs 1-3) which differs from Paleocene form by loosely
spaced skeletal elements (4/2 mm) and much shorter sep-
ta of the third cycle.

Occurrence on the Adriatic carbonate platform:
Padriciano: (Pad-G/11). Zone SBZ4.

Fam.: Rhizangiidae d’Orbigny, 1851
Genus: Rhizangia Milne Edwards & Haime, 1848

According to Beauvais (1982) Rhizangia was attrib-
uted to the Fungiina (TurnSek & Drobne et al., 1988).
Nevertheless, its compact septa and synapticulotheca as
well as its lateral granulations without pennulae indicate
a closer relationship to the Meandriina.

Rhizangia sp.
PL. 7, fig. 1

Description was given by TurnSek in Drobne et al.
(1988, 188, Pl. 33, fig. 5).
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We can compare our specimen with Rhizangia sp.
described by Frost & Langenheim (1974: 285-287,
Pl. 109, figs 1-7) from the Eocene beds of Mexico. Our
specimen differs from the latter by its somewhat larger
corallites (our specimen: d = 3—4 mm, s = 6+6+s; Mexi-
can material: d = 2-3 mm, s = 12-24). Rhizangia brevis-
sima Deshayes, 1834, described in Oppenheim, 1901
(224-225, Taf. 19, fig. 8) and 1912 (116-117, Taf. 13,
figs 8-8a (not Taf. 14, fig. 1) is even larger in size and
exhibits regularly spaced corallites.

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DvW-9 (979a, 4654). Zone SBZ1.

Rhizangia padricensis n. sp. /TurnSek/
Pl. 7, figs 2—4

Name: after its type locality Padriciano (Northern
[taly).

Holotypus: Pad-28 (11008).

Age: Upper Thanetian

Diagnosis: Rhizangia with cylindrical corallites
of irregular hexameral septa, diameter of inner calice =
1.5— 2 mm, diameter including wall = 1.5-2.5 mm,
s =24 (6+6+12).

Description: Colony is reptoid with the phaceloid
corallites connected by the stolonal offsets. Septa are
compact, arranged in an irregular hexameral system.
First cycle is thick, second and third cycles thinner and
shorter. Lateral ornamentations are consisting of sharp
granulae. Columella is very variable: different, parietal if
built by prolongations of septa, lamellar if two oposite
septa touch, lacking in some sections, taking a papillose
appearance when axial structure is built of pali. the pali
may appear in front of every septum or fuse with the sep-
ta to thickened axial endings. The wall is represented by
a septotheca or synapticulotheca, in some places by an
epitheca. Endotheca is consisting of rare tabulate dis-
sepiments. The stolonal offsets exhibit a vermiculate
costate and tabulate structure. Budding is extracalicinal
lateral or circumoral with larger mother corallite and
some smaller daughter corallites around. Microstructure
is very poorly preserved: in transverse sections of the
wall, only some kind of irregularly placed, middle tra-
beculae, can be observed; in transverse section of the
septa short median lines occur sometimes.

Comparison: The Upper Cretaceous species of
Rhizangia were revised by Beauvais (1982 II, 213-218).

All are larger than ours (d = ca 10 mm, s = 48-100). Also-

the Eocene Rhizangia brevissima Deshayes, 1834 (see
Oppenheim, 1901, 1912) is larger (d = 4-5 mm, s = 43).

New occurrences on the Adriatic carbonate platform:
Padriciano:  Pad-28 (11006, 11007, 11008),
Hrpelje—Kozina: Hrp-16 (11366). Zone SBZ4; Dolenja
vas: DvW-29, -5676, Golez: Go-9. Zone upper part of
SBZ3.

Subordo: Fungiina Verrill, 1865
Fam.: Siderastracidae Vaughan & Wells, 1943

Genus: Siderastraea Blainville, 1843

Siderastraea sp.

The only thamnasteriid fragment of an encrusting
colony (with d =2-3 mm, s = 3—4 cycles) was described
by Turnsek in Drobne et al. (1988, 187).

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DVE-32/1). Zone SBZ1.

Genus: Pironastraea d’ Achiardi, 1875

Pironastraea discoides d’ Achiardi, 1875
PL 8, figs 1-2

1875 Pironastraea discoides n. sp. d’Achiardi:
197-198, PI. 18, figs 2-3.

1956 Pironastraea discoidea d’ Ach. Wells: F385, fig.
2176, 3.

1957 Pironastraea discoidea d’ Ach. Alloiteau: 324.

Description: Circumoral thamnasteriid colony has
porous, confluent, laterally granulated septa. Synapti-
culae are common, columella is not distinct, appearing as
composed of a single separate pillae. Microstructure is
very poorly preserved.

Dimensions: d in series ca 2 mm, d between series ca
2.5 mm, s = 10-11/2 mm (d’Achiardi: 30/5)

Comparison: In dimensions (d = 1-3 mm) Cyathose-
ris parvistella Oppenheim, 1912 (110-111, Taf. 13,
fig. 3) is similar, however it differs from our species by
its irregular, not circumoral series.

Previously indicated occurrences: Eocene (Lutetian)
of Frioul, Italia.

New occurrence on the Adriatic carbonate platform:
Padriciano: Pad-11/K-1 (11001). Zone SBZ4.

Fam.: Actinacididae Vaughan & Wells, 1943
Genus: Actinacis d’Orbigny, 1849

Actinacis cognata Oppenheim, 1901
Pl. 8, figs 3—4

1901 Actinacis cognata n. sp. Oppenheim: 182, Taf. 12,
fig. 7, Taf. 14, fig. 5.

1988 Actinacis cognata Oppenheim. Drobne et al.,
188, P1. 33, figs 24.

1995 Actinacis cognata Oppenheim. Boselinni &
Russo: 218-220, Pl. 1, figs 1-4, text-figs 1-2
(with complete synonymy).

1996  Actinacis cognata Oppenheim. Schuster, 73, P1. 14,
figs 8-9.
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A modern description and revision were made by
Bosellini & Russo (1995).

The dimensions of our specimens (d = 1.2-1.3 mm,
cc = 1.3-2.5 mm, s = 20-24) fit with their descriptions.

Previously indicated occurrences: Paleocene of
Medvednica in Croatia, Luzanovka in Ukraina, Majevica
in Bosnia, Egypt, Eocene in Italy, Czech. R., Hungary
etc. (see also: Bosellini & Russo, 1995).

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DvW-23). Zone SBZ2.

Fam.: Poritidae Gray, 1842
Genus: Goniopora Blainville, 1830
Goniopora elegans (Leymerie, 1846)
Pl 8, fig. 5

1846
1875

Porites elegans. Leymerie: n. v.

Stephanocoenia elegans Leymerie. d’Achiardi:
184.

Goniaraea elegans Leymerie. Oppenheim: 98—100,
Taf. 12, figs 2-3, text-fig. 2.

Goniopora elegans (Leymerie). Kuzmicheva:
26-27, Tab. 3, fig. 6.

Goniopora elegans (Leymerie). Drobne et al.:
188189, PI. 34, figs 1-3. .

Goniopora sp. Drobne et al.: 189, P1. 34, fig. 4.
Goniopora elegans (Leymerie). Schuster, 73-74,
Pl. 15, fig. 4.

1912
19%5
1988

1988
1996

Description, revision and distribution were given by
Kuzmicheva (1975) and Turn$ek in Drobne et al., 1988.

Dimensions of our specimens: d =2 mm, cc=2—
2.5mm, s =ca 20 (11-13/2 mm).

Previously indicated occurrences: Paleocene of
Rosi¢i on Majevica in northern Bosnia, Montian-
Thanetian of Luzanovka in Ukraine, Early Eocene of
Egypt, Lower and Middle Eocene of Corbiéres in south-
ern France.

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DvW-18, -20, -22. Zone SBZ2.

Goniopora sp.
Pl. 8, figs 6,7

One specimen is very similar to G. elegans, but has a
scarser skeleton.

Dimensions: d = (1.5) 2 mm, s = ca 16 (7-8/2 mm).

Because of its poor preservation it is not specifically
determined.

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DvW-29). Upper part of the zone SBZ3.

Goniopora hrpeljensis n. sp. /TurnSek/
P1. 9, figs 14

Name: after the locality Hrpelje
Holotypus: Hr. 15 (thin sections: 11373, 11374,

11375)

Locus typicus: At the road Hrpelje-Kozina

Age: Upper Thanetian

Diagnosis: Goniopora with very small corallites of
diameter 1-1.3 mm, cc = ca 2 mm, s = 20-24, density of
vertical elements 15-18/2 mm.

Description: large bulbous or irregularly encrusting
colonies have plocoid corallites. Porous septa are devel-
oped in 2-3 irregular cycles. They bear lateral pennulae.
Columella is trabecular. Endotheca is consisting of
synapticulae and rare thin dissepiments. The wall is
incomplete synapticulotheca. Between corallites there is
wide porous spongy peritheca. Microstructure is very
poorly preserved. Transverse sections of septa reveal
irregularly dispersed middle or large trabeculae (ca
50-100 mm).

Comparison: The new species has the smallest coral-
lites within this genus. Their diameter is similar to the
one observed in G. copoyensis (Frost & Langenheim,
1974, 238, PIL. 81, figs 5-6), but our specimens have
much denser vertical skeletal elements. In G. copoyensis
the density of the vertical elements is according to the
picture ca 10/2 mm. In its description it is even men-
tioned, that the “vertical rods” were spaced 0.3-0.5 mm
apart.

New occurrences on the Adriatic carbonate platform:
Hrpelje—Kozina: Hrp-15 (11373, 11374, 11375) = holo-
type, Hrp-16 (11368, 11369), Hrp-23 (11345); Sopada:
Sop-5/3 (10307), Sop-6/12 (10411, 10412, 10413), Sop-
6 (57732), Sop-7/5 (57737); Breg: Br-IV/9, Br-IV/11,
Br-1V/12, Br-IV/17); Padriciano: Pad-G-11, Pad-11/K
(11000). All in zone SBZ4.

Genus: Litharaea Milne Edwards & Haime, 1851

Litharaea subepithecata Oppenheim, 1912
Pl. 10. figs 1-2

1912 Litharaea subepithecata n. sp. Oppenheim:
103-104, Taf. 11, figs 7-8, Taf. 12, figs 12—12a.

1988 Litharaeopsis  subepithecata  (Oppenheim).
Drobne ef al.: 189-190, PI. 35, figs 1-4.

Description was given by Turnsek & Drobne et al.,
1988. Then it was put by mistake into the genus Litha-
raeopsis Beauvais, 1982. Additional studies of more
material show that there is no reason to exclude this
species from the genus Litharaea, as the differences in
width of the peritheca and the number of dissepiments
may vary to a considerable extent.

Previous indicated occurrences: Paleocene of Rosici
on Majevica in northern Bosnia.

Occurrence on the Adriatic carbonate platform:
Dolenja vas: DvW-24. Uppermost part of the zone SBZ2.
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Litharaea websteri (Bowerbank, 1840)
PI. 10, figs 34

1840
1850

Astraea websteri. Bowerbank: n. v.

Litharaea Websteri. Milne Edwards & Haime:
38-39, Tab. 7, figs 1-1c.

Goniopora websteri (Bowerbank). Kuzmicheva:
26, Tab. 3, fig. 5.

1975

A modern description was worked out by Kuzmi-
cheva (1975). Our specimens are massive nodules with
subplocoid corallites. Septa are very porous and irregu-
larly developed in 2-3 cycles, laterally pennulated.
Peritheca and wall are synapticulothecate. Columella is
spongy. Microstructure is poorly preserved, but appar-
ently characterized by large trabeculae. Often also a
median line can be observed.

Dimensions: d = ca 4-5, s = ca 24+s (= 6-7/2 mm).

Remarks: L. websteri differs from L. subepithecata
Oppenheim by its somewhat denser skeletal elements.
Because of loosely spaced skeletal elements I attribute
this species into Litharaea instead of Goniopora.

Previously indicated occurrences: Lower Eocene of
England, Paleocene of the Middle Volga region.

New occurrence on the Adriatic carbonate platform:
Hrpelje-Kozina: Hrp-23 (11344); Padriciano: Pad-GK,
Pad-11/K (11004). Both in zone SBZ4.

Fam.: ?Thamnasteriidae Vaughan & Wells, 1943
Genus: Mesomorpha Pratz, 1883

Mesomorpha sp.
PIL. 10. figs 5-6

Description: One single specimen is represented by
a fragment having the characteristics of the genus. It
looks like a piece of an encrusting, massive colony with
subthamnasterid corallites, and compact, confluent septa.
The synapticulae are very common, especially in the
peripheral part of corallites. Peritheca is recrystalized.
Columella looks styliform. Microstructure is not pre-
served.

Dimensions: d=0.8-1 mm, s=8-10, (in cen-
trum= 7), density of costae in peripheral part = 5/1 mm.

Comparison and remarks: Our specimen is very
similar to Mesomorpha andrusovi (Kuzmicheva, 1975,
24, Tab. 2, fig. 10, Tab. 3, fig. 1), nevertheless it is too
poorly preserved for species determination. The revi-
sion and comparison of the genus Mesomorpha was
worked out by Alloiteau (1957) and others but its sys-
tematic position is questionable and should be dis-
cused.

New occurrence on the Adriatic carbonate platform:
Breg: Br-V/30. Zone SBZ4.

THE SUCCESSION OF CORALS WITHIN THE
INVESTIGATED AREA

The stratigraphic zonation of the localities where
coral specimens have been collected on the northern
Adriatic platform is based on other fossils, mainly
foraminifers and other stratigraphic arguments summa-
rized in the following table:

P a |l e o ¢c e n e

SBZ1 SBZ2 SBZ3 SBZ4
Dolenja vas W (DvW)  1-16 18-24 25-30
Dolenjavas E  (DvE) 38-31
Sopada (Sop) - 2823 229 83
Hrpelje—Kozina (Hrp) — = - 15-23
Breg (Br) - - - IV/4-17
Golez (Go) = - 6-10 -
Padriciano (Pad) = - - 11,12,28
Dan/Selandian _Thanetian

Remarks: Stages “Danian/Selandian and Thanetian”
can be compared with shallow benthic zones SBZI,
SBZ2, SBZ3, SBZ4 after Serra-Kiel et al., in print.

The earliest Paleocene corals on the northern Adriatic
platform were found in the Dolenja vas section, beds
1-16 and 38-31 (Drobne & al., 1988) interpreted as of
the SBZ1 zone. In this layers branching phaceloid and
dendroid forms of the species Dendrophyllia cande-
labrum and D. dendrophylloides prevail. Small speci-
mens or fragments of Haimesastraea peruviana,
Rhizangia sp. and Siderastraea sp. are associated to the
Dendrophyllia. Both Dendrophyllia species and many
broken branches of unidentified Dendrophyllia sp. were
found also in younger horizons.

The development of massive plocoid and thamnas-
terid corals in Dolenja vas started in levels 18-24 attrib-
uted to the SBZ2 zone. These were identified as
Actinacis cognata, Goniopora elegans, Litharaea subep-
ithecata. In the horizon 23b we found also the phaceloid
form Plocophyllia carstica.

In the beds 25-30 in the Dolenja vas section the
species Stylocoenia neutra, Rhizangia padricensis and
Goniopora sp. were found. Theese beds are assigned to
the SBZ3 zone.

In the other investigated localities (Sopada, Breg,
Golez, Hrpelje and Padriciano) the corals emerged later
than in Dolenja vas. In Sopada we found individual frag-
ments of Dendrophyllia sp. in SBZ2 zone, forms of the
species Stylocoenia neutra are known from the SBZ3
zone. To the same SBZ3 zone belongs the locality Golez
with Rhizangia padricensis and Dendrophyllia sp. The
majority of massive corals in all these localities appear in
the SBZ4 zone: Pironastraea discoides, Astraeopora
pseudopanicea, Astrocoenia bistellata, Litharaea web-
steri, Orbignygyra sp., Oculina conferta, particularly
abundant is Goniopora hrpeljensis.
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Fig. 3: Geologic columns with display of beds containing corals. Asterisk (*) marks the type horizon of the new species Goniopora
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1996).
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From the paleoecological point of view it can be indi-
cated that the oldest Paleocene corals in the Dolenja vas,
located in the northernmost margin of the Adriatic plat-
form are the first small coral specimens which appeared
after the K/T crysis. They are mainly dendroid-phaceloid
forms and cannot be considered as reef builders. They
can be compared with group II of non-reefal az-like
(azooxantellate) corals (see Rosen & Turn3ek, 1989; Ma-
cleod et al., 1997). Some of polyp individuals found their
satisfactory place for surviving. The first patch reef buil-
ding colonial corals settled the northern Adriatic plat-
form in the Uppermost Danian (?Selandian) and in
Thanetian. The phaceloid corals are accompanied by pre-
vailing massive forms (Actinacis and others), and can be
compared with group I of z-like (zooxantellate) corals
(MacLeod, 1997). It seems that reef growth mooved
from the north toward the south, i.e. from Dolenja vas
toward Sopada, and further to Padriciano, Hrpelje—Kozina,
GoleZ to Breg, and most probably can be explained by
the following up the sea transgression wich as well
widened from the north to the south. In the most con-
vinient phases of the sea water oscilations connected
with other favourable environments (sea level, tempera-
ture, nutrient supply, sunshine energy, water energy etc.)
the corals for short periods found their living places and
settled the local ecological nishes. By the same way the
short term growth of patch reefs during Paleocene in
middle Italy was explained by Moussavian & Vecsei
(1995), as “controlled primarily by fluctuations of rela-
tive sea-level” within the eustatic cycles.

Very interesting is the variety of coral species in
investigated localities. There are 15 of total 22 taxa lim-
ited to the one locality only, 4 taxa were found in two
localities, one species in three, and two species in four
localities. The most widespread are corals of the genera
Dendrophyllia, Rhizangia and Goniopora. These types
can be found in all so far known localities in Adriatic
platform, but also in the wide area of Paleogene Tethys.
The other species in Paleocene are rare and restricted to
single localities. Such kind of local restriction can also
be explained by the short term convinient environments
which enabled the expansion of several individual
colonies or species but lasted too short time to enable
them to grow and multiply. Very soon corals were super-
seeded by less sensitive organisms.

Paleocene corals on the northern Adriatic platform
appear as follows:

SBZ1 (Danian)

Haimesastraea peruviana Vaughan, 1900

Dendrophyllia dendrophylloides Milne Edwards &
Haime, 1850 Rhizangia sp.

Siderastraea sp.

Dendrophyllia candelabrum Hennig, 1899

SBZ2 (Selandian/upper part of Danian)
Dendrophyllia candelabrum Hennig, 1899
Stylocoenia montium (Oppenheim, 1912)
Actinacis cognata Oppenheim, 1901
Goniopora elegans (Leymerie, 1846)
Litharaea subepithecata Oppenheim, 1912
Placophyllia carstica TurnSek, 1988
Dendrophyllia sp.

SBZ3 (lower part of Thanetian)
Dendrophyllia sp.

Goniopora sp.

Stylocoenia neutra Barta-Calmus, 1973
Rhizangia padricensis n. sp.
Mesomorpha sp.

SBZ4 (upper part of Thanetian)
Dendrophyllia sp.

Stylocoenia neutra Barta-Calmus, 1973
Rhizangia padricensis n. sp.

Pironastraea discoides d’ Achiardi, 1875
Astraeopora pseudopanicea Oppenheim, 1912
Astrocoenia bistellata (Cattulo, 1856)

Oculina conferta Milne Edwards & Haime, 1850
Orbignygyra sp.

Goniopora hrpeljensis n. sp.

Litharaea websteri (Bowerbank, 1840)

WORLDWIDE DISTRIBUTION OF THE
CORALS DESCRIBED

The corals from the investigated localities on the
Adriatic carbonate platform have a world-wide distribu-
tion. The same and similar species are known from the
Paleocene in Scandinavia (including Denmark, Sweden
and Greenland) (Floris, 1972; Bernecker & Weidlich,
1990), from Pyrenees (Alloiteau & Tissier, 1958), Cen-
tral ITtaly (Vecsei & Moussavian, 1997), Croatia (Polsak,
1985; Babi¢ & Zupani¢, 1981), North Africa (Wanner,
1902; Schuster, 1996), from Ukraina and Volga region
(Kuzmicheva, 1975), and even Alabama (Bryan, 1991).
Most probably, Oppenheim’s (1912) so-called Eocene
locality in Majevica in northern Bosnia is also of
Paleocene age (Buli¢ et al., 1978; Radoici¢, 1991).
Similar are genera Oculina and ?Cladocora from
Antarctica (Filkorn, 1994). Many other localities of Pa-
leocene reefs are known from Europe, northern Africa,
the Middle East, America (see compilations of Bryan,
1991; Schuster, 1996) where the corals have not been
identified yet.

Some of the species found in the Paleocene strata of
the Adriatic platform are also known from the Eocene of
northern Italy, France, England, Czech R., Carpathians,
Spain, Mexico and elsewhere (see: Barta Calmus, 1973;
Frost & Langenheim, 1974; Eliasova, 1974; Drobne et
al., 1988, Bosellini & Russo, 1995; Schuster, 1996).
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List of the described coral species with their Karst area and world stratigraphic zonation:

Species Locality Stratigraphic distribution

Adriatic platform world

Paleocens

(Dan/Seland Thanet) DT E

SBZ1 SBZ2 SBZ3 SBZ4
Dendrophyllia dendrophylloides DvE-W SBZ1 D T E
Rhizangia sp. DvW SBZ1 -
Siderastraea sp, DvE SBZ1 -
Haimesastraea peruviana DvW SBZ1 D T E
Dendrophyllia candelabrum DvVE-W SBZ1-SBZ2 D
Stylocoenia montium DvW SBZ2 D T
Actinacis cognata DvW SBZ2 D T E
Goniopora elegans DvW SBZ2 D T E
Litharaea subepithecata DvW SBZ2 D T
Plocophyllia carstica DvW SBZ2 D
Dendrophyllia sp. Pad, Sop, Hrp, Br, Go SBZ2—-SBZ3-SBZ4 | —
Goniopora sp. DvW SBZ3 -
Stylocoenia neutra DvW, Sop SBZ3-SBZ4 E
Rhizangia padricensis DvW, Pad, Hrp, Go SBZ3—-SBZ4 T
Pironastraea discoides Pad SBZ4 E
Astraeopora pseudopanicea Sop SBZ4 T
Astrocoenia bistellata Pad SBZ4 E
Oculina conferta Sop, Hrp SBZ4 E
Orbignygyra sp. Pad SBz4 | —
Goniopora hrpeljensis Hrp, Sop, Br, Pad SBZ4 T
Litharaea websteri Hrp, Pad SBZ4 |[D T E
Mesomorpha sp. Br SBZ4 | -

LEGEND:

Stratigraphy: Paleocene zonation (SBZ1, SBZ2, SBZ3, SBZ4) after the Shallow Benthic zones (Serra-Kiel et al., 1998).

D = Danian, T = Thanetian, E = Eocene

Localities: DvW-E = Dolenja vas West and East, Sop = Sopada, Br = Breg, Hrp = Hrpelje—Kozina, Pad = Padriciano, Go =

Golez.
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Dragica TurnSek and Katica Drobne: Paleocene Corals from the Northern Adriatic Platform PLATE 1

Figs 1-6: Aastrocoenia bistellata (Catullo, 1856)
1, 3, 5: Pa-11 (11003); 2, 4, 6: Pa-28 (11005),
1-2=x4,3-4=x38, 5-6 =x 30, U. SBZ3-SBZ4.



PLATE 2 Dragica Turnek and Katica Drobne: Paleocene Corals from the Northern Adriatic Platform

Fig. 1: Stylocoenia montium (Oppenheim, 1912)
DvW-22, x 6, SBZ2.

Figs 2-5: Stylocoenia neutra Barta Calmus, 1973
So-6 (10456); 2-3 = x 8, 4-5 = x 30, SBZ4.



Dragica TurnSek and Katica Drobne: Paleocene Corals from the Northern Adriatic Platform PLATE 3

Fig. 1: Haimesastraea peruviana Vaughan, 1922
DvW-9, x 20, SBZI.

o~
Figs 5-6: Astraeopora pseudopanicea Oppenheim, 1912
2, 6: So-7 (11137), 3, 4, 5: So-/ (11136);
2,4=x8,3=x4,5-6=x30, SBZ4.



PLATE 4 Dragica Turnsek and Katica Drobne: Paleocene Corals from the Northern Adriatic Platform

Figs 1-2: Dendrophyllia candelabrum Hennig, 1899

1: DvW-21 (4679), 2: DvW-7 (978a);

I'=x6,2=x30, SBZ1-SBZ2. Fig. 5: Dendrophyllia dendrophylloides M. Edw. & H.,
Figs 3—4: Dendrophyllia sp. 1850

So-28 (10881); 3 =x 8§, 4 =x 30, SBZ2. DvW-7 (978b); x 30, SBZI.



-~
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PLATE 5

Figs 1-4: Oculina conferta M*Edw. & H., 1850
1, 3: So-8 (11245), 2, 4: So-8 (11239);
1-2 =x 8, 3-4 = x 30, SBZ4.

o




PLATE 6 Dragica Turn$ek and Katica Drobne: Paleocene Corals from the Northern Adriatic Platform

Fig. 1: Plocophyllia carstica TurnSek, 1988
DvW-23B (981a), x 8, SBZ2.

Figs 2-3: Orbignygyra sp.
Pa-11,2 =x 8, 3 =x 30, SBZ4.
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PLATE 7

Fig. 1: Rhizangia sp.

DvW-9 (4654), x 8, SBZ1.

Figs 2—4: Rhizangia padricensis n. sp.

2, 4: Pa-28 (11008) (holotype), 2 = x &, 4 = x 30, SBZ4,
3: DvW-29 (5676), x 10, SBZ3.



PLATE 8 Dragica Turn$ek and Katica Drobne: Paleocene Corals from the Northern Adriatic Platform

"

Figs 1-2: Pironastraea discoides d’ Achiardi, 1875 Fig. 5: Goniopora elegans (Leymerie, 1846)
Pa-11 (11001b), 1 = x 8, 2 = x 30, SBZ4. DvW-18 (4673), x 8, SBZ2.
Figs 3—4: Actinacis cognata Oppenheim, 1901 Figs 6-7: Goniopora sp.

3: DvW-23 (4684), 4: DvW-23 (4685), 34 =x 20, SBZ2. 6: DvW-29 (983c), 7: DvW-29 (4695), 6-7 = x 8, SBZ3.
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PLATE 9

Figs 1-4: Goniopora hrpeljensis n. sp.
1, 3, 4: Hr-16 (11368) holotype, 2: Hr-16 (11369),
1-2 =x 8, 3-4 = x 30, SBZ4.
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PLATE 10 Dragica Turnsek and Katica Drobne: Paleocene Corals from the Northern Adriatic Platform

Figs 1-2: Litharaea subepithecata Oppenheim, 1912 Figs 5-6: Mesomorpha andrusovi Kuzmicheva, 1975
DvW-24 (982a), 1 = x 8, 2 = x 30, SBZ2. Br-V/30, 5 =x 8, 6 = x 30, SBZ4.

Figs 3—4: Litharaea websteri (Bowerbank, 1840)
Pa-11 (11004), 3 = x §, 4 = x 30, SBZ4.



