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THE RHYNCHONELLIDE BRACHIOPOD CYCLOTHYRIS ? GLOBATA
(ARNAUD, 1877) FROM THE SANTONIAN-CAMPANIAN OF
PANNONIDES, CARPATHO-BALKANIDES AND DINARIDES

(SOUTHEASTERN EUROPE)

by
Vladan Radulovi¢® and Neda Motchurova—Dekova™

The asymmetric rhynchonellide brachiopods Rhynchonella difformis Valenciennes in Lamarck and
R. contorta d'Orbigny were often mentioned in the stratigraphic literature on Santonian—Campanian out-
crops of the Pannonides, Carpatho—Balkanides and Dinarides (southeastern Europe). A recent taxonomic
study including modern methods of serial sectioning and shell microstructure of brachiopods has resulted in
revision of both species, identified now as Cyclothyris ? globata (Arnaud).

Key words: rhynchonellide brachiopod, Cyclothyris ? globata, Cretaceous, Santonian-Campanian, stratigra-
phy, Pannonides, Carpatho—Balkanides, Dinarides.

AcumeTpnyHu puHXOHeugHN Opaxuononu Rhynchonella difformis Valanciennes in Lamarck u R.
contorta d'Orbigny ce yecTto nmomMumby y cTrpaturpacdckoj INTepaTyp CaHTOH—KAaMIIAaHCKKX ciiojeBa [laHoHMAa,
Kapnaro—6ankannya n [InHapupa (jyroncrouna Espomna). ITpuMeHOM caBpeMeHe MeTOjle M3ydaBara Opaxuonoja,
u3pajia cepyja MONPEevHUX NMpeceKa U MUKPOCTPYKTYPOIOIIKA MpoyJyaBabka 31a JbYIITYpe, U3BpIIeHa je peBu3uja
OBHMX BpCTa M JIOLLIO Ce 10 3aKJby4Ka fia ce y o0a ciydaja paau o apyroj Bpctu — Cyclothyris ? globata (Arnaud).

Kibyune peun: punxonenupnu Opaxuonop, Cyclothyris ? globata, Xpepga, caHTOH—KaMIaH, crpaTurpaduja,
ITanonunu, Kapnaro—6ankanugy, JJuHapuam.

INTRODUCTION

Rhynchonellides with asymmetrical anterior commissure with a "step" on the right
or left side frequently occur in several Santonian—Campanian outcrops in Pannonides,
Carpatho—Balkanides and Dinarides of southeastern Europe (Fig. 1). The "twist" affects
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not only the anterior commissure, but also the overall morphology of the brachiopod. In
the stratigraphic literature these asymmetric species were cited as Rhynchonella difformis
Valenciennes in Lamarck or R. contorta d'Orbigny. In fact the last two species oc-
cur only in Cenomanian outcrops in Europe. Cyclothyris difformis is well known from
Early and Middle Cenomanian of France, England, Belgium, Germany, Poland, Czech
Republic and Bulgaria; while Cyclothyris contorta d'Orbigny is cited from Cenomanian
of Belgium, Spain and Bulgaria (Owen, 1962, 1988; Nekvasilova, 1973;
Popiel-Barczyk, 1977; Muiioz, 1985; Motchurova-Dekova, 1995, 1997). After
careful examination of the external and internal morphology of material collected from
different Santonian—Campanian localities of Pannonides, Carpatho—Balkanides and Di-
narides it is concluded now that these asymmetric rhynchonellides can be referred to the
species Cyclothyris 7 globata (Arnaud). In this paper some details of the occurrences of
Cyclothyris ? globata in the studied area are briefly presented and a revision of the pre-
vious determinations is proposed. The external and internal morphology of this peculiar
rhynchonellide species and its shell microstructure are described.

Fig. 1. Distribution of Cyclothyris ? globata (Arnaud) in southeastern Europe. 1, FruSka Gora Mountains
(Northern Serbia); 2, Rtanj Mountain (Eastern Serbia); 3, Northeastern Bulgaria; 4, Guca (Western
Serbia); 5, Banjica (Macedonia); 6, Island of Bra¢ (Croatia); 7, Nanos (Slovenia).

Ca.. 1. Pacnipoctpamemse Cyclothyris ? globata (Arnaud) y jyroucrounoj Espomnu. 1, ®pyiuka ropa (ceBepHa
Cp6uja); 2, Praw (ucrouna Cpbuja); 3, NOKaIuTETH y ceBepoMCcTO4HO] Byrapckoj; 4, T'yua (3amagHa
Cpb6uja); 5, Bamuna (Makenonuja); 6, ocrpso bpau (Xpsarcka); 7, Hanoc (Cnosernja).

GEOLOGICAL SETTING
Pannonides

Fruska Gora Mountains (Northern Serbia). Upper Cretaceous sediments of Cere-
vicki and Duboki stream (= source area of the Cerevicki stream) in the Fruska Gora
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Mountains referred exclusively to Maastrichtian age, are well known with their extremely
rich and well preserved macro— and microfauna (Petho, 1906; Pasi¢ 1951b, Petkovié
et al., 1976, cum. lit.). The brachiopod fauna in these localities (6 species in Pethd's
collection, and 7 in PaSicé's collection), originates from "two separated blocks" of
compact green ("serpentine"?) sandstone, i. e. from Peth6's "horizon" 11 (block 7, sensu
Petkovic¢ et al., 1976, p. 58—62). Besides brachiopods, Pethd (1906) described a rich
assemblage of cephalopods, gastropods and especially bivalves (the Cenomanian species
Inoceramus crippsii Mantell among them!) from these beds.

In the lower part of Duboki stream section, ("horizon" 17) Pethé found Inoceramus
crippsii again, while Pasi¢ (1952b, p. 47) mentioned the species Rhynchonella difformis
d'Orbigny (= Cyclothyris ? globata).

When mentioning "blocks" an explanation is necessary. In the sense of Petkovié et
al. (1976, p. 58) the "blocks" represent lithological "members of the superpositional series".
According to Pasi¢ (Petkovié et al., 1976, appendix 4, Fig. 2), twelve different blocks
(including "serpentinites" and "serpentinites decomposées (detritiques)" "calcaires rudistes",
"calcaires de dunes aux rudistes, caraux et orbitoides" etc.) outcrop along the Cerevicki—Dobri
stream section. They are separated by 19 faults (some blocks appear repeatedly).

Chaotic series (mélange) were found in this part of the Fruska Gora Mountains. These
chaotic series differ in age from the chaotic series of Drenica — West Serbia (Radoicic,
1994). The chaotic series of the Fruska Gora Mountains are post—Maastrichtian in age.

The list of the brachiopods and other fossils from the Cerevicki and Dobri stream
contains species of different ages (Cenomanian, Santonian—Campanian, Campanian and
Maastrichtian) and of different environments. Accordingly, it is not here possible to de-
termine the original stratigraphic position of the beds with Cyclothyris ? globata. Further
detailed studies of the outcrops in these localities should explain the position of the re-
worked older fossils and sediments, as those younger too. According to other occurrences
in Serbia we suppose that the age of Cyclothyris ? globata in the Fruska Gora Mountains
is most probably Campanian.

Carpatho—Balkanides

Rtanj (Timok Zone, Eastern Serbia). The beds with Cyclothyris ? globata in East-
ern Serbia are known from several localities east of Rtanj: Kosar, Bu¢ja—Sedlica, Barin
stream, Zubetinacka river and MiluSinac (Pas§i¢, 1951a; Nikolié¢, 1964; Pejovié, per-
sonal comminication, 1999).

The rudist limestones in Kosar section (Pa§i¢, 1951a) are overlain by sandy lime-
stones with Campanian ammonites (Pachydiscus leyvi Grossouvre), bivalves (Pinna cf.
cretacea Schlotheim, Arcopagia (Elliptotelina) semiradiata Matheron, Alectrionia
zeilleri Bayle, Ostrea vesicularis Lamarck) and brachiopods: Rhynchonella difformis
d'Orbigny (= Cyclothyris ? globata), Carneithyris carnea (J. Sowerby). Therefore, the
brachiopod population of Kosar is of Campanian or older age.

Nikoli¢ (1964) mentioned the occurrence of Rhynchonella difformis d'Orbigny
(= Cyclothyris ? globata) in rocks of "zoogenic reef facies" and "facies of innoceramus
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marls", both of Early — Middle Maastrichtian age. Later, the same author (Nikolic,
1993) suggested that the age of these facies could be ?Campanian—Maastrichtian. More-
over, the innoceramid species of Turonian, Early Senonian and Campanian age are cited,
as well as the belemnite Belemnitella mucronata Schlotheim, which is of Late Cam-
panian age. There are no data about the exact position in the series where the brachiopod
fauna was collected.

According to the data available, we consider that the beds with C. ? globata in
Eastern Serbia are not younger than Campanian, while they are of Late Santonian age in
the adjacent area in Bulgaria.

Northeastern Bulgaria. Cyclothyris 7 globata occurs in the uppermost part of the
Shumen Formation (Late Santonian) in the following localities in Shumen and Varna dis-
tricts: the towns of Shumen, Devnya and Beloslav, the villages of Krivnya, Venchan and
Chernevo. The uppermost part of the Shumen Formation is represented by fine—grained, in-
distinctly bedded, irregularly cemented and calcareous quartz—sandstones, 15-20 m thick.
Organogenic detritic sandy limestones abounding in detritus of inoceramids and other bi-
valves, bryozoans, echinoids interbed the sandstones. The macrofaunal association includes:
the giant ammonite Parapuzosia daubreei (Grossouvre), the largest ammonite ever found
in Bulgaria; other brachiopods — Crania craniolaris Linnaeus, Danocrania? bulgarica
Motchurova-Dekova, Terebratulina sp., Terebratellid gen. et sp. indet., asymmetric
smooth Rhynchonellide gen. and sp. indet; bivalves — Trigonia scabra Lamarck, Neithea
quadricostata (Sowerby) (= N. gibbosa (Pulteney)), N. alpina (d'Orbigny), N. stri-
atocostata (d'Orbigny), Exogyra plicifera (Dujardain), echinoids — Hemiaster an-
gustipneustes (Desor), Salenia geometrica Agassiz, Pyrina sphaerica Tzankov, Pyrina
ovulum (Lamarck), Phymosoma magnificum (Agassiz), numerous bryozoans, serpulids,
scleractines and rare gastropods. The microfaunistic association is represented by Pseu-
dovalvulineria clementiana (d'Orbigny) and ostracodes. The age of the uppermost part of
the Shumen Formation is determined according to the occurrences of the Santonian am-
monite Parapuzosia daubreei and the echinoid assemblage (Jolkicev, 1988). Kennedy
(personal communication, 1995) confirmed the Santonian age of Parapuzosia daubreei.

Inner Dinarides

Guca (Dragacevo, Western Serbia). The occurrences of the species Rhynchonella
difformis (=Cyclothyris ? globata) from the Senonian sedimentary belt in the environs of
Guca are mentioned by Ciri¢ (1958). The limestone with Cyclothyris ? globata in the
locality Dupljaj stream contains planctonic microfossils — Pithonella ovalis (Kaufmann),
P. multicava Borza, Stomiosphaera sp., and very rare globotruncans Globotruncana lin-
neiana (d'Orbigny), Globotruncanita stuartiformis (Dalbiez) etc. These beds are not
older than Middle Santonian and most probably are of Campanian age (Radoici¢, per-
sonal communication, 1999). Ciri¢ (1958) mentioned the nautilid Horcoglosa cf. danica
Schlotheim in the overlaying marls.

Macedonia. Sedimentary rocks west of Veles and village of Banjica are facially
identical to those in Dupljaj stream (Western Serbia) and are probably of the same age,
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not older than Middle Santonian (Radoic¢i¢ & Pejovié, personal communication,
1999). They contain cephalopods (mostly nautilids), brachiopods (Cyclothyris 7 globata)
and bivalves. Based on the mentioned macrofossils, the beds with brachiopods are of
Campanian age. Temkova (1962) considers these beds of Maastrichtian age.

Outer Dinarides

Croatia. In the island of Bra¢ Rhynchonella difformis globata (= Cyclothyris ? glo-
bata) is known from the sedimentary rocks of Santonian age (Pejovi¢ & Radoicic,
1987). The lowermost member of the Povlja section (eastern part of Bra¢ Island) consists
of foraminiferal limestones: grainstone with Accordiella conica Farincci, Scandonea
mediterranea De Castro, numerous nubecularids etc., and subordinate layers with
Pithonella and Stomiosphaera. Cyclothyris 7 globata is found in these limestones. They
continue upward following the first occurrence of the Keramosphaerina tergestina
Stache with the same foraminiferal assemblage and numerous rudists (Bournonia, Gor-
Jjanovicia, Hippurites, Radiolites, Rajka, Vaccinites). This part of the Povlja section is
Santonian—Early Campanian in age (PolSak & Mamuzié, 1969; Pejovi¢ & Rado-
i¢i¢, 1987). There is no information about the sedimentary rocks underlying the bed
with Cyclothyris ? globata in the Povlja area. Pejovi¢ & Radoici¢ (personal commu-
nication, 1999) interpret this Senonian interval on the basis of the paleontological content
of the superposed limestones as a part of Dol Formation in the sense of Gu§ié¢ & Jela-
ska (1990). The Dol Formation is assigned mainly to the Campanian by these authors. It
is interesting to note the following data, which were mentioned by Swinburne (in
Morris & Skelton, 1995, p. 278) that "dated the Bra¢ Marbles (= Pucis¢a Formation)
as Early—-Middle Campanian, based on Sr isotope correlations, in agreement with Pejo-
vi¢ & Radoici¢". According to these data the age of the beds with C. ? globata is
Early Campanian.

Slovenia. Plenic¢ar (1960) described the Upper Cretaceous series of Nanos (Not-
renjska), where limestones with Rhynchonella ? contorta d'Orbigny (= Cylothyris ? glo-
bata) lay above the layers with hippuritids: Vaccinites inaequicostatus Miinster, H. (V.)
sulcatus Defrance, H. (V.) praesulcatus Douville. According to Plenicar (1960, p.
106), the limestone with C. ? globata and echinoids is Late Campanian in age ("horizon
14").

SYSTEMATIC PALEONTOLOGY

The described and figured specimens from former Yugoslavia are housed in the
collections of the Institute of Regional Geology and Paleontology, Faculty of Mining and
Geology, Belgrade and are cited with the prefix RGF. The material from Bulgaria is kept
in the National Museum of Natural History, Sofia with the prefix NMNHS.
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Phylum BRACHIOPODA Duméril, 1806

Subphylum RHYNCHONELLIFORMEA Williams et al., 1996

Class RHYNCHONELLATA Williams et al., 1996

Order RHYNCHONELLIDA Kuhn, 1949

Superfamily RHYNCHONELLOIDEA d'Orbigny, 1847

Family RHYNCHONELLIDAE d'Orbigny, 1847

Subfamily CYCLOTHYRIDINAE Makridin, 1955 emended Owen, 1962
Genus Cyclothyris M'Coy, 1844

Cyclothyris ? globata (Arnaud, 1877)
Pl 1, Figs. 1-8; P1. II, Figs. 1-10; PL. III, Figs. 1-6

1877  Rhynchonella globata — Arnaud, p. 83, pl. 28, figs. 33-38.
1930 Rhynchonella compressa Lamarck, var. difformis d'Orbigny — Tzankov, p. 33, pl. 2,
figs. 4a—b, 5a-b, 6a-b, 7a-b.
1934 Rhynchonella difformis var. globata — Fage, pp. 339, 440, 441, pl. 23, figs. Dg3-Dg5.
1947 Rhynchonella compressa, Ag. var. difformis, d'Orb. — Tzankov, pl. 14, fig. 12.
Ipars 1947  Rhynchonella compressa, Lam. — Zacharieva-Kovaceva, p. 263, pl. 1, figs. 7-9;
pl. 5, figs. 14-16.
v 1951a  Rhynchonella difformis d'Orb. var. globata — Pas§ic¢, p. 130, pl. 1, fig. 5.
v 1960  Rhynchonella contorta d'Orb. — Plenicar, p. 28.
1962 Rhynchonella plicatilis Sow. — Temkova, p. 107, pl. 2, fig. 3.
1964  Rhynchonella difformis d’Orb. — Nikolié, pp. 29. 36.
1964 Rhynchonella difformis var. globata d’Orb. — Nikoli¢, pp. 36.
1983a  Rhynchonella globata Arnaud — Gaspard, pp. 34, 37.
1983b  Rhynchonella globata Arnaud — Gaspard, pp. 230, 231, 235, 236.
? 1985  Cyclothyris sp. aff. globata (Arnaud) — Muifioz, p. 43, pl. 1, fig. 2.
v 1987  Rhynchonella difformis globata Arnaud — Pejovi¢ & Radoicié, pp. 131, 140, 145.
v 1988  Cyclothyris globata (Arnaud) — Aliev & Titova, p. 229, pl. 6, fig. 2.
1991  Rhynchonella globata Arnaud — Gaspard, pp. 35, 36, pl. 1, figs. 7, 8, 9a-b, 10, 13.
1992a  Cyclothyris globata (Arnaud) var. A — Motchurova-Dekova, p. 23, pl. 1, figs. 1-3;
pl. 2, figs. 1, 3; pl. 4, figs. 1, 2.
non 1992a Cyclothyris globata (Arnaud) var. B — Motchurova-Dekova, p. 23, pl. 1, figs. 4-6;
pl. 2, figs. 2, 4.
v 1992b  Cyclothyris globata (Arnaud) var. A — Motchurova-Dekova, p. 94, pl. 1, figs. 1,
3-6; pl. 2, figs. 1-3, 5; pl. 3, fig. 1; pl. 4, fig. 2.
non 1992b Cyclothyris globata (Arnaud) var. B — Motchurova-Dekova, p. 94, pl. 1, fig. 2; pl.
2, fig. 4; pl. 3, figs. 2-6; pl. 4, figs. 1, 3-6.
v 1994 Cyclothyris globata (Arnaud) — Motchurova-Dekova, p. 27, pl. 1, figs. 3, 4.
v 1995  Cyclothyris globata (Arnaud) — Motchurova-Dekova, p. 55, pl. 4, figs. 1-5; pl. 5,
figs. 1-5; pl. 9, figs. 1-4; pl. 10, figs. 1-4.
v 1996  Cyclothyris globata (Arnaud) — Motchurova-Dekova, p. 188, fig. 3:4.

Material. 6 specimens from Guca (Eastern Serbia); 7 specimens from Zubetinac
(Eastern Serbia); 6 specimens from island of Bra¢ (Croatia); 7 specimens from Nanos
(Slovenia), 110 specimens from northeastern Bulgaria. Materials from the other localities
mentioned in the text were not available for examination, only reference data were used
for comparison.
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Dimensions. See Fig. 2 and Table 1.
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Fig. 2. Plots of length versus width (black symbols) and of length versus thickness (open symbols) for 18

specimens of Cyclothyris ? globata (Arnaud) from former Yugoslavia.
Cu. 2. JujarpaM ogHOCa [y>KAHE IpeMa IMHPHHYA (IPHU CUMOOIN) B AyKHHE IIpeMa eG/bHHH (Ipa3Hu CHMOOIIN)

3a 18 mpumepaka Cyclothyris ? globata (Arnaud) u3 Gusiie Jyrocnasuje.

Table 1. Statistical characteristics of Cyclothyris ? globata (Arnaud). N = number of specimens measured;
X = mean; S = standard deviation; Sx = standard error of mean; Cv = coefficient of variation.

Ta6ena 1. Cratuctmuke kapakrepuctuke Cyclothyris ? globata (Arnaud). N = 6poj MepeHHX IpuUMepaka;
X = cpella BpPEJHOCT S = cTaHAapfHa JAeBWjalyja; SX = CTaHAapiHa Cpelika CpPefmhe BPETHOCTH;
Cv = koedunnjeHT Bapujauuje.

N Max Min X S Sx Cv
L () 18 250 17.70 21.53 197 0.46 9.14
W 1II) 18 29.0 16.70 23.51 2.80 0.66 11.89
T (n) 18 19.10 1140 15.28 2.18 0.51 14.23
W/L (/1) 18 1.34 0.94 1.09 0.11 0.02 9.65
T/L (n/) 18 0.82 0.55 0.71 0.08 0.02 11.64
W/T (Ill/x) 18 1.98 1.21 1.55 0.21 0.05 13.42

Description. Following is the description of the specimens from Serbia, Croatia and
Slovenia. The material from northeastern Bulgaria was already described by Motchu-
rova—-Dekova (1995). It is more abundant and shows larger variety in the internal and
external morphology.
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External morphology. Shell of medium size, up to 25 mm long, generally with
subtriangular outline, rarely transversely—oval, always with twisted asymmetrical anterior
commissure (11 specimens with right side up, 7 specimens with left side up). Dorsal
valve usually much more convex than ventral valve. Greatest width in the anterior third,
maximum thickness at midvalve. Lateral commissures straight. Beak massive, suberect to
nearly straight with sharp and short beak ridges. Apical angle ranges between 72° and
102°. Foramen rounded, circular, relatively large, hypothyrid to submesothyrid. Interarea
small, concave. Each valve is ornamented with 24 to 32 simple ribs, which anteriorly be-
come stronger and sharper. Median septum occupying from 0.37 to 0.48 of the dorsal
valve length.

Internal morphology (Figs. 3-6). The description that follows is based on four
sectioned specimens from the three localities: Guca, Bra¢ and Nanos. A pedicle collar is
developed. Dental plates divergent disappearing before the teeth arise, bounding large,
subtrapezoidal delthyrial chamber. Lateral umbonal cavities small, semicircular. Hinge
teeth massive, short and rectangular, crenulated, with distinct denticulae. Septalium not
present. Outer hinge plates subhorizontal, very gently ventrally concave. Septum repre-
sented by a low ridge. Crural bases concave, oblique inclined at 35-50° towards the
hinge axis. Crura radulifer in type, triangular or with thickened distal ends, ("diabolo"
like sections), slightly to strongly curved ventrally, and divergent anteriorly.

Shell microstructure. The preliminary data on the shell microstructure of Cyclothy-
ris 7 globata were published by Motchurova-Dekova (1992a, 1992b, 1995). At that
time one of us (N. M.-D.) believed that the shell of genus Cyclothyris was composed of
three calcitic layers: primary microcrystalline, secondary fibrous and tertiary prismatic.
However, more recent extensive SEM observations on numerous samples of some repre-
sentatives of the genus Cyclothyris have shown unambiguously that tertiary prismatic
layer is not developed in the genus Cyclothyris and in all other Cretaceous rhynchonel-
lide genera studied (Motchurova—-Dekova, 2000, 2001). This called for the revision of
the described previously shell microstructure of the Bulgarian material. The recent SEM
observations showed that the diagenetically formed secondary calcite prisms perpendicular
to the inner shell surface were previously misidentified for original tertiary calcitic layer
(P1. III, Figs. 4, 5). Previously the pseudo—tertiary prisms were observed mainly in thin
sections where they were obviously misidentified with the diagenetic calcite prisms. Thus
now we maintain that the shell of C. ? globata is composed of two layers only: primary
microscrystalline and secondary fibrous (PI. III, Fig. 2).

The following data represent a revision of the published data about Cyclothyris ?
globata Motchurova—-Dekova, 1992a, 1992b, 1995). Two close transverse sections at
the middle of the shell length of one specimen from the Late Santonian, Shumen Forma-
tion, northeastern Bulgaria were examined under SEM. One of the sections was more
posterior and crossed the muscle field, sectioning part of the myotest (Pl. III, Fig. 4).
The shell is 500 to 800 pxm thick. The primary layer is microcrystalline granular,
possibly diagenetically recrystallized, 50 to 70 gm thick (PI. III, Fig. 2). The dimensions
of the fibres were measured in cross—section at the maximum width of the shell in the
central part of the plane of symmetry. The fibres are anvil-like in cross—section (PI. III,
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Fig. 3. Cyclothyris ? globata (Arnaud). Serial transverse sections through a specimen RGF 62/5. Dimen-
sions (in mm): L = 249, W = 245, T = 18.6. Campanian, Guca, Western Serbia, Yugoslavia.
Enlargment of the hinge plates and crural bases are shown above the original structures in sections 6.2
and 6.8.

Cun. 3. Cyclothyris ? globata (Arnaud). Cepnja nonpeusnx npeceka Kpo3 npumepak RGF 62/5. Tumensnje (y
mm): I = 24,9, Il = 24,5, 5 = 18,6. Kamnan, 'yua, 3amagua Cp6uja, JyrocnaBuja. YBehane GpaBHe
mwIounne u 6a3e Kpypa cy IprKa3aHe H3HaJ OPUTHHAIHEX CTPYKTYpa Ha IpecennMa 6,2 u 6,8.
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Fig. 4. Cyclothyris ? globata (Arnaud). Serial transverse section through a specimen RGF 64/5. Dimensions
(in mm): L =250, W =249, T = 15.5. Early Campanian, Povlja, Island of Bra¢, Croatia.

Can. 4. Cyclothyris ? globata (Arnaud). Cepuja nonpeunux npeceka kpo3 npumepak RGF 64/5. Mumensuje (y
mm): [T =25,0, Il =24,9, n = 15,5. owu kamnaH, [Tosika, Bpay, XpBarcka.
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5 mm

Fig. 5. Cyclothyris ? globata (Arnaud). Serial transverse sections through a specimen RGF 66/1. Dimen-
sions (in mm): L = 22.0, W = 250, T = 14.9. Late Campanian, Nanos, Slovenia. Enlargment of the
hinge plates and crural bases are shown above the original structures in sections 4.7 and 5.5.

Cn. 5. Cyclothyris ? globata (Arnaud). Cepuja nonpeunux npeceka kpo3 npuMmepak RGF 66/1. Tumensnje (y

mm): [T =22,0, Il =250, 1 = 14,9. F'opwu kamnan, Hanoc, CioBennja. Yehane GpaBHe miounne u 6a3e
Kpypa Cy IpiKa3aHe U3Haj OpUTMHAJIHUX CTPYKTYypa Ha npecenuma 4,7 u 5.5.
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Fig. 6. Cyclothyris ? globata (Arnaud). Serial transverse sections through a specimen RGF 66/5. Dimen-
sions (in mm): L = 21.6, W = 21.7, T = 12.8. Late Campanian, Nanos, Slovenia. Enlargment of the
hinge plates and crural bases are shown above the original structures in sections 6.5 and 6.7.

Cn. 6. Cyclothyris ? globata (Arnaud). Cepuja monpeunux npeceka kpo3 npumepak RGF 66/5. Mumensuje (y
mm): 1 = 21,6, III = 21,7, x = 12,8. T'opwu kamnan Hanoc, Ciosennja. YBehane GpaBHe miounre u 6ase
Kpypa cy NpuKa3aHe U3Haj OPUTMHAIHUX CTPYKTYypa Ha npecenuma 6,5 u 6,7.
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Figs. 1, 3, 4). They rarely have rhombic outline in the lateral internal part of the shell.
The fibres are 20-35 pm wide and 7-13 um thick in cross—section. For comparison, the
summarized data about other representatives of the genus Cyclothyris (C. difformis, C
vespertillio, C. antidichotoma, C. zahalkai) show that the fibres are anvil-like anysomet-
ric, 15-30 ym wide and 2—-10 ym thick (Motchurova-Dekova, 2001). Thus C. ? glo-
bata from the Upper Santonian of NE Bulgaria shows somewhat larger fibres than the
above mentioned species. Similarly to other rhynchonellides, thinner and smaller fibres
are developed close to the external surface of the shell. Towards the interior of the shell
the fibres increase in size. Part of the shell of the examined specimen was strongly silici-
fied. It is interesting to note that the SiO, nodules were developed as a layer in the out-
ermost and innermost part of the shell following the direction of the penetrating pore
solutions enriched in amorphous SiO, during the early diagenesis. Thus a kind of "islets"
remained non—altered in the center of the ribs (Pl. III, Fig. 6).

Remarks and discussion. Representatives of this asymmetric species found in sev-
eral Santonian—Campanian outcrops of the Pannonides, Carpatho—Balkanides and the Di-
narides of southeastern Europe have been assigned previously to the Cenomanian species
Cyclothyris difformis Valenciennes in Lamarck or C. contorta d'Orbigny. We refer
here these Santonian—Campanian asymmetric rhynchonellides to the species Rhynchonella
globata, described by Arnaud (1877) from the Campanian of France (Charente, Dor-
dogne, Gironde). The lectotype, as already mentioned (Motchurova—-Dekova, 1995, p.
58), should be one of the two syntypes, figured by Arnaud (1877, PI. 28, Figs. 36-38),
deposited in the Arnaud's collection, Université Paris 6, Jussieu. The revision of the
original type material from France is still in progress (Gaspard, 1997; personal commu-
nication, 2000) and the range of its internal and external variability is still unknown.
Considering the great external similarity with the species of Arnaud we assign the mate-
rial from the Pannonides, Carpatho—Balkanides and the Dinarides of southeastern Europe
to this French species. Having examined the internal morphology of 10 specimens from
Bulgaria (Motchurova—-Dekova, 1995) and four from former Yugoslavia (this paper) a
wide range of internal variability was found. We think the totality of the external and
internal elements allow us to assign this species tentatively to the genus Cyclothyris
M’Coy. We prefer to use open nomenclature for Cyclothyris 7 globata because of some
differences with the Aptian-Cenomanian representatives of this genus. The species C. ?
globata described in this paper is characterized by smaller foramen, less curved almost
straight lateral commissures, poorly developed median septum, somewhat different angle
of insertion of the teeth, better expressed inner socket ridges. However, the development
of the hinge plates and the crural bases in “forked” condition as discribed in the revision
of the genus Cyclothyris (Owen, 1962) are typical for Cyclothyris. Some of the Bulgar-
ian representatives show deviation from the typical internal features of the genus
(Motchurova-Dekova, 1995, Figs. 15, 16). In two sectioned specimens from Guca
(Serbia) and one specimen from Nanos (Slovenia) the crura are with thickened distal
ends i. e. "diabolo" shape. In the second specimen from Nanos the crura have triangular
sections. Thus, the distal ends of crura of this species may vary in sections. In five fig-
ured specimens from Bulgaria (Motchurova-Dekova, 1995) the crura have subtrian-
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gular to arch—like sections but not "diabolo" shape. This could be due to the slightly dif-
ferent inclination of the serial sections.

While commenting on the French Late Cretaceous asymmetric rhynchonellides
Gaspard (1997) stated that: "Observations of representative specimens of different series
allow to recognize different species from difformis and globata in the Conacian—Santonian
horizons. This is in contrast with data of Motchurova—-Dekova (1995) who includes the
Santonian specimens from Bulgaria in the species C. globata (Arnaud)". More recently
D. Gaspard (personal communication, 2000) examined some of the Bulgarian material
and agreed that it is quite probably that it could be referred to the species C. ? globata.

The abundant material of C. ? globata from northeastern Bulgaria has shown wide
range of variability both in the internal and external morphology likewise as in the
Cenomanian species C. difformis (Motchurova-Dekova, 1995). This confirms the ob-
servations made by Fiirsich & Palmer (1984) that the overall morphological variability
is usually higher in species with asymmetrically developed commissures than in symmet-
rical brachiopods.

C. ? globata differs from C. difformis and C. contorta in having fewer costae, more tri-
angular outline, smaller foramen and permanently asymmetric shell (displaying the so called
"obligate asymmetry"), whereas C. difformis and C. contorta can develop both asymmetric
and symmetric shells ("facultative asymmetry" sensu Fiirsich & Palmer, 1984). According
to several authors the manifestation of the "non—symmetry" in asymmetric rhynchonellides is
revealed after the juvenile stage. In the Bulgarian material of C. ? globata all the small—sized
shells, supposed to be juvenile or young, have already well manifested asymmetry.

It is usually maintained that the external asymmetry of such rhynchonellides does
not affect the internal morphology (Fiirsich & Palmer, 1984, Gaspard, 1991). How-
ever, according to Fage (1934) in R. difformis (= Cyclothyris difformis) the internal ap-
paratus participate in the deformation of the shell as well. Our observations show both
symmetric and asymmetric development of the internal morphology, especially in the
crura and the position of the septum.

Several authors have commented on the significance of the asymmetry phenomenon
in rhynchonellides (e.g. more recently Fiirsich & Palmer, 1984, Gaspard, 1991). In
contrast to some previous opinions that the asymmetry should be regarded as adaptation
to life in particular environment, mode of life, or sexual dimorphism, these authors
maintain that commissural asymmetry is clearly a morphogenetic feature and its adapta-
tional significance is difficult to be determined.

Calzada & Pocovi (1980) introduced a new genus Owenirhynchia for the asym-
metric rhynchonellides with obligate asymmetry and "diabolo" crura from the Late Cam-
panian of southeastern Spain (Province of Lérida). It differs internally from our serial
sections in more ventrally inclined hinge plates only. Later Mufioz (1994) included the
species globata from Coniacian — Early Campanian of the Catalan Pyrenees (Spain) in
the genus Owenirhynchia. We refrain here from commenting on this genus since we have
not examined the original Spanish material.

Distribution. Coniacian—Santonian of southern Caucasus, uppermost Late Santonian
of Bulgaria, Campanian of France, Coniacian—Early Campanian of Pyrenees, ?Early San-



The Rhynchonellide Brachiopod Cyclothyris ? globata (Arnaud, 1877) from the . . . 121

tonian—Campanian of Serbia, Early Campanian of Croatia, Early Campanian of Slovenia,
Campanian of Macedonia.
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PE3UNME

PUHXOHE/IMUIHU BPAXUOIIOA CYCLOTHYRIS ? GLOBATA (ARNAUD, 1877)
N3 CAHTOH-KAMITAHA TAHOHUJA, KAPITATO-BAJTKAHUIA
N ITNHAPUTOA (JYTOUCTOYHA EBPOIIA)

YBOJI

Y pa3znuuuThM caHTOH—KamnaHcKuM cegquMenTuma [lanonupa, Kapnaro—6ankanu-
ma u [uuapupa jyromcroune Eppome (ci. 1) Beoma cy YecTM pPHHXOHENHAM ca
aCUMETPUYHOM IIPEAHOM KOMUCYPOM, Ca U3AUTHYTOM OUJIO JECHOM MJIU JIEBOM CTPAHOM.
OBa acuMmeTpHyHa BpcTa y cTpaTurpadckoj auTepaTypH je oapebuBaHa, Takobe Ha
OCHOBY acUMETpHYHOr u3riefia, kao Rhynchonella difformis Valenciennes in La-
marck wmu R. contorta d’Orbigny. IlomeHyTe BpcTe Cy NO3HATE CaMO U3 LIEHOMAaH-
ckux crnojeBa EBpone. Cyclothyris difformis je mo3HAT U3 JOWET U CPEAHmET I[eHOMaHa
Opanuycke, Enrnecke, benruje, Hemauke, ITomcke, Yemke um Byrapcke; ok je
Rhynchonella contorta d’Orbigny, uutupana u3 neHomana benryje, lllnanuje u Byrap-
cke (Owen, 1962, 1988; Nekvasilova, 1973; Popiel-Barczyk, 1977; Mufioz, 1985;
Motchurova—-Dekova, 1995, 1997). [IpumeHOM caBpeMeHe METOfe U3ydaBama Opaxmo-
noja JOIIIO ce 0 3aKJ/by4yKa ja HaBe[JeHHU NMpHMEpIH yCTBApH NPHUIA/Iajy CAHTOH—KaM-
naHckoj Bpctu Cyclothyris 7 globata (Arnaud). Y TekcTy fajy ce y KpaTKuUM IpTaMa
Mofialy O HaJlaCIyMa, PeBH3Hja HOCAfalIbAX OPEAOH, ONNC CIOJbAIIBUX U YHYTPAITHIX
KapaKTepUCTHUKA, KAa0 U MUKPOCTPYKTYpa 3ufja JbYIIType OBe pUHXOHEIN/ICKE BPCTeE.

Ilanonuman

®pymxka I'opa (cesepna Cpouja). ['opmoxpenun ceguventn Yepesuhkor m [Iy-
GoKor 1noToka (= n3Bopuinu feo Uepesnhkor nmoToka) Ha Ppymkoj ropu, Koju ce Ipu-
TIHACYjy UCKJBYINBO MACTPUXTY, HO3HATH CY II0 BAHPETHO AOOPO OUYBAaHOj MAaKpO M MUKPO
daynu (Petho, 1906; Pasi¢, 1951b; Petkovié et al., 1967, cum. lit.). Bpaxuonopcka
(payHa u3 oBux nokanurera (6 Bpcra u3 Pethd—Be u 7 u3 36upke M. [Tamunh) noruue
u3 ";mBa ofiBojeHa Oijoka" koMnakTHEX ("cepreTmHcKuX") memnrdapa, Tj. u3 Pethd—oBor
xopuzoHTa 11 (= "6mok" 7y cmucny Petkovica et al., 1976, ctp. 58-62). Ocum 6Gpaxuo-
nopa, Petho (1906) je u3 oBux ciojeBa omucao Goraty ¢ayHy edanonoga, myskesa, u
HAPOYUTO IIKOJbaKa (Meby ibHMa U IEHOMAaHCKY BpCTY Inoceramus crippsii Mantell).
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Peth6 je y momum genoBuma npocduina JyOoku MOTOK, y "xopu3oHTy" 17, Hamao
Inoceramus crippsii, mok Pasié¢ (1951b) nomume BpTCTY Rhynchonella difformis
d'Orbigny (= Cyclothyris ? globata).

Y3 noMmumame "6510KoBa" Tpeba faTu objalimerme. Y cmuciny Petkovida et al.
(1976, ctp. 58) "6m0KOBH " Cy "MUTOJIONIKY WIAHOBH Y Cynepno3unuonoj cepuju”. Ilpema
Pasi¢ (y: Petkovié et al., 1976, monarak 4, ci. 2.) nyxx npocuna Yapesuhku—ToOpu
TIOTOK OTKPUBEHO je 12 paznuuuTux O010KoBa (YKibyuyjyhm "schisted de la base", "ser-

pentinites" u "serpentinites decomposees (detritiques)") Koju cy Mmehycobom opBojeHE ca
19 pacena (Heku GIIOKOBHU Ce TTIOHABILA]Y).
Y oBoMm neny ®pyiike rope OTKpUBEHA je XaOTUYHA cepuja (MeNaHX), Apyradynja u

pasnmuute crapoctu off Xaotn4He cepuje Jpennne n 3anagae Cpouje (Radoicié, 1994).
XaoTtuuHa cepyja Ppymke rope UCBECHO je MOCTMACTPUXTCKE CTAPOCTH.

Crmcak 6paxmononia (Pethd, 1906; Pagié, 1951b) u apyrux ¢ocuna u3 Yepepuh-
Kor u JlyboKor MOTOKa Cajip>ku BPCTE pa3iMyuTe CTapocTH (LEHOMaHCKe, CAHTOH—KaM-
MaHCKe, KaMIIaHCKEe M MacCTPUXTCKE) M Pa3NWunATHX cpeauHa. [Ipema Tome, oBe ce He
MOXe FOBOPUTH O MPUMapHOM CTpaTUrpacCcKoM MOJ0Xajy cegumenarta ca Cyclothyris ?
globata. [leTa’bHUM NpoydaBameM U3faHAaKa y OBUM JIOKAIHTETHMa Tpeba pa3jacHUTH
MOJI03KA] MPETANIOKEHNX CTAapHjuX (PocuiIa M cefuMeHaTa, Kao u oHux Miuabux. [Ipema

ocTanuM HajazuMa oBe Bpcre y Cp6mju crapoct Cyclothyris ? globata nabene na ®pym-
KOj TOPH je HajBepOBaTHHje KaMITaHCKa.

Kapnaro-bankanuau

Pram (Tumouka 30ma, ncrouna Cpouja). Cnojesu ca Cyclothyris ? globata y wnc-
TouyHoj CpOuju cy NO3HATH M3 HEKOIIMKO JIOKanuTeTa ucToyHo o Prwa: Kocap, Byyja—
—Cepnuna, bapun motok, 3ybetnHauka peka u MunymmHar, (Pasié¢, 1951a; Nikolié,
1964; IlejoBuh, ycMeHo caommurere, 1999).

Y o6nacru nnannHe Pram Pasié¢ (1951a) je ommucana nmpocdun Kocapa y kome mne-
CKOBUTH Kpeumalll U Telryapu ca OpaxuomnoguMa Jexe MPeKOo PYIUCTHHX Kpedrhaka.
ITopen 6paxuonopa: Rhynchonella difformis d'Orbigny (= Cyclothyris ? globata) n Car-
neihyris carnea (J. Sowerby) u amonuta Pachydiscus leyvi (Grosouvre) OHa TOMUE
u GpojHe mKoJbKe: Pinna cf. cretacea Schlotheim, Arcopagia (Elliptotelina) semiradi-

ata Matheron, Alectrionia zeilleri Bayle, Ostrea vesicularis Lamarck. Ha ocHoBy no-
MEHYTOT aMOHHTA OBH CJIOjeBH CY KAMIIAHCKE MJIM CAHTOHCKE CTAPOCTH.

IIpema Nikolicu (1964) Rhynchonella difformis d'Orbigny (= Cyclothyris 7 glo-
bata) jaBmba ce y ceguMeHTUMa "300TeHO—cIpynHe danuje” u "danuje MHOIEePaMCKUX
Jarnopana” Koje cMaTpa jfja Cy TOHhO0—Cpeiibe MacTpuxTcke crapoctu. Mcru ayrop (1993)
3a ceMMEHTEe OBHUX (pammja Kaxke fa OM MOIJIHM ONTH ?KaMIaHCKO—MAaCTPUXTCKE CTa-
poctu. Y crucky ¢ayHe Nikoli¢ (1964) HaBOomm BpcTe HMHOIEpamyca TYpPOHCKE, ce-
HOHCKO—KaMIIaHCKE M KaMIaHCKe CTapOCTH, KaO W TOPHOKaMIIAHCKY BpcTy Belemnitella
mucronata. TadaH nonoxaj cioja ca 6paxuonofrMa y OBUM ceprjaMa Hije IpUKa3aH.

IIpema pacnonoKWBHM TOfjalliMa HajBepoBaTHHUje nma ciojeBu ca C. ? globata y
ucroynoj CpOuju Hucy miabu of KammaHa, JOK Cy y CycefHHMM TepeHuMa Bbyrapcke
TOPHOCAaHTOHCKE CTAPOCTH.
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Cesepnoucrouna Byrapcka. Cyclothyris ? globata ce nojaBibyje y HajBHUILEM [IeNy
Ilymen popmanuje (ropwmu canToH) y cnenehum nokanuretnma lllymencke n BapHcke
obnactu: rpagosuMa lllymen, [ewa u benocnas, cenuma Kpusmwa, Benuan u Uepneso.
Hajpumu neo lllymen gopmanmje je mpeacTaBibeH ca (PUHO3PHUM, cIabo0 CIOjeBUTHM,
KpeUmhauyKiuM KBapIHUM Terrdapuma nebibune 15-20 m. [Tpocnojum oBuX Kpedmaka cy
OpraHOTeHM ACTPUTHYHM NECKOBUTH Kpedhald ca MHOIITBOM JETPUTYcCa Of MHOIEepa-
Myca W ApPYIuX MIKOJbaka, Opro30a, 1 jexkeBa. MakpoayHUCTHIKA acoljanuja yKIbY-
uyje: kpynHe Parapuzosia daubreei (Grossouvre), Hajpehn g0 cama Habenn amoHuT y
Byrapckoj, npyre 6paxuonone — Crania craniolaris Linnaeus, Danocrania ? bulgarica
Motchurova-Dekova, Terebratulina sp., Terebratellid gen. et sp. indet., rimaTke acu-
meTpuuHe Rhynchonellid gen. and sp. indet; mkoibke — Trigonia scabra Lamarck, Ne-
ithea quadricostata (Sowerby) (= N. gibbosa (Pulteney)), N. alpina (d'Orbigny), N.
striatocostata (d'Orbigny), Exogyra plicifera (Dujardain), jeskeBe — Hemiaster angu-
stipneustes (Desor), Salenia geometrica Agassiz, Pyrina sphaerica Tzankov, Pyrina
ovulum (Lamarck), Phymosoma magnificum (Agassiz), MHOroOpojHe 6puo3soe, LpBe,
CKIJIEpaKTHHUje U peTKe MyxkeBe. MuKpodgayHuCTHIKA acouyjaluja je MpefcTaBbeHa ca
Pseudovalvulineria clementiana (d'Orbigny) m octpakogama. CTapocT Hajropmer fena
Ilymen copmarmje je oapebeH Ha OCHOBY INoOjaBJbMBama MOPHOCAHTOHCKOT aMOHHTA
Parapuzosia daubreei w 3ajemuune jexxeBa. (Jolki¢ev, 1988). Kennedy (auuno caorm-
mreme, 1995) je noTBpIuo CaHTOHCKY cTapocT Parapuzosia daubreei.

Yuyrpammu [Iunapunu

I'yua ([IparaueBo, 3anagna Cpéuja). Ciri¢ (1958) mommme Hamasak Bpcte Rhyn-
chonella difformis d'Orbigny (= Cyclothyris ? globata) N3 CEHOHCKMX ceJUMeHaTa OKO-
mue I'yue. Kpeumwanu ca Cyclothyris 7 globata y nokamHoctu [Iynibaj HOTOK cafpiKe
IJIaHKTOHCKEe Mukpodgocuie: Pithonella ovalis (Kaufmann), P. multicava Boez, Stomi-
osphaera sp., u BeoMa peTke rioboTpyHkaHe: Globotruncana linneiana (d'Orbigny),
Globotruncanita stuartiformis (Dalbiez) u up. (ycMeHo caomurewe, Pagonuunh, 1999).
OBH cllOjeBM HHUCY CTapHju Of CPEAIET CAaHTOHA, a HAjBEpPOBATHHje Cy KaMIIAaHCKE
crapoctu. M3 nmamopana koju jexe npeko nomenytux cnojesa Cirié (1958) nmommme
Haytunup Hercoglosa cf. danica Schlotheim.

Makenonnja. CenuMeHTHE CTeHe OTKpUBEHHM 3amajHo o Beneca (ceno Bamuua)
npema Pagonunh u IlejoBuh (ycmeHo caonmreme, 1999) cy danujanHo HHAEHTHYHA
ca onnMa y ymbaj notoky. OHHu cy BepOBaTHO MCTE CTApOCTH (HHUCY CTAapHj Off CPENEer
CaHTOHA) M cajpxke Ledanonone (yrmaBHOM Haytuioupe), Opaxuonone (Cyclothyris ?
globata w nip.) n GuBanBuje (ropmOKaMIaHCKe HHOLepamyce — Platyceramus cycloides
(Wagener) u Endocostea baltica beckumensis (Gieres)). Ha ocHOBy TOMEHyTHX MaKpO-
¢ocuna oBu cnojeBu cy kKammnancke crapoctu. Temkova (1962) oBe ceguMeHTe cMaTpa

3a MaCTpUXTCKE.

Cnomammu Junapuayn

Xpsarcka. Ha octpBy Bpauy Rhynchonella difformis globata (= Cyclothyris ? glo-
bata) mo3HaTa je W3 ceguMeHaTa caHTOHcKe crapoctn (Pejovié & Radoicdié, 1987).
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Hajumwkn unan cykuecuje [ToBmba (umcTtounnm feo octpBa bpava) msrpaben je opm ¢o-
pamuHH(EpCcKuX Kpeumaka (IpejHCToH ca Accordiella conica Farinacci, Scandonea
mediterranea De Castro, MHOrOOpOjHUM HyOeKyJapHi¥Ma WUTA. U cacBUM mofapebeHo
cnojeBu ca Pithonella n Stomiosphera). Cyclothyris ? globata je HabeHa y OBUM Kpeumba-
numa. HaBuie cy 3anaxkene npse Keramospherina tergestina Stache mpahene ca npep-
XOIHOM (popaMHUHI(EPCKOM 3ajeAHUIIOM U MHOTOOpOjHUM pyauctuma (Bournonia, Gor-
Jjanovicia, Hippurites, Radiolites, Rajka, Vacinites). OBaj peo npocduna IToBma npema
Pejovi¢ & Radoici¢ (1987) je canTOH—CcpelbOKaMIaHCKe CTapocTu. VicTo MUulllybewme
0 CTapoCTd OBHUX ciojeBa 3acrynajy Pol§ak & MamuZzié (1969). O ceguMeHTHMA UCTION
cnoja ca Cyclothyris ? globata y oxonunu IloBme Hema moparaka. Ha ocHoBy
MaJICOHTOJIOIIKOT cafpykaja CyHeprno3unuoHnx kpeumaka IlejoBuh m Pagoumuwmh
(yemeHo caomiremse, 1999) cmaTpajy ma 6u Taj 1e0 CEHOHCKOT cTy(a OAroBapao jefHoM
peny Jon ¢popmanyje y emucny Gusica & Jelaske (1990). Jon opmanujy oBu ayTopu
MIPUNHACY]y yIJIaBHOM KammaHy. IHTepecaHTaH je ciefiehu mojaTak Koju MOMUEBE Swin-
burne (y Morris & Skelton, 1995, crp. 278) ma "dated the Bra¢ Marbles (= Pucdiséa
Formation), as early-middle Campanian, based on Sr isotope correlations, in agreement
with Pejovi¢ & Radoici¢". Tlpema oBuM momanuma crapoct cioja ca Cyclothyris ?
globata je nowmu KaMMaH.

Crnosennja. Plenicar (1960) je nmpuka3ao ropmokpefHy cykiecujy Hanoca, y K0joj
Kpeuwmaiu ca Rhynchonella ? contorta d'Orbigny (= Cyclothyris ? globata) nexe u3Han
Kpeuwaka ca xunyputuma: Hippurites (Vaccinites) inaequicostatus Miinster, H. (V.)
sulcatus Defrance, H. (V.) praesulcatus Douville. ITpema Plenicaru (1960, crp. 106)

kpeuway ca Cyclothyris ? globata W exuHuguMa Cy TOpHOKaMIIAHCKE CTapOCTU
("xopuzoHT 14").

IMAJTEOHTOJOHMKMA OIMUC

Komno BRACHIOPODA Duméril, 1806

ITopxono RHYNCHONELLIFORMEA Williams et al., 1996

Kmaca RHYNCHONELLATA Williams et al., 1996

Peqg RHYNCHONELLIDA Kuhn, 1949

Hapdammmuja RHYNCHONELLOIDEA d'Orbigny, 1847

dammmja RHYNCHONELLIDAE d'Orbigny, 1847

Iopdamummja CYCLOTHYRIDINAE Makridin, 1955 emended Owen, 1962
Pon Cyclothyris M'Coy, 1844

Cyclothyris ? globata (Arnaud, 1877)
Tab. I, ci. 1-8; Tab. II, cn. 1-10; Tab6. III, cu. 1-6

CHHOHMMUKY BHIU Y €HIJIECKOM TEKCTY.

Marepujan. 6 npumepaxa u3 I'yae (Cp6uja); 7 npumepaka u3 3yberunma (Cpouja);
6 npumepaka ca bpaua (XpBatcka); 7 npumepaka ca Hanoca (Cnosenuja); 110 npu-
Mepaka M3 CeBepoucTouHe bByrapcke. Martepujanm W3 OCTanux JOKAalUTETa KOJU ce
MOMHIbE Y TEKCTY HHje OMO JOCTYIMAH, TaKO f1a ¢y KOpuInheH: MOfaly U3 INTepaType.
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Jumensuje. [Ipukasane cy Ha ci1. 2 1 Tabenu 1.

Omne. Onucann cy npumepnu u3 Cpb6uje, Xppatcke u Cnosenuje. MaTepujan us
ceBeposanafue Byrapcke je Beh omucama Motchurova—-Dekova (1995). Cem mrto je
OpOjHUjU OH je pa3HOBPCHUjU U MOKa3yje Behy BapujaGMIIHOCT yHYTpAllllkhe U CHOJbAIIHHE
MopdoIormje.

Cnomamme ocobuHe. Jbymrype cpefme BenmmumHe, 10 25 mm [yre, yriIaBHOM
cyOTpoyriacte KOHType, pebe mompeuyHo oBajHe, YBEK ca acCHMETPHUYHOM IPETHOM
komucypoM (11 mpmmepaka ca M3AHTHYTOM AECHOM CTpaHOM, 7 IIpEMepaka ca H3u-
THYTOM JIEBOM cTpaHoM). Jlop3amHu Kamak OOWYHO HEIITO BHIIE HUCIYITUEH Off BeH-
TpanHor kanka. Hajmmpa Ha npBoj Tpehunn, Hajpe6ba no cpegunn Kamnaka. bodne ko-
mucype npase. KibyH MacuBaH, ca6o NMOBHjeH 10 MPUOIMKHO NpaB ca OLITPUM M Kpat-
KUM TeMeHUM IpebeHnMa. Anukannu yrao usmeby 72° u 102°. dopamen okpyrao, pena-
THBHO BEJIWKH, IOATEMEHN 0 mpeaTeMeHu. VIHTepapea mana, yayoibeHa. CBakm Kalak
yKpallleH ca 24 no 32 npocta pebpa, Koja peMa MnpeimbeM Kpajy MocTajy jaya 1 OTpHja.
Cpennimba centa ayra 0.37 no 0.48 gy>kuHe JOp3ajHOT KalKa.

YuyTpamme ocobuHe (ci. 3—6). [IpoyuyaBane cy Ha 4YeTHpH ceyeHa IpUMepKa 13
Tpu nokanureta: I'yua, bpau 1 Hanoc. OxoBpaTHUK JpliKe NpucyTaH. 3yOHE IJIOYMLE
[UBEpreHTHEe, HeCTajy Npe MojaBibuBama 3y0a, OrpaHMyaBajy BEJWKY M Tpane3acTy
ReNTUANjaHY 1yIuby. boune TeMeHe fymibe mMaine, ONyKpy>KHe. bpaBHu 3y6M MacuBHH,
KpaTKH U TPaBOYINU, Ha3yOJbeHH, ca AOOPO pa3BUjeHUM AOMyHCKUM 3yOumhem. Cenranu-
jyM Huje mpucyTad. Crobalimbe OpaBHE IJIOUMIE CyOXOpPU30HTANHE, BeoMa 0Jlaro BEH-
TpanHo ucnymndyeHe. CenTa npefcTaBbeHa HUCKAM IpebeHoM. base kpypa 6maro nosuje-
He, UcKoleHe mop yrioMm o 35-50° y ogHocy Ha GpaBHy ocy. Kpype pagynudepne, ca
TPOYIJIACTIM IIONPEYHUM IPECEKOM M 3afeObaHiM JUCTaTHAM KpajeBuMa (" ujabomio
Tun"), Beoma 6J1aro o jako BEHTPATHO NMOBHMjeHE U JUBEPreHTHE MpeMa MpeiibeM Kpajy.

MuxkpocrpyKkrypa jpymrype. [IpeTxogHe nogaTke 0 MUKpOCTPYKTYpH JbymType C. ?
globata pana je Motchurova—-Dekova (1992a, 1992b, 1995). ¥ To Bpeme jemHO Off HAC
(H. M.-[1.) je cmatpano fia je smyutypa poga Cyclothyris u3rpabeHa of Tpu Kammurcka
clloja: TMPHMapHOT MHUKPOKPUCTANACTOT, CEKYHJHapHOI BJAKHACTOT ¥ TeplUjapHOT
npusMaTU4HOr. MebyTtum, ckopamma SEM mcTpaxkuBamba MHOTOOPOjHHX HpuUMepaka
HEeKUX NpepcTaBHUKA popila Cyclothyris, Kao U KOJi CBUX APYIHX NPOY4YaBaHUX KPEHUX
PHHXOHEJIMIHAX POIOBA, Cy HEABOCMUCIIEHO TOKa3aia Aa TepUHjapHU CJIO0j HHje Pa3BUjeH
(Motchurova-Dekova, 2000, 2001). To ykasyje Ha moTpeby fia ce W3BPIIN peBU3Hja
PaHUjUX MHUKPOCTPYKTYPOJIOIIKNX HMCTpaskuBama Oyrapckor matepujaia. Hosuja SEM
HCTpaXkuBama Cy Mokasaja jia AujareHeTCKN (hopMHUpaHe CeKyH/IapHEe KallUTCKE Mpu3Me
OpHMjeHTHCAaHe HOPMAJIHO Ha YHYTpallikhy MOBPLIMHY JbYIITYPE Cy paHUje MOTPELIHO
cMaTpaHe Kao TepumjapHu Kanmurcku cinoj (Ta6. 111, cm. 4, 5). Panuje cy nceygorepuu-
japHe TpW3Me IOCMaTpaHe YITIAaBHOM y IIpemapaTAMa Ifie Cy OHE OYHUIJIEAHO Omie
3aMemeHe ca JWjareHeTCKUM KaIIUTCKAM Npu3Mama. MU cajga cMaTpamo fAa ce 3uj
mwymrype C. ? globata cacToju of camo JiBa cj0ja: MPUMAPHOT MUKPOKPHUCTAKIACTOT U
cexyHpapHor BrakHacror (Ta6. III, ci. 2).

Jone HaBefeHW NOfANU MpefCTaBbajy PeBU3HUjy MyONMKoBaHUX MopaTtaka o Cyclo-
thyris ? globata (Motchurova—-Dekova, 1992a, 1992b, 1995). [IBa nonpeuHa npeceka
UCTOT NpUMepKa cedeHa Ha OJMCKOM pacTojamby MO CPEeAWHH NyKHHE JbYIIType W3
ropmer cantoHa, lllymen ¢opmanmja, ceBeponcrouna Byrapcka, cy mpoydyaBaHa mop



128 V. Radulovi¢ and N. Motchurova—Dekova

SEM. Jenan opf mpeceka je 6MO BHIe NpeMa 3afmbeM Kpajy U IpeceKao je MUIIMYHO
noJbe, Kao u faeo muorecrta (Tab. III, cu. 4). LenokynHa ne6GbuHA JbYIITYpE Bapupa Off
500 go 800 pm. IlpmMapHE C€NOj je MHKPOKPHCTANACTO 3pHACT, MOKHAA IWjareHETCKU

npekpucranucao, 50 go 70 pm nebmune (Tad. 111, cu. 2). [luMeH3uje BIaKaHa Ccy MepeHe
Ha TIONIPEYHOM IIPEeceKy Yy CPEeAMIIbeM Jely JbYIITYpe, Y paBHu cuMmerpuje. Ha mo-

MPEeYHOM TMpeceKy BIakHa cy y oOmuky HakoBmwa (Ta6. III, ci. 1, 3, 4). Y Gounum
YHYTpAILIbUM JIeJIOBUMA JbYLITYpe BJaKHa PeTKO UMajy poMOouyHe KoHType. Ha nonpeu-
HOM TIpeceky BiakHa cy 20-36 pym mmpoka u 7-13 um pebena. Pagu nopebemwa cymu-
paHu cy nogauy Apyrux npegcrasHuka poga Cyclothyris (C. difformis, C. vespertilio, C.
antidichotoma, C. zahalkai) KOju cy MOKa3aJid fia Cy BIaKHA y OOJMKY HaKOBH-a aHU30-
MeTpryHa, 15-30 ym mmpoka u 2-10 pm pgebera (Motchurova-Dekova, 2001). C. ?
globata n3 ropmwer cantona CH Byrapcke nocefyje HEIITO KPyIHHUja BIIaKHA HETO rOpe
noMeHyTe BpcTe. CIMYHO Kao M KON APYI'MX PHHXOHENWAa, Tamka M Mama BJIakHA Cy
pasBujeHa ONKe CHOJballlF0] MOBPIIMHY JBYHITYpe. I[IpeMa yHyTpalmkOoCTH JBYIITYpe
BlakHa nocrajy Beha. [Jeo sbylIType NpoydyaBaHOr NMpUMEpKa je jaKo CHIUM(UKOBaH.
HHTepecaHTHO je HANlOMEHYTH fa ce Hopayle SiO, MojaBibyjy Kao ClOj y €KCTPEMHHUM
CNIOJBAITBAM M YHYTPALIBIM AEJIOBIMA JbYIITYpe KOjU MpaTH IpaBal Ipofopa pacTBopa
ob6orahenux amopgHuM SiO, Koju ce yTUCKUBAO y IOpe 3a BpeMe paHe AujareHese. Heka
"ocTpBIA" CEKYHEApHOT CJIOja y CPEAWIIBMM JleJIoBIMa pebapa OcCTajy Hem3MeHCcHa
(Tab. 111, cm. 6).

Ilpnmende m puckycmja. IlpefcraBHMIM OBe acMMETpHYHE BpcTe HabeHm y
Pa3IMUUTAM CaHTOH—KaMIIaHCKUM cenauMeHTnMa Kaprnaro-6ankanupa u [dunapupa
jyroucroune EBpomne mpunmcuBaHM Cy Ha OCHOBY aCHMETPUYHOT OOJMKA IIEHOMAHCKAM
Cyclothyris difformis (Valanciennes in Lamarck) u Cyclothyris contorta (d'Orbig-
ny). OBe caHTOH-KaMIIaHCKE acCMMETPUYHE PHUHXOHEJE CMO OBJE IpPHINCAIN BPCTH
Rhynchonella globata Arnaud, 1877 omucane u3 kKamnaHa Ppannycke (Charente,
Dordogne, Gironde). JIektornn, kao mro je Beh momenyro (Motchurova-Dekova,
1995, crp. 58) je jeman ox ;mBa cWHTHIA, KOje je mpuka3zao Arnaud (1877, Tab6. 28, cm.
36-38), a koju ce Hamaze y Arnaud—oBoj Komekiuju, I[lapucku yHusep3uret, Jussieu.
PeBusuja opuruHagHOr TUICKOT MaTepujaia u3 Ppanmycke joul je y oopagu (Gaspard,
1997; nuuHo caommreme, 2000) Tako fa je CTeNeH BapUjaOUIHOCTH HETOBHUX YHY-
TpalllbUX W CHOJBAlIBIX KapaKTepHUCTHKa 3a caja Hemo3HaT. Ha OCHOBY Benmke cro-
Jballle CIMYHOCTH ca Arnaud—0BOM BPCTOM MH CMO ITAaHOHCKH, KaplnaTo—0alKaHUACKI
U JUHApHACKU MaTepujai jyxkHe EBpone mpummcanu oBoj ¢panuyckoj Bpcru. IIpoy-
vaBajyhn yHyTpammmy Mopdororujy Ha 10 mpmmepaka m3 Byrapcke (Motchurova-—
—Dekova, 1995) u uverupu u3 OuBine Jyrociasuje (oBaj pam) mpumeheHa je Besmka
BapHjabMIHOCT yHyTpaulmbe Mopgonorgje. CMaTpamMo Aa LEJOKYNHOCT YHYTpallHUX
eleMeHaTa J03BOJbaBajy fAa OBy BPCTy HOpuBpeMeHO npupgopamo poay Cyclothyris
M’Coy. 360r U3BECHUX pa3jFKa y OJHOCY Ha alTCKO-IICHOMAaHCKe NpeCTaBHUKE OBOT
pona Mu OH IIpe OCTaBUWJIM OTBOPEHY HOMEHKIATypy Bpcre Cyclothyris ? globata. OncaHa
BpCTa ce KapakTepHile MamiM (OpaMeHOM, Mame MOBHjEHOM OOYHOM KOMECYPOM,
cnabuje pa3BUjeHUjOM CPENMIIEHOM CENTOM, HEIITO APYrauujuM YIJIOM yMeTama 3yda u
BHUIIIE M3PaKCHUjUM YHYTpAIlbUM jaMCcKAM peOpnMa. MebyTuM, Kao IITO je OmmcaHo y
pesusuju popa Cyclothyris (Owen, 1962), 6paBHe miounie u 6a3e Kpypa cy "pausacre”,
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IITO je KapaKTEepHUCTUYHO 3a MOMEHyTH poA. Hekm Oyrapcku mnpumepunu IOKa3zyjy
OJICTyNIama Off TUMNYHE YHyTpallwe rpabe poga (Motchurova-Dekova, 1995, cn. 15,
16). Kopn nBa ceuena npumepka u3 I'yue (Cp6uja) u ca Hanoca (CioBeHmja) Kpype cy ca
3a1e0/baHUM JUCTATHUM KpajeBuma Tj. "nmujadono” obnuka. Kop ppyror cedyeHor npu-
MepKka ca HaHoca kpype cy ca TpoyriacTHM IpeceKoM, IITO HaBOAM Ha 3aKJbydyak fia
AWCTAlHU KpajeBH Kpypa KOJ OBe BpCTe MOry OUTH pa3amduTor npeceka. Kopg mer
npuMepaka u3 byrapcke (Motchurova—-Dekova, 1996) kpype cy cyOTpOyraacTor jo
JY4YHOT TpeceKa aju He "gujabono" obmmka. OBO Moxe Takobe fa Oyfe u mocieguna
pa3nmunTe OpHhjeHTAaIHje CepHjCKIX MpeceKa.

IIpoyuaBajyhm ropmokpenHe (paHnycke acuMmeTpuuyHe puaxoHene Gaspard
(1997) uctmue ma "different series allow to recognized different species from difformis
and globata, in the Conacian—Santonian horizons. This is in contrast with data of Mo-
tchurova-Dekova (1995) who includes the Santonian specimens from Bulgaria in the
species C. globata (Arnaud)". HegmaBuo je D. Gaspard (ycmeno caomireie, 2000)
mpoydyaBajia Oyrapcké MaTepHjal U CIOXMHJIa Ce ca THM f[a aCUMETpHUYHE PHHXOHEIe
HajBepoBaTHHje Mory npunagat Bpctu C. ? globata.

Boratu matepujan C. ? globata w3 ceBepoucTouHe Byrapcke mokasyje BeJUKY
BapujabWITHOCT, KaKO YHYTpallllbe, TAaKO H CIOJballllhe MOP(ONIOrHje, CIMYHO Kao OHE
kop neHoMmaHcke Bpcre C. difformis (Motchurova-Dekova, 1995). OBo noTspbyje
vunubeme Fiirsich & Palmer (1984) ma je ommra Mopdoromka BaprjaGmITHOCT OGMY-
HO Beha Koji BpCTH ca acUMETPUYHUM pa3BojeM IPefmhe KOMUCYPE HEro KOJ[ CUMETpHY-
HUX Opaxuonopa.

C. ? globata ce pa3zmukyje on C. difformis m C. contorta o MameM Opojy pebapa,
BHIIIE TPOYIJIACTUM KOHTypaMa, MameM (popaMeHy U CTAaJTHO aCUMETPUYHO] JbYLITYpH
(T3B. "oGaBe3Ha acumetpuja"), mok je kom C. difformis u C. contorta Mory OuTtu
NPUCYTHE KaKO acHMeTpUYHe, TAKO ¥ CHMETpHYHE JbymType ("HeoOaBe3Ha acuMeTpuja’,
Fiirsich & Palmer, 1984). IIpema HeknM ayropuma MaHH(ecTOBamke "HecuMmeTpuje”
KOJl aCUMETPUYHHX PUHXOHENHU A Ce M0jaBibyje Mocie jyBeHITHOT fo0a. JbymType Maanx
pumensuja C. ? globata u3 Byrapcke, jyBeHUIHE WK MIlajie, UMajy Beh o6po uspaxkeHy
acuMeTpujy.

ITo3naTo je fa cmospallmba acUMETpHja TOpe MOMEHYTHUX PUHXOHEINAa He yTH4Ye Ha
yHyTpaummsy Mopgonorujy (Fiirsich & Palmer, 1984; Gaspard, 1991). Mebytuwm,
npema Fage (1934) xonm R. difformis (= Cyclothyris difformis) yHyTpauimu amapar je
Takobe pedopmmcan, kao m cama JpymTypa. Hama mcTpakmBama cy moKasana fia je
MPHUCYTaH KaKO CHMETPUYHH, TaKO M AaCUMETPHUYHM pa3BOj yHyTpallikhe Mopdoioryje,
HapOYNTO KOJ| KPypa U IOJIOXKaja CemTe.

Heku aytopm cy uctunanm 3Ha4aj (peHOMEHa acCHMETPUYHOCTH KOJ| PUHXOHEJHAa
(xao mepaBHO Fiirsich & Palmer, 1984; Gaspard, 1991). Hacynpor Heknux paHHjux
MUIIJbEha a C& ACHMETPUIHOCT MOXKE CMATPaTH Kao IOCIEeANIa afanTanydja Ha HadImH
>KHMBOTA y ofipebeHoj cpeuHy Miu Kao ceKcyailHu fuMopgu3aM, OBH ayTOPH CMaTpajy Aa
je KOMHCypHa acuMeTpHja jacHO MOp(oreHeTcKa OcoOrHa a fia je HEeH afalTHBHA 3HaUaj
TEIIKO 00jacCHUTH.

Calzada & Pocovi (1980) 3a acumeTpuuHe pHHXOHeJEe ca 00aBE3HOM acUMETpH-
joM 1 "mujabono" Kpypama u3 ropmer kammnana ceBepoucroune lllnanuje (Léride mpo-
BUHIYja) yBOfe HOBU poi Owenirhynchia. Tlo yHyTpammuM ocoOMHamMa OBaj poj ce
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pasiuKyje Off HallMX NPHMEpaka caMO IO BWIIE BEHTPAJIHO HCKOIICHHM OpaBHEM
mnounnama. [Jonauje, Mufioz (1994) ykibyuyje BpcTy globata 3 KOHHjaK—[OMmbET KaM-
naHa kartananckux Ilpuneja (Ilnmanmja) y pon Owenirhynchia. OBOM IPUIMKOM HHCMO
SKeJIe fa KOMEHTApHIEMO BaJMJHOCT OBOT pofia 6e3 INPEeTXOJHOTr IpoydaBama
OPUTHMHATHOT IIMAaHCKOT MaTepHjaa.

Pacnpocrpameme. Konnjak—caHToH ceBepHor KaBkasa, Hajropmu caHTOH byrap-
cke, kammaH Ppaniycke, KOHHjaK—AOWmHN KammaH [Iupueeja, ?HOMBH CaHTOH—KaMIIaH
CpOuje, nowu KamnaH XpBaTcKe, Jowku Kamnan ClioBeHuje, KaMnan MakeoHuje.

PLATE I TABJIA

Cyclothyris ? globata (Arnaud)

Figs (Cn.) 1-5. Campanian, Guca, Western Serbia, Yugoslavia.
(Kammaw, I'yua, 3amagaa Cp6uja, Jyrocnasuja).
1. Specimen (mpumepak) RGF 62/4.
2. Specimen (mpumepak) RGF 62/3.
3. Specimen (mpumepak) RGF 62/1.
4. Specimen (mpumepak) RGF 62/6.
5. Specimen (mpumepak) RGF 62/2.

Fig. (Cx.) 6. Early Campanian, Povlja, Island of Brac¢, Croatia.
(Momu kamnaHn, [ToBma, Bpau, XpBarcka).
Specimen (mpumepak) RGF 64/6.

Fig. (Cn.) 7, 8. Late Campanian, Nanos, Slovenia.
(Fopwu xamnas, Haroc, CioBernja).
7. Specimen (mpumepak) RGF 66/6.
8. Specimen (mpumepak) RGF 66/4.

Each specimen was coated with ammomium-chloride before photographing. Figures

are in natural sized. a = dorsal view; b = lateral view; ¢ = anterior view.
CBaky IpEMEPAK je 3alpalleH ca aMOHUjyM—XJIopujoM 1pe ¢ororpacducama. Cinuke

Ccy y IOPHPOAHO] BENMYHHH. a = J[Op3ajHa CTpaHa; b = OOYHA CTpaHa; ¢ = Ipe[ba
cTpaHa.

Photographs by V. Radulovié (®ororpaduja: B. Pagymnosuh).
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PLATE II TABJIA

Cyclothyris ? globata (Arnaud)

Specimen (mpumepak) NMNHS 3—-22, Povelyanovo (IToBesbaHOBO).
Specimen (nmpumepak) NMNHS 3—43 Povelyanovo (IToBesbaHOBO).
Specimen (nmpumepak) NMNHS 3—19 Povelyanovo (IToBesbaHOBO).

Specimen (mpumepak) NMNHS 3-297 Ilchov Bair, Shumen (M-
4oB Ganp, Uymen).

Specimen (mpumepak) NMNHS 3—110 Chernevo (YepreBo).
Specimen (nmpumepak) NMNHS 3—85 Povelyanovo (IToBemsaHOBO).

Specimen (mpumepak) NMNHS 1730 Ilchov Bair, Shumen (Mmuos
Ganp, lllymen).

Specimen (nmpumepak) NMNHS 3682 Krivnya (Kpusma).
Specimen (nmpumepak) NMNHS 1516 Shumen (Illymen).

Specimen (mpumepak) NMNHS 3-302 Dobreva chuka (JoGpesa
Uyka).

All specimens are from Shumen Formation, uppermost Late Santonian, northeastern
Bulgaria. Figures are in natural size.

Csu npumepuu notuuy u3 lllymen ¢opmanuje, HajBUIIM TOPH-U CaHTOH, CEBEPO-
ucrouna byrapcka. Cnuke ¢y y IpEPOHO] BeJTNINHH.
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PLATE III TABJIA

SEM micrographs of two transverse sections through a specimen of Cyclothyris ?
globata (Arnaud), Shumen, NE Bulgaria, Shumen Formation, Late Santonian.
(SEM mmkporpacuje fBa nmomnpedHa npeceka Kpos npumepak Cyclothyris ? globata
(Arnaud), lllymen, CU Byrapcka, lllymen opmanyja, ropsmI CAaHTOH. )

Fig. (Cn.) 1.

Fig. (Cn.) 2.

Fig. (Cx.) 3.

Fig. (Cn.) 4.

Fig. (Cm.) 5.

Fig. (Cm.) 6.

Arrangement of the fibres in a rib.
Pacnopen Bnakana y pe6py.

Primary microcrystalline layer (p.l.) and part of the secondary
layer (s.l.). Silica nodule in the top left corner (SiO,).

TIpumapau MuKpokpucranactu cinoj (p.l.) u geo cekyHaapHor cioja
(s.1.). Cunuumjcke HOfyne y BpXy jeBor yriaa (SiO,).

Section through the whole thickness of the rib.

IIpecek kpo3 neJy gebibuny pedpa.

Detail from the lower part of Fig. 3. Internal part of the shell
below. The dashed white line indicates the boundary between the
myotest and the diagenetically grown calcite prisms perpendicular
to the internal surface (d.c.).

Jeram ca momer fmenma ci. 3. Y JOmEM Jely CIUKE je NpHKa3aH
YHYTpAIlbH A€o Jbymrype. Mcnpekugana Gena JIuHAja TPEfCTaBiba
rpaHuny u3Meby Muorecra M JMjareHeTCKM HapaciuX KaJLUTCKUX
OPH3MH  OpPHMjEHTHCAHHX HOPMAJHO Ha YHYTPAlliby [OBPIINHY
mwymrype (d.e.)

Secondary fibres. Internal part of the shell on the left, overgrown
by diagenetic calcite prisms (arrow).

CexyHapHa BIIaKHa. YHYTpAIIbU 1o JbYIIType (JIeBO) HpeKpHUBEH
AUjareHeTCKUM HapaciuM KalLUTCKUM pu3Mama (cTpenuna).

Part of the shell in its entire thickness showing three ribs. Silica
nodules developed in the innermost and outermost part of the shell
(Si0,). Small islets of non—altered secondary layer (s.l.) are seen
in the center of the ribs.

Ileo pymType ca LeIoM HeHOM JAeOibuHOM, oOyxBaheHa cy Tpu
pe6pa. Cununujcke HOflysle pa3BUjeHe Y eKCTPEMHUM YHYTpaIlmbUM
U CHoJpallllbUM jenoBuMma Jbymtype (SiO,). Mana ocrpsua Heus-
MEHeHOT CeKYHIapHOT ci1oja (s.l.) y cpegummmeM ey pebapa.
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