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Abstract—The Middle Cenomanian—Early Turonian radiolarians are studied (rom two sections ol the central
Pontic Mountains (northern Turkey) and three sections of the Crimean Mountains. The type section of the
Tomalar Formation (Turkey) contains a Middle-Early Cenomanian assemblage with Dacryliosphaera silviae,
correlative to the upper part of the Dactyliosphaera silviae Zone in the western Mediterranean. The Urkiit sec-
tion (Turkey) yielded a rich assemblage with species characteristic of the Dactyliosphaera silviae Zone. In the
Crimean Mountains there are two radiolarian assemblages ({rom the base upward): (1) Triactoma parva—Pat-
ulibracchium ingens Assemblage (Late Cenomanian), which corresponds 1o the upper part of the Dactyl-
iosphaera silviae Zone, and (2) Alievium superbum Assemblage (Early Turonian), which corresponds to the
Alievium superbum circumtropical Zone. These radiolarian assemblages are compared with those known (rom
the literature, and the stratigraphic ranges of these radiolarians are revised. Descriptions of 193 species belong-
ing o 4 orders, 28 families, and 77 genera are given. These include 1 genus and 3 species that were previously
crected by the author and descriptions of | new genus and 36 new species. Diagnoses of 5 genera and
28 species are emended. Most of the stratigraphic and geographic ranges of these radiolarians are more pre-
cisely delimited.

Key words: Radiolaria, Nasscllaria, Spumellaria, stratigraphy, Upper Cretaceous, Crimean Mountains, northern

Turkey, systematics.

INTRODUCTION

Radiolarians, earlier thought to be of little strati-
graphical significance, have become important in
detailed subdivision and correlation of markedly dislo-
cated strata of mobile belts. Great progress has been
made in the stratigraphy of the Mesozoic and Paleozoic
siliceous rocks despite their puzzling structures and
genesis and the fact that they contain virtually no fossils
other than radiolarians.

This is also true for Cretaceous deposits. The pio-
neering publications by Foreman (1968) and Pessagno
(1971a, 1971b, 1973), which described some families
and lower taxa of Cretaceous radiolarians and made a
preliminary analysis of their stratigraphic ranges in the
reference sections, were shortly followed by the first
publications on radiolarian zonation of the Cretaceous
(Riedel and Sanfilippo, 1974; Foreman, 1975; Pessa-
gno, 1976; Schaaf, 1981). The great potential of such
zonation became evident as early as the 1970s, despite
the fact that their resolution was then low. Subse-
quently, radiolarian zonations of higher resolution were
established in the Mediterranean region for the Lower
Cretaceous (Jud, 1994; Baumgartner et al., 1995) and
the upper Lower-lower Upper Cretaceous (Barremian—
Turonian) (Erbacher, 1994; O’Dogherty, 1994).

These zonations should be applied to those areas of
the Mediterranean mobile belt in which radiolarians
have been of little or no use in Cretaceous stratigraphy.
For example, in areas such as the Crimea and northern
Turkey, radiolarians may be valuable for regional
stratigraphy and useful in establishing interregional
correlations between radiolarian biostratigraphic units
and in improving knowledge of the stratigraphic and
geographic ranges of some radiolarian taxa.

The previous papers on Cretaceous radiolarian
assemblages dealt mainly with those taxa that were

recorded from deep oceanic deposits and deepwater sil-
iceous and siliceous—carbonate rock strata of mobile
belts. Radiolarians from relatively shallow-water or
moderately deepwater carbonate—terrigenous deposits
of mobile belts and their peripheral zones, i.e., those
regions in which the reference sections of the Creta-
ceous System were based on other groups of fossils,
have received little study. Future study of radiolanans
from these regions may yield more accurate data on the
distribution and stratigraphic potential of some taxa,
thus providing a baseline for refined stratigraphic zona-
tion and correlation and paleoecological and paleobio-
geographic reconstructions. Finally, they should fill
considerable gaps in our present knowledge of ancient
radiolarian diversity.

The purpose of this work is to study the Cenoma-
nian—Turonian radiolarians of northern Turkey and the
Crimean Mountains. Both of these regions belong to
the Mediterranean mobile belt, within which this strati-
graphic interval is most reliably subdivided by radiolar-
ians. The Crimea lies on the periphery of this belt. The
Crimean sections are composed of rocks that formed in
much shallower waters than the oceanic waters of the
Tethys, and are characterized by vanous fossil groups
including, as shown below, representative radiolarian
assemblages. The sections from northern Turkey are
typical of the central Mediterranean belt, being inter-
mediate between the Crimean sections and the type
areas of the Middle Cretaceous radiolarian zones of
central Italy and southern Spain. The radiolarian
assemblages of both the Crimea and northern Turkey
are taxonomically diverse and can be examined in
detail owing to their good state of preservation. This
permits evaluation of the theoretical and practical
importance of radiolarians for general and regional
stratigraphy and makes a considerable contribution to
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our knowledge of the paleobiology, systematics, and
paleobiogeography of Cretaceous radiolarians.

CHAPTER 1. CENOMANIAN-TURONIAN
SECTIONS OF NORTHERN TURKEY
AND THE CRIMEAN MOUNTAINS

In this chapter, the reference sections of the Cenom-
anian and Turonian of northern Turkey and the Crimean
Mountains are studied. These sections exhibit the geo-
logical development of these regions in sufficient
detail, and are characterized throughout by ortho- and
parastratigraphic faunal groups. Representative radi-
olarian assemblages have been discovered at many
stratigraphic levels. Material from the sections of north-
ern Turkey and the Crimean Mountains is supple-
mented by V.S. Vishnevskaya’s material from central
[taly, and by published data (Erbacher, 1994; O’Dogh-
erty, 1994; Salvini and Marcucci Passerini, 1998; Khan
et al., 1999).

NORTHERN TURKEY

The Cenomanian and Turonian deposits of northern
Turkey are widely developed within the Rhodope—Pon-
tic Block (Sengor, 1984), where they lie in depressions
on the metamorphosed Precambrian basement or in
confusedly dislocated Paleozoic—Lower Mesozoic
deposits and are overlain by younger strata. One such
depression is the Devrekani basin in the central Pontic
Mountains, which represents a synclinal structure filled
with Upper Cretaceous—Cenozoic deposits (Tunoglu,
1991, 1994). The Upper Cretaceous is represented by
the carbonate—terrigenous Tomalar Formation, which
unconformably overlies either apparently Precambrian
metamorphic deposits or Upper Jurassic limestones
(Fig. 1). The formation includes calciturbidites and
olistostromal horizons. The absence of macrofaunal
fossils suggests deep-water sedimentation at the base of
the continental slope. No radiolarian investigations
have previously been made here. Radiolarians have
now been discovered in the type section of the forma-
tion near the village of Tomalar in the central part of the
Devrekani basin. The section is described below from
the base upward (Fig. 2).

The Tomalar Section

In the central part of the Devrekani basin, the Toma-
lar Formation unconformably lies on gray massive
Upper Jurassic limestones. Because of unconformity,
which is associated with a fault, not all basal beds of the
formation are fully represented in the stratotype sec-
tion. The following beds are exposed above the tectonic
contact.

Bed 1. Interbedding of light gray and red flaggy
mudstones with gray and yellowish gray conchoidal
mudstones. Burrows of mud-eaters occur occasionally
in the red mudstones and are abundant in the gray and
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yellowish gray mudstones. The following radiolarians
were found 25.5 m above the bed base (Sample 73):
Acanthocircus impolitus  O’Dogherty, A. horridus
(Squinabol), Archaeocenosphaera ? mellifera O’ Dogh-
erty, Cavaspongia euganea (Squinabol), Crucella
irwini Pessagno, C. messinae Pessagno, Dactvliodiscus
spinosus sp. nov., Dactyliosphaera silviae Squinabol,
Halesium quadratum Pessagno, H. sexangulum Pessa-
gno, Hexapyramis pantanellii Squinabol, Orbiculi-
forma ovoidea sp. nov., Paronaella spica sp. nov.,
Patellula verteroensis (Pessagno), Patulibracchium
ingens (Lipman), P. woodlandensis Pessagno, Phaseli-
forma carinata Pessagno, Pseudoaulophacus lenticula-
tus (White), P. putahensis Pessagno, Pyramispongia
glascockensis Pessagno, Savaryella quadra (Foreman),
Staurosphaeretta longispina Squinabol, Amphipyndax
stocki (Campbell et Clark), Archaeodictyomitra (?)
speciosa sp. nov., Distylocapsa squama O’Dogherty,
Holocryptocanium barbui Dumitrica, Novixitus weyli
Schmidt-Effing, Petasiforma foremanae Pessagno,
P. glascockensis Pessagno, Pogonias ? hirsutus (Squin-
abol), Pseudoeucyrtis spinosa (Squinabol), Squinabol-
lum fossile (Squinabol), Stichomitra communis Squin-
abol, Thanarla gracilis (Squinabol), T. veneta (Squin-
abol), Torculum coronatum (Squinabol), and
Tubilustrium guttaeformis (Bragina). In addition to
these species, Sample 75 (30.5 m above the bed base)
contains  Acaeniotyle  macrospina  (Squinabol),
Alievium sculptus (Squinabol), Cavaspongia californi-
aensis Pessagno, Crucella aster (Lipman), Paronaella
spica sp. nov., Phaseliforma ovum Jud, Savaryella
quadra (Foreman), Staurosphaeretta longispina Squin-
abol, Triactoma cellulosa Foreman, Vitorfus campbelli
Pessagno, Archaeodictyomitra  sliteri  Pessagno,
Cryptamphorella conara (Foreman), C. sphaerica
(White), Diacanthocapsa antiqua (Squinabol), Disty-
locapsa veneta (Squinabol), Novixitus dengoi Schmidt-
Effing, Rhopalosyringium euganeum (Squinabol),
Rotaforma hessi Pessagno, and Xitus spicularius
(Aliev). The overlying layer of olive brown mudstones
is 4 m thick. Sample 77, located 36.5 m above the bed
base and, correspondingly, 1 m below the bed top, has
yielded the following radiolarians: Acaenioryle dia-
phorogona Foreman, Archaeocenosphaera ? mellifera
O’ Dogherty, Archaeospongoprunum cortinaensis Pes-
sagno, Becus regius O’Dogherty, Crucella cachensis
Pessagno, C. irwini Pessagno, C. messinae Pessagno,
Dacwyliodiscus  longispinus  (Squinabol), Dacty-
liosphaera silviae Squinabol, Godia tomalarea sp. nov.,
Halesium quadratum Pessagno, Hexapyramis pan-
tanellii Squinabol, Patellula verteroensis (Pessagno),
Pseudoacanthosphaera magnifica (Squinabol),
Pseudoaulophacus praefloresensis Pessagno, Quinque-
capsularia ombonii (Squinabol), Q. grandiloqua
O’Dogherty, Savaryella quadra (Foreman), Stauro-
sphaeretta longispina (Squinabol), S. wisniowskii
(Squinabol), Afens liriodes Riedel et Sanfilippo,
Amphipyndax stocki (Campbell et Clark), Archaeodic-
tyomitra sliteri Pessagno, A. (?) speciosa sp. nov.,
Vol. 38
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Fig. 1. Geological structure ol the Devrekani Basin in the central Pontic Mountains, northern Turkey (Tuno g lu, 1994; Bragin et al..
2001). Designations: (a) Precambrian metamorphites; (b) Jurassic carbonate—terrigenous deposits; (¢) Incigez and Tomalar forma-
tions, Upper Cretaceous: () Davutlar Formation, Upper Maastrichtian—Paleogene; (¢) Giirleyikdere and Gurmalar formations.
Palecogene; (f) Quaternary; and (g) sections: (/) Urkiil and (2) Tomalar.

Cryptamphorella conara (Foreman), Dictyomitra mon-
tisserei (Squinabol), D. napaensis Pessagno, Distylo-
capsa squama O’Dogherty, D. veneta (Squinabol),
Holocryptocanium barbui Dumitrica, Microsciadio-
capsa monticelloensis Pessagno, Novixitus dengoi
Schmidt-Effing, N. weyli Schmidt-Effing, Pogonias ?
hirsutus (Squinabol), Pseudodictyomitra nakasekoi
Taketani, P. pseudomacrocephala (Squinabol), Rhopa-
losyringium euganeum (Squinabol), Squinabollum fos-
sile (Squinabol), Stichomitra communis Squinabol,
Thanarla veneta (Squinabol), Tubilustrium transmon-
tanum O’Dogherty, Xitus spicularius (Aliev), and X.
spinosus (Squinabol). 37.5 m.

Vol. 38
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Bed 2. Red flaggy clayey limestones interbedded
with red—green tuffaceous limestones. 4 m.

Bed 3. Olistostromal breccia consisting of sub-
rounded fragments of gray limestones, red jaspers, and
gray cherts. 5 m.

Bed 4. Pink clayey limestones. 1 m.

Bed 5. Gray thinly laminated calcareous sandstones.
6 m.

Bed 6. Light gray clayey limestones with marl inter-
beds. 10 m.

Bed 7. Pink gray siliceous and clayey limestones.
30 m.
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Bed 8. Pinkish gray clayey—calcareous cherts and
cherty marls. Radiolarians Alievium sculptus (Squin-
abol), Archaeospongoprunum pontidum sp. nov., Cru-
cella cachensis Pessagno, C. irwini Pessagno, Dacty-
liodiscus lenticulatus (Jud), D. longispinus (Squinabol),
Dactyliosphaera  silviae Squinabol, Dicroa rara
(Squinabol), Halesium sexangulum Pessagno, Hexapy-
ramis pantanellii Squinabol, Patellula verteroensis
(Pessagno), Patulibracchium ingens (Lipman), P. cali-
forniaensis Pessagno, P. woodlandensis Pessagno,
Phaseliforma ovum Jud, Pyramispongia glascockensis
Pessagno, Amphipyndax stocki (Campbell et Clark),

PALEONTOLOGICAL JOURNAL

Archaeodictyomitra simplex Pessagno, Diacantho-
capsa antiqua (Squinabol), D. ancus (Foreman), Dictyo-
mitra napaensis Pessagno, Microsciadiocapsa monti-
celloensis Pessagno, Mita (?) cypraea sp. nov., Novixi-
tus dengoi Schmidt-Effing, N. weyli Schmidt-Effing,
Petasiforma foremanae Pessagno, Pseudodictyomitra
nakasekoi Taketani, P. quasilodogaensis sp. nov., Pseu-
doeucyrtis spinosa (Squinabol), Stichomitra communis
Squinabol, Trisyringium echitonicum (Aliev), and
Xitus spicularius (Aliev) were found 3 m above the bed
base (Sample 83). 15 m.

Vol. 38
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Bed 9. White and light gray clayey limestones and
marls. 10 m.

Bed 10. Gray and dark gray clays and marls. Appar-
ent thickness. about 5 m.

The Tomalar Formation has a slightly different
structure in the Urkiit section of the southern part of the
Devrekani Basin, where it is represented by the sili-
ceous—clayey facies (Fig. 3). The section is described
below from the base upward.

The Urkiit section
Bed 1. Gneisses cut by diorite—porphyrite dykes.

The Tomalar Formation

Bed 2. The eroded surface of the gneisses is uncon-
formably overlain by light greenish gray opoka-like

PALEONTOLOGICAL JOURNAL  Vol. 38 Suppl. 4

cherts (5-10 cm), which are rhythmically interbedded
with yellowish olive gray siliceous siltstones (7-
15 cm). In the lower part of the bed, Samples 54-56
have yielded the Middle Cenomanian foraminifers
Rotalipora reicheli Mormod, R. brotzeni (Sigal),
R. deeckei (Franke), Brittonella portsdownensis (Will-
iams-Mitchel), Hedbergella delrioensis (Carsey), and
H. trochoidea Gandolfi (identified by O.A. Korchagin),
and Sample 55 has yielded the radiolarians Acaeniotyle
diaphorogona (Foreman), A. macrospina (Squinabol),
A. umbilicata (Riist), Acanthocircus impolitus O’ Dogh-
erty, A. horridus (Squinabol), A. hueyi (Pessagno), A.
moorei (Foreman), A. polymorphus (Squinabol),
Alievium sculptus (Squinabol), Archaeocenosphaera ?
mellifera O’Dogherty, Archaeospongoprunum corti-
naensis Pessagno, A. klingi Pessagno, Becus horridus
(Squinabol), Cavaspongia antelopensis Pessagno,
C. californiaensis Pessagno, C. euganea (Squinabol),
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Crucella aster (Lipman), Cr. euganea (Squinabol),
C. irwini Pessagno, C. messinae Pessagno, Dactyliodiscus
lenticulatus (Jud), D. longispinus (Squinabol), Dacty-
liosphaera silviae Squinabol, Dicroa rara (Squinabol),
Godia concava (Li et Wu), Halesium quadratum Pessa-
gno, H. sexangulum Pessagno, Hexapyramis pantanel-
lii Squinabol, Orbiculiforma ovoidea sp. nov.,
Paronaella solanoensis Pessagno, P. spica sp. nov.,
Patellula cognata O’Dogherty, P. verteroensis (Pessa-
gno), Patulibracchium obesum Pessagno, P. woodlan-
densis Pessagno, Pessagnobrachia fabianii (Squin-
abol), Phaseliforma carinata Pessagno, P. laxa Pessa-
gno, Praeconocaryomma  lipmanae  Pessagno,
Protoxiphotractus ventosus O’Dogherty, Pseudoaulo-

PALEONTOLOGICAL JOURNAL

phacus turcensis sp. nov., Pyramispongia glascocken-
sis  Pessagno, Quinquecapsularia  grandiloqua
O’Dogherty, Q. ombonii O’Dogherty, Savaryella
quadra (Foreman), Staurosphaeretta euganea (Squin-
abol), S. grandipora (Squinabol), S. longispina (Squi-
nabol), S. micropora sp. nov., S. wisniowskii (Squin-
abol), Stylosphaera anatolica sp. nov., Tetracanthellip-
sis euganeus Squinabol, Triactoma cellulosa Foreman,
T. compressa (Squinabol), T. micropora sp. nov., Vitor-
fus brustolensis (Squinabol), Amphipyndax stocki
(Campbell et Clark), A. ellipticus Nakaseko et Nish-
imura, A. conicus Nakaseko et Nishimura, Archaeodic-
tyomitra simplex Pessagno, A. sliteri (Squinabol), A. (?)
speciosa sp. nov., A. squinaboli Pessagno, Cornutella
Vol. 38
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californica Campbell et Clark, Cryptamphorella
micropora sp. nov., C. conara (Foreman), Diacantho-
capsa acuminata Dumitrica, D. ancus (Foreman),
D. euganea Squinabol, D. matsumotoi (Taketani), D. elon-
gata sp. nov., Dictyomitra montisserei (Squinabol),
Distylocapsa  veneta (Squinabol), Eostichomitra
warzigita Empson-Morin, Holocryptocanium astiensis
Pessagno, H. barbui Dumitrica, H. geysersensis Pessa-
gno, Lipmanium sacramentoensis Pessagno, Micros-
ciadiocapsa monticelloensis Pessagno, Mita (?)
cypraea sp. nov., Novixitus dengoi Schmidt-Effing, N.
weyli Schmidt-Effing, N. costatus sp. nov., N. subtilis
sp. nov., Petasiforma foremanae Pessagno, Phalangites
telum O’Dogherty, Pseudodictyomitra pseudomacro-
cephala (Squinabol), Pseudoeucyrtis spinosa (Squin-
abol), Rhopalosyringium kleinum Empson-Morin,
R. magnificum Campbell et Clark, R. majuroensis Schaaf,

Vol. 38
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Rotaforma hessi Pessagno, Saturniforma peregrina
Pessagno, Spongostichomitra phalanga O’Dogherty,
Squinabollum fossile (Squinabol), Stichomitra commu-
nis Squinabol, Thanarla gracilis (Squinabol), Torcu-
lum coronatum (Squinabol), Trisyringium echitonicum
(Aliev), Tubilustrium guttaeformis (Bragina), T. trans-
montanum O’Dogherty, Xitus spicularius (Aliev),
X. spineus Pessagno, X. urkutus sp. nov., Ultranapora
praespinifera Pessagno, Ultranapora spinifera Pessa-
gno, U. urkutae sp. nov., Cuboctostylus pontidus sp.
nov., and Archaeoplegma pontidae gen. et sp. nov. The
middle part of the bed contains the Late Cenomanian
foraminifers Rotalipora cushmani (Morrow) and
Dicarinella sp. (identified by O.A. Korchagin). The
upper part (Sample 64) has yielded the following radi-
olarians:  Acaeniotyle macrospina  (Squinabol),
A. umbilicata (Riist), Acanthocircus horridus (Squin-
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abol), A. imperfectus sp. nov., A. moorei (Foreman),
A. polymorphus (Squinabol), Alievium sculptus (Squin-
abol), Archacospongoprunum cortinaensis Pessagno,
Archaeocenosphaera ? mellifera O’Dogherty, Becus
horridus (Squinabol), B. regius O’Dogherty, Cava-
spongia euganea (Squinabol), C. sphaerica O’Dogh-
erty, Crucellu aster (Lipman), C. hispana O’Dogherty,
C. irwini Pessagno, C. latum (Lipman), C. messinae
Pessagno, Dactyliodiscus longispinus (Squinabol),
Dactyliosphaera silviae Squinabol, Dispongotripus tri-
angularis (Squinabol), Falsocromyodrimus mirabilis
(Squinabol), Godia concava (Li et Wu), G. coronata
(Tumanda), Halesium quadratum Pessagno, H. sexan-
gulum Pessagno, Paronaella solanoensis Pessagno,
Patellula cognata O’Dogherty, P. verteroensis (Pessa-
gno), P. spica O’Dogherty, Patulibracchium ingens
(Lipman), P. obesum Pessagno, P. woodlandensis Pes-
sagno, Pessagnobrachia fabianii (Squinabol), Phaseli-
forma ovum Jud, Praeconocaryomma californiaensis
Pessagno, Protoxiphotractus ventosus QO’Dogherty,
Pseudoacanthosphaera magnifica (Squinabol), P. spi-
nosissima (Squinabol), Pseudoaulophacus praeflore-
sensis Pessagno, P. turcensis sp. nov., Pyramispongia
glascockensis Pessagno, Quinquecapsularia panacea
O’Dogherty, Q. parvipora (Squinabol), Savaryella
quadra (Foreman), Staurosphaeretta euganea (Squin-
abol), S. grandipora (Squinabol), S. longispina (Squin-
abol), S. wisniowskii (Squinabol), Tetracanthellipsis
euganeus Squinabol, Triactoma cellulosa Foreman,
Vitorfus brustolensis (Squinabol), Amphipyndax stocki
(Campbell et Clark), Archaeodictyomitra delicata sp.
nov., Cornutella californica Campbell et Clark,
Cryptamphorella sphaerica (White), C. conara (Fore-
man), Diacanthocapsa acuminara Dumitrica, D. ancus
(Foreman), D. betica O’Dogherty, D. brevithorax
Dumitrica, D. urkutica sp. nov., Dictyomitra montis-
serel (Squinabol), Distylocapsa veneta (Squinabol),
Immersothorax cyclops Dumitrica, Novixitus weyli
Schmidt-Effing, Petasiforma foremanae Pessagno,
P. glascockensis Pessagno, Pogonias ? hirsutus (Squin-
abol), Pseudodictyomitra pseudomacrocephala
(Squinabol), P. gquasilodogaensis sp. nov., Pseu-
doeucyrtis spinosa (Squinabol), Rhopalosyringium
euganeum (Squinabol), R. kleinum Empson-Morin,
R. majuroensis Schaaf, Siphocampe praevanderhoofi
sp. nov., Squinabollum fossile (Squinabol), Stichomitra
communis Squinabol, Thanarla gracilis (Squinabol),
1. veneta (Squinabol), Tubilustrium guttaeformis (Bra-
gina), T. transmontanum O’ Dogherty, Xitus spicularius
(Aliev), Ultranapora durhami Pessagno, U. praespini-
fera Pessagno, U. urkutae sp. nov., Cuboctostylus pon-
tidus sp. nov., and Archaeoplegma pontidae gen. et sp.
nov. 10 m.

Bed 3. White and light gray clayey limestones. O—
0.5 m.
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The Davutlar Formation

Bed 4. Conglomerates of well-rounded medium-
sized granite—diorite—gneiss pebbles passing up the
section into coarse- and medium-grained polymictic
sandstones. Upper Maastrichtian (Tunoglu, 1991; Bra-
gin et al., 2001).

THE CRIMEAN MOUNTAINS

The Crimea is a fragment of the Late Cimmerian
folded system in the north of the extensive Alpine—
Mediterranean fold belt (Geological ..., 1989). In the
southwestern Crimea is the Kacha Upland, where
Upper Cretaceous deposits overlie the middle—upper
parts of the Upper Albian without angular unconfor-
mity, but with a small hiatus. The cuesta relief facili-
tates investigations of the continuous Cretaceous
sequences. The most complete Upper Cretaceous sec-
tions are located in the Bodrak—Alma interfluve, near
the Moscow University’s geology field center (Fig. 4).
The sections between the villages of Trudolyubovka
and Verkhorech’e have been selected as regional stan-
dard reference sections (Naidin and Alekseev, 1980;
Naidin et al., 1981). In the Crimean Mountains, Upper
Cretaceous biostratigraphy is based on inoceramids
(Atlas ..., 1959; Kopaevich and Walaszczyk, 1990),
ammonites (Atlas ..., 1959; Naidin and Alekseev,
1980), and planktonic and benthic foraminifers (Atlas
..., 1959; Maslakova and Voloshina, 1969; Dolitskaya,
1972; Naidin et al., 1981; Kopaevich, 1996; Alekseev
et al., 1997; Kuz’micheva, 2000a, 2000b; Podobina,
2000). The Upper Cretaceous zonation of the Crimea
was developed based on calcareous nannofossils in the
1970s (Shumenko and Stetsenko, 1978). The area
under study was part of the European paleobiogeo-
graphic region in the Late Cretaceous (Geological ...,
1989). It is therefore not surprising that zonations
developed for western Europe were widely used in the
Crimean Mountains. The aforementioned sections have
been described and subdivided into lithological mem-
bers (Naidin and Alekseev, 1980; Naidin e al., 1981).
These members, with their biostratigraphic markers
(Kuz’micheva, 2001, 200b), are used in the subsequent
discussion.

I studied radiolanans from three sections: Mt. Sel’-
Bukhra, Aksudere Gully, and Mt. Belaya (Fig. 4). Radi-
olarian samples were collected at closely spaced levels
to cover every lithological variety, especially at bound-
aries, where samples were taken from the top of the
underlying bed and from the base of the overlying bed.
Special attention was paid to interbeds of finer-grained
lithological varieties, particularly siliceous ones. In
such cases samples were taken10 cm apart or closer.

The Sel’-Bukhra Mountain Section

The reference section is an outcrop on the southern
slope of Mt. Sel’-Bukhra that reveals the following

Vol. 38 Suppl. 4 2004



CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY §$333

Arcaof |/

investigations |
77/, a
7
7
3 b
A
: I : I
¢
[ |

1 : 60000

Fig. 4. Geological structure of the Kacha Upland (the Crimean Mountains): (a) Paleogene; (b) Santonian-Maastrichtian; (c) Upper
Turonian—Coniacian; (d) Cenomanian and Lower Turonian; (¢) Upper Albian; (f) pre-Upper Albian; (g) faults; and () sections stud-
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(3) clay limestone, (4) marlaceous platy limestone, (5) chert interbeds, (6) marl with carbonaceous detritus, (7) erosion, and (8) sam-

ple number.

Upper Cenomanian-Lower Turonian beds (from the
base upward) (Fig. 5):

Member 6, Upper Cenomanian

Member 6-2, Rotalipora cushmani foraminiferal Zone

Bed 1. Light gray to white, chalky massive lime-
stone. 0.4 m.

Bed 2. Light yellowish gray, platy, slightly ferrugi-
nous marl (virtually limestone). 0.1 m.

PALEONTOLOGICAL JOURNAL

Bed 3. Chalky white limestone similar to that of
Bed 1. 0.3 m.

Bed 4. White chalky flaggy clayey limestone. 0.5 m.
Bed 5. White chalky massive limestone. 0.7 m.

Bed 6. Interbedding of light yellowish gray chalky
flaggy limestone, light yellowish gray platy marl, and
light gray calcareous thin-layered shaly clay. 0.3 m.

Bed 7. White chalky massive limestone. 0.3 m.

Bed 8. Interbedding of white platy and yellowish
gray foliated, heavily clay marls. 0.4 m.

Bed 9. White chalky massive limestone. 0.7 m.

Vol. 38 Suppl. 4 2004
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Bed 10. White clayey and light gray platy limestone
with yellowish gray marl interbeds. Isolated specimens
of poorly preserved radiolarians including only two
identifiable species: Cryptamphorella conara (Fore-
man) and Dictyomitra multicostata Zittel (Sample 7).
The last occurrence of the zonal species Rotalipora
cusmani of the Rotalipora cusmani Zone and the first
occurrence of Whiteinella archaeocretacea Pessagno.
I m.

Member 6-3. Whiteinella archaeocretacea
foraminiferal Zone

Bed 11. White yellowish gray chalky massive lime-
stone. Considerable changes in foraminiferal assem-
PALEONTOLOGICAL JOURNAL
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(Contd.)

blages. The bed is marked by Whiteinella archaeocre-
tacea Pessagno. 0.6 m.

Bed 12. Yellowish gray chalk with fragments of
underlying limestone lies on the uneven eroded surface
of Bed 11. 0.03 m.

Bed 13. Olive brown, greenish gray, plastic, mottled
clay lies on the uneven surface of Bed 12 and gives way
to foliated clay up the section. 0.25 m.

Bed 14. Light gray flaggy silty limestone. 0.1 m.

Bed 15. Light gray to yellowish gray platy marly
limestone with interbeds of bluish gray marl with fer-
ruginous pyrite concretions. 0.8 m.

Bed 16. White massive hard siliceous Iimestone.
The middle part of the bed (Sample 16a) contains frag-
ments of radiolarian skeletons of Acaeniotyle dia-
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phorogona Foreman, Archaeocenosphaera ? mellifera
O’Dogherty, Archaeospongoprunum cortinaensis Pes-
sagno, Cavaspongia contracta O’Dogherty, Crucella
aster (Lipman), C. cachensis Pessagno, C. messinae
Pessagno, Dactyliodiscus lenticulatus (Jud),
Paronaella solanoensis Pessagno, Patellula verteroen-
sis (Pessagno), P. cognata O’Dogherty, Patulibracch-
ium ingens (Lipman), Pseudoaulophacus lenticulatus
(White), P. pargueraensis (Pessagno), Pyramispongia
glascockensis Pessagno, Triactoma parva Foreman,
Cryptamphorella conara (Foreman), Diacanthocapsa
fossilis (Squinabol), Dictyomitra multicostata Zittel,
Obesacapsula ex gr. O. marroensis Pessagno,
Pseudodictyomitra pseudomacrocephala (Squinabol),
Rhopalosyringium euganeum (Squinabol), and Xitus
spicularius (Aliev). 0.2 m.

Bed 17. Light yellowish gray, slightly platy, lami-
nated limestones with interbeds of yellowish gray
marls. 0.3 m.

Bed 18. Light gray massive, weakly silty limestone.
0.1 m.

Bed 19. Light gray marly limestones with flaggy
limestone interbeds. Sample 16b, taken at the bed top,
contains all radiolarian species of Sample 16a. 1.2 m.

Bed 20. Bluish gray, weakly laminated, vaguely
platy—splintered marls rich in carbonaceous detritus.
They are related to the anoxic event at the Cenoma-
nian—Turonian boundary. 0.2 m.

Member 7, Lower Turonian

The Quadrum gartneri nannoplankton Zone
The Whiteinella archaeocretacea foraminiferal Zone

Bed 21. Light yellowish gray splintered marls with
separate rounded concretions of pyrite. Dicarinella
hagni (Scheibnerova) at the base. 0.25 m.

Bed 22. White to light gray, aphanitic, hard, mas-
sive, indistinctly platy limestone, heavily silicified in
plates. At the base (Samples 19a, 19b), there is a very
rich radiolarian assemblage, which, in addition to
almost all species listed above, contains Acaeniotyle
diaphorogona Foreman, A. longispina (Squinabol), A.
umbilicata (Rust), Acanthocircus hueyi (Pessagno), A.
impolitus O’Dogherty, A. multidentatus (Squinabol), A.
tympanum O’ Dogherty, Alievium sculptus (Squinabol),
A. superbum (Squinabol), Archaeospongoprunum
archaeobipartitum sp. nov., A. triplum Pessagno, Becus
regius O’Dogherty, Cavaspongia antelopensis Pessa-
gno, C. californiaensis Pessagno, C. euganea (Squina-
bol), C. robusta sp. nov., C. tavrica sp. nov., Crucella
cachensis Pessagno, C. irwini Pessagno, C. latum (Lip-
man), Dactvliodiscus longispinus (Squinabol), Fal-
socromyodrimus mirabilis (Squinabol), Halesium dia-
canthum (Squinabol), H. quadratum Pessagno, H. sexan-
gulum Pessagno, Orbiculiforma ornata sp. nov.,
Paronaella californiaensis (Pessagno), P. pseudoaulo-
phacoides O’Dogherty, P. spica sp. nov., Patellula cog-
nata O’Dogherty, P. coronata (Tumanda), P. helios
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(Squinabol), Parulibracchium ( ?) quadroastrum Brag-
ina, P. woodlandensis Pessagno, Phaseliforma inflata
sp. nov., P ovum Jud, Pogonias missilis O’Dogherty,
Praeconocarvomma californiaensis Pessagno, P. lip-
manae Pessagno, Pseudoacanthosphaera galeata
O’Dogherty, P. magnifica (Squinabol), P. spinosissima
(Squinabol), P. superba (Squinabol), Pseudoaulo-
phacus circularis sp. nov., P. praefloresensis Pessagno,
P, putahensis Pessagno, Quadrigastrum insulsum
O’Dogherty, Quinquecapsularia parvipora (Squina-
bol), Savaryella novalensis (Squinabol), Stauro-
sphaeretta euganea (Squinabol), S. longispina (Squi-
nabol), S. wisniowskii (Squinabol), Stvlodictya insignis
Campbell et Clark, Triactoma cellulosa Foreman, T.
compressa (Squinabol), T. fragilis Bragina, Vitorfus
brustolensis (Squinabol), V. campbelli Pessagno, V.
morini Empson-Morin, Amphipyndax stocki (Campbell
et Clark), Archaeodictyomitra crebrisulcata (Squin-
abol), A. sliteri (Squinabol), A. squinaboli Pessagno, A.
vulgaris Pessagno, Diacanthocapsa ancus (Foreman),
D. aksuderensis sp. nov., D. antiqua (Squinabol), D.
betica O’Dogherty, D. rara Squinabol, Distylocapsa
veneta (Squinabol), Holocryptocanium barbui Dumi-
trica, Novixitus dengoi Schmidt-Effing, Petasiforma
glascockensis Pessagno, P. tavridae sp. nov., Phalang-
ites hastatus O’Dogherty, Pogonias missilis O’Dogh-
erty, Pseudodictyomitra pseudomacrocephala (Squi-
nabol), Pseudoeucyrtis pulchra (Squinabol), P. tavricus
sp. nov., Spongostichomitra elatica (Aliev), Stichomi-
tra communis Squinabol, S. insignis (Squinabol), S.
magna Squinabol, Thanarla veneta (Squinabol), Torcu-
lum coronatum (Squinabol), Tubilustrium guttaeformis
(Bragina), T. transmontanum O’ Dogherty, Xitus asym-
batos (Foreman), Cuboctostylus pontidus sp. nov., and
Archaeoplegma pontidae gen. et sp. nov. 0.4 m.

The foraminiferal zone
of Praeglobotruncana oraviensis

Bed 23. Light gray marly, indistinctly platy lime-
stones. The foraminiferal assemblage “Helvetoglo-
botruncana helvetica” with Praeglobotruncana oravi-
ensis Scheibnerova. 0.3 m.

Bed 24. Almost white and light gray massive clay
limestones. 0.1 m.

Bed 25. Light gray platy marly limestones. 0.3 m.

Bed 26. White massive limestone. 0.35 m.

Bed 27. Light gray indistinctly platy marls. 1 m.

Bed 28. Yellowish gray dense, laminated calcareous
clay. 0.15 m.

Bed 29. Interbedding of light yellowish gray platy,
dense marly limestones and light gray marls with fer-
ruginous interbeds. 1.2 m.

Bed 30. Light gray to almost white, platy-splintered,
calcareous, occasionally chalky marls. 8.5 m.

Bed 31. Light yellowish gray to grayish white,
dense, distinctly platy (about 20 cm thick on average),
chalky marls. 3.5 m.
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Member 8, Lower Turonian

Bed 32. Platy (up to 2 mm) calcareous—siliceous
marls with a basal horizon (up to 3 cm) of variously
silicified radiolarites (Sample 29), which contains
remains of radiolarians Alievium superbum (Squina-
bol), Archaeocenosphaera ? mellifera O’Dogherty,
Cavaspongia antelopensis Pessagno, Crucella aster
(Lipman), C. cachensis Pessagno, C. latum (Lipman),
Orbiculiforma ornata sp. nov., Paronaella pseudoaulo-
phacoides (O’Dogherty), Patellula verteroensis (Pes-
sagno), Praeconocaryomma lipmanae Pessagno, P.
universa Pessagno, Pseudoaulophacus praefloresensis
Pessagno, Pyramispongia glascockensis Pessagno,
Amphipyndax stocki (Campbell et Clark), Archaeodic-
tvomitra squinaboli Pessagno, Cryptamphorella cona-
ra (Foreman), Dictyomitra densicostata Pessagno,
Holocryptocanium barbui Dumitrica, Stichomitra com-
munis Squinabol, and Torculum coronatum (Squina-
bol). 6 m.

Bed 33. Platy chalky limestones with interbeds of
platy chalky marls, which include interbeds of cherts,
which contain (Sample 31a) remains of radiolarians
Alievium superbum (Squinabol), Archaeocenosphaera
? mellifera O’Dogherty, Cavaspongia antelopensis
Pessagno, Crucella aster (Lipman), C. cachensis Pes-
sagno, C. latum (Lipman), Orbiculiforma ornata sp.
nov., Praeconocaryomma californiaensis Pessagno, P.
lipmanae Pessagno, P, universa Pessagno, Pseudoaulo-
phacus  praefloresensis  Pessagno,  Paronaella
pseudoaulophacoides O’Dogherty, Pyramispongia
glascockensis Pessagno, Amphipyndax stocki (Camp-
bell et Clark), Cryptamphorella conara (Foreman),
Dictyomitra densicostata Pessagno, D. multicostata
Zittel, Holocryptocanium barbui Dumitrica, Lipma-
nium sacramentoensis Pessagno, Pseudodictyomitra
nakasekoi Taketani, P. lodogaensis Pessagno, Torculum
coronatum (Squinabol), and Xitus spicularius (Aliev).
2m.

Bed 34. Yellow gray and white platy marls with sep-
arate chert concretions. The chert interbeds (Sample
31b) contain remains of radiolarians Archaeocenos-
phaera ? mellifera O’Dogherty, Cavaspongia euganea
(Squinabol), Crucella cachensis Pessagno, Pyrami-
spongia glascockensis Pessagno, Holocryptocanium
barbui Dumitrica, and Xitus spicularius (Aliev). 4 m.

Member 9

Bed 35. Light gray, white, and yellowish gray platy
marls with frequent chert concretions. The following
radiolarians were found 4 m above the bed base (Sam-
ple 32): Alievium superbum (Squinabol), Archaeoceno-
sphaera ? mellifera O’Dogherty, Cavaspongia ante-
lopensis Pessagno, Crucella aster (Lipman), C.
cachensis Pessagno, Paronaella pseudoaulophacoides
(O’Dogherty), Pyramispongia glascockensis Pessagno,
Pseudodictvomitra nakasekoi Taketani, and Xitus spic-
ularius (Aliev). 13 m.
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Members 7-9 correspond to the Quadrum gartneri
nannoplanktonic Zone of the Lower Turonian of
Europe. They are overlain by Upper Turonian lime-
stones.

The Aksudere Gully Section

The lower part of the Aksudere Gully section corre-
sponds to the Sel’-Bukhra Mountain section. This sec-
tion embraces the interval up to the Coniacian (Fig. 6)
and includes the following strata (from the base
upward):

Member 6-2, Upper Cenomanian

The Rotalipora cushmani foraminiferal Zone

Bed 1. White chalky, massive limestone with Rotali-
pora cushmani (Morrow). Apparent thickness 0.5 m.

Member 6-3

The Whiteinella archaeocretacea foraminiferal Zone
Bed 2. Greenish brown dense clay. 0.3 m.
Bed 3. Red brown laminated flaggy clay. 0.25 m.

Bed 4. Dark gray and brownish gray, weakly biotur-
bated clay stained with iron oxide. 0.05 m.

Member 7, Lower Turonian

The Quadrum gartneri nannoplanktonic Zone
The Whiteinella archaeocretacea foraminiferal Zone

Bed 5. Light gray and yellowish gray, calcareous
silty clay containing a foraminiferal assemblage with
Dicarinella hagni. 0.1 m.

Bed 6. Gray and light gray flaggy dense clayey
marls, ferruginous in places. 0.2 m.

Bed 7. Gray and yellow gray loose platy clayey marl
with ferruginous interbeds. 0.35 m.

Bed 8. Dark to light gray platy marls with intercala-
tions of brown to light bluish gray foliated marl stained
with iron oxide after pyrite concretions at the top. It
gradually passes into the overlying bed. 0.7 m.

Bed 9. Indistinctly platy marly limestone of light
gray color with dark gray spots. The first occurrence of
foraminifer species Praeglobotruncana oraviensis
Scheibnerova. 0.35 m.

Bed 10. Light gray, weakly clayey, dense, chalky
limestone. 0.25 m.

Bed 11. Light brownish gray platy marls with dark
gray spots and burrows of mud-eaters. 0.25 m.

Bed 12. Grayish white dense splintered weakly
clayey marl. 0.3 m.

Bed 13. Light yellowish gray dense indistinctly
platy clayey marl. 1.2 m.

Bed 14. Light gray, indistinctly platy to massive
marly, micaceous limestone. 0.25 m.
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Tubilustrum guttacformis
Tubilustrium transmontanum
Xitus asvmbatos
Cuboctostvius pontidus
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CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY

Bed 15. Light gray indistinctly platy dense calcare-
ous marl. 1.2 m.

Bed 16. Light gray and white, chalky, dense, platy
marl. 0.45 m.

Bed 17. Light gray and white chalky, indistinctly
platy, splintered marl. 2 m.

Bed 18. Light gray and light yellowish gray platy
marl. 2.5 m.

Bed 19. Gray dense platy marl. 2.5 m.

Bed 20. Light yellowish gray indistinctly platy marl.
4 m.

Bed 21. Light yellowish gray indistinctly platy
dense marl. 1 m.

Bed 22. Light yellowish gray to white platy marl.
I m.

Member 8

Bed 23. A member of eluviated and fragmentarily
exposed light gray, white, light yellowish gray, indis-
tinctly flaggy, splintered, occasionally platy marls
stained with iron oxide and including separate chert
concretions. The interval from the base up to 3.8 m con-
tains the radiolarians Crucella aster (Lipman), C.
cachensis Pessagno, and Patellula verteroensis (Pessa-
gno). The following radiolarians were found 4 m above
the base (Sample 4-24a): Acaeniotyle diaphorogona
Foreman, A. longispina (Squinabol), A. umbilicata
(Riist), Acanthocircus hueyi (Pessagno), A. multidenta-
tus (Squinabol), A. tympanum O’Dogherty, Alievium
superbum (Squinabol), Cavaspongia antelopensis Pes-
sagno, C. californiaensis Pessagno, C. euganea (Squi-
nabol), C. robusta sp. nov., C. tavrica sp. nov., Crucella
aster (Lipman), C. cachensis Pessagno, C. irwini Pes-
sagno, C. latum (Lipman), Halesium quadratum Pessa-
gno, H. sexangulum Pessagno, Orbiculiforma ornata
sp. nov., Paronaella californiaensis (Pessagno), P.
pseudoaulophacoides O’Dogherty, P. spica sp. nov.,
Patellula cognata O’ Dogherty, P. coronata (Tumanda),
Patellula verteroensis (Pessagno), Patulibracchium
ingens (Lipman), Phaseliforma inflata sp. nov., P. ovum
Jud, Praeconocaryomma universa Pessagno, P. lipma-
nae Pessagno, Pseudoacanthosphaera galeata
O’Dogherty, P. magnifica (Squinabol), P. superba
(Squinabol), Staurosphaererta longispina (Squinabol),
S. wisniowskii (Squinabol), Triactoma cellulosa Fore-
man, T. fragilis Bragina, Vitorfus brustolensis (Squina-
bol), V. morini Empson-Morin, Amphipyndax stocki
(Campbell et Clark), Archaeodictyomitra squinaboli
Pessagno, Diacanthocapsa ancus (Foreman), D. aksu-
derensis sp. nov., D. antiqua (Squinabol), D. rara
Squinabol, Distylocapsa veneta (Squinabol), Gongy-
lothorax verbeeki (Tan Sin Hok), Holocryptocanium
barbui Dumitrica, Petasiforma glascockensis Pessa-
gno, Pseudodictyomitra pseudomacrocephala (Squi-
nabol), Pseudoeucyrtis pulchra (Squinabol), Stichomi-
tra communis Squinabol, §. insignis (Squinabol), S.
magna Squinabol, Thanarla veneta (Squinabol), Torcu-
Vol. 38
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lum coronatum (Squinabol), Tubilustrium guttaeformis
(Bragina), 7. transmontanum O’ Dogherty, Xirus asvm-
batos (Foreman), and Cuboctostylus pontidus sp. nov.
15 m.

Member 9

Bed 24. Light gray and white chalky marls, occa-
sionally siliceous, with chert concretions and intercala-
tions. The latter contain a radiolarian assemblage
equivalent to that of Bed 23. 10 m.

Bed 25. Light yellowish gray and white, marly, platy
limestones with gray and white chert nodules. Chert
intercalations contain a radiolarian assemblage equiva-
lent to that of Bed 24. Apparent thickness 5 m.

The interval of 4 m is unexposed.

Member 10. The Upper Turonian

Bed 26. White massive limestones with stylolites.
Apparent thickness 5 m.

The Belaya Mountain Section

The section is located on the southern slope of Mt.
Belaya (Fig. 7). The following members are exposed
from the base upward.

Member 6-2. The Upper Cenomanian

The Rotalipora cushmani foraminiferal Zone

Bed 1. White dense, hard, homogenous limestone
with thin ferruginous interbeds. The last occurrence of
Rotalipora cushmani. The presence of an impoverished
radiolarian assemblage with Pyramispongia glascock-
ensis Pessagno, Archaeocenosphaera ? mellifera
O’Dogherty, and Pseudoaulophacus colburni Pessa-
gno. Apparent thickness. 0.2 m.

Member 6-3

The Whiteinella archaeocretacea foraminiferal Zone

Bed 2. Red brown (greenish at the base), laminated,
calcareous-ferruginous clay. 1 m.

Bed 3. Greenish gray laminated calcareous clay.
0.3 m.

Bed 4. Greenish gray dense clayey limestone,
homogenous in the lower part and lenticular-layered in
the upper part, with interbeds of dark and light gray
material and thin ferruginous interlayers. 0.8 m.

Bed 5. Light gray (lighter yellowish at the top),
homogenous, ferruginous, calcareous clay. 0.18 m.

Bed 6. Red brown ferruginous clay. The radiolarian
assemblage is identical to that of Bed 1. 0.015 m.

Bed 7. Light brown and dark gray laminated clay
with ferruginous interbeds. In the upper part, the radi-
olarian assemblage is identical to that of Bed 1. 0.9 m.
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Fig. 7. Distribution of radiolarian species in the Belaya Mountain section. Designations: (/) calcareous marl, (2) chalk-like lime-
stone, (3) clay, (4) marls with carbonaceous detritus, (5) erosion, and (6) sample number.

Bed 8. Interbedding of black, light brown, and dark
gray clayey limestones. The basal and topmost inter-
beds are ferruginous. 0.5 m.

Member 7, Lower Turonian

The Whiteinella archaeocretacea foraminiferal Zone

Bed 9. Light gray, heterogeneous, lenticular—tabu-
lar, bioturbated clayey limestones are stained with light
and dark gray material and form dense and massive or
platy interbeds, which show a rubbly weathered sur-
face. The first occurrences of the foraminiferal species

PALEONTOLOGICAL JOURNAL

Dicarinella hagni (at the base) and the zonal nanno-
plankton species Quadrum gartneri characteristic of
the Lower Turonian (0.1 m above the base). 0.2 m.

Bed 10. Greenish white, dense, calcareous, slightly
silicified limestones containing glauconite. 0.5 m.

The Praeglobotruncana oraviensis foraminiferal Zone

Bed 11. Yellowish greenish white, heterogeneous,
bioturbated, occasionally ferruginous limestones,
which become cleaner and whiter towards the top. They
include massive dense limestones interbedded with
Vol. 38
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more clayey platy varieties. The following radiolarians
were found 1 m above the bed base (Sample K21-2):
Acaeniotyle diaphorogona Foreman, A. longispina
(Squinabol), A. umbilicata Riist, Acanthocircus tympa-
num O’Dogherty, Alievium superbum (Squinabol),
Archaeocenosphaera 7  mellifera  O’Dogherty,
Archaeospongoprunum archaeobipartitum sp. nov., A.
cortinaensis Pessagno, A. sphaericum sp. nov., “Ceno-
sphaera” boria Pessagno, Crucella aster (Lipman), C.
cachensis Pessagno, C. messinae Pessagno, Cavaspon-
gia antelopensis Pessagno, C. contracta O’Dogherty,
C. euganea (Squinabol), Dactyliodiscus lenticulatus
(Jud), Falsocromyodrymus mirabilis (Squinabol),
Halesium quadratum Pessagno, Hexapyramis pan-
tanellii Squinabol, Paronaella solanoensis Pessagno,
Patellula heroica O’Dogherty, P. verteroensis (Pessa-

PALEONTOLOGICAL JOURNAL
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gno), Phaseliforma inflata sp. nov., Praeconocaryomma
californiaensis Pessagno, P. lipmanae Pessagno, P. uni-
versa Pessagno, Pseudoacanthosphaera magnifica
(Squinabol), P. spinosissima (Squinabol), Pseudoaulo-
phacus lenticulatus (White), P. pargueraensis Pessa-
gno, P. praefloresensis Pessagno, Pyramispongia glas-
cockensis Pessagno, Savaryella quadra (Foreman), S.
novalensis O’Dogherty, Staurosphaeretta grandipora
(Squinabol), S. longispina (Squinabol), S. wisniowskii
(Squinabol), Vitorfus brustolensis (Squinabol), V.
campbelli Pessagno, V. morini Empson-Morin,
Amphipyndax stocki (Campbell et Clark), Archaeodic-
tyomitra sliteri Pessagno, Cryptamphorella conara
(Foreman), C. sphaerica (White), Diacanthocapsa
antiqua (Squinabol), D. betica O’Dogherty, D. elon-
gata sp. nov., D. fossilis (Squinabol), D. inflata sp. nov.,
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D. rara Squinabol, D. tavridae sp. nov., Dictvomitra
densicostata Pessagno, Distvlocapsa veneta (Squin-
abol), Gongvlothorax verbeeki (Tan Sin Hok), Petasi-
forma glascockensis Pessagno, Phalangites hastatus
O’Dogherty, P. telum O’Dogherty, Pseudodictvomitra
pseudomacrocephala  (Squinabol),  Pseudoeucyrtis
tavricus sp. nov., Rhopalosyringium euganeum (Squi-
nabol), Spongostichomitra elatica (Aliev), Squinabol-
lum fossile (Squinabol), Stichomitra communis Squi-
nabol, S. magna Squinabol, Torculum coronatum
(Squinabol), Tubilustrium transmontanum O’Dogh-
erty, Xitus spicularius (Aliev), X. spineus Pessagno,
and Cuboctostylus pontidus sp. nov. The first occur-
rence of the zonal foraminiferal species Praeglobotrun-
cana oraviensis Scheibnerova was also recorded at this
level. 2 m.

Bed 12. White and light yellowish gray, platy marls
with white chalky limestone interbeds. 1 m.

Bed 13. Interbedding of white chalky limestones
(20-30 cm) with light bluish gray, heavily clayey marls
(3040 cm) enclosing limonitized pyrite concretions.
4 m.

Bed 14. White chalky flaggy limestones with thin
marl interbeds. 1.5 m.

Member 8

Bed 15. White platy marls. In the upper part (I m
below the top), there is a horizon of marls (Sample
K21-4) with abundant easily observable radiolarians:
Acaeniotyle diaphorogona Foreman, A. longispina
(Squinabol), A. umbilicata Riist, Acanthocircus tympa-
num O'Dogherty, Alievium superbum (Squinabol),
Archaeocenosphaera 7  mellifera  O’Dogherty,
Archaeospongoprunum archaeobipartitum sp. nov., A.
cortinaensis Pessagno, Crucella aster (Lipman), C.
cachensis Pessagno, C. irwini Pessagno, C. latum (Lip-
man), C. messinae Pessagno, Cavaspongia antelopen-
sis Pessagno, C. californiaensis Pessagno, C. contracta
O’Dogherty, C. euganea (Squinabol), Dactyliodiscus
lenticulatus (Jud), Halesium diacanthum (Squinabol),
H. quadratum Pessagno, H. sexangulum Pessagno,
Hexapyramis pantanellii Squinabol, Paronaella spica
sp. nov., P. solanoensis Pessagno, Patellula helios
(Squinabol), P. heroica O’Dogherty, P. verteroensis
Pessagno, Patulibracchium ingens (Lipman), P. wood-
landensis Pessagno, Pessagnobrachia fabianii (Squi-
nabol), P. irregularis (Squinabol), P. macphersoni
O’Dogherty, P. rara (Squinabol), Phaseliforma inflata
sp. nov., P. ovum Jud, P. subcarinata Pessagno, Prae-
conocaryomma californiaensis Pessagno, P. lipmanae
Pessagno, P. universa Pessagno, Pseudoaulophacus
praefloresensis Pessagno, P. putahensis Pessagno, P.
turcensis sp. nov., Pseudoacanthosphaera magnifica
(Squinabol), P. spinosissima (Squinabol), Pseudoaulo-
phacus lenticulatus (White), P. pargueraensis Pessa-
gno, P. praefloresensis Pessagno, Pyramispongia glas-
cockensis Pessagno, Quadrigastrum insulsum O’ Dogh-
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erty, Savarvellu quadra (Foreman), S. novalensis
O’Dogherty, S. sinistra O’ Dogherty, Staurosphaeretta
euganea (Squinabol), S. grandipora (Squinabol), §.
longispina (Squinabol), S. wisniowskii (Squinabol),
Vitorfus brustolensis (Squinabol), V. campbelli Pessa-
gno, V. morini Empson-Morin, Amphipvndax stocki
(Campbell et Clark), Archaeodictvomitra sliteri Pessa-
gno, Cryptamphorella conara (Foreman), C. sphaerica
(White), Diacanthocapsa antiqua (Squinabol), D. beti-
ca O’Dogherty, D. elongata sp. nov., D. euganea
Squinabol, D. fossilis (Squinabol), D. inflata sp. nov.,
D. ovoidea Dumitrica, D. rara Squinabol, Dictyomitra
densicostata Pessagno, D. montisserei (Squinabol),
Distylocapsa squama O’Dogherty, D. veneta (Squina-
bol), Neosciadiocapsa diabloensis Pessagno, Petasi-
Jorma glascockensis Pessagno, Phalangites hastatus
O’Dogherty, P. telum O’Dogherty, Pseudodictyomitra
pseudomacrocephala (Squinabol), Pseudoeucyrtis pul-
chra (Squinabol), P. spinosa (Squinabol), Rhopalosy-
ringium euganeum (Squinabol), Squinabollum fossile
(Squinabol), Stichomitra communis Squinabol, S.
magna Squinabol, Tubilustrium guttaeformis (Bragi-
na), T. transmontanum O’Dogherty, Xitus asymbatos
(Foreman), X. spicularius (Aliev), and X. spineus Pes-
sagno. 18 m.

Bed 16. Light yellowish gray platy marl. Apparent
thickness. 1.1 m.

CHAPTER 2. THE CENOMANIAN-TURONIAN
RADIOLARIAN ASSEMBLAGES OF NORTHERN
TURKEY AND THE CRIMEAN MOUNTAINS
AND THEIR STRATIGRAPHIC SIGNIFICANCE

The basic principles of Cretaceous stratigraphy
were developed in western Europe. Standard ammonite
zonation was the major biostratigraphic tool (Kennedy,
1984). By the mid-Cretaceous, however, ammonites had
lost their significance because of an increasingly greater
degree of provincialism (Naidin er al., 1981). In the bio-
stratigraphy of the Turonian and younger strata, inocera-
mids became the most important group (Atlas ..., 1992,
1993; Pergament, 1978; Matsumoto, 1977).

The marine realm can be divided into three paleo-
biogeographic realms based on macrofauna develop-
ment; these are the Pacific, Tethyan, and Paratethyan
(Boreal or European) (Geological ..., 1989). Two dif-
ferent stratigraphic schemes have been developed for
the Paratethyan and Tethyan realms, and, more
recently, a new zonal scheme that is thought to be appli-
cable to both realms has been proposed (Kennedy,
1984). A detailed correlation of Middle Cretaceous
strata within the European and Pacific realms was
developed in the 1970s (Hancock et al., 1977; Kennedy
and Hancock, 1977). The Pacific macrofauna is too
endemic to be positively correlated with that of the
Tethyan.

There is no standard Upper Cretaceous radiolarian
zonation that can provide interregional correlations. In
Vol. 38
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practice, radiolarians are used in combination with
other fossil groups. The best studied Late Cretaceous
radiolarians are those from the fairly complete marine
sequences ol the Pacific (Moore, 1973; Foreman, 1973,
1975; Schaaf, 1981) and the Atlantic (Thurow, 1988;
Schaaf, 1985). The first composite radiolarian zonation
for the northwestern Pacific, northwestern Atlantic,
Indian Ocean, and the Caribbean basin was proposed
by Riedel and Sanfilippo (1974). A number of zonal
schemes appeared in the mid-1980s (Sanfilippo and
Riedel, 1985; Schaaf, 1985). Investigations of nonma-
rine sequences have resulted in local radiolarian zona-
tions for Japan (Taketani, 1982; Tumanda, 1989), the
Californian coast (Pessagno, 1976), Romania (Dumi-
trica, 1975), and the Caucasus (Vishnevskaya, 1993).
The resolution of these schemes varies from one to two
or three zones per stage. Difficulties in correlation of
radiolarian assemblages from different tropical regions
are mainly due to their inadequate knowledge. Usually,
taxonomic studies of the assemblages have been
restricted to revealing index species and some charac-
teristic species (Riedel and Sanfilippo, 1974; Marcucci
et al., 1991; Marcucci and Gardin, 1992; Pignotti,
1994). Recent studies have revealed the very high
diversity of Late Cretaceous tropical radiolarian assem-
blages. The most representative of these assemblages
are the thoroughly studied Mediterranean assemblages
(Erbacher, 1994; O’Dogherty, 1994; Khan er al., 1999;
Salvini and Marcucci Passerini, 1998; Squinabol, 1903,
1904). The regional radiolarian zonation for the Cen-
omanian—Turonian of the Mediterranean that has
recently been developed by O’Dogherty (1994) has yet
to be adapted to many other regions. This paper pays
special attention to the correlation of northern Turkish
sections with the Mediterranean radiolarian zones.

In contrast to the deep-water Italian and Spanish
assemblages, little is known about radiolarian assem-
blages from shallower water facies. The present study
aims to fill this gap.

NORTHERN TURKEY

The Upper Cretaceous deposits of northern Turkey
are represented by relatively deep-water marine facies
typical of the axial areas of the Mediterranean belt.
These are predominantly carbonate and terrigenous-
carbonate flysch and, occasionally, olistostromes in the
western and central Pontic Mountains and thick volca-
nogenic sediments in the eastern Pontic Mountains.
The stratigraphy of the Upper Cretaceous of Turkey is
mainly based on planktonic foraminifers and nanno-
plankton and gives comparatively low level of resolu-
tion. The Coniacian and Campanian stages have not
been recognized with certainty in the Devrekani Basin.
No precise correlations have been made between the
neighboring areas of the Pontic Mountains and other
Mediterranean regions.

It is now important to study the taxonomic diversity
and characteristic assemblages of radiolarians in this
PALEONTOLOGICAL JOURNAL
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region, and to correlate them with those of other Medi-
terranean regions.

The highest taxonomic diversity of Middle Cenom-
anian radiolarians has been recorded in relatively deep-
water siliceous deposits of the Urkiit section, in which
radiolarians are associated with planktonic foramini-
fers. This section has yielded more than 120 species
(see the table following chapter 2); most of the newly
described species come from this section. The assem-
blages contain species typical of the western Mediter-
ranean Dactyliosphaera silviae Zone (O’Dogherty,
1994), such as Acaeniotyle macrospina, Becus horri-
dus, Cavaspongia antelopensis, C. californiaensis, C.
euganea, Crucella irwini, C. messinae, Dactyliodiscus
longispinus, Dactyliosphaera silviae, Dicroa rara,
Hexapyramis pantanellii, Pyramispongia glascocken-
sis, Quinquecapsularia grandiloqua, Vitorfus brusto-
lensis, Distylocapsa veneta, Novixitus dengoi, Pha-
langites telum, Spongostichomitra phalanga, Squina-
bollum fossile, and many others. A similar but less
diverse assemblage correlative to that of the upper part
of Dactyliosphaera silviae Zone has been yielded by
the Tomalar section of the Devrekéani basin (Fig. 8).

In Italy and Spain, the Dacryliosphaera silviae Zone
may be subdivided into two subzones: Patellula spica
and Guttacapsa biacuta (O’ Dogherty, 1994) (Fig. 8).
However, the absence of these species from the Turkish
sections prevents the recognition of these subzones in
northern Turkey. Therefore, Patellula spica and Gutta-
capsa biacuta are not entirely appropriate index spe-
cies.

A characteristic feature of the Cenomanian assem-
blages of the Devrekéni basin is the presence of distinc-
tive large Orosphaeridae (Archaeoplegma pontidae
gen. et sp. nov.) and Entactinaria (Cuboctostylus ponti-
dus sp. nov.). In addition, these assemblages were the
first in the Cenomanian of the Mediterranean to yield
abundant Archaeospongoprunum, which were previ-
ously described from the Cenomanian of North Amer-
ica (Pessagno, 1976).

THE CRIMEAN MOUNTAINS

The present study of the Late Cretaceous radiolari-
ans of the Crimean Mountains aims to estimate the
degree of their provincialism and to determine whether
or not O'Dogherty’s zonation of the Tethys (1994) is
applicable to this region.

Previous studies of the Upper Cretaceous deposits
of the Crimean Mountains (Bragina, 1999a) have
revealed a succession of radiolarian assemblages the
faunal composition of which varies considerably
through the succession, thus allowing the recognition
and correlation of radiolarian-based biostratigraphic
units. Beds with radiolarians have been established in
accordance with the commonly accepted procedure: the
lower boundary is defined by the first occurrences of
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Species composition of the Cenomanian-Turonian radiolarian assemblages of northern Turkey and the Crimean Mountains

Sample
Radiolarian
species

Turkey

Crimea

Urkiit

Tomalar

Sel'-Bukhra

Aksu-
dere

Bcelaya

64

73

75

77

83

16a

19

29

4-24 |K21-

K214

Saturniforma peregrina
Roraforma hessi

Petasiforma foremanae
Petasiforma glascockensis
Petasiforma tavridae
Lipmanium sacramentoensis
Neosciadiocapsa diabloensis
Microsciadiocapsa monticelloensis
Ultranapora durhami
Ultranapora praespinifera
Ultranapora spinifera
Ultranapora urkutae
Rhopalosyringium euganeum
Rhopalosyringium kleinum
Rhopalosyringium magnificum
Rhopalosyringium majuroensis
Distvlocapsa squama
Distylocapsa veneta

Torculum coronatum
Phalangites hastatus
Phalangites telum

Xitus asymbatos

Xitus spicularius

Xitus spineus

Xitus urkutus

Novixitus costatus

Novixitus dengoi

Novixitus subtilis

Novixitus urkutus

Novixitus weyli
Pseudodictyomitra pseudomacrocephala
Pseudodictyomitra nakasekoi
Pseudodictyomitra quasilodogaensis
Pseudodictyomitra lodogaensis
Mita (?) cypraea

Thanarla gracilis

Thanarla veneta
Archaeodictyomitra crebrisulcata
Archaeodictyomitra delicata
Archaeodictyomitra simplex
Archaeodictyomitra sliteri
Archaeodictyomitra (?) speciosa
Archaeodictyomitra squinaboli
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Sample
Radiolarian
species

Turkey

Crimca

Urkiit

Tomalar

Scl'-Bukhra

Aksu-
dere

Belaya

55

64

73175

77

83

16a

19

29

32

4-24

K21-2

K214

Archaeodictyomitra vulgaris
Dictyomitra densicostatu
Dictyomitra montiserrei
Dictyomitra multicostata
Dicryomitra napaensis
Stichomitra communis
Stichomitra insignis
Stichomitra magna
Stichomitra manifesta
Eostichomitra warzigita
Amphipyndax stocki
Amphipyndax ellipticus
Amphipyndax conicus
Holocryptocanium astiensis
Holocryptocanium barbui
Holocryptocanium geysersensis
Diacanthocapsa acuminata
Diacanthocapsa aksuderensis
Diacanthocapsa ancus
Diacanthocapsa antiqua
Diacanthocapsa betica
Diacanthocapsa brevithorax
Diacanthocapsa elongata
Diacanthocapsa euganea
Diacanthocapsa fossilis
Diacanthocapsa inflata
Diacanthocapsa matsumoroi
Diacanthocapsa rara
Diacanthocapsa ovoidea
Diacanthocapsa tavridae
Diacanthocapsa urkutica
Cryptamphorella conara
Cryptamphorella micropora
Cryptamphorella sphaerica
Immersothorax cyclops
Squinabollum fossile
Sethocapsa simplex
Trisyringium echitonicum
Pogonias missilis

Pogonias (?) hirsutus
Siphocampe altamontensis
Siphocampe praevanderhoofi
Tubilustrium guttaeformis
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Sample
Radiolarian
species

Turkey

Crimea

Urkiit

Tomalar Scl*-Bukhra

Aksu-

Be
dere

laya

55

64

73175 | 77| 83 | 16a| 19

29

4-24 [K21-2

K21-4

Tubilustrium transmontaum
Pseudoeucvrtis pulchra
Pseudoeucyrtis spinosa
Pseudoeucyrtis tavricus
Spongostichomitra elatica
Spongostichomitra phalanga
Cornutella californica

Afens liriodes
Archaeocenoshaera ? mellifera
“Cenosphaera’ borea
Praeconocaryomma californiaensis
Praeconocaryomma lipmanae
Praeconocaryomma universa
Pseudoacanthosphaera galeata
Pseudoacanthosphaera magnifica
Pseudoacanthosphaera spinosissima
Pseudoacanthosphaera superba
Staurosphaeretta euganea
Staurosphaeretta grandipora
Staurosphaeretta micropora
Staurosphaeretta longispina
Staurosphaererta wisniowskii
Tetracanthellipsis euganeus
Quinquecapsularia panacea
Quinquecapsularia grandiloqua
Quinguecapsularia ombonii
Quinquecapsularia parvipora
Falsocromyodrims cardulus
Falsocromyodrimus mirabilis
Hexapyramis pantanellii
Acaeniotyle diaphorogona
Acaeniotyle longispina
Acaeniotyle macrospina
Acaeniotyle umbilicata

Triactoma cellulosa

Triactoma compressa

Triactoma fragilis

Triactoma micropora

Triactoma parva
Protoxiphotractus ventosus
Archaeospongoprunum anatolica
Archaeospongoprunum archaeobipartitum
Archaeospongoprunum cortinaensis
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Sample
Radiolarian
species

Turkey

Crimea

Urkiit

Tomalar

Scl'-Bukhra

Aksu-
dere

Belaya

55

64

73

75

77

83

16a

19

29

4-24

K21-2

K21-4

Archaeospongoprunum klingi
Archaeospongoprunum pontidum
Archaeospongoprunum sphaericum
Archaeospongoprunum triplum
Paronaella pseudoaulophacoides
Paronaella solanoensis
Paronaella spica

Halesium diacanthum

Halesium quadratum

Halesium sexangulum
Patulibracchium ingens
Patulibracchium californiaensis
Patulibracchium obesum
Patulibracchium woodlandensis
Patulibracchium (?) quadroastrum
Savaryella quadra

Savaryella novalensis

Savaryella sinistra

Crucella aster

Crucella cachensis

Crucella euganea

Crucella hispana

Crucella irwini

Crucella latum

Crucella messinae
Pessagnobrachia irregularis
Pessagnobrachia fabianii
Pessagnobrachia rara
Cavaspongia antelopensis
Cavaspongia californiaensis
Cavaspongia contracta
Cavaspongia euganea
Cavaspongia robusta
Cavaspongia sphaerica
Cavaspongia tavrica
Pyramispongia glascockensis
Pseudoaulophacus circularis
Pseudoaulophacus lenticulatus
Pseudoaulophacus pargueraensis
Pseudoaulophacus praefloresensis
Pseudoaulophacus putahensis
Pseudoaulophacus turcensis
Alievium sculptus
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Sample
Radiolarian
species

Turkey

Crimea

Urkiit

Tomalar

Scl'-Bukhra

Aksu-

dere Belaya

55

64

73

15

77

83

16a| 19 | 29

424 |K21-2|K21-4

Alievium superbum
Stylodictya insignis
Quadrigastrum insulsum
Dactyliosphaera silviae
Dactyliosphaera lenticulatus
Dacryliosphaera longispinus
Dactyliosphaera spinosus
Godia concava

Godia tomalarea
Orbiculiforma ornata
Orbiculiforma ovoidea
Parellula cognata

Patellula coronata
Patellula helios

Patellula heroica

Patellula spica

Patellula verteroensis
Becus horridus

Becus regius
Dispongotripus triangularis
Phaseliforma carinata
Phaseliforma inflata
Phaseliforma laxa
Phaseliforma ovum
Phaseliforma subcarinata
Acanthocircus imperfectus
Acanthocircus impolitus
Acanthocircus horridus
Acanthocircus hueyi
Acanthocircus moorei
Acanthocircus multidentatus
Acanthocircus polymorphus
Acanthocircus tympanum
Vitorfus brustolensis
Vitorfus campbelli

Vitorfus morini
Cuboctostylus pontidus

Archaeoplegma pontidae
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Italy Turkey Crimcea
Stage Substage
foraminifers radiolarians

=
2 Lowe Dicarinella o o
S OWET | hugni Alievium superbum Alievium superbum
3

Whiteinella .

archaeocretacea Triactoma parva-

Upper Patulibracchium ingens
Guttacapsa
biacuta

S Rotali ; ;
2 olatipord Dactvliosphaera Dactyliosphaera
S Middle cushmani silviae silviae
)
S
o Rotalipora Patellula

reicheli spica

Lower Rotalipqra
brotzeni Thanarla Dorypyle?
spoletoensis anisa /

Fig. 8. Correlation of the Cenomanian—Turonian radiolarian zones of Italy, Turkey, and the Crimea.

the index species and the assemblage of associated
characteristic species.

The following biostratigraphic units have been rec-
ognized in the Crimean sections (Fig. 8):

Unit 1. The Upper Cenomanian. Beds with Tri-
actoma parva—Patulibracchium ingens. The upper part
of Member 6-3 of the Sel’-Bukhra section. The beds are
equivalent to the lower part of the foraminiferal Whi:-
einella archaeocretacea Zone of (terminal Cenoma-
nian—-lowermost Turonian) of the Crimean Mountains.
The lower part of the zone belongs to the Upper Ceno-
manian, and the upper part—from the first occurrence
of Dicarinella hagni (Kuz’micheva, 2000b) and above
the last occurrence of Rotalipora cushmani—belongs
to the Lower Turonian. Since these beds share the spe-
cies Acaeniotyle diaphorogona, Archaeocenosphaera ?
mellifera, Cavaspongia contracta, Crucella messinae,
Patellula verteroensis, Pseudodictyomitra pseudomac-
rocephala, Pyramispongia glascockensis, and Xitus
spicularius, with the Mediterranean Dactyliosphaera
silviae Zone (the Guttacapsa biacuta Subzone) of
O’Dogherty, (1994), they may be correlated with the
latter. A large number of Early Turonian species are sur-
vivors from the Cenomanian; thus, the Lower Turonian
is recognized in Italy and Spain by the presence of
newly appeared species. Therefore, Beds with Tri-
actoma parva—Patulibracchium ingens were ascribed
to the Upper Cenomanian because of the absence of
many typical Early Turonian Mediterranean species,
including Alievium superbum, the index species of the

PALEONTOLOGICAL JOURNAL
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Lower Turonian Alievium superbum Zone in the Medi-
terranean.

Some taxa recorded in Beds with Triactoma parva—
Patulibracchium ingens have different stratigraphic
ranges in the southwestern Mediterranean (Italy and
Spain). Thus, Diacanthocapsa fossilis and Dacryliodis-
cus lenticulatus have not been found in the Mediterra-
nean above the Middle Cenomanian (O’Dogherty,
1994). Crucella cachensis, Paronaella solanoensis,
and Triactoma parva, which are restricted to the Lower
Turonian in Italy and Spain, appeared in the Crimean
Mountains as early as the Upper Cenomanian.
Pseudoaulophacus pargueraensis, Obesacapsula sp.
ex gr. O. morroensis Pessagno are typical of the Late
Cenomanian of the Crimean Mountains. Some species
from Beds with Triactoma parva—Patulibracchium
ingens, e.g., Crucella aster, Patulibracchium ingens (=
P. inaequalum Pessagno), occur in both warm- and
cold-water assemblages.

These beds correlate with the coeval radiolarian
Rotaforma hessi Zone of California (Pessagno, 1976)
by having the species Archaeospongoprunum corti-
naensis, Crucella cachensis, Pyramispongia glascock-
ensis, and Pseudodictyomitra pseudomacrocephala in
common.

Unit 2. The lowermost Turonian. The lower part of
Alievium superbum Zone embraces the upper part of
Member 7 of the Belaya Mountain section as well as
the interval from the base of Member 7 through the
basal part of Member 8 in the Sel’-Bukhra section. The
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zone is recognized by the presence of the index species
and a great number (several tens) of species character-
istic of this zone in Italy (O'Dogherty, 1994). Some
species (Alievium superbum, Cavaspongia antelopen-
sis, C. californiaensis, C. euganea, Crucella cachensis,
and Cr. irwini) are known from the stratotype of this
zone in the Lower Turonian of California (Pessagno,
1976). The zone corresponds to the upper part of the
foraminiferal Whiteinella archaeocretacea Zone, i.e.,
to the initial Lower Turonian (Kuz’micheva, 2000b).
Among the macrofaunal taxa, there are scarce Inocera-
mus labiatus Schioth., which supports the Early Turo-
nian age of the host beds.

The assemblage of the Alievium superbum Zone
includes all species characteristic of Beds with Tri-
actoma parva—Patulibracchium ingens, except for
Pseudoaulophacus pargueraensis and Obesacapsula
sp. ex gr. O. morroensis. In addition, there are a great
many (more than 100) newly appeared species: Acae-
niotyle diaphorogona Foreman, A. longispina (Squin-
abol), A. umbilicata (Riist), Acanthocircus hueyi (Pes-
sagno), A. impolitus O’Dogherty, A. multidentatus
(Squinabol), A. tympanum O’Dogherty, Alievium
sculptus (Squinabol), A. superbum (Squinabol),
Archaeospongoprunum archaeobipartitum sp. nov., A.
triplum Pessagno, Becus regius O’Dogherty, Cava-
spongia antelopensis Pessagno, C. californiaensis Pes-
sagno, C. euganea (Squinabol), C. robusta sp. nov., C.
tavrica sp. nov., Crucella cachensis Pessagno, C. irwini
Pessagno, C. latum (Lipman), Dactyliodiscus longispi-
nus (Squinabol), Falsocromyodrimus mirabilis (Squin-
abol), Halesium diacanthum (Squinabol), H. quadra-
tum Pessagno, H. sexangulum Pessagno, Orbiculi-
forma ornata sp. nov., Paronaella californiaensis
(Pessagno), P. pseudoaulophacoides O’Dogherty, P.
spica sp. nov., Patellula cognata O’Dogherty, P. coro-
nata (Tumanda), P. helios (Squinabol), Patulibracch-
ium (?) quadroastrum Bragina, P. woodlandensis Pes-
sagno, Phaseliforma inflata sp. nov., P. ovum Jud,
Pogonias missilis O’Dogherty, Praeconocaryomma
californiaensis Pessagno, P. lipmanae Pessagno,
Pseudoacanthosphaera galeata O’ Dogherty, P. mag-
nifica (Squinabol), P. spinosissima (Squinabol), P.
superba (Squinabol), Pseudoaulophacus circularis sp.
nov., P. praefloresensis Pessagno, P, putahensis Pessa-
gno, Quadrigastrum insulsum O’Dogherty, Quinque-
capsularia parvipora (Squinabol), Savaryella novalen-
sis (Squinabol), Staurosphaeretta euganea (Squin-
abol), S. longispina (Squinabol), S. wisniowskii
(Squinabol), Stylodictya insignis Campbell et Clark,
Triactoma cellulosa Foreman, T. compressa (Squin-
abol), T. fragilis Bragina, Vitorfus brustolensis (Squin-
abol), V. campbelli Pessagno, V. morini Empson-Morin,
Amphipyndax stocki (Campbell et Clark), Archaeodic-
tyomitra crebrisulcata (Squinabol), A. sliteri (Squin-
abol), A. squinaboli Pessagno, A. vulgaris Pessagno,
Diacanthocapsa ancus (Foreman), D. aksuderensis sp.
nov., D. antiqua (Squinabol), D. betica O’Dogherty, D.
rara Squinabol, Distylocapsa veneta (Squinabol),

PALEONTOLOGICAL JOURNAL
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Holocryptocanium barbui Dumitrica, Novixitus dengoi
Schmidt-Effing, Perasiforma glascockensis Pessagno,
P. tavridae sp. nov., Phalangites hastatus O’ Dogherty,
Pogonias missilis O’Dogherty, Pseudodictyomitra
pseudomacrocephala (Squinabol), Pseudoeucvrtis pul-
chra (Squinabol), P. ravricus sp. nov., Spongostichomi-
tra elatica (Aliev), Stichomitra communis Squinabol, S.
insignis (Squinabol), S. magna Squinabol, Thanarla
veneta (Squinabol), Torculum coronatum (Squinabol),
Tubilustrium guttaeformis (Bragina), T. transmon-
tanum O’Dogherty, Xitus asymbatos (Foreman), Cub-
octostylus pontidus sp. nov., and Archaeoplegma pon-
tidae sp. nov. (table). Among the continuing species
there are Archaeocenosphaera ? mellifera, Cavaspon-
gia contracta, C. messinae, Patellula verteroensis,
Xitus spicularius, which are characteristic of the Ceno-
manian—Turonian deposits of Italy and Spain. The most
part (70%) of the assemblage is characteristic of the
Upper Cenomanian-Lower Turonian of Italy. Many
species (20% of the assemblage) were first discovered
and described by O’Dogherty (1994) from Italy and
Spain. However, some Cenomanian species known in
Italy and Spain (e.g., Crucella irwini and C. messinae)
did not appear in the Crimea until the Turonian. Tubi-
lustrium guttaeformis was first described from the
Lower Campanian of Cyprus (Bragina and Bragin,
1996). The presence of this species in the Early Turo-
nian assemblage of the Crimea extends both its geo-
chronological and spatial ranges. The species of this
assemblage show only slight differences in abundance.
The most abundant of them are some species of
Pseudoaulophacus and Archaeocenosphaera ? mel-
lifera. Patulibracchium davisi and Pseudoaulophacus
praefloresensis are unknown from Italy and Spain but
are characteristic of the Cenomanian—Turonian assem-
blages in California. Praeconocaryomma californiaen-
sis and Pseudoaulophacus floresensis are known from
the younger Coniacian—Campanian assemblages of
California.

The assemblage shares 12 species (Acanthocircus
tympanum, Vitorfus campbelli, Archaeocenosphaera ?
mellifera, Praeconocarvomma lipmanae, Cavaspongia
antelopensis, Crucella cachensis, Dictyomitra multi-
costata,  Pseudodictyomitra  pseudomacrocephala,
Amphipyndax stocki, Holocryptocanium barbui, Sti-
chomitra communis, and Cryptamphorella conara)
with the Early Turonian assemblages of the Klippen
Belt of the western Carpathians in Slovakia and Poland
(Sykora et al., 1997).

Unit 3. The upper part of the Lower Turonian. Beds
with Praeconocaryomma universa—Dictyomitra densi-
costata (the upper part of the Alievium superbum Zone)
correspond to the interval of the lower part of Member
8 through the lower part of Member 9 of the Sel’-Bukhra
section and to Member 8 of the Aksudere Gully section.
The beds are correlative to the Mediterranean foramin-
iferal zone of Helvetoglobotruncana helvetica of the
Lower Turonian (excluding the lowermost part)
(O’Dogherty, 1994) and the coeval Crimean zone of
Vol. 38
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Praeglobotruncana oraviensis (Kuz’micheva, 2000b).
The radiolarian assemblage comprises 99 species:
Acaeniotvle diaphorogona Foreman, A. longispina
(Squinabol), A. umbilicata Rust, Acanthocircus tvmpa-
num O’Dogherty, Alievium superbum (Squinabol),
Archaeocenosphaera 7 mellifera O’Dogherty,
Archaeospongoprunum archaeobipartitum sp. nov., A.
cortinaensis Pessagno, Cavaspongia euganea (Squin-
abol), Crucella aster (Lipman), C. cachensis Pessagno,
C. irwini Pessagno, C. latum (Lipman), C. messinae
Pessagno, Cavaspongia antelopensis Pessagno, C. cali-
forniaensis Pessagno, C. contracta O’Dogherty, C.
euganea (Squinabol), Dactvliodiscus lenticulatus
(Jud), Halesium diacanthum (Squinabol), H. quadra-
tum Pessagno, H. sexangulum Pessagno, Hexapyramis
pantanellii Squinabol, Paronaella pseudoaulopha-
coides O’Dogherty, P. spica sp. nov., P. solanoensis
Pessagno, Patellula helios (Squinabol), P. heroica
O’Dogherty, P. verteroensis (Pessagno), Patulibracch-
ium ingens (Lipman), P. woodlandensis Pessagno, Pes-
sagnobrachia fabianii (Squinabol), P. irregularis
(Squinabol), P. macphersoni O’Dogherty, P. rara
(Squinabol), Phaseliforma inflata sp. nov., P. ovum Jud,
P. subcarinata Pessagno, Praeconocaryomma califor-
niaensis Pessagno, P. lipmanae Pessagno, P. universa
Pessagno, Pseudoaulophacus praefloresensis Pessa-
gno, P. putahensis Pessagno, P. turcensis sp. nov.,
Pseudoacanthosphaera magnifica (Squinabol), P. spi-
nosissima (Squinabol), Pseudoaulophacus lenticulatus
(White), P. pargueraensis Pessagno, P. praefloresensis
Pessagno, Pyramispongia glascockensis Pessagno,
Quadrigastrum insulsum O’Dogherty, Savaryella
quadra (Foreman), S. novalensis O’Dogherty, S. sinis-
tra O’Dogherty, Staurosphaeretta euganea (Squin-
abol), S. grandipora (Squinabol), S. longispina (Squin-
abol), S. wisniowskii (Squinabol), Vitorfus brustolensis
(Squinabol), V. campbelli Pessagno, V. morini Empson-
Morin, Amphipyndax stocki (Campbell et Clark),
Archaeodictyomitra sliteri Pessagno, A. squinaboli
Pessagno, Cryptamphorella conara (Foreman), C.
sphaerica (White), Diacanthocapsa antiqua (Squin-
abol), D. betica O’Dogherty, D. elongata sp. nov., D.
euganea Squinabol, D. fossilis (Squinabol), D. inflata
sp. nov., D. ovoidea Dumitrica, D. rara Squinabol, Dic-
tyomitra densicostata Pessagno, D. montisserei (Squin-
abol), D. mulricostata Zittel, Distylocapsa squama
O’Dogherty, D. veneta (Squinabol), Lipmanium sacra-
mentoensis Pessagno, Neosciadiocapsa diabloensis
Pessagno, Petasiforma glascockensis Pessagno, Pha-
langites hastatus O’Dogherty, P. telum O’Dogherty,
Pseudodictyomitra pseudomacrocephala (Squinabol),
P. nakasekoi Taketani, P. lodogaensis Pessagno, Pseu-
doeucyrtis pulchra (Squinabol), P. spinosa (Squin-
abol), Rhopalosyringium euganeum (Squinabol),
Squinabollum fossile (Squinabol), Stichomitra commu-
nis Squinabol, S. magna Squinabol, Torculum corona-
tum (Squinabol), Tubilustrium guttaeformis (Bragina),
T. transmontanum O’ Dogherty, Xitus asymbatos (Fore-
man), X. spicularius (Aliev), and X. spineus Pessagno.
Vol. 38
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The majority of these species are characteristic of the
Middle-Upper Cenomanian of northern Turkey and the
Cenomanian-Lower Turonian of Italy and Spain. Some
species (Pseudodictyomitra lodogaensis and Torculum
coronatum) found in Beds with Praeconocarvomma
universa-Dictvomitra densicostata are known from
considerably older deposits (Albian—-Cenomanian) of
Italy and Spain (O’ Dogherty, 1994).

Thus, in the Crimean Mountains, we can distinguish
several Upper Cretaceous biostratigraphic units that
correlate well with the coeval zones of the Mediterra-
nean. The circumtropical Alievium superbum Zone
(Pessagno, 1976; O’Dogherty, 1994; Salvini and Mar-
cucci Passerini, 1998; Khan et al., 1999) has been rec-
ognized in the Crimean sections. The index species of
the Mediterranean zone of Dactyliosphaera silviae
(O’Dogherty, 1994) has not been found in the Crimea
despite the similarity in the taxonomic composition of
the coeval assemblages.

The Cenomanian-Turonian assemblages of the
Crimean Mountains (table) formed in considerably
shallower water environments than those of Italy and
Spain. Nevertheless, nearly 95% of the Crimean spe-
cies are known from the Mediterranean (Erbacher,
1994; O’Dogherty, 1994; Pignotti, 1994; Salvini and
Marcucci Passerini, 1998) and the remaining species,
unknown from the Mediterranean, occur in the Cenom-
anian—Turonian assemblages of California (Pessagno,
1976), except for the two new Early Turonian species
that are described below. O’Dogherty (1994, pl. 66,
figs. 1-8) provided a photograph of one of these species
(Paronaella spica sp. nov.), but it was incorrectly iden-
tified as Patulibracchium grapevinensis Pessagno. The
Early Turonian assemblages show the greatest degree
of taxonomic similarity to the Italian and Spanish
assemblages (96% of species in common), thus repre-
senting almost the entire taxonomic diversity of the
coeval Mediterranean assemblages.

Therefore, the Upper Cretaceous radiolarian zones
can usually be traced throughout the Mediterranean
belt from the axial zones of predominantly deep-water
marine deposits, including oceanic sediments, to the
peripheral areas of shelf facies, such as the Crimea.
Certain difficulties arise from inadequate description
of some assemblages, incomplete knowledge of the
stratigraphic ranges of many taxa, and, probably, fre-
quently inappropriate choices of index species. The
difficulties can be resolved in the course of further
investigations. It is evident that radiolarians have very
considerable potential in the refined Upper Creta-
ceous biostratigraphy.

CHAPTER 3. SYSTEMATIC PALEONTOLOGY

This paper presents the first comprehensive study of
radiolarian taxa in the Middle-Upper Cenomanian of
northern Turkey and Upper Cenomanian-Lower Turo-
nian of the Crimean Mountains. The radiolarian assem-
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blages of these regions comprise 193 species belonging
to 77 genera, 28 families, and 4 orders. The specimens
are shown in 41 plates. The study emends the diagnoses
of 5 genera and 28 species and extends the stratigraphic
and geographic ranges of several tens of species and sev-
eral genera, including one genus and three species that the
author described previously. One new genus and 36 new
species are described here for the first time. Diagnoses
were given only for the species described and emended
herein and for the genera that include these species. The
specimens are measured in um.

CLASS RADIOLARIA MULLER, 1855

SUBCLASSEURADIOLARIA LAMEERE, 1931
Superorder Polycystina Ehrenberg, 1838
Order Nassellaria Haeckel, 1887

Family Rotaformidae Pessagno, 1970

Genus Saturniforma Pessagno, 1970
Saturniforma peregrina Pessagno, 1970

Plawe 1. figs. 1 and 2
Saturniforma peregrina: Pessagno, 1970, p. 20, pl. 6, figs. 3-5.

Holotype. University of Texas at Dallas, Pessa-
gno’s collection (USNM-Pessagno), no. 165496; Cali-
fornia coast, Great Valley sequence, Locality NSF 350,
Fiske Creek Formation; Upper Cretaceous, Cenoma-
nian (Pessagno, 1970, pl. 6, fig. 3).

Occurrence. Cenomanian of California;
Lower-Middle Cenomanian of northern Turkey.

Material. Nine specimens.

Genus Rotaforma Pessagno, 1970

Rotaforma hessi Pessagno, 1970

Plate 1. fig. 4

Rotaforma hessi: Pessagno, 1970, p. 16, pl. 3, figs. 4-6; pl. 4. figs. |
and 2

Holotype. USNM-Pessagno, no. 165478; Cali-
fornia coast, Great Valley sequence, Locality NSF 350,
Fiske Creek Formation; Upper Cretaceous, Cenoma-
nian (Pessagno, 1970, pl. 3, figs. 4, 5).

Occurrence. Cenomanian of Californian;
northern Turkey, Urkiit section, Lower—Middle Cen-
omanian.

Material. Eight specimens.

BRAGINA

Family Neosciadiocapsidae Pessagno, 1969
Genus Petasiforma Pessagno, 1969, emend. herein
Petasiforma: Pessagno. 1969a, p. 411.

Type species. Petasiforma foremanae Pessa-
gno, 1969; Cenomanian, Fiske Creek Formation, Ante-
lope Shale Beds; California.

Diagnosis. Shell two-chambered, hat-shaped.
Cephalis usually subspherical, non-perforate, without
apical horn. Large sternal pore with tubular extension.
Cephalic elements characteristic of the family. Thorax
conical in proximal part, then flaring to form thoracic
fringe distally. One or several well-developed concen-
tric ridges occurring occasionally in the middle of tho-
rax. Circular thoracic pores form transverse rows. Pores
gradually increase in size from proximal to distal part
up to thoracic fringe and slightly decrease toward mar-
gins of post-thoracic fringe.

Species composition. P. foremanae Pessa-
gno, 1969; P. glascockensis Pessagno, 1969; P. tavridae
sp. nov. Cretaceous, Tethys, Pacific.

Comparison. Petasiforma differs from
Neosciadiocapsa Pessagno, 1969 in the absence of an
apical horn.

Petasiforma foremanae Pessagno, 1969
Plate 1, figs. 5,9, and 10

Petusiforma foremanae: Pessagno, 1969a, p. 411, pl. 23, figs. 6-10;
Erbacher, 1994, pl. 10, fig. 8.

Sciadiocapsa speciosa: O’Dogherty, 1994, p. 229, pl. 38, fig. 19.

Holotype. USNM-Pessagno, no. 164216; Cali-
fornia coast, Great Valley sequence, Locality NSF 350,
Fiske Creek Formation, Antelope Shale Beds; Upper
Cretaceous, Cenomanian (Pessagno, 1969a, pl. 23,
fig. 8).

Occurrence. Cenomanian of California; Mid-
dle-Upper Cenomanian of Turkey; Turonian of the
Crimean Mountains.

Material. Several tens of specimens.

Petasiforma glascockensis Pessagno, 1969
Plate 1, fig. 3; Plate 33, figs. 1-3.

Petasiforma glascockensis: Pessagno, 1969a, p. 412; pl. 23, figs. 1-5;
pl. 24, figs. 1 and 2: 1976, pl. 2, figs. 2 and 3; Erbacher. 1994, pl. 10, figs. 9-11.

Sciadiocapsa speciosa: O’ Dogherty, 1994, pl. 38, figs. 12 and 15.

Holotype. USNM-Pessagno, no. 164208; Cali-
fornia coast, Great-Valley sequence, Locality NSF 350,
Fiske Creek Formation; Upper Cretaceous, Cenoma-
nian (Pessagno, 1969a, pl. 23, figs. 1-3).

Explanation of Plate 1
Figs. 1 and 2. Saturniforma peregrina Pessagno, 1970: (1) GIN, no. 4871/1, x120; (2) GIN. no. 4871/2, x200.
Fig. 3. Petasiforma glascockensis Pessagno, 1969. GIN, no. 4871/3, x140.

Fig. 4. Rotaforma hessi Pessagno, 1970, GIN, no. 4871/4, x180.

Figs. 5,9, and 10. Petasiforma foremanae Pessagno, 1969: (5) GIN. no. 4871/5, x200; (9) GIN, no. 4871/6. x250; and (10) GIN,

no. 4871/7, x170.

Fig. 6. Lipmanium sacramentoensis Pessagno, 1969, GIN, no. 4871/8, x300.
Figs. 7 and 8. Microsciadiocapsa monticelloensis Pessagno, 1969: (7) GIN, no. 4871/9, x 175, and (8) GIN, no. 4871/10, x160.
Figs. 1-6, and 8. From the Urkiit section, sample 52; Figs. 7, 9, and 10. From the Tomalar section, sample 83.
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Comparison. P. glascockensis differs from P.
foremanae Pessagno, 1969 in the smaller cephalis and
concentric ridges bordering the thorax and post-tho-
racic fringe.

Occurrence. Cenomanian of California; Upper
Albian-Lower Cenomanian of Italy and Spain; Upper
Cenomanian of northern Turkey; Lower Turonian of
the Crimean Mountains.

Material. Twenty specimens.

Petasiforma tavridae Bragina, sp. nov.
Plate 33. fig. 4
Neosciadiocapsa ex gr. N. diabloensis: Schaaf, 1981, pl. 25, figs. 4a and
4b; Vishnevskaya, 2001, pl. 122; figs. 27-29.
Etymology. From Tavrida, the old name of the
Crimea.

Holotype. Geological Institute of the Russian
Academy of Sciences (GIN), no. 4870/35; Crimean
Mountains, Sel’-Bukhra section; Upper Cretaceous,
Lower Turonian.

Description. The shell is small, cap-shaped.
The cephalis is hemispherical, without an apical hom,
pierced with randomly arranged, widely spaced pores.
The cephalic wall is not usually pierced through. The
thorax is sharply conical and slightly higher than the
cephalis . At the transition from the thorax to the post-
thoracic fringe there is a distinct constriction. The tho-
racic pores are commonly pierced through, arranged in
a pentagonal-hexagonal pattern, and spaced closer than
on the cephalis. The middle part of the post-thoracic
fringe bears a ridge that is unevenly developed across
the shell. The ridge divides the fringe into the proximal,
sharply conical and the distal, broadly opened parts.
The pores of the post-thoracic fringe are circular in
cross section, arranged in a hexagonal pattern, and
increase 1.5 times in size toward the distal part. The
spaces between neighboring pores are equal to the pore
diameter at the base and about half of the pore diameter
in the distal part of the thoracic fringe. The post-tho-
racic fringe is slightly extended to the aperture on the
opposite sides of the cephalothorax. A small portion of
the post-thoracic fringe between these extended parts is
arched slightly toward the aperture.

Measurements. Shell diameter, 180; cephalis
diameter, 30.

Comparison. P tavridae differs from P. glas-
cockensis Pessagno, 1969 in having a single unevenly
developed ridge and post-thoracic fringe of lesser
diameter.

Material. Four complete and five fragmental
specimens.

Genus Lipmanium Pessagno, 1969
Lipmanium sacramentoensis Pessagno, 1969

Plate 1, fig. 6
Lipmanium sacramentoensis: Pessagno, 1969a, p. 402, pl. 26, figs. 4-12.
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Hololty pe. USNM-Pessagno, no. 164224; Califor-
nia coast, Great Valley sequence, Locality NSF 350, Fiske
Creek Formation, Antelope Shale Beds; Upper Creta-
ceous, Cenomanian (Pessagno, 1969a, pl. 26, figs. 4-6).

Occurrence. Cenomanman of California; Mid-
dle—Upper Cenomanian of northern Turkey.

Material. Twelve specimens.

Genus Microsciadiocapsa Pessagno, 1969, emend. herein
Microsciadiocapsa: Pessagno, 1969a. p. 403.
Type species. Microsciadiocapsa monticel-
loensis Pessagno, 1969; Middle Turonian—Coniacian,
Yolo Formation, California.

Diagnosis. Shell two-chambered, cap-shaped.
Cephalis subspherical, with smooth and nonperforated
outer surface. Short apical hom with two to four radial
apical ridges at the base. Apical pores between ridges.
Sternal pore well developed. Cephalic structure typical
of the family. Conical thorax expands proximally to form
thoracic fringe nearly orthogonal to cephalothorax. Tho-
racic pores usually circular. Some species bear surface
costae stretching from proximal to distal part of thorax
into thoracic fringe. Three to six longitudinal rows of
subquadrate or rectangular pores between adjacent cos-
tae. Velum flat, completely closing aperture, and bor-
dered with thin equatorial ridge, round in cross section.

Species composition. M. berryessaensis
Pessagno, 1969; M. cortinaensis Pessagno, 1969; M.
lipmanae Pessagno, 1969; M. madisonae Pessagno,
1969; M. monticelloensis Pessagno, 1969; M. radiata
Pessagno, 1969; and M. sutterensis Pessagno, 1969;
Cretaceous, Pacific, Tethys.

Comparison. The species of Microsciadiocapsa
differ from those of Neosciadiocapsa Pessagno, 1969
in (1) the smaller apical horn; (2) the cephalothorax
smaller in size than the thoracic fringe; and (3) the pres-
ence of costae in some species.

Microsciadiocapsa monticelloensis Pessagno, 1969

Plate 1, figs. 7 and 8
Microsciadiocapsa monticelloensis: Pessagno, 1969a. p. 407, pl. 32.
figs. 3-9.

Holotype. USNM-Pessagno, no. 164243; Cali-
fornia coast, Great Valley sequence, Locality NSF 350,
Yolo Formation; Upper Cretaceous, Middle Turonian—
Coniacian (Pessagno, 1969a, pl. 32, figs. 2-5).

Occurrence. Middle Turonian-Coniacian of
California; Middle-Upper Cenomanian of northern
Turkey.

Material. Six specimens.

Family Ultranaporidae Pessagno, 1977
Genus Ultranapora Pessagno, 1977

Ultranapora: Pessagno. 1977, p. 38.

Type species. Ultranapora durhami Pessagno,
1977; Upper Albian, Locality NSF 884, Great Valley
sequence, California.
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Diagnosis. Shell typical of family: shaped like
conical helmet. Apical horn massive, porous at base,
with well-developed vertical spine tube.

Species composition. The type species U.
durhami Pessagno, 1977; U. urkutae sp. nov., and about
ten more species; Cretaceous, common in the Atlantic
and Tethys.

Comparison. Ultranapora difters from Napora
Pessagno, 1977 in having a massive apical horn with
basal porosity and tube of the vertical spine.

Ultranapora durhami Pessagno, 1977

Plate 2, tig. 7

Ultranapora durhami: Pessagno, 1977,p.39, pl. §, figs. 1,3, 13, and 14;
Thurow, 1988, p. 402, pl. 5, fig. 4; O’ Dogherty, 1994, p. 242, pl. 42.

Holotype. USNM-Pessagno, no. 2422767; Cali-
fornia coast, Great Valley sequence, Locality NSF 884,
Lower Cretaceous, Upper Albian (Pessagno, 1977,
pl. 5, figs. 1, 3, 13).

Occurrence. Upper Albian of California; Upper
Cenomanian of northern Turkey.

Material. More than ten specimens.

Ultranapora praespinifera Pessagno, 1977
Plate 2, figs. 1, 3-6

Ultranapora praespinifera: Pessagno, 1977, p. 39, pl. 5, figs. 4, 9,
and 10.

Holotype. USNM-Pessagno, no. 2422765; Cali-
fornia coast, Great Valley sequence, Locality NSF 860,
Lower Cretaceous, Upper Albian (Pessagno, 1977,
pl. 5, fig. 8).

Occurrence. Upper Albian of California; Mid-
dle-Upper Cenomanian of northem Turkey.

Material. More than ten specimens.

Ultranapora spinifera Pessagno, 1977
Plate 2, fig. 2

Ultranapora spinifera: Pessagno, 1977, p. 39, pl. 5, figs. 5, 11, and 12.

Holotype. USNM-Pessagno, no. 242746; Cali-
fornia coast, Great Valley sequence, Locality NSF 860,
Lower Cretaceous, Upper Albian (Pessagno, 1977,
pl. 5, figs. 11, 12).

Occurrence. Upper Albian of California; Mid-
dle~Upper Cenomanian of northern Turkey.

Material. Six specimens.

Ultranapora urkutae Bragina, sp. nov.
Plate 2, ﬁg. 8
Etymology. From the Urkiit section in Turkey.

Holotype. GIN, no. 4871/18; northern Turkey,
Tomalar Formation, Urkiit section, Upper Cretaceous,
Middle Cenomanian.

Description. The shell is small, two-cham-
bered, with three feet. The cephalis is sharply conical,
with several (two to four) poorly developed ridges that
Vol. 38
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wind from the base to the top of the cephalis. The ceph-
alis top is reinforced with a very thick apical horn. The
diameter of the horn base is equal to that of the cephalis
top. The apical horn is comb-shaped, predominantly
massive, with ridges and deep longitudinal grooves. In
the distal part, the hom sharply narrows, loses its
ridges, and becomes round in cross section. Its length is
twice the height of the cephalic chamber. The thorax is
barrel-shaped and twice as wide and high as the cepha-
lis. The thoracic pores are large and form a pentagonal
to hexagonal patterns. The interspaces between the
pores are pentagonal to heptagonal and bear expanded
spines and ridges, which partly overlap the pores. Three
feet start from the proximal part of the thorax and are
connected with the cephalic spicular spines—dorsal
(D) and two main lateral (Lr, L1). The feet are not con-
nected to the distal part of the thorax, are aligned with
the main axis of the test in the opposite direction to the
cephalothorax and shaped like crescents that are
directed to each other on the distal edge.

Measurements. Shell length, 100; foot length,
70; and apical horn length, 70.

Comparison. The new species differs from U.
durhami Pessagno, 1977 in the thick comb-shaped api-
cal horn, ribbed feet, and sharply conical cephalis.

Occurrence. Middle-Upper Cenomanian of
Turkey, Urkiit section.

Material. Seven specimens.

Genus Rhopalosyringium Campbell et Clark, 1944
Rhopalosyringium euganeum (Squinabol, 1903)
Plate 3, figs. 1-4; Plate 34, figs. 3 and 4

Prerocorys euganea: Squinabol, 1903, p. 134, pl. 10, fig. 25.

Rhopalosyringium sp. A: Thurow and Kuhnt, 1986, text-fig. 9.12;
Erbacher, 1994, pl. 9, fig. 6.

Rhopalosyringium sp.: Erbacher. 1994, pl. 9, fig. 6.

Rhopalosyringium euganeurn: O’ Doghenty, 1994, p. 162, pl. 22, figs. 7-13.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo Series; upper Lower Creta-
ceous—lower Upper Cretaceous, Upper Albian—Turo-
nian (Squinabol, 1903, pl. 10, fig. 25).

Comparison. R. euganeum differs from R. ele-
gans (Squinabol, 1903) in having three long three-
bladed spines on the thorax, while R. elegans has short
spines which are round in cross section.

Occurrence. Middle Albian—-Lower Turonian of
Italy and Spain; Upper Cenomanian of northen Tur-
key; Upper Cenomanian-Lower Turonian of the
Crimean Mountains.

Material More than 50 specimens.

Rhopalosyringium magnificum Campbell et Clark, 1944

Plate 4, figs. 1 and 2

Rhopalosyringium magnificum: Campbell and Clark, 1944, p. 30, pl. 7,
figs. 16 and 17.
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Holotype. The United States National Museum
of Natural History (USNM), no. 34529; California,
Teslo County, Campanian (Campbell and Clark, 1944,
pl. 7, figs. 16, 17).

Occurrence. Upper Cretaceous of California,
Middle-Upper Cenomanian of Turkey.

Material. More than 20 specimens.

Rhopalosyringium majuroensis Schaaf, 1981
Plate 3, figs. 7-10

Rhopalosvringium majuroensis: Schaaf, 1981, p. 437, pl. 6, figs. 2 and
3; pl. 23, fig. 5; Salvini and Marcucci Passerini, 1998, fig. 6.p.

Holotype. Institute of Geology, Strasbourg,
France, no. 62-465A-29-1, 43-44 cm; Hess Rise, bore-
hole 465A; Lower Cretaceous, Albian (Schaaf, 1981,
pl. 23, fig. 5).

Occurrence. Albian of the Hess Rise; Middle—
Upper Cenomanian of northern Turkey.

Material. More than 20 specimens.

Rhopalosyringium kleinum Empson-Morin, 1981
Plate 3, figs. 5 and 6; Plate 4, figs. 3 and 4

Rhopalosyringium sp. afl. R. magnificum: Petrushevskaya and Kozlova,
1972, p. 536, pL. 7. fig. 13.

Rhopalosyringium kleinum: Empson-Morin, 1981, p. 265, pl. 8,
figs. 2A-3.

Rhopalosyringium aff. R. kleinum: Urquhant and Banner, 1994, fig. 4.a.

Holotype. USNM, no. 305344; Mid-Pacific
Mountains, DSDP Leg 32, borehole 313; Upper Creta-

ceous, Campanian (Empson-Morin, 1981, pl. §, fig. 2).

Occurrence. Upper Cretaceous of the Atlantic
Ocean, Campanian of Cyprus; Middle-Upper Cenom-
anian of northern Turkey.

Material More than ten specimens.

Family Eucyrtidiidae Ehrenberg, 1847
Genus Distylocapsa Squinabol, 1904

Distylocapsa: Squinabol, 1904, p. 225; O’Dogherty. 1994, p. 185.

Type species. Distylocapsa nova Squinabol,
1904; upper Lower Cretaceous—lower Upper Creta-
ceous, Middle Albian—-Cenomanian; “red-colored” part
of the Scaglia Bianca Formation, southern Venetian
Alps, northern Italy.

Diagnosis. Shell fusiform, multichambered, com-
monly consisting of four chambers. Apical hom at the
extreme top of cephalic chamber. Outer constrictions
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poorly developed. Shell surface covered with small spines.
Aperture commonly terminated in tube with spine.

Species composition. D. micropora
(Squinabol, 1903); D. nova Squinabol, 1904; D.
squama O’Dogherty, 1994; and D. veneta (Squinabol,
1904); Middle Albian-Turonian of the Tethys.

Distylocapsa veneta (Squinabol, 1904), emend. herein
Plate 4, figs. 5, 7. and 8; Plate 32, fig. 7; Plate 34, fig. §
Eusyringium venetum: Squinabol, 1904, p. 235, pl. 10 fig. 10.
? Stichomitra ex gr. indonesiensis: Dumitrica, 1975, text-fig. 2.43.

Stichomitra foraminosa: Taketani, 1982, p. 55, pl. 3, figs. 5a, 5b, 6a.
and 6b.

Stichomitra sp.: Tumanda, 1989, pl. 9, fig. 13.

Distylocapsa veneta: O’ Dogherty, 1994, p. 186, pl. 28, figs. 10-15.

Holotype. Northern Italy, southern Venetian
Alps, “red-colored” part of the Scaglia Bianca Forma-
tion; upper Lower Cretaceous—lower Upper Creta-
ceous, Middle Albian—-Cenomanian (Squinabol, 1904,
pl. 10, fig. 10).

Description. The shell is widely fusiform and
commonly comprises four or five chambers. From the
first chamber onwards, the shell rapidly increases in
width and, gradually, in height. The last chamber is
very narrow. The cephalis is small, subspherical, with a
small sharp apical hom. The shell wall is thick, with
closely spaced pores. Some larger specimens show a
poorly defined constriction between the post-cephalis
chambers, but smaller specimens show no constric-
tions. The interspaces between pores look like rounded
polygons and are arranged in a hexagonal and pentago-
nal patterns. The shell bears a rather short terminal
spine.

Measurements. Shell length, 285-190; shell
width, 120-100.

Comparison. D. veneta differs from D. nova
Squinabol, 1904 in the absence of a long apertural tube
and in the wider shell.

Occurrence. Middle Albian-Cenomanian of
Italy, Romania, and Japan; Middle Turonian of northern
Turkey; Lower Turonian of the Crimean Mountains.

Material About 50 specimens.

Distylocapsa squama O’Dogherty, 1994, emend. herein

Plate 4, fig. 6

Distvlocapsa squama: O’Dogherty, 1994, p. 188, pl. 28, figs. 16-21;
Salvini and Marcucci Passerini, 1998, text-fig. 9s.

Explanation of Plate 2

Figs. 1, 3-6. Ultranapora praespinifera Pessagno, 1977: (1) GIN. no. 4871/11: (a) cephalis and apical horn, x350. (b) general view,
%x200; (3) GIN, no. 4871/12: (a) cephalis and apical hom, x350: (b) general view, x150; (4) GIN, no. 4871/13, x150; (5) GIN,

no. 4871/14. x250; (6) GIN, no. 4871/15, x200.

Fig. 2. Ultranapora spinifera Pessagno, 1977, GIN. no. 4871/16, (a) general view. X150, and (b) cephalis and apical horn, x300.
Fig. 7. Ultranapora durhami Pessagno, 1977, GIN. no. 4871/17, x150.
Fig. 8. Uliranapora urkutae sp. nov., x200, holotype GIN, no. 4871/18.

All specimens come from the Urkiit section.
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Holotype. Switzerland, University of Lausanne
(UL), no. 6960; central Italy, Umbria-Marche Apen-
nines, Locality Asv-5-43; Upper Cretaceous, Lower
Turonian (O’Dogherty, 1994, pl. 28, fig. 16).

Description. The shell is fusiform and consists
of four or, less frequently, five chambers. The apical
horn is short, markedly tapering, and almost circular in
cross section. The shell is covered with closely spaced,
uniform-sized circular pores that are surrounded by
interspaces arranged in hexagonal and pentagonal pat-
terns. The surface of the shell varies from smooth to
very spiny. The shell gradually thickens over a length of
two-thirds of the distance between the cephalic cham-
ber and the first post-abdominal chambers. Distally it
narrows sharply to form a short terminal tube tapering
in a variably developed massive spine that has three or
four blades at the base and is rounded at the end.

Measurements. Shell length, 325-250; maxi-
mal shell width, 140-100; length of distal spine, 70-40.

Comparison. D. squama differs from Disrylo-
capsa veneta (Squinabol, 1904) in having distinct small
spines throughout the shell surface.

Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Upper Cenomanian of northern Tur-
key; Lower Turonian of the Crimean Mountains.

Material. About 50 specimens.

Family Xitidae Pessagno, 1977
Genus Torculum O’Dogherty, 1994

Torculum coronatum (Squinabol, 1904)

Plate 4, figs. 9-12

Theoconus coronatus: Squinabol, 1904, p. 220, pl. 8, fig. 3; Kuhnt et al.,
1986, pl. 7, fig. Q; Thurow, 1988, p. 407, pl. 4, figs. 2—4.

Stichomitra (?) zamoraensis: Pessagno, 1976, p. 54, pl. 3, figs. 7-9;
Pessagno, 1977, p. 53, pl. 9, figs. S and 16.

Novixitus variabilis: Nakaseko and Nishimura, 1981, p. 155, pl. 10.
fig.7.

Novixitus (?) sp. A: Empson-Morin, 1984, pl. 2_ fig. 11.

Novixitus (?) sp. B: Empson-Morin, 1984, pl. 2. fig. 12.

Novixitus (?) sp. C: Empson-Monn, 1984, pl. 2, fig. 13.

Novixitus sp. B: Urquhart and Banner. 1994, fig. 4.

Spongocapsula (?) zamoraensis: Schaal, 1981, p. 438, pl. 24, figs. 2a
and 2b; Taketani, 1982, p. 62, pl. 5, figs. 6a and 6b; pl. 12, figs. 12 and 13;
Bak, 1993, p. 3, fig. 10; Kazintsova. 2002, pl. 2. fig. 9.

Spongocapsula coronata: Jud, 1994, p. 107, pl. 20. fig. 18.

Torculum coronatum: O’Dogherty, 1994, p. 133, pl. 12, figs. 27 and 28;
pl. 14, figs. 4-29; Bragin et al., 2000, figs. 4F-41.

? Torculum coronatum: O'Doghenty, 1994, p. 133, pl. 14, figs. 1-3.

Theoconus spp. group: Erbacher, 1994, pl. 7, figs. 6-11; pl. 14. figs. 4
and 5.

Holotype. Northern Italy, southern Venetian
Alps, “red-colored” part of the Scaglia Bianca Forma-

tion; upper Lower Cretaceous—lower Upper Creta-
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ceous, Middle Albian—Cenomanian (Squinabol, 1904,
pl. 8, fig. 3).

Remarks. This species shows considerable
intraspecific variability. The shells vary widely in
shape, from specimens that look like almost regular
cones to those in which the middle part between the
sixth and ninth chambers is strongly constricted. The
shell may be broadly open toward the aperture or sac-
culately closed to form a slightly elongate narrow aper-
ture. Nodes of different irregular shapes may cover
either the entire shell or its minor part (the first three or
four post-abdominal chambers). Nevertheless, a char-
acteristic feature of the species is that the shell that has
a distinct sharply conical proximal part (first three to
five chambers) and a distal part that gradually widens.

Occurrence. Albian-Turonian, worldwide;
Lower Turonian of the Crimean Mountains; Middle—
Upper Cenomanian of northern Turkey.

Material. More than 20 specimens.

Genus Phalangites O’Dogherty, 1994

Phalangites: (O’ Dogherty, 1994, p. 155.

Type species. Phalangites calamus O’ Dogh-
erty, 1994; Upper Cretaceous, lower Cenomanian, Sca-
glia Bianca Formation, Umbria-Marche Apennines,
central Italy.

Diagnosis. Shell consisting of four or more
chambers. Apical horn usually massive. Shell usually
cylindrical, slightly narrowing toward aperture. Long-
est specimens with closed aperture. Shell wall porous,
single- or double-layered. Pores small, circular.

Species composition. P. calamus O’ Dogh-
erty, 1994; P. hastatus O’ Dogherty, 1994; P. perspicuus
(Squinabol, 1904); and P. telum O’Dogherty, 1994;
Upper Aptian—Turonian, Tethys.

Comparison. Phalangites differs from Pseu-
doeucyrtis Pessagno, 1977 in having double-layered
porous walls.

Phalangites hastatus O’Dogherty, 1994, emend. herein
Plate 33, figs. 9 and 10
Phalangites hastatus: O’ Dogherty. 1994, p. 158, pl. 21, figs. 1-6.
Holotype. UL, no. 5820; central Italy, Umbria-
Marche Apennines, Locality Asv-5-43; Upper Creta-
ceous, Lower Turonian (O’ Dogherty, 1994, pl. 21, fig. 3).
Description. The shell is large, multicyrtoid,
subcylindrical to conical, and usually consists of four to
seven post-cephalic chambers. The cephalis is sharply
conical and bears slitlike pores and a long stout apical

Explanation of Plate 3
Figs. 1-4. Rhopalosyringium euganeum (Squinabol, 1903). specimens: (1) GIN, no. 4871/19, x200: (2) GIN, no. 4871/20, x200;

(3) GIN, no. 4871/21, x200; (4) GIN, no. 4871/22, x550.

Figs. 5 and 6. Rhopalosvringium kleinum Empson-Morin, 1981: (5) GIN, no. 4871/23; X550, (6) GIN, no. 4871/24, x375.
Figs. 7-10. Rhopalosyringium majuroensis Schaaf, 1981, specimens, x375: (7) GIN, no. 4871/25; (8) GIN, no. 4871/26; (9) GIN,

no. 4871/27; and (10) GIN, no. 4871/28.

Figs. 1-3. From the Tomalar section; Figs. 4-10. From the Urkiit section.
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horn with prominent ribs at the base. The shell has an
uneven surface covered with ridges. The shell wall is
thick and consists of two lattice layers of pore frames.
The inner layer consists of irregularly arranged thin
rounded pore frames. The outer layer overlies the inner,
with large, triangular to polygonal, occasionally irregu-
larly arranged pore frames. The.shell wall, especially in
the proximal chambers, is thick and spiny. The cephalis
and the base of the apical horn are usually covered by
the well-developed outer lattice layer. The aperture is
round and enormous.

Measurements. Shell length, 387-220; maxi-
mal shell width, 157-130; length of apical horn, 113-67.

Comparison. Ph hastatus differs from Ph.
telum O’Dogherty, 1994 in the thicker apical horn and
well-defined rough-ridged shell surface.

Occurrence. Lower Turonian of Italy, Spain,
and the Crimean Mountains.

Material. More than ten specimens.

Phalangites telum O’Dogherty, 1994

Plate 4, fig. 13

Phalangites telum: O’ Dogherty, 1994, p. 157, pl. 20, figs. 16-23; Sal-
vini and Marcucci Passerini, 1998, text-fig. 10.h.

Holotype. UL; central Italy, Umbna-Marche
Apennines, Locality Gc-1035.10; Lower Cretaceous,
Upper Albian (O’Dogherty, 1994, pl. 20, fig. 19).

Occurrence. Middle-Upper Albian of Italy and
Spain; Middle—-Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. More than ten specimens.

Genus Xitus Pessagno, 1977

Xitus: Pessagno, 1977, p. 55. O’ Dogherty, 1994, p. 123.

Type species. Xitus plenus Pessagno, 1977;
Lower Cretaceous, Upper Albian, Great Valley
sequence, Locality NSF 860, California.

Diagnosis. Shell sharply conical, with apical
homn. Each chamber usually with double row of small
nodes. Last chambers frequently extended to form tube
with large aperture, with nodes (if present) usually
poorly developed.

Species composition. Xitus plenus Pessa-
gno, 1977, Xitus urkutus sp. nov., and more than ten
other species. Upper Jurassic?—Cretaceous, worldwide.
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Comparison. Xitus differs from Novivirus Pes-
sagno, 1977, in the presence of an apical horn.

Xitus asymbatos (Foreman, 1968), emend. herein
Platc 33, fig. 21

Stichomitra asvmbatos: Foreman, 1968, p. 73, pl. 8. figs. 10a-10c:
1978b, p. 748. pl. 4. fig. 15; Petrushevskaya and Kozlova. 1972.p. 546.pl. 8.
figs. 1-3; Dumitrica. 1975. p. 87-89. text-fig. 2, fig. 13; Taketani, 1982,
p. 54, pl. 4, fig. 13; pl. 11, figs. 3 and 4.

Stichomitra asymbatos Foreman group: Riedel and Sanfilippo, 1974,
p. 780, pl. 10, figs. 1-7, pl. 15, fig. 5.

? Xitus sp. B: Iwata and Tajika, 1986. pl. 1, fig. 12.

Xitus asymbatos: Iwata and Tajika, 1986, pl. 2, figs. 11 and 12; Kazints-

ova, 1993, p. 81, pl. 22, fig. 5.

Holotype. USNM, no. 158013; Califomnia,
Moreno Formation, Locality 1144; Upper Cretaceous,
Upper Maastrichtian (Foreman, 1968, pl. 8, figs. 10a—10c).

Description. The shell is tubercular, conical,
and multichambered (7 to 11 chambers). The cephalis
is relatively large, smooth, and spherical, showing no
pores. It has a short stout apical horn. The thorax and
subsequent chambers are barrel-shaped or truncated-
conical, with the two last chambers being slightly nar-
rower. Outer constrictions between the chambers are
more or less distinct. Each chamber gradually increases
in height and width. The shell wall varies in thickness.
The shell surface (excluding cephalis) bears nodes that
tend to form two (less frequently three) transverse rows
in each chamber. Unequally developed radial and inter-
secting ridges extend from the top of every node. The
nodes may be connected with the neighboring nodes of
the same row (or the adjacent row) by ridges. The pores
are small, rounded-polygonal in cross section, and
arranged in pentagonal-hexagonal patterns. Both the
exterior and interior surfaces of the two last chambers
are usually free of nodes and have a staggered arrange-
ment of pores. The aperture is open and has a wide
tubular extension.

Measurements. Shell length, 400-200; maxi-
mal shell width, 250-80.

Comparison. X. asymbatos differs from X. spi-
cularius (Aliev, 1965) in the large and well-developed
nodes, well-developed ridges, and massive stout apical
homn.

Remarks. Accuracy of specific identification is
hampered by the variability of X. asymbatos (Foreman,
1968), which includes both specimens with and without
distinct outer constrictions . In the latter case, this spe-
cies can be reliably distinguished from X. specularius

Explanation of Plate 4
Figs. 1 and 2. Rhopalosyringium magnificum Campbell et Clark, 1944: (1) GIN, no. 4871/29, x375; (2) GIN, no. 4871/30, x200.
Figs. 3 and 4. Rhopalosyringium kleinum Empson-Morin, 1981: (3) GIN, no. 4871/31, x350; (4) GIN. no. 4871/32, x330.
Figs. 5,7, and 8. Distvlocapsa veneta (Squinabol. 1904), specimens: (5) GIN, no. 4871/33, x150; (7) GIN, no. 4871/34, x220: and

(8) GIN, no. 4871/35, x200.

Fig. 6. Distylocapsa squama O’ Dogherty, 1994, GIN, no. 4871/36, x200.
Figs. 9-12. Torculum coronatum (Squinabol, 1904), specimens: (9) GIN, no. 4871/37, x120; (10) GIN, no. 4871/38, x120;

(1) GIN, no. 4871/39, x150; and (12) GIN, no. 4871/40, x200.

Fig. 13. Phalangites telum O Dogherty, 1994, GIN, no. 4871/41, x200.

All specimens come from the Urkiit section.
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(Aliev, 1965) by means of well-developed xitoid nodes.
Otherwise, both species have the same diagnosis.

Occurrence. Cenomanian—Maastrichtian of the
world; Lower Turonian of the Crimean Mountains.

Material. More than ten specimens.

Xitus spicularius (Aliev, 1965), emend. herein
Plate 5. figs. 1-6; Plate 33. figs. 19, 20, and 22
Dicryomitra spicularia: Aliev, 1965, p. 39, pl. 6. fig. 9.
Stichomitra asymbatos: Dumitrica, 1975, text-fig. 2.13.

Xitus plenus: Pessagno, 1977, p. 55, pl. 9, figs. 15,21,22, and 26; pl. 12,
fig. 15; Kazintsova, 1993, p. 82, pl. §, fig. 1.

Xirus spicularius: Pessagno, 1977, p. 56, pl. 9. fig. 7; pl. 10 fig. 5;
Thurow, 1988, p. 408, pl. 3, fig. 19; O’Dogherty, 1994, p. 127, pl. 11,
figs. 17-31; Salvini and Marcucci Passerini, 1998, text-fig. 7.c.

Non Xitus spicularius: Thurow, 1988, p. 408, pl. 7, fig. 1 (= X. ex gr. X.
alievi (Foreman, 1973).

Holotype. Northeastern Azerbaijan, Locality of
Konagkend; Lower Cretaceous, Albian (Aliev, 1965,
pl. 6, fig. 9).

Description. The shell is conical, with a rough
surface, and consists of many (7 to 9) chambers. The
cephalis is non-perforated, conical, and bears a short
horn, usually circular in cross section. The thorax and
subsequent chambers are trapezoidal. From the fourth
chamber onwards, they increase rapidly in width and
gradually in height. The last chamber is slightly nar-
rower. The shell wall is quite thick. The shell surface is
covered by moderate-sized nodes arranged in two
transverse staggered rows on every chamber beginning
from the abdomen or the first post-abdominal chamber.
The upper row is usually better developed than the
lower row. Occasionally, this arrangement of two rows
of nodes may be disturbed, and they are not always
present in every chamber. The nodes are connected by
poorly defined ridges. The small rounded-polygonal
pores are closely spaced and arranged in pentagonal—
hexagonal patterns. The interspaces between the pores
are fragile. The shell surface is rough because of abun-
dant thin short spines located at vertices of several
pores. The ridges connecting spine tips are virtually
undeveloped.

Measurements. Shell length, 616-300; maxi-
mal shell width, 200-120.

Comparison. X. spicularius differs from Xitus
alievi (Foreman, 1973) in (1) the conical shape of the
shell, (2) well-developed short pointed apical horn, (3)
less developed and occasionally irregularly spaced
nodes, and (4) the absence of the change in the shell

BRAGINA

form from the broadly conical proximal part to the
sharply conical middle and distal parts.

Occurrence. Albian of Azerbaijan, Italy, Spain,
and Romania; Upper Albian of California; Upper
Albian-Upper Turonian of southwestern Sakhalin;
Middle-Upper Cenomanian of northern Turkey; Upper
Cenomanian—-Lower Turonian of the Crimean Moun-
tains.

Material. More than ten specimens.

Xitus spineus Pessagno, 1977

Plate 33, fig. 23
Xitus spineus: Pessagno, 1977, p. 56, pl. 10. figs. 3, 12, 16. and 20.

Holotype. USNM-Pessagno, no. 242735; Cali-
fornia coast, Great Valley sequence, Locality NSF 854;
Lower Cretaceous, Lower Albian (Pessagno, 1977,
pl. 10, figs. 2, 12, 16, 20).

Comparison. X. spineus differs from X. asym-
batos (Foreman, 1968) in having a single row of nodes
on the thorax and abdomen.

Occurrence. Lower Albian of California; Mid-
dle-Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. More than 20 specimens.

Xitus urkutus Bragina, sp. nov.
Plate 5, fig. 7
Etymology. From the name of the section in
which the species was first found.

Holotype. GIN, no. 4871/48; northern Turkey,
Tomalar Formation, Urkiit section; Upper Cretaceous,
Middle Cenomanian.

Description. The shell is fusiform. The cepha-
lis is small, broadly conical, without pores, with a very
short apical horn circular in cross section. A row of oval
and irregularly shaped pores separates the cephalis
from the thorax. The thorax is as high as the cephalis
but one-third wider. The thorax is virtually without
pores and is separated from the abdomen by a row of
oval pores of different sizes. The abdomen is virtually
as high as the thorax and only slightly wider. The post-
thoracic part of the shell is narrowly conical up to the
two or three last chambers. The last chambers rapidly
narrow, terminating in a narrow aperture. The post-tho-
racic part of the shell has small rounded-polygonal
pores with polygonal and irregular pore frames. The
xitoid nodes form an indistinct transverse row on the
abdomen, diminishing distally to the point of disap-

Explanation of Plate 5

Figs. 1-6. Xitus spicularius (Aliev, 1965), specimens: (1) GIN, no. 4871/42, x200; (2) 'GIN, no. 4871/43, x175; (3) GIN.
no. 4871/44, x175; (4) GIN, no. 4871/45, x120; (5) GIN, no. 4871/46, x120; and (6) GIN, no. 4871/47, x250.

Fig. 7. Xitus urkutus sp. nov., holotype GIN, no. 4871/48: (a) general view, x 180; and (b) cephalis and apical horn, x550.
Figs. 8 and 9. Novixitus costatus sp. nov.. (8) GIN, no. 4871/49, x200; (9) holotype GIN, no. 4871/50: (a) general view, X250, and

(b) cephalic and thoracic wall, x320.

Fig. 10. Novixitus subtilis sp. nov., holotype GIN, no. 4871/51, x180.
Figs. | and 5. From the Tomalar section; Figs. 24, 6~10. From the Urkiit section.
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pearance. The distal part shows only rare thin ridges
extending in different directions through the pore
frames connecting three to five neighboring pores.

Measurements. Shell length, 150; maximal
width, 60.

Comparison. X. urkutus differs from X. plenus
Pessagno, 1977 in the fusiform shell and poorly devel-
oped irregular nodes.

Occurrence. Middle Cenomanian of northern
Turkey, Urkiit section.

Material. Three complete and eight incompiete
specimens.

Genus Novixitus Pessagno, 1977, emend. herein
Novixitus: Pessagno, 1977, p. 54.
Type species. Novixitus mclaughlini Pessagno,
1977; Upper Cretaceous, Lower Cenomanian; Locality
MG 236, Franciscan Formation, California.

Diagnosis. Shell sharply conical, usually with-
out apical homn. Cephalis without pores and separated
from (usually porous) thorax by single (sometimes
indistinct) row of pores. Xitoid nodes usually arranged
in transverse rows. In some species some post-cephalis
chambers devoid of xitoid nodes. Last post-abdominal
chamber usually cylindrical and devoid of xitoid nodes.
Polygonal pore frames well developed.

Species composition. N. dengoi Schmidt-
Effing, 1980; N. mclaughlini Pessagno, 1977; N. weyli
Schmidt-Effing, 1980; N. costatus sp. nov.; and N. sub-
tilis sp. nov.; Upper Cretaceous of the Pacific, Atlantic,
and Tethys oceans.

Comparison. Novixitus differs from representa-
tives of Xitus Pessagno, 1977 in the absence of an api-
cal horn.

Novixitus costatus Bragina, sp. nov.
Plate 5. figs. 8 and 9; Plate 34, fig. 7
Etymology. From the Latin costatus (costate).

Holotype. GIN, no. 4871/50; northern Turkey,
Tomalar Formation, Urkiit section; Upper Cretaceous,
Middle Cenomanian.

Description. The shell is narrowly conical and
has a club-shaped thickening proximally. The cephalis
is small, broadly conical, with a few fine, widely spaced
pores. The thorax is shaped like a broad truncated cone
and is connected with the cephalis without noticeable
outer constrictions. The abdomen is barrel-shaped and
forms, in combination with the cephalis and thorax, a
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club-shaped thickening. The thorax and abdomen are
pierced by small, rounded to polygonal pores, with a
diameter less than the distance between pores. The pore
frames are polygonal (four to seven angles) and irregu-
lar in outline. The shell surface is uneven owing to var-
iously developed spines and ridges at the vertices of
several pore frames. The first one or two post-abdomi-
nal chambers are armed with massive curved ridges.
The long axis of the ridges coincides with the main
shell axis. The next chamber is considerably narrower,
and, from this chamber on, the shell becomes narrowly
conical, widening slightly toward the aperture. The nar-
rowly conical chambers bear rounded pores and
smaller, irregularly shaped ridges. The central and dis-
tal parts of the shell occasionally have a transverse row
of small ridged nodes.

Measurements. Shell length, 250; maximal
width, 120; maximal width of club-shaped thickening,
80.

Comparison. The new species differs from
Novixitus dengoi Schmidt-Effing, 1980 in the club-
shaped proximal part of the shell and the presence of
ridges surrounding the shell under the club-shaped
thickening.

Occurrence. Northern Turkey, Urkiit section,
Middle Cenomanian.

Material
specimens.

Four complete and ten incomplete

Novixitus dengoi Schmidt-Effing, 1980
Plate 6. figs. 24
Novixitus sp. B: Pessagno, 1977, p. 54, pl. 9, fig. 14.

Novixitus dengoi: Schmid(-Effing, 1980, p. 252, text-fig. 30; Pessagno,
1977, p. 54, pl. 9, fig. 14.

Non Novixitus dengoi: Erbacher. 1994, pl. 7, figs. 11 and 12 (= Torcu-
lum ex gr. T. coronatus (Squinabol, 1904)).

Non Torculum dengoi: O’Dogherty, 1994, p. 135, pl. 15. figs. 14
(= Torculum sp.?).

Holotype. Geological-Paleontological Institute
of Miinster, Abb. 30; Central America, northwestern
Costa Rica, Cabo "Santa Elena (cape), Rio Potrero
Grande Series, locality of Capas del Sardinal; Upper
Cretaceous, Cenomanian.

Explanation of Plate 6
Figs. 1, 5-8, 10, and 11. Novixitus weyli Schmidt-Effing, 1980, specimens: (1) GIN, no. 4871/52, x130; (5) GIN, no. 4871/53,
x120; (6) GIN, no. 4871754, x130; (7) GIN, no. 4871/55, x120; (8) GIN, no. 4871/56, x110; (10) GIN, no. 4871/57: (a) wall of
cephalis. thorax, and abdomen. X200, and (b) general view, x130; and (11) GIN, no. 4871/326, x120.

Figs. 2-4. Novixitus dengoi Schmidt-Effing, 1980, specimens: (2) GIN, no. 4871/58, x250; (3) GIN, no. 4871/59, x120; and

(4) GIN, no. 4871/60, x 160.

Figs. 9 and 12. Pseudodictvomitra quasilodogaensis sp. nov., holotype GIN, no. 4871/61: (9) general view, x 165, and (12) wall

structure, x220.

Figs. 3., 5, 8-10. From the Tomalar section; Figs. 1, 2, 4, 6, 7, and 11. From the Urkiit section.
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Comparison. N. dengoi differs from Novixitus
wevli Schmidt-Effing, 1980 in the presence of well-
defined hemispherical nodes on the abdomen.

Remarks. The most complete specimens, such as
those shown in PI. 6, fig. 4, have a bag-shaped (saccu-
late) apertural portion of the shell.

Occurrence. Albian-Turonian, worldwide;
Middle—-Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. More than ten specimens.

Novixitus subtilis Bragina, sp. nov.
Plate 5, fig. 10
Etymology. From the Latin subtilis (subtle).

Holotype. GIN, no. 4871/51; northern Turkey,
Tomalar Formation, Urkiit section; Upper Cretaceous,
Middle Cenomanian.

Description. The shell is narrowly conical and
has a club-shaped thickening proximally. The cephalis
is small, broadly conical, with a few fine, widely spaced
pores. The thorax is shaped like a broad truncated cone
connected with the cephalis without noticeable outer
constrictions. The abdomen is barrel-shaped and forms,
in combination with the cephalis and thorax, a club-
shaped thickening. The thorax and abdomen are pierced
by small, rounded to polygonal pores with a diameter
less than the distance between pores. The pore frames are
polygonal (four- to seven-sided) and irregular in outline.
The shell surface is uneven owing to variously developed
spines at the junctions of several pore frames. The next
chamber is markedly narrower; however, its middle part
is encircled around the entire circumference of the abdo-
men by a fairly high, but poorly defined and somewhat
sinuous nidge. Distally the shell forms a truncate high
cone widening slightly toward the aperture. The surface
of this portion of the shell is pierced with rounded pores,
which are spaced at a distance less than or equal to their
diameter. The ridges on the pore frames of this portion of
the shell are small and poorly defined in outline. The sur-
face of the narrowly conical portion of the shell may be
encircled with comblike ridges varying in number (two
to five) from specimen to specimen.

Measurements. Shell length, 220; maximal
width, 120; maximal width of club-shaped thickening,
90; pore diameter, 1-5.

Comparison. N. subtilis differs from Novixitus
mclaughlini Pessagno, 1977, in the absence of charac-

teristic nodes on the club-shaped and more distal parts
of the shell.

Occurrence. Northern Turkey, Urkiit section,
Middle Cenomanian.

Material. Seven complete and three incomplete
specimens.

Novixitus weyli Schmidt-Effing, 1980

Plate 6, ligs. 1. 5-8, and 10~11
Novixitus sp. A: Pessagno, 1977, p. 54, pl. 9, fig. 6.
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Novixitus sp.: Kato and lwala, 1989, pl. 8. fig. 10.

Novixitus wexli: Schmidt-Elfing. 1980, p. 252-253. text-lig. 33:
Nakascko and Nishimura. 1981, p. 155, pl. 10. figs. 1 and 2: Taketani. 1982,
p. 62.pl. 5. figs. 9a and 9b: pl. 12 fig. 11: Schaal. 1984, p. 162-163. 1ext-
figs. 9a and 9b: Teraoka. Kurimoto. 1986. pl. 4. ig. 6: Thurow. 1988, p. 402,
pl. 4. fig. 1: Bak. 1993, p. 198, pl. 4. figs. 9-11.

Pars Novixitus wexli: Kato and lwata. 1989, pl. 8. fig. 9.

Non Novixitus weyli: Teraoka, Kunmoto. 1986, pl. 4. fig. 7 (= N. ex gr.
N. mclaughlini Pessagno, 1977); Erbacher, 1994, pl. 14, figs. 7and 8 (= N.
mclaughlini Pessagno. 1977).

Novixitus mclaughlini: Marcucci et al., 1991, text-figs. 3( and 3g; Bak,
1993, p. 198, pl. 4, fig. 8; O’ Dogherty, 1994, p. 130, pl. 12, figs. 14-21: Vish-
nevskaya, 2001, pl. 25, fig. 5.

Holotype. Geological-Paleontological Institute
of Miinster, Abb. 33; Central America, northwestern
Costa Rica, Cabo Santa Elena (cape), Rio Potrero
Grande Series, locality of Capas del Sardinal; Upper
Cretaceous, Cenomanian.

Comparison. N. weyli Schmidt-Effing, 1980
differs distinctly from N. mclaughlini Pessagno, 1977
in having an outer constriction after the first two rows
of nodes (the first row is quite poorly developed in both
species) and in that the chamber bearing the second row
of nodes is wider than the next chamber.

Occurrence. Cenomanian—Turonian, world-
wide; Middle-Upper Cenomanian of northern Turkey.

Material More than 30 specimens.

Genus Pseudodictyomitra Pessagno, 1977
Pseudodictyomitra: Pessagno, 1977, p. 50.

Type species. Pseudodictyomitra pentacolaen-
sis Pessagno, 1977; Upper Albian, Lower Cretaceous,
Great Valley sequence, Locality NSF 860, California.

Diagnosis. Narrowly conical shell consisting of
six or more post-abdominal chambers. Distal post-
abdominal chamber with less distinct costae.

Comparison. Pseudodictyomitra differs from
Dicryomitra Zittel, 1876 in (1) the presence of a double
row of pores on each constriction between adjacent
chambers from the second post-abdominal chamber
onward and (2) in that the costae of adjacent chambers
do not touch one another.

Species composition. In addition to the
type species, more than ten species, including P. quasi-
lodogaensis sp. nov.; Upper Jurassic—Cretaceous,
worldwide.

Pseudodictyomitra nakasekoi Taketani, 1982
Plate 7, figs. 1-3

? Dictyomitra tiara: Holmes. 1900, p. 701, pl. 38, fig. 4; Dumitrica,
1975. wext-fig. 2.9.

Pseudodictyomitra tiara: O’ Dogherty, 1994, p. 109. pl. 8. figs. 9-11.

Pseudodictvomitra nakasekoi: Taketani, 1982, p. 60. pl. 12, figs. 4-6:
Kuhnt eral., 1986, fig. 7.S; Erbacher. 1994, pl. 15, figs. 5 and 6; O’ Dogherty.
1994, p. 109, pl. 8, figs. 9-11; Salvini and Marcucci Passerini, 1998. fig. 6.n:
Tumanda and Sashida. 1988. text-fig. 4.13; Bragin ez al.. 2000. ext-fig. 4.D.

? Pseudodictryomitra nakasekoi: Hashimoto and lshida. 1997, pl. 1.
fig. 12.

Non Pseudodictvomitra nakasekoi: Vishnevskaya, 2001, pl. 125, fig. 30
(7 Pseudodictyomitra ex gr. P. carpatica (Lozyniak, 1969)).

Pseudodictvomitra carpatica: Marcucci et al., 1991, text-fig. 3k; Wak-
ita and Bambang, 1994, text-fig. 4.1.
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Holotype. Tohoku University, Japan, IGPS,
no. 97566; Cenomanian, Utafue Formation, Yezo
Group, Hokkaido, Japan (Taketani, 1982, pl. 12, fig. 4).

Comparison. P nakasekoi differs from
Pseudodictvomitra pseudomacrocephala (Squinabol,
1903) in having a conical rather than a club-shaped
shell and larger pores piercing right through the shell,
in the middle parts of the chambers (between costae).

Occurrence. Albian—Turonian, worldwide;
Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Pseudodictyomitra pseudomacrocephala
(Squinabol, 1903)
Plate 7, fig. 4; Plate 32, figs. 9, 14-16

Dictyomitra pseudomacrocephala: Squinabol, 1903, p.
fig. 2; Petrushevskaya and Kozlova, 1972. p. 550, pl. 2, fig. 5.

Dictyomitra malleola: Pessagno, 1969b, p. 610, pl. 5, fig. A; Petrush-
evskaya and Kozlova, 1972, p. 550, pl. 2, fig. 5.

Dictyomitra sp.: Forcman, 1973, p. 264, pl. 14, fig. 16.

Pseudodicrvomitra pseudomacrocephala: Pessagno, 1977, p. 51, pl. 8,
figs. 10 and 11 (= specimens of Pessagno, 1976, pl. 3. figs. 2, 3); Schmidt-
Effing, 1980, fig. 8; Schaaf, 1981, pl. 24, figs. la and 1b; Nakaseko and
Nishimura, 1981, p. 159, pl. 9, figs. 1-4; pl. 16, figs. 7 and 8; Taketani, 1982,
p. 61, pl. 5, figs. 4a and 4b; pl. 12, figs. 7 and 8; Kuhnt et al., 1986, pl. 7.T;
Teraoka and Kurimoto, 1986, pl. 4, figs. 10 and 11; Thurow, 1988, p. 405,
pl. 1, fig. 13; pl. 3, fig. 16; Thurow and Kuhnt. 1986, fig. 9.11; Erbacher,
1994, pl. 8, figs. 4 and 5; O’Doghenty, 1994, p. 108, pl. 8, figs. 5-8; Hash-
imoto and Ishida, 1997, pl. 1, fig. 2; Salvini and Marcucci Passerini, 1998,
fig. 8.h; Khan eral.. 1999, pl. 4. fig. d: Bragin et al.. 2000, text-fig. 4.C; Vish-
nevskaya, 2001, pl. 129, figs. 5 and 9.

Holotype. Northern Italy, southem Venetian
Alps, Scaglia Bianca Formation, Teolo Series; upper
Lower Cretaceous—lower Upper Cretaceous, Upper
Albian-Lower Turonian (Squinabol, 1903, pl. 10, fig. 2).

Remarks. The Early Turonian specimens of the
Belaya Mountain section are characterized by a poorly
developed club-shaped thickening of the shell.

Occurrence. Upper Albian-Lower Turonian,
worldwide; Middle-Upper Cenomanian of northem
Turkey; Upper Cenomanian-Lower Turonian of the
Crimean Mountains.

Material. More than 30 specimens.

139, pl. 10.

Pseudodictyomitra quasilodogaensis Bragina, sp. nov.
Plate 6. fig. 9
Etymology. From the Latin quasi (as if) and
lodogaensis (species name by Pessagno (1977)).

Holotype. GIN, no. 4871/61; northern Turkey,
Tomalar Formation, Tomalar section; Upper Creta-
ceous, Upper Cenomanian.

Description. The shell is narrowly conical and
consists of eight to ten chambers. The cephalis is small,
broadly conical, and devoid of pores. The thorax is con-
ical and as high as the cephalis but one-third wider. The
abdomen is cylindrical, slightly wider and four times
higher than the thorax. The combination of cephalis,
thorax, and abdomen forms a structure that resembles a
high helmet. This structure possesses only two rows of
pores: one row separates the cephalis from the thorax
and the other separates the thorax from the abdomen.
Vol. 38
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All the post-abdominal chambers are barrel-shaped,
separated by double rows of rounded pores that are
enclosed in massive pore frames. and The post-abdom-
inal chambers have longitudinal costae (9 to 12 per
half-circle) that are not continuous from one double
row of pores on a chamber junction to another. A single
row of three pores, frequently blind, occurs between
adjacent costae. The costae are hemispherical either
distinctly (in the first two post-abdominal chambers) or
less distinctly (in the subsequent chambers), because of
their fractured and flattened middle parts. The neigh-
boring costae of the middle and distal portions of the
shell are connected by weak transverse ridges.

Measurements. Shell length, 550; maximal
width, 100; height of each post-abdominal chamber,
70.

Comparison. P. quasilodogaensis differs from
P. pentacolaensis Pessagno, 1977 in that the proximal
part of the shell is shaped like a helmet and includes the
cephalis and from P. lodogaensis Pessagno, 1977 in the
shape of the costae in the third and subsequent post-
abdominal chambers.

Occurrence. Upper Cenomanian of northern
Turkey, Tomalar Formation, Tomalar section.

Material. Three complete and nine incomplete
specimens.

Genus Mita Pessagno, 1977
Mita (?) cypraea Bragina, sp. nov.
Plate 7, fig. 5
Etymology. From Cyprus, where the species
was found for the first time.

Holotype. GIN, no. 4871/66; northern Turkey,
Tomalar Formation, Tomalar section; Upper Creta-
ceous, Upper Cenomanian.

Description. The shell is conical and multi-
chambered. The cephalis is small and has a short apical
horn (if any). The first five to seven chambers gradually
increase in width, the three distal chambers are equal in
width, and the last chamber is slightly narrower than
the penultimate one. Quter constrictions between
chambers are virtually absent. The costae that extend
from the cephalis to the aperture are continuous, mod-
erately thick, and covered by irregularly spaced weakly
developed nodes. The adjacent costae on the cephalis,
thorax, and abdomen are separated by a double or,
occasionally, single row of pores and those on the sub-
sequent post-abdominal chambers are separated by two
or, occasionally, three longitudinal rows of pores. The
pores are small, rounded to subquadrate in cross sec-
tion, and arranged in both longitudinal and transverse
rows in subquadrate pore frames of irregular outlines.
There are minor spines and nodes at the vertices of the
pore frames.

Measurements. Shell length, 300-500; maxi-
mal width, 180-200; height of each post-abdominal
chamber, 25-40.
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CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY

Remarks. This specimen is only tentatively
assigned to the genus Mita. Unlike Thanarla species,
typical representatives of Mita have no more than a
double row of pores between adjacent costae. On the
other hand, the representatives of Thanarla have shells
of regular outline with more distinct costae without
nodes.

Occurrence. Northern Turkey, Tomalar Forma-
tion, Tomalar and Urkiit sections, Middle—Upper Cen-
omanian.

Material. More than ten specimens.

Family Archaeodictyomitridae Pessagno, 1976
Genus Thanarla Pessagno, 1977
Thanarla: Pessagno, 1977, p. 45.
Type species. Phormocyrtis veneta Squinabol,
1903; Upper Albian-Lower Turonian, Teolo Locality,
northern Italy.

Diagnosis. Shell multicyrtoid, with costae
extending from the proximal part to aperture. Usually
no outer constrictions between chambers. Costae con-
tinuous throughout the shell length.

Species composition. More than ten spe-
cies; Cretaceous, worldwide.

Comparison. Thanarla differs from Archaeod-
ictyomitra Pessagno, 1976, in having no outer constric-
tions between chambers. Some Thanarla species have
a single constriction on the shell, which usually serves
as a diagnostic feature of these species.

Remarks. Some species are difficult to assign
with certainty to either Thanarla Pessagno, 1977 or
Archaeodictyomitra Pessagno, 1976. It seems that this
difficulty is due to the fact that their diagnoses rely on
characters of the shell exterior. It is quite possible that
closer examination of the internal structure of the ceph-
alic chamber in these genera may improve their diag-
noses.

Occurrence. Cretaceous, worldwide.

Thanarla gracilis (Squinabol, 1903)
Plate 7, fig. 9
Sethoconus gracilis: Squinabol, 1903, p. 131, pl. 10, fig. 13.

Mita gracilis: Schaaf, 1984, p. 110-111, text-figs. H (= holotype refig-
ured), 1, 3, 4a, and 4b (= specimen of Schaaf, 1981, pl. 24, figs. 13a, 13b),
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Sa—5c¢: Thurow, 1988, p. 402, pl. 3. fig. 2: Hashimoto and Ishida. 1997 pl. 1.
fig. 5.
- ? Mita magnifica: Schaal. 1981, pl. 24, tigs. 13a and 13b.

Dictyomitra gracilis: O’ Dogherty, 1994, p. 73.pl. 1. figs. 12-25.

Archaeodictyomitra chalilovi: Jud, 1994, p. 63.pl. 1. figs. 13 and 14.

Archaeodictvomitra sp. ex gr. A. vulgaris: Bragin er al.. 2000, texi-ig. 3.1

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei Formation, Teolo Locality; upper
Lower Cretaceous—lower Upper Cretaceous, Upper
Albian-Lower Turonian (Squinabol, 1903, pl. 10,
fig. 13).

Description. The shell is narrowly conical and
has a short apical horn. Proximally narrowly conical,
the shell slowly expands into a barrel shape. The costae
that begin on the cephalothorax or post-abdominal
chambers extend up to the aperture. The cephalis and
thorax may be free of costae. Adjacent costae are sepa-
rated by a single row of rounded to oval pores.

Measurements. Shell length, 280-492; maxi-
mal width, 120-183.

Comparison. Th. gracilis differs from T. veneta
(Squinabol, 1903) in the narrowly conical proximal
part of the shell.

Occurrence. Albian-Lower Turonian, world-
wide; Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Thanarla veneta (Squinabol, 1903)

Plate 7, figs. 7 and 8; Plate 33, fig. 11

Phormocyrtis veneta: Squinabol, 1903, p. 134, pl. 9, fig. 30.

Dicrvomitra veneta: Petrushevskaya and Kozlova, 1972, p. 550, pl. 2.
fig. 2.

Phormocyrtis (?) veneta: Pessagno, 1976, p. 55, pl. 3, fig. 10.

Pars Thanarla praeveneta: Pessagno, 1977, p. 46, pl. 7, figs. 16, 18, 23,
and 27; non fig. 11 (=T. brouweri ?).

Thanarla veneta: Pessagno, 1977, p. 46, pl. 7, figs. 5,12, 17, 19, and 25;
pl. 12, fig.8: Schmidt-Effing. 1980. figs. 3 and 23; Nakaseko and Nishimura,
1981, p. 164, pl. 6, figs. 13-15: pl. 15, fig. 15; Taketani, 1982, p. 60, pl. 11,
figs. 20 and 21; Thurow, 1988, p. 407, pl. 4, fig. 14; Erbacher, 1994, pl. 20,
fig. 4, O’Dogherty, 1994, p. 93, pl. 4, figs. 5 and 6; Salvini and Marcucci Pas-
serini, 1998, text-fig. 8 k; Bragin et al., 2000. text-fig. 3.L.

Non Thanarla veneta: Thurow, 1988, p. 407, pl. 4, fig. 13 (= Thanarlua
praeveneta Pessagno, 1977); Vishnevskaya, 2001, pl. 76, fig. 4 (= Thanarla
praeveneta Pessagno, 1977); pl. 85, figs. 7-10 (= Thanarla praeveneta Pes-
sagno, 1977).

Holotype. Northem Italy, southern Venetian
Alps, Colli Euganei, Teolo Locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—

Lower Turonian (Squinabol, 1903, pl. 9, fig. 30).

Explanation of Plate 7
Figs. 1-3. Pseudodictvomitra nakasekoi Taketani, 1982, specimens: (1) GIN, no. 4871/62, x200; (2) GIN, no. 4871/63, x200: and

(3) GIN, no. 4871/64, x170.

Fig. 4. Pseudodictyomitra pseudomacrocephala (Squinabol, 1903), GIN, no. 4871/65, x200.
Fig. 5. Mita (?) cypraea sp. nov., holotype GIN, no. 4871/66, x160.
Figs. 6, 10, and 11. Archaeodictyomitra sliteri Pessagno, 1977, specimens: (6) GIN, no. 4871/70, x 150; (10) GIN, no. 4871/71,

x160; and (11) GIN, no. 4871/72, x350.

Figs. 7 and 8. Thanarla veneta (Squinabol. 1903): (7) GIN, no. 4871/67, x250; (8) GIN, no. 4871/68. x 180.

Fig. 9. Thanarla gracilis (Squinabol, 1903), (9) GIN. no. 4871/69, x160.

Figs. 12 and 14. Archaeodictyomitra simplex Pessagno, 1977: (12) GIN, no. 4871/73, x150: (14) GIN, no. 4871/74, x160.
Fig. 13. Archaeodictyomitra delicata sp. nov.. holotype GIN, no. 4871/75. x120.

Figs. -3, 5, 10, and 13. From the Tomalar section; Figs. 4, 6-9, 11, 12, and 14. From the Urkiit section.
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Comparison. T veneta differs from T. praeven-
eta Pessagno, 1977 in the shell consisting of a broadly
conical proximal part and subcylindrical distal part.

Occurrence. Upper Albian—Santonian, world-
wide; Cenomanian of Italy; Upper Cenomanian of north-
ern Turkey; Lower Turonian of the Crimean Mountains.

Material. More than ten specimens.

Genus Archaeodictyomitra Pessagno, 1976
Archaeodictyomitra: Pessagno, 1976, p. 49.
Type species. Archaeodictyomitra squinaboli
Pessagno, 1976; Upper Cretaceous, Turonian, Venado
Formation, Great Valley section, Califoria.

Diagnosis. Shell narrowly conical, multicyrtoid,
usually without apical horn. Costae continuous along
entire length of shell. Outer constrictions between
chambers weak or absent. Single row of pores between
adjacent costae.

Species composition. More than 15 spe-
cies, including the type species and a new species, A.
(?) speciosa sp. nov.; Jurassic—Cretaceous, worldwide.

Comparison. Archaeodictyomitra differs from
Dictyomitra Zittel, 1876 in the continuous costae.

Archaeodictyomitra crebrisulcata (Squinabol, 1904)
Plate 33, fig. 12

Dictvomitra crebrisulcata: Squinabol, 1904, p. 231, pl. 10, fig. 1;
O’ Dogherty, 1994, p. 75, pl. 2, figs. 12-17.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo Locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Middle Albian—Cen-
omanian (Squinabol, 1904, pl. 10, fig. 1).

Description. The shell is narrowly conical and
multichambered. The cephalis is small and has a short
apical horn (if any). The cephalis, thorax, and abdomen
are almost equal in height and width. The post-abdomi-
nal chambers only slightly increase in width. The shell
may be slightly inflated. The costae that extend from the
cephalis to the aperture are very thin and continuous.
Some costae begin on post-abdominal chambers. The
costae amount to 15 per half-circle. The pores are fine
and do not necessarily pierce right through the shell.

Measureme nts. Shell length, 300-600; maxi-
mal width, 90-110.

Comparison. A. crebrisulcata differs from A.
vulgaris Pessagno, 1977 in the narrower and narrowly
conical shell.

BRAGINA

Occurrence. Middle Albian—-Cenomanian of the
Tethys; Lower Turonian of the Crimean Mountains.

Material More than 20 specimens.

Archaeodictyomitra delicata Bragina, sp. nov.
Plate 7, fig. 13; Plate 8. lig. 13
Etymology. From the Latin delicatus (delicate).

Holotype GIN, no. 4871/75; northern Turkey,
Tomalar Formation, Tomalar section; Upper Creta-
ceous, Upper Cenomanian.

Description. The shell is small, fusiform, with
hardly noticeable outer constrictions between cham-
bers. The cephalis is small, narrowly conical, and not
quite as high as the thorax and abdomen. The combina-
tion of these three parts forms a high cone. The first
post-abdominal chamber is almost cylindrical and
slightly narrower than the abdomen. The next three to
five post-abdominal chambers are of equal height and
increase slightly in width distally. The distal chambers
narrow, thus making the shell fusiform. The shell has
longitudinal costae from the cephalis to the aperture.
The widest chamber bears 11 to 13 costae per half-cir-
cle. Pores pierce the shell throughout, almost doubling
in diameter from the cephalic chamber to the second
post-abdominal chamber. The pores are rounded to
polygonal in cross section and positioned in irregular
pore frames. The pore frames connecting neighboring
longitudinal costae are more clearly defined and only
slightly lower in profile than the costae.

Measurements. Shell length, 275-330; width,
103-150.

Comparison. A. delicata differs from A. regina
(Campbell et Clark, 1944) in having irregular rounded—
polygonal pores, poorly pronounced outer constric-
tions, and fusiform shell.

Occurrence. Northern Turkey, Tomalar section,
Upper Cenomanian.

Material. Eight complete and 12 incomplete
specimens.

Archaeodictyomitra simplex Pessagno, 1977
Plate 7. figs. 12 and 14

Archaeodictyomitra simplex: Pessagno, 1977, p. 43, pl. 6, figs. 1, 24,
and 28.

Holotype. USNM-Pessagno, no. 24273; Califor-
nia coast, Great Valley sequence, Locality NSF 860;

Explanation of Plate 8

Figs. 1, 6, and 11. Archaeodicryomitra squinaboli Pessagno, 1976, specimens: (1) GIN, no. 4871/76: (a) porosity and costae of
cephalothorax, x350, and (b) general view, x120; (6) GIN, no. 4871/77, x150; (11) GIN, no. 4871/78, x120.

Figs. 24,7, and 14. Dictyvomitra montisserei (Squinabol, 1903), specimens: (2) GIN, no. 4871/79; (3) GIN, no. 4871/80; (4) GIN,
no. 4871/81; (7) GIN, no. 4871/82 (24, 7, x150); and (14) GIN, no. 4871/83, distorted, x120.

Fig. 5. Dictvomitra napaensis Pessagno, 1976. GIN, no. 4871/84, x120.

Figs. 8-10, and 12. Archaeodictyomitra sliteri Pessagno, 1977, specimens: (8) GIN, no. 4871/85, x120; (9) GIN, no. 4871/85-1.
x120; (10) GIN, no. 4871/85-2, x120; and (12) GIN, no. 4871/86, x100.

Fig. 13. Archaeodictyomitra delicata sp. nov., paratype GIN, no. 4871/87, x175.
Figs. 1-3, 6, 11-13. From the Tomalar section; Figs. 4, 5, 7-10, and 14. From the Urkiit section.
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Lower Cretaceous, Upper Albian (Pessagno, 1977,
pl. 6, figs. 1, 18, 24).

Occurrence. Albian of Califormia; Middle-
Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Archaeodictyomitra sliteri Pessagno, 1977
Plate 7. figs. 6, 10. and 11; Plate 8, figs. 8-12: Plawc 34, fig. 6.

Archaeodictyomitra sliteri: Pessagno, 1977, p. 43, pl. 6, figs. 3. 4. 22,
23.and 27.

Holotype. USNM-Pessagno, no. 242771; Cali-
fornia coast, Great Valley sequence, Locality NSF 934;
Upper Cretaceous, Lower Cenomanian (Pessagno,
1977, pl. 6, figs. 3, 22).

Comparison. A. sliteri differs from A. vulgaris
Pessagno, 1977 in having a narrowly conical fusiform
shell, closely spaced costae, and a subspherical but not
conical cephalis.

Occurrence. Cenomanian of California; Mid-
dle-Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. More than ten specimens.

Archaeodictyomitra (?) speciosa Bragina, sp. nov.
Plate 9, fig. 1
Etymology. From the Latin speciosus (special).

Holotype. GIN, no. 4871/88; Northern Turkey,
Tomalar Formation, Urkiit section; Upper Cretaceous,
Middle Cenomanian.

Description. The shell is narrowly conical and
consists of 17 or more chambers. The cephalis is small,
broadly conical, without pores. The combination of
the apical horn and vertical spine resembles a short
small ridge. The thorax is shaped like a truncated
cone and has sparse fine pores. The abdomen and
subsequent chambers are cylindrical, virtually
invariable in height, and connected without outer
constrictions. The pores between adjacent chambers
are usually oval and form a single transverse row.
There are no pores between the cephalis and the mid-
dle part of the shell. The middle part shows irregular,
winding striations that vary in length, are oriented
along the main shell axis, and somewhat resemble

BRAGINA

costae. The pores in this part are sparse and do not
pierce right through the shell. The pores of the distal
part are rounded to polygonal in cross section and
arranged in hexagonal to pentagonal patterns. The
diameters of the pores are equal to or slightly less
than the distance between them. The striations are not
developed distally.

Measurements. Shell length, 550; maximal
shell width, 100; apical horn height, 15.

Comparison. This species differs from A. rurri-
tum (Squinabol, 1904) in the absence of well-defined
costae on the shell surface and in the presence of a
ridgelike structure consisting of the conjoined apical
and vertical homns.

Remarks. A. (?) speciosa sp. nov. is only tenta-
tively included into Archaeodictyomitra because of its
lack of characteristic distinct costae on the chambers.

Occurrence. Northern Turkey, Urkiit and Toma-
lar sections, Middle Cenomanian.

Material. Four complete and seven incomplete
specimens.

Archaeodictyomitra squinaboli Pessagno, 1976,
emend. herein

Plate 8. figs. 1, 6, and 11; Plate 33, figs. 14, 15, and 17

Archaeodictyomitra squinaboli: Pessagno, 1976, p. 50. pl. 5. figs. 2-8;
1977, p. 50, pl. 5, figs. 2-8.; Kazintsova, 1993, p. 72, pl. VIII, figs. 8-10;
pl. X, fig. 8; pl. X1, fig. 6, 8; pl. XV, fig. 8; pl. XXI, fig. 7.

Non Archaeodictyomitra squinaboli: Vishnevskaya, 2001, pl. 125,
figs. 39 and 40 (=Mita magnifica Pessagno, 1977).

Dictyomitra montisserei: O’Dogherty, 1994, p. 77, pl. 3, fig. 11.

Holotype. USNM, no. 186360; California, Great
Valley sequence, Locality NSF 432; Upper Cretaceous,

Turonian (Pessagno, 1976, pl. 5, figs. 2, 3).
Description. The shell is conical and multi-
chambered, possesses barely visible outer constrictions
between chambers, gradually widens toward the penul-
timate chamber, and then slightly narrows. The cephalis
is small and hemispherical. The subsequent chambers
increase only slightly in height and width. The shell
surface is covered with costae from the cephalis to the
aperture. Some costae begin on the thorax or, abdomen,
or even on the post-abdominal chambers. The widest
part of the shell has 14 to 16 costae per half-circle. The
adjacent costae are separated by a single longitudinal

Explanation of Plate 9
Fig. 1. Archaeodictyomitra ( ?) speciosa sp. nov., holotype GIN, no. 4871/88: (a) general view, X150, and (b) shell wall, x350.
Figs. 2 and 6. Stichomitra communis Squinabol, 1903: (2) GIN, no. 4871/89, x 150; (6) GIN, no. 4871/90, x120.
Figs. 3-5, and 7. Stichomitra insignis (Squinabol, 1904), specimens: (3) GIN, no. 4871/91, x150; (4) GIN, no. 4871/92, x120:

(5) GIN, no. 4871/93, x65; and (7) GIN, no. 4871/94, x110.

Fig. 8. Eostichomitra warzigita Empson-Morin, 1981, GIN, no. 4871/95, x300.
Figs. 9 and 11. Amphipyndax stocki (Campbell et Clark, 1944), specimens: (9) GIN, no. 4871/96, x 150; and (11) GIN, no. 4871/97,

x200.

Figs. 10 and 12. Amphipyndax ellipticus Nakaseko et Nishimura, 1981, specimens: (10) GIN, no. 4871/98, x175; and (12) GIN,

no. 4871/99, x 100.

Figs. 13 and 14. Amphipvndax conicus Nakaseko et Nishimura, 1981, specimens: (13) GIN, no. 4871/100, x175; and (14) GIN,

no. 4871/101, x150.

Figs. 1-3, 5-8, 10-14. From the Urkiit section; Figs. 4, 9. From the Tomalar section.
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row of rounded pores (three or four pores on each
chamber). The pores that pierce right through the shell
usually occur from the second chamber onwards. The
aperture is small, rounded, open, and occasionally has
a short tubular extension.

Measurements. Shell length, 365-455; width,
130-140.

Comparison. A. squinaboli differs from A.
regina (Campbell et Clark, 1944) in having several cos-
tae extending from the thorax and post-abdominal seg-
ments and a fusiform shell with a narrowly conical
proximal part.

Occurrence. Albian—Campanian of California
and Japan; Coniacian—-Campanian of the Koryak
Upland; Lower Cenomanian—Campanian of south-
western Sakhalin; Lower Turonian of the Crimean
Mountains; Middle-Upper Cenomanian of northern
Turkey.

Material. More than 20 specimens.

Archaeodictyomitra vulgaris Pessagno, 1977
Plate 33, fig. 18

Archaeodictyomitra vulgaris: Pessagno, 1977, p. 44, pl. 6, lig. 15.

Holotype. USNM-Pessagno, no. 2427775; Cali-
fornia coast, Great Valley sequence, Locality NSF 940;
Lower Cretaceous, Upper Aptian (Pessagno, 1977,
pi 6, fig. 15).

Occurrence. Upper Aptian of California; Lower
Turonian of the Crimean Mountains.

Material. Eight specimens.

Genus Dictyomitra Zittel, 1876

Dictyomitra montisserei (Squinabol, 1903)
Plate 8. figs. 24, 7, and 14
Sichophormis Montis Serei: Squinabol, 1903, p. 137, pl. 8, fig. 38.

Dictvomitra montisserei: O’ Dogherty, 1994, p. 77, pl. 3. figs. 1-8. 16—
17. 19-21, and 28-29.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, locality of Teolo; upper Lower
Cretaceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 8, fig. 38).

Occurrence. Upper Albian-Lower Turonian of
Italy, Middle-Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Dictyomitra napaensis Pessagno, 1976
Plate 8, fig. 5

Dictyomitra napaensis: Pessagno, 1976, p. 53, pl. 4, fig. 16; pl. 5, figs. 1
and 9.

Holotype. USNM, no. 186366; California coast,
Great Valley sequence, Venado Formation, Locality
NSF 432; Upper Cretaceous, Turonian (Pessagno,
1977, pl. 4, fig. 16).

Occurrence. Turonian of California; Upper
Cenomanian of northern Turkey.

Material. Seven specimens.

PALEONTOLOGICAL JOURNAL
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Genus Stichomitra Cayeux, 1897, emend. herein

Stichomitra: Caycux. 1897, p. 204: Foreman. 1968. p. 71: O'Dogherty.
1994, p. 138,

Type
1897.

Diagnosis. Shell usually narrowly conical, mul-
tichambered. Cephalis subspherical, without pores. No
apical horn. Outer constrictions distinct. Pores rounded
and hexagonally arranged. Pore frames may be devel-
oped. Shell widely open or sacculately closed. Aperture
may be tubular.

Species composition. Several tens of -pe-
cies; Berriasian—Maastrichtian.

Comparison. Stichomitra differs trom
Amphipyndax Foreman, 1966 in that the cephalis is
undivided into lower and upper parts.

species. Stichomitra bertrandi Cayeux,

Stichomitra communis Squinabol, 1903, emend. herein

Plate 9, figs. 2 and 6; Plaic 32, figs. 10-12; Plate 33, fig. 16

Stichomitra communis: Squinabol, 1903, p. 139, pl. 8. fig. 45; Schimidt-
Effing, 1980, pl. 8, fig. 10; pl. 19, fig. 11; Nakaseko and Nishimura. 1981,
p. 162.pl. 11, fig. 11; Schaaf, 1984, p. 162163, text-figs. 8a and 8b: Kuhnt
et al., 1986, pl. 7, fig. w; Thurow, 1988, p. 406, pl. 4, fig. 10; O’Dorherty,
1994, p. 144, pl. 17, figs. 6-9, 12-16; Hashimoto and Ishida, 1997 pl. 1,
fig. 3; Salvini and Marcucci Passerini, 1998, fig. 8.j; Bragin er al.. 2000,
fig. 4B; Vishnevskaya, 2001. pl. 129, fig. 8.

Non Stichomitra communis: Erbacher, 1994, pl. 14, fig. 10 (= S. magna
Squinabol, 1904); Vishnevskaya, 2001, pl. 79, fig. 3

Parvicingula ? tekschaensis: Schaaf, 1981, p. 436, pl. 3, fig. 12: pl. 20,
figs. 3a and 3b.

Holotype. Northern Italy, southermm Venetian
Alps, Colli Euganei, Teolo Series; upper Lower Creta-
ceous—lower Upper Cretaceous, Upper Albian—-Lower
Turonian (Squinabol, 1903, pl. §, fig. 45).

Description. The shell is narrowly conical and
thin-walled and most commonly consists of 811 bar-
rel-shaped chambers. The cephalis is small, circular to
conical, without pores, and, occasionally, separated
from the thorax by an indistinct row of fine pores. The
thorax is a little wider and higher than the cephalis,
pierced with fine rounded pores, which frequently do
not pierce right through the shell. The abdomen is
wider and higher than the thorax. The post-abdominal
chambers vary only slightly in length and reach their
greatest width in the middle or, occasionally, nearer to
the aperture. Both the abdomen and all the post-abdom-
inal chambers are covered with small rounded pores of
almost equal size, arranged in a hexagonal pattern.
Their diameters slightly exceed the distance between
them. The pores of all post-abdominal chambers are in
poorly defined pentagonal to hexagonal pore frames.
The shell narrows slightly toward the aperture.

Measurements. Shell length, 460-363; maxi-
mal width, 200—-138.

Comparison.S. communis differs from S. insig-
nis Squinabol, 1904 in having swollen, distinctly bar-
rel-shaped chambers.

Remarks. S. communis Squinabol, 1903 is prob-
ably an ancestral form of S. cechena Foreman, 1968,
the earliest examples of which were discovered in the
Vol. 38
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Coniacian—-Santonian of the Russian Plain (Bragina,
1994).

Occurrence. Albian-Turonian, worldwide;
Middle-Upper Cenomanian of northern Turkey; Upper
Cenomanian—Lower Turonian of the Crimean Moun-
tains.

Material. More than 50 specimens.

Stichomitra insignis (Squinabol, 1904)
Plate 9, figs. 3-5,7
Dictvomitra insignis: Squinabol, 1904, p. 233, pl. 10, fig. 6.
Stichomitra insignis: Nakaseko and Nishimura, 1981, p. 162, pl. 11,
fig. 11.
Dictyomitra communis: O'Dogherty, 1994, p. 144, pl. 17, figs. 10 and
11.

Holotype. Northern Italy, southern Venetian
Alps, Teolo Series; upper Lower Cretaceous—lower
Upper Cretaceous, Upper Albian—Lower Turonian
(Squinabol, 1904, pl. 10, fig. 6).

Occurrence. Albian-Lower Turonian of the
Tethys and Pacific oceans; Upper Cenomanian of
northern Turkey; Lower Turonian of the Crimean
Mountains.

Material. More than 20 specimens.

Stichomitra magna Squinabol, 1904
Plate 32, fig. 13

Stichomitra magna: Squinabol, 1904, p. 234, pl. 10, fig. 8; O’Dogherty,
1994, p. 146, pl. 17, figs. 17-21.

Stichomitra communis: Erbacher, 1994, pl. 14, fig. 10.

Holotype. Northern Italy, southern Venetian
Alps, Scaglia Bianca Formation, Teolo Series; upper
Lower Cretaceous—lower Upper Cretaceous, Upper
Albian-Lower Turonian (Squinabol, 1904, pl. 10, fig. 8).

Description. The shell is narrowly conical and
multichambered. The cephalis is small, conical, with-
out an apical horn. The subsequent chambers are trape-
zoidal. The thorax and abdomen and the first three post-
abdominal chambers gradually increase in height and
width, but the subsequent chambers are unchangeable.
The shell surface is densely covered with small pores.
Outer constrictions are absent. The aperture is widely
open and rounded.

Measurements. Shell length, 750-550; maxi-
mal width, 150-140.

Comparison. S. magna differs from S. commu-
nis Squinabol, 1903 in the absence of outer constric-
tions between chambers.

Occurrence. Cenomanian-Turonian, world-
wide; Albian-Lower Turonian of Italy and Spain;
Lower Turonian of the Crimean Mountains; Upper
Cenomanian of northern Turkey.

Material. More than 20 specimens.

Genus Eostichomitra Empson-Morin, 1981
Eostichomitra warzigita Empson-Morin, 1981
Plate 9, fig. 8
Eostichomitra warzigita: Empson-Morin, 1981, p. 280, pl. 13, figs. 1A-1D.
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Holotype. USNM, no. 305362; Mid-Pacific
Mountains, DSDP Borehole 313 (Empson-Morin,
1981, pl. 13, fig. 1).

Occurrence. Campanian of the Pacific Ocean;
Middle Cenomanian of northern Turkey.

Material. Six specimens.

Family Amphipyndacidae Riedel, 1967
Genus Amphipyndax Foreman, 1966
Amphipyndax conicus Nakaseko et Nishimura, 1981

Plate 9, figs. 13 and 14; Plate 32, figs. 5 and 6

Amphipyndax conicus: Nakaseko and Nishimura, 1981, p. 143, pl. 12,
figs. 1 and 2; pl. 17, fig. 8.

Holoty pe.Osaka University, Japan, holotype has
not been designated, but the specimen illustrated by
Nakaseko and Nishimura (1981, pl. 12, fig. 2) may in
future be designated as a lectotype; southwestern
Japan, Shimanto Group, Borehole 5a; Lower Creta-
ceous, Albian.

Occurrence. Albian of Japan; Middle Cenoma-
nian of northern Turkey.

Material. Five specimens.

Amphipyndax ellipticus Nakaseko et Nishimura, 1981

Plate 9, figs. 10 and 12

Amphipyndax ellipticus: Nakaseko and Nishimura, 1981, p. 144, pl. 12,
figs. 7, 8a, and 8b.

Holotype. Osaka University, southwestern
Japan, Shimanto Group; upper Lower Cretaceous—
lower Upper Cretaceous, Albian—-Cenomanian

(Nakaseko and Nishimura, 1981, p. 144, pl. 12, figs. 7,
8a, 8b).

Occurrence. Albian—Cenomanian of the Pacific
Ocean; Middle-Upper Cenomanian of northern Tur-
key.

Material. Six specimens.

Amphipyndax stocki (Campbell et Clark, 1944)
Plate 9, figs. 9 and 11; Plate 32. fig. 8

Stichocapsa (?) stocki: Campbell, Clark, 1944, p. 44, pl. 8, figs. 31-33.

Stichocapsa megalocephalia: Campbell, Clark, 1944, p. 44, pl. 8,
figs. 26 and 34.

Dictyomitra pyramidalis: Kozlova in Kozlova, Gorbovets, 1966, p. 116,
pl. 6, fig. 1.

Stichocapsa pyramidata: Amon, 2000, pl. 10, fig. 13.

Amphipyndax stocki: Foreman, 1968 p. 78. pl. 8, figs. 12a-12c;
Schmidt-Effing, 1980, fig. 6; Taketani, 1982, p. 52, pl. 2, figs. 9a and 9b;
pl. 10, figs. 13 and 14; Iwata and Tajika, 1986, pl. 1. fig. 2; Kazintsova, 1993,
p. 70, pl. 1V, fig. 10; pl. VIII, fig. 4; pl. XL, fig. 7; pl. XVIL fig. 7; pl. XXII,
fig. 6; O’Dogherty, 1994, p. 147, pl. 18, figs. 13—15: Sporli and Aita, 1994,
pl. 1. fig. 8; Khokhlova er al., 1994, pl. 13.1.12; Ling er al., 1996, pl. 2,
fig. 15; Hashimoto and Ishida, 1997, pl. 2. fig. 17: Hollis, 1997, pl. 15,
figs. 5, 6, and 8; Vishnevskaya. 2001, pl. 4, figs. 11-13.

Protoamphipyndax stocki: Ling, 1991, pl. 3, fig. 6.

? Amphipyndax stocki: Hollis. 1997, pl. 15, figs. 7 and 9.

Non Amphipyndax stocki: Petrushevskaya and Kozlova, 1972, p. 545,
pl. 8, figs. 16 and 17 (= A. ex gr. A. pseudoconulus (Pessagno, 1963)).

Non Stichomitra sp.: Vishnevskaya, 2001, pl. 4, fig. 5.

Holotype. California, Tesla County, Moreno
Formation; Upper Cretaceous, Campanian (Campbell
and Clark, 1944, pl. 8, fig. 33).
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Description. The shell is multichambered and
conical, gradually widening towards the last chamber,
which narrows slightly toward the aperture. The cepha-
lis is subspherical and divided into an upper (spherical)
and a lower (ellipsoidal) parts. The cephalis lacks pores
and an apical horn. The outer constrictions (if present)
are poorly defined. The inner septa are incomplete. The
chambers gradually increase in height and width. The
shell is pierced with rounded pores, which are arranged
in two or three rows on each chamber in hexagonal and
pentagonal patterns. The pore frames are polygonal but
may be absent from some specimens. Some shells have
a tubular aperture.

Measurements. Shell length, 330-150; maxi-
mal width, 131-75.

Comparison. A. stocki differs from A.
pseudoconulus (Pessagno, 1963) in the absence of
nodes on the shell surface.

Occurrence. Albian-Maastrichtian, worldwide;
Lower Turonian of the Crimean Mountains; Middle—
Upper Cenomanian of northern Turkey.

Material. More than 20 specimens.

Family Williriedellidae Dumitrica, 1970
Genus Holocryptocanium Dumitrica, 1970
Holocryptocanium: Dumitrica, 1970, p. 75; Pessagno, 1977, p. 40.
Type species. Holocryptocanium tubercula-
turm Dumitrica, 1970; Upper Cretaceous, Cenomanian,
locality of Podu Diimbovitei, Romania.

Diagnosis. Three-chambered shell with cephal-
othorax completely encased in abdomen. Abdomen spher-
ical or subspherical, larger in size than cephalis and thorax.

Species composition. H. astiensis Pessa-
gno, 1977; H. barbui Dumitrica, 1970; H. geysersensis
Pessagno, 1977; and H. tuberculatum Dumitrica, 1970;
Albian—Campanian, worldwide.

Comparison. Holocryptocanium differs from
Hemicryptocapsa Dumitrica, 1970 in the completely
hidden cephalothorax and occasional absence of the
apertural pore.

Holocryptocanium astiensis Pessagno, 1977

Plate 10, fig. 11
Holocryptocanium astiensis: Pessagno, 1977, p. 40, pl. 6, figs. 16 and 21;

BRAGINA

Non Holocryprocanium astiensis: Salvini and Marcucci Passerint.
1998. hg. 6.). (= 1. ex gr. 1. gevsersensis Pessagno, 1977).

Holocryptocaniwm ¢l tuberculation: Teraoka, Kurimoto. 1986, pl. 4.
fig. 2.

Holotype. USNM-Pessagno, no. 242820; Cali-
fornia coast, Great Valley sequence, Locality MG 236,
Franciscan Formation; Upper Cretaceous, Lower Cen-
omanian (Pessagno, 1977, pl. 6, fig. 21).

Comparison. H. astiensis differs from H. tuber-
culatum Dumitrica, 1970 in that the tubercles are hemi-
spherical, less abundant, and larger in size.

Occurrence. Albian—Cenomanian, worldwide;
Middle-Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Holocryptocanium barbui Dumiitrica, 1970, emend. herein
Plate 10, fig. 12; Plate 31, figs. 1 and 2

Holocryptocanium barbui: Dumitrica, 1970, p. 76, pl. 17, figs. 105-
108a; pl. 21, fig. 136; 1975, p. 87-89, text-fig. 2, fig. 1; Pessagno, 1977,
p. 40, pl. 6, fig. 18; Nakaseko ef al., 1979, p. 23, pl. 5, fig. 6; Schaal, 1981,
pl. 10, figs. 6a and 6b; Teraoka and Kurimoto, 1986, pl. 4, fig. 1; pl. 2, fig. 1;
Thurow, 1988, p. 401, pl. 5, figs. 5-8; Erbacher, 1994, pl. 5, fig. 8; pl. 13,
fig. 11; Hashimoto and Ishida, 1997, pl. 1, fig. 8: Salvini and Marcucci,
1998, text-fig. 8.a; Bragin ez al., 2000, text-fig. 3.G; Vishnevskaya, 2001,
pl. 22, figs. 1-3; pl. 84, figs. 1-6.

Holocryptocanium sp.: Erbacher, 1994, pl. 5, fig. 9.

Non Holocryptocanium barbui: Amon, 2000, p. 69, pl. 9, fig. 14 (= H.
cf. H. tuberculatum Dumitrica, 1970).

Holocryptocanium barbui barbui: Nakaseko and Nishimura, 1981,
p. 153, pl. 3, figs. 14.

Holocryptocanium barbui japonicum: Nakaseko and Nishimura, 1981,
p. 154, pl. 3, figs. 5-7.

Holotype. Personal collection of Dumitrica,
no. 1477-7; Romania, locality of Podu Dmbovitei;
Upper Cretaceous, Cenomanian (Dumitrica, 1970,
pl. 17, figs. 108a, 108b).

Description. The shell is spherical. The cepha-
lothorax is completely hidden. The cephalis is spherical
and virtually without pores. Its upper part is incorpo-
rated into the lower layer of the double-layered wall of
the abdomen. The thorax is subspherical, twice as large
as the cephalis in diameter, and covered with rounded
to polygonal pores. The pore diameter is equal to or
greater than the distance between pores. The pore
frames are polygonal, with the vertices elevated in lat-
eral view and terminated with triangular spines. The
thorax is connected with the abdomen by thin long
beams extending from the upper part of the thorax. The
lower part of the thorax terminates with a circular open-

Explanation of Plate 10
Figs. 1, 2, 4, and 5. Diacanthocapsa ancus (Foreman, 1968), specimens: (1) GIN, no. 4871/102. x370; (2) GIN, no. 4871/103,
%x370; (4) GIN, no. 4871/104, x250; and (5) GIN, no. 4871/107. x200.
Figs. 3 and 7. Diacanthocapsa antiqua (Squinabol, 1903): specimens: (3) GIN, no. 4871/105, x500; and (7) GIN, no. 4871/106,

% 160.

Fig. 6. Diacanthocapsa matsumotoi (Taketani, 1982), GIN, no. 4871/108, x220.
Fig. 8. Diacanthocapsa elongata sp. nov., holotype GIN, no. 4871/109, x450.

Fig. 9. Diacanthocapsa euganea (Squinabol, 1903), GIN, no. 4871/110, x400.

Fig. 10. Holocryptocanium geysersensis Pessagno. 1977, GIN, no. 4871/111, x200.
Fig. 11. Holocryptocanium astiensis Pessagno, 1977, GIN, no. 4871/112, x300.
Fig. 12. Holocryptocanium barbui Dumitrica, 1970, GIN, no. 4871/113, x250.
Figs. 4 and 9. From the Tomalar section. Others come from the Urkiit section.
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ing and, usually, with three massive spines. The abdo-
men is spherical, except for a small depression above
the cephalis, six to nine times as large as the thorax,
with double-layered wall. The abdomen is covered with
small rounded pores arranged in hexagonal to pentago-
nal patterns. The pore diameter is less than the distance
between pores. The pore frames resemble honeycombs,
with vertices elevated in lateral view. Some specimens
lack pore frames. The abdomen terminates with a small
circular aperture. Some well-preserved specimens
exhibit a thin-walled hemispherical velum closing the
depression characteristic of this species.

Measurements. Abdomen diameter, 200-160.

Comparison. H. barbui differs from H. geyser-
sensis Pessagno, 1977 in the absence of abdominal
tubercles.

Remarks. H. japonicum Nakaseko et Nishimura,
1981 is a form of the widely varniable species H. barbui
Dumitrica, 1970.

Occurrence. Albian-Turonian, worldwide;
Middle-Upper Cenomanian of northern Turkey; Lower
Turonian-of the Crimean Mountains.

Material. More than ten specimens.

Holocryptocanium geysersensis Pessagno, 1977
Plate 10, fig. 10

Holocryptocanium geysersensis: Pessagno, 1977, p. 41, pl. 6, figs. 19,
25 and 26.

Holotype. USNM-Pessagno, no. 242821; Cali-
fornia coast, Great Valley sequence, Locality MG 236,
Franciscan Formation; Upper Cretaceous, Lower Cen-
omanian (Pessagno, 1977, pl. 6, figs. 19, 25).

Comparison. H. geysersensis differs from H.
astiensis Pessagno, 1977 in the conical tubercules and
in the greater numbers of tubercles per half-circle.

Occurrence. Lower Cenomanian of California;
Middle Cenomanian of northern Turkey.

Material. Six specimens.

Genus Diacanthocapsa Squinabol, 1903, emend. herein
Diacanthocapsa: Squinabol, 1903, p. 133: Dumitrica, 1970, p. 61.
Type species. Diacanthocapsa euganea

Squinabol, 1903; upper Lower Cretaceous—lower
Upper Cretaceous, Middle Albian—Cenomanian; Teolo
Locality, southern Venetian Alps, northern Italy.

BRAGINA

Diagnosis. Shell cryptocephalic, three-cham-
bered. Cephalis small, hemispherical, usually without
pores, without apical horn. Cephalis encased partly or
completely in thorax. Thorax barrel-shaped with com-
pressed aperture. Abdomen varies in shape from barrel-
shaped to tear-shaped and to almost regularly spherical.
Abdomen considerably larger than thorax and, some-
times, triangular in cross section. Both thorax and
abdomen possess pores. Abdomen sometimes termi-
nates with small narrow aperture.

Species composition. Tens of species,
including D. aksuderensis sp. nov., D. elongata sp.
nov., D. inflata sp. nov., D. tavridae sp. nov., and D.
urkutica sp. nov.; Cretaceous—Paleogene, worldwide.

Comparison. Diacanthocapsa difters from Tur-
bocapsula O’ Dogherty, 1994 in the absence of costae
from the shell surface.

Remarks. In modemn practice, morphotypes with
a centrally placed apical homn on the cephalis top are
attributed to Diacanthocapsa.

Diacanthocapsa acuminata Dumitrica, 1970

Plate 11, figs. 11 and 14
Diacanthocapsa acuminata: Dumitrica, 1970, p. 65, pl. VI, figs. 38,
39a, 39b, and 43.
Non Eustonerius acuminatus: Pignotti, 1994, pl. 1, fig. 6.
? Diacanthocapsa acuminata: Nakaseko and Nishimura, 1981, p. 149,
pl. 5, figs. 7 and 8 (= D. ex gr. D. acuminata Dumitrica, 1970).

Holotype. Personal collection of Dumitrica,
no. 1625-10; Romania, locality of Valea Mare; Upper
Cretaceous, Lower Campanian (Dumitrica, 1970,
pl. VI fig. 38).

Remarks. D. acuminata Dumitrica, 1970 is usu-
ally common in Campanian deposits, but in the region
under consideration in this paper, some specimens of
this species were found in much older deposits.

Occurrence. Lower Campanian of Romania;
Middle-Upper Cenomanian of northern Turkey.

Matertal. Fifteen specimens.

Diacanthocapsa aksuderensis Bragina, sp. nov.
Plate 31, fig. 10
Etymology. From the Aksudere Gully in the
Crimean Mountains, where it was first discovered.
Holotype. GIN, no. 4870/12; Crimean Moun-
tains, Aksudere Gully section, Lower Turonian.

Explanation of Plate 11

Figs. 1-5. Cryptamphorella micropora sp. nov., specimens: (1) paratype GIN, no. 4871/114, x275; (2) GIN, no. 4871/115, x250;
(3) holotype GIN, no. 4871/116, x250; (4) GIN, no. 4871/117, x250; and (5) GIN, no. 4871/118, x275.

Figs. 6 and 7. Diacanthocapsa brevithorax Dumitrica, 1970, specimens (6) GIN, no. 4871/119, x200; (7) GIN, no. 4871/120, x350.
Fig. 8. Diacanthocapsa betica O’ Dogherty, 1994, GIN, no. 4871/121, x400. )
Figs. 9, 10, and 12. Immersothorax cyclops Dumitrica, 1970, specimens: (9) GIN. no. 4871/122, x300; (10) GIN, no. 4871/123,

x550; and (12) GIN. no. 4871/124, x400.

Fig. 11, 14, Diacanthocapsa acuminata Dumitrica, 1970, specimens: (11) GIN, no. 4871/125, x350; and (14) GIN, no. 4871/126,

incomplete. x400.

Fig. 13. Diacanthocapsa urkutica sp. nov.. holotype GIN, no. 4871/127, x200.

All specimens come from the Urkiit section.
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Description. The shell is fusiform. The cepha-
lis is subspherical and bears a short apical horn and fine,
frequently blind, randomly arranged pores. The thorax
is barrel-shaped, 1.5 times the height and twice the
width of the cephalis. The pores are rounded, cover the
entire thorax, and are arranged in pentagonal and hex-
agonal patterns. The pore frames are pentagonal and
hexagonal. Their vertices are raised and terminate with
spinules. The outer constriction between the thorax and
abdomen is indistinct. The distance between pores is
less than or equal to the pore diameter. The abdomen is
slightly wider than the thorax and less distinctly barrel-
shaped. Distally, the abdomen gradually narrows to
form a long, wide apertural tube. The apertural pores
are sparse and randomly arranged.

Measurements. Shell length, 220; width, 105.

Comparison. D. aksuderensis differs from D.
matsumotoi (Taketani, 1982) in the shorter apical horn,
larger cephalis, smaller abdomen, long, wide aperture,
and fusiform shell.

Remarks. Like D. matsumotoi (Taketani, 1982),
it has an apical homn, a feature which is not typical of
congeneric species.

Occurrence. Crimean Mountains, Aksudere
Gully, Lower Turonian.

Material. Five complete and four incomplete
specimens.

Diacanthocapsa ancus (Foreman, 1968)
Plate 10, figs. 1, 2, 4, and 5; Plate 31, figs. 6 and 7
Theocapsomma ancus: Foreman, 1968, p. 32, pl. 4, fig. 3.
Diacanthocapsa cf. ancus: Dumitrica, 1970, p. 64, pl. VI, figs. 35a and
35b; pl. VII. fig. 40; pl. XX, fig. 125; Nakascko and Nishimura, 1981, p. 149,
pl. 5. fig. 5; Ishida and Hashimoto. 1996, text-fig. 3.22; Hashimoto and
Ishida. 1997, pl. 1, fig. 20; pl. 2, fig. 13.

Diacanthocapsa umbilicata: Hashimoto and Ishida, 1997, pl. 1, fig. 12.

Non Diacanthocapsa ancus: lwata and Tajika, 1986, pl. 4, fig. 8 (= D.
teren (Foreman, 1968)); Schaaf, 1981, pl. 24, figs. 9a and 9b (= D. teren
(Foreman, 1968)); Thurow, 1988, pl. 4, fig. 8 (= D. ex gr. D. galeata Dumi-
trica. 1970).

Immersothorax marinae: Amon, 2000, p. 64, pl. 9. fig. 5.

Holotype. USNM, no. 159949; California,
Moreno Formation, Locality 1144; Upper Cretaceous,

Upper Maastrichtian (Foreman, 1968, pl. 4, fig. 3).

Comparison. D. ancus differs from D. reren
(Foreman, 1968) in the arrangement of the pores in hex-
agonal and pentagonal patterns rather than in longitudi-
nal rows.

Remarks. Unlike D. ancus (Foreman, 1968), it
shows considerable variation in the shape of the abdo-
men.

Occurrence. Cenomanian-Maastrichtian,
worldwide; Middle-Upper Cenomanian of northern
Turkey; Lower Turonian of the Crimean Mountains.

Material. More than 20 specimens.

Diacanthocapsa antiqua (Squinabol, 1903), emend. herein
Plate 10, figs. 3 and 7; Plate 31, figs. 11 and 12; Plate 32, fig. 2
Theocorys antigua: Squinabol. 1903, p. 135, pl. 8, fig. 25.
Myllocercion cf. acineton: Marcucci er al., 1991, text-fig. 4.
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Fustonerius acuminatus: Pignotti, 1994, pl. 2. fig. 2.

Diacanthocapsa antiqua: O Dogherty. 1994, p. 220 pl. 36, igs. 25-28.

Holotype. Northern ltaly, southern Venetian
Alps, Colli Euganei, Teolo Locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 8, fig. 25).

Description. The shell is tear-shaped and has a
subspherical cephalis half-hidden in the thorax. The
cephalic pores are few, small, rounded, and randomly
arranged. The thorax is barrel-shaped, 3 times as wide
and 2 to 2.5 times as long as the cephalis, and is covered
with rounded pores that are arranged hexagonally and
pentagonally in pore frames resembling honeycombs.
The abdomen is one-third wider and 2 to 3.5 times as
long as the thorax. Owing to barely perceptible surface
depressions, the abdomen is irregularly rounded in
cross section. The abdominal pores tend to be arranged
in indistinct longitudinal rows. The pores are set in
barely perceptible irregular frames with fine secondary
spines at their vertices. Occasionally the abdomen has
weakly developed longitudinal striations. The aperture
is rounded, almost completely closed, or indistinctly
tubular.

Measurements. Shell length, 210-155, maxi-
mal width, 110-89.

Comparison. D. antiqua differs from D.
ovoidea Dumitrica in the incompletely hidden cephalis
and abdominal depressions.

Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Upper Cenomanian of northern Tur-
key; Lower Turonian of the Crimean Mountains.

Material. More than ten specimens.

Diacanthocapsa betica O’Dogherty, 1994, emend. herein
Plate 11, fig. 8; Plate 31, fig. 14

Diacanthocapsa betica: O’Dogherty, 1994, p. 216, pl. 36, figs. 1-7.

Holotype. UL, no. 9967; Spain, Betic Cordillera,
Locality Mc-268b, Carbonero Formation; Middle
Aptian (O’Dogherty, 1994, pl. 36, fig. 1).

Description. The shell is three-chambered,
with a small, partly hidden cephalis. The cephalis is
subspherical, without an apical homn or pores. There is
no outer constriction between the thorax and the ceph-
alis. The thorax is subspherical, much larger (four to six
times) than the cephalis. The outer constriction (if any)
between the thorax and the abdomen is poorly defined.
Between the thorax and the abdomen there is a sutural
pore that is three or four times larger in diameter than
the pores on the shell surface. The abdomen is barrel-
shaped, equal to or slightly larger in size than the tho-
rax. The lumbar stricture is poorly developed. The tho-
rax and abdomen are porous. The pores are fine,
rounded to oval, varying in size, and randomly
arranged. The striation on the thorax and abdomen is
weak.

Measurements. Shell length, 153-80; maximal
width, 90-63.

Vol. 38 Suppl. 4 2004



CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY

Comparison. D. betica differs from D. ovoidea
Dumitrica, 1970 in the wider shell and larger sutural
pore and from D. ancus (Foreman, 1968) in the cephalis
completely encased in the thorax and striation between
pores.

Remarks. Early Turonian specimens have more
widely spaced pores and a less elongated shell.

Occurrence. Lower-Middle Aptian of Italy;
Upper Cenomanian of northemn Turkey; Lower Turo-
nian of the Crimean Mountains.

Material. Nine specimens.

Diacanthocapsa brevithorax Dumitrica, 1970
Plate 11, figs. 6 and 7

Diacanthocapsa brevithorax: Dumitrica, 1970, p. 62, pl. VII, hig. 41.

Holotype. Collection of Dumitrica, no. 1629-2;
Romania, Podu Dimbovitei; Upper Cretaceous, Cen-
omanian (Dumitrica, 1970, pl. VII, fig. 41).

Comparison. D. brevithorax differs from D.
betica O’ Dogherty (1994) in the longitudinal costae of
the thorax and abdomen.

Occurrence. Cenomanian of Romania; Upper
Cenomanian of northern Turkey.

Material. Eight specimens.

Diacanthocapsa elongata Bragina, sp. nov.
Plate 10, fig. 8; Plate 32, fig. |
Etymology. From the Latin elongarus (elon-
gate).
Holotype. GIN, no. 4871/109; Northern Turkey,
Tomalar Formation, Urkiit section, Middle Cenoma-
nian.

Description. The shell is fusiform and consists
of three chambers. The cephalis is hemispherical, with-
out an apical horn, and partly encased in the thorax. The
thorax is spherical to barrel-shaped and bears large
rounded pores in hexagonal pore frames. The frame
vertices are slightly raised. The thorax is more than
twice the height and width of the cephalis, but half the
height and a quarter of the diameter of the abdomen.
The abdomen looks like an extremely elongated ellipse
in longitudinal section, and is circular in cross section.
It terminates in a small aperture. The thoracic and
abdominal pores are equal in size. The abdominal pores
are arranged in pentagonal and hexagonal patterns. The
pore frames of the abdomen are indistinct in outline.

Measurements. Shell length, 150-300, maxi-
mal width, 90-125.

Comparison. D. elongata differs from D. fossi-
lis (Squinabol, 1904) in the more widely spaced
abdominal pores and less inflated, rounded (not nearly
triangular) cross section of the abdomen.

Occurrence. Middle Cenomanian of northem
Turkey; Lower Turonian of the Crimean Mountains.

Material. Three complete and seven incomplete
specimens.
PALEONTOLOGICAL JOURNAL
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Diacanthocapsa euganea Squinabol, 1903
Plate 10. fig. 9
Diacanthocapsa euganea: Squinabol. 1903, p. 133, pl. 8. fig. 26: Taket-
ani. 1982.p. 68, pl. 8. figs. 2a-3b: pl. 12, fig. 15: Kato and Iwata. 1989, pl. 8.
fig. 4: Tumanda. 1989, p. 36, pl. 7. fig. 5. o Dogherty, 1994, p. 218, pl 36.
wa 19-21: Salvini and Marcucci Passcnm 1998. texl- hg. 6e.

Non Diacanthocapsa euganea: Erbacher. 1994, pl. 19, fig. 12 (= D. ¢x
gr. D amphora (Campbell et Clark. 1944)).

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo Locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Middle Albian—Cen-
omanian (Squinabol, 1903, pl. 8, fig. 26).

Comparison. D. euganea differs from D. anti-
qua (Squinabol, 1903) in the smaller thorax and less
inflated abdomen, which is larger than the thorax.

Occurrence. Middle Albian—-Lower Turonian,
worldwide; Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Diacanthocapsa fossilis (Squinabol, 1904)
Plate 31, fig. I3

Dicolocapsa fossilis: Squinabol, 1904, p. 218, pl. 7. fig. 19.

Diacanthocapsa brevithorax: Nakaseko et al., 1979, p. 149, pl. §, fig. 6.

Diacanthocapsa fossilis: O’ Dogherty, 1994, p. 217, pl. 36, figs. 8-11.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo Locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Middle Albian—Cen-
omanian (Squinabol, 1904, pl. 7, fig. 19).

Comparison. D. fossilis differs from D. ovoidea
Dumitrica, 1970, in the subtriangular cross section of
the abdomen.

Occurrence. Middle Albian—Lower Turonian of
Italy and Japan; Lower Turonian of the Crimean Moun-
tains.

Material. More than 20 specimens.

Diacanthocapsa inflata Bragina, sp. nov.
Plate 31, fig. 9
Etymology. From the Latin inflatus (inflated).

Holotype. GIN, no. 4870/11; Crimean Moun-
tains, Belaya Mountain section, Lower Turonian.

Description. The shell has a completely hidden
cephalis. The thorax is wide, hemispherical. The outer
constriction between the thorax and abdomen is poorly
defined. The abdomen is shaped like a barrel and rap-
idly tapers distally. The abdomen terminates in a small
aperture. The abdomen slightly exceeds the thorax in
width. The thorax and abdomen are covered with small
pores arranged in a hexagonal pattern. The pore frames
are poorly developed, most commonly hexagonal, with
sharp spines at their vertices that make the shell surface
thorny. The thorax and abdomen have low indistinct
longitudinal costae. The number of costae per half-cir-
cle is 15—17 on the thorax and 20 or 21 on the abdomen.

Measurements. Shell length, 230; maximal
width, 175.

Comparison. D. inflata differs from D. acumi-
nata Dumitrica, 1970 in that the thorax and cephalis are
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of almost equal height and in the more indistinct and
low longitudinal costae.

Remarks. The following phylogenetic lineage is
possible: Early Cenomanian D. acuminata Dumitrica,
1970-Turonian D. inflata sp. nov.—Campanian D. sp.
Dumitrica, 1970.

Occurrence. Lower Turonian of the Crimean
Mountains.

Material. Four complete and four incomplete
specimens.

Diacanthocapsa matsumotoi (Taketani, 1982)

Plate 10, fig. 6
Eusyringium (?) matsumotoi: Taketani, 1982, p. 57, pl. 4, figs. 1a-3b;
pl. 11, fig. 12.
Diacanthocapsa matsumotoi: O'Dogherty,
figs. 22-24.

Holotype. Tohoku University, Japan, IGPS,
no. 97538; Japan, Urakawa Formation, Yezo Group;
Upper Cretaceous, Coniacian—Santonian (Taketani,
1982, pl. 4, figs. 3a, 3b).

Remarks. D. matsumotoi differs from the typical
representatives of Diacanthocapsa in having a thick
apical horn.

Occurrence. Upper Cretaceous of the Pacific
and Tethys; Middle-Upper Cenomanian of northemn
Turkey.

Material. Five specimens.

1994, p. 219, pl. 36,

Diacanthocapsa rara (Squinabol, 1904)
Plate 31, figs. 4 and 5

Diacanthocapsa rara: Squinabol, 1904, p. 218, pl. 7, fig. 17; Salvini
and Marcucci Passerini, 1998. text-fig. 9.p.

Holotype. Northern Italy, southem Venetian
Alps, Teolo Series, Scaglia Bianca Formation; upper
Lower Cretaceous—lower Upper Cretaceous, Middle
Albian—Cenomanian (Squinabol, 1904, pl. 7, fig. 17).

Comparison. D. rara differs from D. antiqua
(Squinabol, 1903) in the more inflated and larger abdo-
men.

Occurrence. Middle Albian-Cenomanian of
Italy and Spain; Lower Turonian of the Crimean Moun-
tains.

Material. Twelve specimens.

Diacanthocapsa tavridae Bragina, sp. nov.
Plate 31, fig. 8
Etymology. From Tavrida, the ancient name of
the Crimea.

Holotype. GIN, no. 4870/10; Crimean Moun-
tains, Belaya Mountain section, Lower Turonian.

Description. The shell has a subspherical ceph-
alis siightly hidden in the thorax. The cephalic pores are
rounded, rare, small, and randomly arranged. The tho-
rax is shaped like a dome and narrows distally to form
a cylinder. The thorax is 3.5 times wider and 4 times
longer than the cephalis. The thoracic pores are
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rounded, of variable size, set in pore frames resembling
honeycombs, and arranged in hexagonal and pentago-
nal patterns, with slightly raised vertices. The abdomen
is elliptical, one-fourth wider and one-fifth longer than
the thorax. The abdominal pores are arranged in pen-
tagonal and hexagonal patterns and tend to form indis-
tinct transverse rows distally. The pore frames resemble
irregular honeycombs. The aperture is circular and
almost completely closed.

Measurements. Shell length, 250; maximal
width, 125.

Comparison. D. tavridae differs from Diacan-
thocapsa ancus (Foreman, 1968) in the subcylindrical
thorax and narrower abdomen.

Occurrence. Lower Turonian of the Crimean
Mountains.

Material Four complete and seven incomplete
specimens.

Diacanthocapsa urkutica Bragina, sp. nov.
Plate 11, fig. 13
Etymology. From the Urkiit section, where it
was first discovered.

Holotype. GIN, no. 4871/127; northern Turkey,
Tomalar Formation, Urkiit section; Upper Cenomanian.

Description. The shell is fusiform and consists
of three chambers. The cephalis is completely encased
in the thorax. The thorax is barrel-shaped and has
rounded pores in hexagonal pore frames with slightly
raised vertices. The outer constriction between the tho-
rax and abdomen is poorly defined. The abdomen is 1.5
times higher than the thorax but is equal in length. The
abdomen is circular in cross section. The abdominal
pores are slightly smaller than those on the thorax, and
are arranged in pentagonal and hexagonal patterns in
indistinct pore frames. The abdomen tapers toward the
aperture, where the abdominal pores become much
smaller.

Measurements. Shell length, 190; maximal
width, 75.

Comparison. D. wurkutica differs from D.
acuminata Dumitrica, 1970 in the completely hidden
cephalis, the absence of costae on the thorax and abdo-
men, and the narrower shell.

Occurrence. Upper Cenomanian of northern
Turkey, Urkiit section.

Material Four complete and three incomplete
specimens.

Genus Gongylothorax Foreman, 1968

Gongylothorax verbeeki (Tan Sin Hok, 1927)
Plate 36, fig. 8
Dicolocapsa verbeeki: Tan Sin Hok, 1927, p. 44. pl. 8. figs. 40 and 41.
Gongylothorax verbeeki: Foreman, 1968, p. 20, pl. 2, figs. 8a-8c;
Dumitrica, 1970, p. 57, pl. 1, figs. 6a and 6b; pl. 11, figs. 8a-8c¢.
Holotype. The specimen shown in figs. 40 and
41 (Tan Sin Hok, 1927, pl. 8, figs. 40, 41).
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Comparison. G. verbeeki differs from G.
favosus Dumitrica, 1970 in the more closely spaced
pores and smaller diameter of pore frames.

Remarks. G. verbeeki is common in the Campa-
nian and Maastrichtian, but scarce in the Lower Turo-
nian of the Crimean Mountains.

Occurrence. Campanian—Maastrichtian of the
Pacific and Tethys; Lower Turonian of the Crimean
Mountains.

Material. Seven specimens.

Genus Cryptamphorella Dumitrica, 1970
Cryptamphorella: Dumitrica, 1970. p. 80.
Type species. Hemicryptocapsa conara Fore-
man, 1968; Upper Cretaceous, Upper Maastrichtian,
Locality 1144, Moreno Formation, California.

Diagnosis. Shell with three chambers; thorax
hidden in abdomen. Abdomen large, inflated, without
aperture.

Species composition. C. conara (Foreman,
1968), C. macropora Dumitrica, 1970; C. sphaerica
(White, 1928); and C. micropora sp. nov.; Cretaceous,
worldwide.

Comparison. Cryptamphorella differs from
Hemicryptocapsa Tan Sin Hok, 1927 in the absence of
pores on the thorax.

Cryptamphorella conara (Foreman, 1968)
Plate 12, fig. 9
Hemicryptocapsa conara: Foreman, 1968, p. 35, pl. 4, figs. 11a and
11b; Bragina in: Khokhlova et al., 1994, pl. 13.1.13; Hashimoto and Ishida.
1997, pl. 3, fig. 12.
Cryptammphorella conara: Dumitnica, 1970, p. 80, pl. XI, figs. 66a—66c:
Salvini and Marcucci Passerini, 1998, text-fig. 7q.

Holotype. USNM, no. 157953; California,
Moreno Formation, Locality 1144; Upper Cretaceous,
Upper Maastrichtian (Foreman, 1968, pl. 4, figs. 11a,
11b).

Comparison. C. conara differs from C.
sphaerica (White, 1928) in the greater height-to-width
ratio of the abdomen and the absence of costae running
from the thorax base to the cephalis top.

Occurrence. Upper Maastrichtian of California;
Lower Campanian of Romania; Campanian—Maas-
trichtian of the Atlantic; Upper Cenomanian of north-
ern Turkey; Lower Turonian of the Crimean Mountains.

Material. More than 20 specimens.

Cryptamphorella micropora Bragina, sp. nov.
Plate 11. figs. 1-5

Etymology. From the Latin micro (very small)
and porus (pore).

Holotype. GIN, no. 4871/116; northern Turkey,
Tomalar Formation, Urkiit section; Upper Cretaceous,
Middle Cenomanian.

Description. The shell is shaped like a teardrop.
The cephalis is hemispherical and has a hyaline wall.
Vol. 38
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The thorax is twice as high and wide as the cephalis.
The thoracic pores are rounded and set in penta-, or
hexa-, or, occasionally, heptagonal frames. The pore
diameter is greater than or equal to the distance
between pores. A well-defined depression at the tho-
racic base indicates the presence of a sutural pore. The
thorax gradually passes into the fairly rapidly widening
abdomen. The abdomen is two or three times wider and
three times higher than the thorax. The abdomen is
elliptical to almost spherical and has pores of identical
size and arrangement to those of the thorax.

Measurements. Shell length, 160; width, 120.

Comparison. The new species differs from C.
sphaerica (White, 1928) in the finer pores and the shell
with a distinct depression between the thorax base and
abdomen.

Occurrence. Middle Cenomanian of northern
Turkey.

Material. Eleven specimens.

Cryptamphorella sphaerica (White, 1928)
Plate 12, fig. 7; Plate 31, fig. 3: Plate 32, fig. 4
Baculogypsina (?) sphaerica: White, 1928, p. 306, pl. 41, figs. 12 and
13.

Aulonia sphaerica. Pessagno. 1962, p. 366, pl. 6, fig. 3.

Holocryptocapsa ? sphaerica: Pessagno, 1963, p. 206, pl. 1, fig. 3; pl. 5,
figs. 1 and 2.

Crypramphorella sphaerica: Dumitrica, 1970, p. 82, pl. XII, figs. 73a
and 73b, 74a-74c: pl. XX, figs. 133a and 133b.

Holotype. The holotype is lost, but there are
paratypes in the personal collection of Dumitrica, no.
1625-14; Romania, Valea Mare sequence; Upper Creta-
ceous, Lower Campanian (Dumitrica, 1970, pl. XII,
figs. 73a, 73b, 74a-74c).

Occurrence. Lower Campanian of Romania;
Campanian of California; Upper Cenomanian of north-
ern Turkey; Lower Turonian of the Crimean Mountains.

M aterial. More than ten specimens.

Family Carpocaniidae Haeckel, 1881
Genus Immersothorax Dumitrica, 1970
Immersothorax cyclops Dumitrica, 1970

Plate 11, figs. 9. 10. and 12
Immersothorax cvclops: Dumitrica, 1970, p. 78, pl. XVIIL, figs. 112a-
112c: pl. XXI, figs. 139a and 139b.

Holotype. Personal collection of Dumitrica,
no. 1625-3; Romania, Valea Mare section; Upper Cre-
taceous, Lower Campanian (Dumitrica, 1970, pl. XVIII,
figs. 112a-112c).

Occurrence. Lower Campanian of Romania;
Upper Cenomanian of northern Turkey.

Material Five specimens.

Genus Squinabollum Dumitrica, 1970
Squinabollum: Dumitrica, 1970, p. 83.
Type species. Clistosphaera fossilis Squin-
abol, 1903; Middle Albian—Cenomanian, Teolo Series,
southern Venetian Alps, northern Italy.
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Comparison. Squinabollum differs from
Cryptamphorella Dumitrica,1970 in the cephalis con-
sisting of two (lower and upper) parts divided by an
inclined plane and in the well-developed apical horn.

Species composition. The genus is mono-
typic, represented by Squinabollum fossile (Squinabol,
1903).

Squinabollum fossile (Squinabol, 1903), emend. herein
Plaie 12, figs. 1-4
Clistosphaera fossilis: Squinabol, 1903, p. 130, pl. 10, fig. 11.

Squinabollum fossilis: Dumitrica, 1970, p. 83, pl. 19, figs. 118a-118c,
119a-119c: Nakaseko and Nishimura, 1981, p. 161, pl. 5, figs. 3 and 4;
Taketani, 1982, p. 70, pl. 6, figs. 10a-11b; pl. 13, figs. 10 and 11; Teraoka
and Kurimoto, 1986, pl. 4, fig. 4; Salvini and Marcucci Passerini, 1998, text-
fig. 6s; Kazintsova, 1993, p. 66, pl. XV, fig. 7.

Squinabollum fossile: O’Dogherty, 1994, p. 203, pl. 32, figs. 4-10.

Non Squinabollum fossilis: Thurow, 1988, p. 406. pl. 4, fig. 21.

Non Squinabollum fossile: Erbacher, 1994, pl. §, figs. 14 and 15 (= Set-
hocapsa leiostraca Foreman, 1973); Vishnevskaya, 2001, p. 187, pl. 22,
figs. 7-11 (= Sethocapsa leiostraca Foreman, 1973).

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo Series; upper Lower Creta-
ceous—lower Upper Cretaceous, Middle Albian—Cen-
omantian (Squinabol, 1903, pl. 10, fig. 11).

Description. The shell is three-chambered. The
cephalis is helmet-shaped, divided into two parts by an
inclined plane. The upper part is conical apically. The
thorax is cylindrical and half of the height of the ceph-
alis. The lower parts of the cephalis and the thorax
together form a cylinder. The lower part of the thorax is
encased in the abdominal cavity. The abdomen is large,
subspherical, and has a diameter many times greater
than that of the thorax. The size of the pores and pattern
of the pore frames vary considerably from specimen to
specimen. Most commonly the pores are arranged in a
hexagonal pattern and set in frames resembling honey-
combs with ridgelike spines at the vertices. In some
specimens, the pore frames may be poorly developed
and the shell surface is smooth rather than thomny. The
lower part of the abdomen may bear three to seven long,
thin, randomly arranged secondary spines.

Measurements. Shell length, 200-152, maxi-
mal width, 150-125, length of apical horn, 40-10,
length of cephalothorax, 80-50.

Remarks. Mediterranean representatives of S.
fossile (Squinabol, 1903) described by O’Dogherty
(1994) are characterized by a long apical horn and five
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to seven long secondary spines randomly arranged on
the abdomen surface.

Occurrence. Albian-Santonian, worldwide;
Upper Cenomanian of northern Turkey; Lower Turo-
nian of the Crimean Mountains; Upper Santontan of
southwestern Sakhalin (Bragina, 2001).

Material. More than 20 specimens.

Genus Sethocapsa Haeckel, 1881

Sethocapsa simplex Taketani, 1982
Plate 12, fig. 6

Sethocapsa simplex: Taketani, 1982, p. 63, pl. 5, figs. 8a-8c; pl. 13,
fig. 1; Jud, 1994, p. 105, pl. 20, fig. 8:; Urquhart and Robertson. 2000, pl. 1,
fig. 17.

Siphocampium ? davidi: Schaaf, 1981, pl. §, fig. 7.

Squinabollum fossilis: Thurow, 1988, p. 406, pl. 4, fig. 21.

Hiscocapsa asseni: O’ Dogherty, 1994, p. 200, pl. 31, figs. 7-13.

Holotype. Tohoku University, Japan, IGPS,
no. 97583; Cenomanian, Utafue Formation, Yezo

Group, Japan (Taketani, 1982, pl. 5, figs. 8a—8c).

Occurrence. Upper Cretaceous, worldwide;
Middle Cenomanian of northern Turkey.

Material. Five specimens.

Genus Trisyringium Vinassa, 1901
Trisyringium echitonicum (Aliev, 1967)
Plate 12, figs. 8, 10, and 11

Tricolocapsa echitonica: Aliev, 1967, p. 25, text-figs. b and c.

Gen. et sp. indet 6: Thurow, 1988, pl. 4, fig. 24.

Trisyringium echitonicum: O’ Dogherty, 1994, p. 209, pl. 34, figs. 5-8.

Sethocapsa leiostraca: Erbacher, 1994, pl. 5, fig. 11.

Holotype. Northeastern Azerbaijan, Kelevudag
Mountain; Lower Cretaceous, Middle Albian (Aliev,
1967, text-fig. b).

Comparison. T. echitonicum differs from T.
capellinii Vinassa, 1901, in its lack of abdominal tuber-
cles.

Occurrence. Middle Albian of Azerbaijan; Mid-
dle—Upper Albian of Italy; Middle—-Upper Cenomanian
of northern Turkey.

Material. Five specimens.

Genus Pogonias O’Dogherty, 1994
Pogonias: O'Dogherty, 1994, p. 172.
Type species. Pogonias prodromus O’ Dogh-
erty, 1994; Lower Cretaceous, Upper Albian, Locality
Bo-685.20, Umbria-Marche Apennines, central Italy.

Explanation of Plate 12 .
Figs. 1-4. Squinabollum fossile (Squinabol, 1903), specimens: (1) GIN, no. 4871/128, x350; (2) GIN, no. 4871/129, x200; (3) GIN.

no. 4871/130, x300; and (4) GIN. no. 4871/131, x200.

Fig. 5. Pogonias ? hirsutus (Squinabol. 1904). GIN. no. 4871/132, x200.

Fig. 6. Sethocapsa simplex Taketani, 1982, GIN, no. 4871/133, x300.

Fig. 7. Cryptamphorella sphaerica (White, 1928). GIN, no. 4871/134, x350.

Figs. 8, 10, and 11. Trisyringium echitonicum (Aliev, 1967), specimens: (8) GIN, no. 4871/135, x200; (10) GIN. no. 4871/137,

x350; and (11) GIN, no. 4871/136, x200.

Fig. 9. Cryptamphorella conara (Foreman, 1968). GIN. no. 4871/138, x150.
Fig. 10. From the Tomalar section. Others come from the Urkiit section.
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Diagnosis. Shell two-chambered, with small
spherical cephalis, usually with apical horn. Thorax sub-
cylindrical to tetrahedral, rapidly drawn out distally into
three or more appendages. Aperture closed.. Thorax and
appendages porous, thick-walled, occasionally spongy.
Pores rounded to hexagonal. Collar stricture between
cephalis and thorax weakly developed or absent.

Species composition. P incallidus
O’Dogherty, 1994; P. missilis O’Dogherty, 1994; P.
prodromus (O’Dogherty, 1994; and P.  harpago
O’Dogherty, 1994; Middle Albian—Lower Turonian of
the Tethys.

Comparison. Homeomorphic species belong-
ing to Sethochytris Haeckel, 1881 appeared in the Mid-
dle Eocene.

Pogonias ? hirsutus (Squinabol, 1904), emend herein
Plate 12, fig. 5
Sethocyrtis ? hirsuta: Squinabol, 1904, p. 215, pl. 7, fig. 11.

Non Platycryphalus spp. afl. P. hirsuta: Foreman, 1975, p. 616, pl. 2G,
fig. 2; pl. 6, figs. 7-9 (= Rhopalosyringium mosquiense (Smirmova et Aliev:
in Aliev, Smimova, 1969)).

Pogonias ? hirsutus: O'Dogherty, 1994, p. 175, pl. 25, figs. 9-13.

Holoty pe. Central Italy, southern Venetian Alps,
Colli Euganei, Teolo Series; upper Lower Cretaceous—
lower Upper Cretaceous, Upper Albian—Lower Turo-
nian (Squinabol, 1904, pl. 7, fig. 11).

Description. The shell has three chambers. The
cephalis is small, subspherical, with apical and vertical
horns that are thick and three-bladed at the base and almost
equally long. The thorax is barrel-shaped, rapidly inflates
proximally, and is slightly higher and three or four times
wider than the cephalis. The abdomen is barrel-shaped and
1.5-2 times the height of the thorax. There is a well-defined
outer constriction between the thorax and abdomen. The
shell is pierced with closely spaced fine pores of irregular
outline. The pore frames are penta- to heptagonal, with
small spines at the vertices that make the surface thorny.
The thoracic pores are almost twice as large as the pores of
the cephalis and abdomen, and are in considerably more
ridged pore frames with more markedly raised vertices.

Measurements. Shell length, 200; thorax
width, 130; abdomen width, 180.
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Remarks. O’Dogherty (1994) only tentatively
assigned P. ? hirsutus (Squinabol, 1904) to Pogonias.
Correct generic assignment may well be possible after
a thorough study of the cephalis structure of both typi-
cal forms of this genus and P. ? hirsutus.

Occurrence. Upper Albian—Lower Turonian of
Italy; Upper Cenomanian of northern Turkey.

M aterial. More than ten specimens.

Pogonias missilis O’Dogherty, 1994
Plaic 33, fig. 5

Pogonias missilis: O’ Dogherty, 1994, p. 174, pl. 25, figs. 1-5.

Holotype. UL, no. 3295; central Italy, Umbria-
Marche Apennines, Locality no. Bo-685.20; Lower Cre-
taceous, Upper Albian (O’Dogherty, 1994, pl. 25, fig. 1).

Comparison. P. missilis differs from P. incalli-
dus O’Dogherty, 1994 in the presence of costae on the
abdomen and the absence of arms.

Occurrence. Middle-Upper Albian of Italy and
Spain; Lower Turonian of the Crimean Mountains.

Material. More than ten specimens.

Family Artostrobiidae Riedel, 1967
Genus Siphocampe Haeckel, 1881, sensu Nigrini, 1977
Siphocampe: Haeckel, 1881, p. 1499; Nigrini, 1977, p. 254.

Type species. Siphocampe annulosa Haeckel,
1887.

Diagnosis. Artostrobiidae with five, six, or more
segments. No apical horn. Horizontal tubus of vertical
spine (V). Post-thoracic part subcylindrical. Shell sur-
face with grooves and small ridges. Aperture slightly
narrowed.

Species composition. The type species and
more than 20 species, including S. praevanderhoofi sp.
nov.; Cretaceous—Recent, worldwide.

Comparison. Siphocampe differs from Tricolo-
campium Haeckel, 1887 in having more chambers and
well-developed grooves and ridges.

Siphocampe altamontensis (Campbell et Clark, 1944)

Plate 13. fig. 1
Tricolocampe (Tricolocampira) altamontensis: Campbell, Clark. 1944,
p- 33, pl. 7, figs. 24 and 26.

Explanation of Plate 13
Fig. 1. Siphocampe altamontensis (Campbell et Clark, 1944), GIN, no. 4871/139, x275.
Fig. 2. Siphocampe praevanderhoofi sp. nov., holotype GIN, no. 4871/140, x250.
Fig. 3. Siphocampe bassilis (Foreman, 1968), GIN, no. 4871/141, x400.
Figs. 4-6. Pseudoeucyrtis spinosa (Squinabol, 1903). specimens: (4) GIN. no. 4871/142, x200; (5) GIN. no. 4871/143, x100; and

(6) GIN. no. 4871/144, x100.

Fig. 7. Tubilustrium transmontanum O’ Dogherty, 1994, GIN, no. 4871/145, x120.
Fig. 8. Tubilustrium guttaeformis (Bragina, 1991), GIN, no. 4871/146. x100.
Figs. 9-11. Spongostichomitra phalanga O’Dogherty, 1994, specimens: (9) GIN, no. 4871/147, x100; (10) GIN, no. 4871/148,

x120; and (11) GIN, no. 4871/149, x70.

Figs. 12 and 13. Cornutella californica Campbell et Clark, 1944, specimens: (12) GIN, no. 4871/150. x200; and (13) GIN,

no. 4871/151. x300.

Fig. 14. Afens liriodes Riedel el Sanfilippo, 1974, GIN, no. 4871/152, x80.
Fig. 14. From the Tomalar section. Others come (rom the Urkiit section.
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Theocampe altamontensis: Foreman. 1968, p. 53, pl. 6. figs. 14a and
14b: 1978, p. 745, pl. S. fig. 27: Empson-Morin, 1981.p. 202, pl. 6. figs. 1A-
'Ii{,);_;l;ukcluni. 1982, p. 53, wext-fig. 1. Vishnevskaya, 2001, p. 191, pl. 126,

. Siphocampe altamontensis: Ling. 1991.p. 320, pl. 1. fig. 12.

Holotype. USNM, no. 34523; California, Moreno
Formation, Tesla County; Upper Cretaceous, Campanian
(Campbell and Clark, 1944, pl. 7, figs. 24, 26).

R emarks. This work illustrates the earliest repre-
sentatives of S. altamontensis (Campbell et Clack,
1944), which was widespread in the Campanian and
Maastrichtian. The Cenomanian specimens have char-
acteristic features, such as a slightly wider abdomen
and weakly developed striation on the cephalothorax.

Occurrence. Campanian—Maastrichtian of Cal-
ifornia, Japan, the Pacific; Upper Cenomanian of north-
ern Turkey.

Material. Five specimens.

Siphocampe bassilis (Foreman, 1968)
Plate 13, fig. 3
Theocampe bassilis: Foreman, 1968, p. 51, pl. 6, fig. 12.
Non Theocampe bassilis: Ling, Lazarus, 1990, pl. 3, fig. 19 (= Sipho-
campe ex gr. S. altamontensis (Campbell et Clark, 1944)).

Holotype. USNM, no. 157983; California,
Moreno Formation, locality of Marsha Shale; Upper
Cretaceous, Upper Maastrichtian (Foreman, 1968,
pl. 6, fig. 12).

Remarks. The occurrence of S. bassilis (Fore-
man, 1968) at such a low stratigraphic level (the Upper
Cenomanian of northern Turkey) is unusual. It is com-
mon in the Campanian and Maastrichtian.

Occurrence. Maastrichtian of California; Upper
Cenomanian of northern Turkey.

Material. Five specimens.

Siphocampe praevanderhoofi Bragina, sp. nov.
Plate 13, fig. 2
Etymology. From the Latin prae (pre, before)
and the species name vanderhoofi (Campbell and
Clark, 1944).

Holotype. GIN, no. 4871/140; northern Turkey,
Tomalar Formation, Urkiit section, Upper Cenomanian.

Description. The shell looks like a wide cap
with an inflated lower part. The cephalis is subspheri-
cal, without an apical horn. The tubus of the vertical
spine is well-defined and oriented perpendicular to the
main axis of the shell. The thorax is conical. The pores
on the cephalis and thorax are fine, irregular in outline,
and randomly arranged. The outer constriction between
the thorax and abdomen is barely visible. The thorax
and abdomen are separated by a transverse row of oval
pores. The abdomen is inflated, barrel-shaped (with its
greatest width below the middle), and gradually nar-
rowing distally and tapering to form a wide aperture.
The cephalis, thorax, and the proximal part of the abdo-
men have indistinct striations directed toward the main
axis of the shell. The abdominal pores form distinct
transverse rows. Usually there are no more than four
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rows. The largest pores occur at the junction of the tho-
rax and abdomen and in the distal row.

Measurements. Shell length, 190; maximal
width, 115.

Comparison. The new species differs from the
typical representatives of S. vanderhoofi (Campbell et
Clark, 1944} in the narrower abdomen and poorly pro-
nounced striations on the shell surface.

Occurrence. Northern Turkey, Urkiit section,
Upper Cenomanian.

Material. Four complete and five incomplete
specimens.

Family incertae sedis
Genus Tubilustrium O’Dogherty, 1994
Tubilustrium guttaeformis (Bragina, 1991)

Plate 13, fig. 8; Plate 33, fig. 7
Non Theocampe subtilis: Squinabol, 1903, p. 135, pl. VIII, fig. 43;
Kazintsova, 1987, p. 194, pl. XXXV, fig. 12; Kazintsova, 1993, p. 67,
pl. XXI, figs. 2 and 3.
Theocampe (?) guttaeformis: Bragina, 1991b, p. 135, pl. 1, fig. 6, text-
fig. 1d.

Etymology. From the Latin guttaeformis (tear-
shaped).

Holotype. GIN, no. 4823/50; northwestern
Kamchatka, Talovka River section, Bystraya Forma-
tion, Santonian—Lower Campanian (Bragina, 1991b,
pl. I, fig. 6).

Description. The shell is relatively large, tear-
shaped, and three-chambered. The cephalis is almost
spherical and, usually, smooth and without pores. The
thorax is conical, with a slight constriction separating it
from the cephalis. The abdomen is large, oval to
rounded, strongly inflated, with a small compressed
aperture and, occasionally, a short apertural tube. The
shell wall gradually thins from the cephalis to the abdo-
men. The post-cephalic pores are small, rounded to
angular, irregular in outline, and randomly arranged.
Pore frames strongly vary in form (trigonal to pentago-
nal) and size. Ridges of pore frames are variable in
height, with triangular spines at vertices, which makes
the thoracic and abdominal surface thorny.

Measurements. Shell length, 500-320, maxi-
mal width, 250-170.

Comparison. T. guttaeformis differs from T
transmontanum O’Dogherty, 1994 in the symmetrical
shell. The cephalothorax of the latter species deviates
from the main shell axis.

Occurrence. Middle-Upper Cenomanian of
northern Turkey; Lower Turomian of the Crimean
Mountains; Coniacian—Campanian of Cyprus; Santo-
nian—Campanian of the Bystraya Formation of north-
western Kamchatka.

Material. More than ten specimens.

Tubilustrium transmontanum O’Dogherty 1994
Plate 13, fig. 7; Plate 33, figs. 6 and 8
Tubilustrium transmontanum: O’ Dogherty, 1994, p. 137, pl. 15, figs. 9-19.
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Non Tubilustrivmn transmontanwm: Khan et al . 1999, pl. 1. (g j.

Holotype. UL, no. 3280; central ltaly, Umbria-
Marche Apennines, Locality Bo-685.20; Lower Creta-
ceous, Upper Albian (O’Dogherty, 1994, pl. 15, fig. 16).

Occurrence. Middle Albian-Middle Cenoma-
nian of Italy; Lower Turonian of the Crimean Moun-
tains; Middle—-Upper Cenomanian of northern Turkey.

Material. More than 30 specimens.

Family Syringocapsidae Foreman, 1973
Genus Pseudoeucyrtis Pessagno, 1977
Pseudoeucyrtis: Pessagno, 1977, p. 58.
Type species. Eucyrtis (?) zhamoidai Fore-
man, 1973; Borehole 196, Upper Cretaceous beds, the
Pacific.

Diagnosis. Shell multicyrtoid, elongated, fusi-
form, with long apertural tube. Cephalis with or with-
out pores, frequently with massive apical horn. Shell
usually double-layered, with double row of pores in
polygonal frames. Shell surface frequently thorny.
Shell gradually narrowing toward aperture.

Species composition. Tens of species,
including P. tavricus sp. nov.; Mesozoic, tropical and
temperate latitudes.

Comparison. Pseudoeucyrtis differs from
Distylocapsa Squinabol, 1904 in the long conical aper-
tural tube.

Pseudoeucyrtis pulchra (Squinabol), 1904, emend. herein
Plate 33, fig. 13

Theosyringium pulchrum: Squinabol, 1904, p. 222, pl. 8. fig. 7.

Pseudoeucyrtis pulchra: O’Dogherty, 1994, p. 184, pl. 27, figs. 9-13;
Salvini and Marcucci Passerini. 1998, text-fig. 10j.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo Series; upper Lower Creta-
ceous—lower Upper Cretaceous, Upper Albian-Lower
Turonian (Squinabol, 1904, pl. 8, fig. 7).

Description. The shell is long, fusiform, deli-
cate and usually consists of four or five chambers. The
proximal part, which comprises the cephalis, thorax,
abdomen, and, occasionally, the first post-abdominal
chamber, is narrowly conical in longitudinal section.
The cephalis is small, conical, without pores, with a
well-developed apical horn. The next chamber of the
cone is porous, slightly increasing in width, and almost
constant in height. The first post-abdominal chamber is
slightly inflated, and the last chamber is considerably
swollen. This part of the shell is the widest. The pore
frames slightly increase in size from the proximal to the
distal part and are arranged irregularly. The apertural
tube is long (frequently more than half of the shell
length), narrows toward the margin, and consists of
large rounded to polygonal pores oriented longitudi-
nally and surrounded by polygonal (tetragonal to hep-
tagonal) pore frames. Some specimens show pentago-
nal and hexagonal patterns of pores.
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Measurements. Maximal length of shell, 630-
462; maximal width, 100-146; length of apertural tube,
285-192.

Comparison. P. pulchra differs from P. spinosa
(Squinabol, 1903) in (1) the more delicate shell, (2) the
absence of nodes and spines on the post-abdominal
chamber, and (3) the longer apertural tube.

Occurrence. Upper Albian—Lower Turonian of
Italy; Lower Turonian of the Crimean Mountains.

Material More than 20 specimens.

Pseudoeucyrtis spinosa (Squinabol, 1903)
Plate 13, figs. 4-6; Plate 34, fig. 10

Eusyringium spinosum: Squinabol, 1903, p. 141, pl. 8, fig. 42 Thurow,
1988, p. 401, pl. 4, fig. 18; Tumanda and Sashida, 1988. text-fig. 4.8.

Eucyriis bulbosa: Foreman, 1975, p. 615, pl. 2K, fig. 3.

Eucyrtis spinosus: Dumitrica, 1975, text-fig. 2.25.
o 9(‘_\'rtm'ap.m grutterinki: Nakascko and Nishimura, 1981, p. 149, pl. 13,

¢ Fusyringium (?) foremanae: Taketani, 1982, p. 64, pl. 6. figs. 1a and 1b;

Thurow, 1988, p. 401, pl. 4, fig. 19; Taketani and Kanie, 1992, text-fig. 3.14.

Pseudoeucyriis spinosa: O’Dogherty, 1994, p. 183, pl. 27, figs. 1-8.

Holotype. Central ltaly, southern Venetian Alps,
Colli Euganei, Teolo Series; upper Lower Cretaceous—
lower Upper Cretaceous, Upper Albian—Lower Turo-
nian (Squinabol, 1903, pl. 8, fig. 42).

Comparison. P, spinosa differs from P. pulchra
(Squinabol, 1904), in the larger shell with an inflated
spherical central part covered by nodes terminating in
spinules.

Occurrence. Albian—Turonian, worldwide;
Middle-Upper Cenomanian of northern Turkey.

Material. Five specimens.

Pseudoeucyrtis tavricus Bragina, sp. nov.
Plate 34, figs. 1 and 2
Etymology. From Tavrida, the ancient name of
the Crimea.

Holotype. GIN, no. 4870/57; Crimean Moun-
tains, Belaya Mountain section, Lower Turonian.

Description. The shell is of fusiform shape
(characteristic of this genus) and has seven to nine post-
abdominal chambers. The cephalis is subspherical,
without pores, and with a long massive cylindrical api-
cal horn. The homn terminates in a short ridgelike struc-
ture of irregular outline. The thorax and abdomen are
trapezoidal in the main section. Fine rounded pores
form a transverse row at the base of the thorax. The
abdomen has pores arranged in transverse rows
throughout, and small spines thorns at the vertices of
several pores. Locally, abdominal pores may be cov-
ered by expanded tissue. The cephalothorax, abdomen,
and the first two or three post-abdominal segments
form a high cone. The subsequent chambers form an
almost spherical swelling the diameter of which is
twice that of the widest conical portion of the shell. The
swelling bears xitoid nodes that are occasionally
arranged in transverse rows. The pores on the swelling
are larger than those on the conical part. Distally the
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shell narrows to form a long cylindrical apertural tubus.
The tubus shows fairly distinct longitudinal rows of
larger subspherical pores the longest diameters of
which are aligned parallel to the main axis of the shell.

Measurements. Shell length, 490-450, maxi-
mal width, 150—120, tubus length, 150-100, length of
apical horn, 30-20.

Comparison. P tavricus differs from P. spi-
nosa (Squinabol, 1903) in having an almost regular
narrowly conical shape in front of the spherical swell-
ing, and from Ps. apochrypha O’Dogherty, 1994 in
the distinct constriction between the conical and sub-
spherical parts, the lesser number and different shape
of nodes, and the clearly defined longitudinal orienta-
tion of pores on the apertural tube. It differs from all
known Late Cretaceous species in having a fairly long
tubular apical horn that becomes thicker and ridgelike
at the apex.

Occurrence. Lower Turonian of the Crimean
Mountains.

Material. Four complete and seven incomplete
specimens.

Genus Spongostichomitra O’Dogherty, 1994

Spongostichomitra elatica (Aliev, 1968)
Plate 33, fig. 24
Dictvomitra elatica: Aliev. 1968, p. 26, pl. 1. figs. 1 and 2.
Spongostichomitra elatica: O’ Dogherty, 1994, p. 152, pl. 18, figs. 25-28.
Holoty pe. Azerbaijan, Greater Caucasus; Lower
Cretaceous, Middle Albian (Aliev, 1968, pl. 1, fig. I).

Comparison.S. elatica differs from S. phalanga
O’Dogherty, 1994 in having a considerably shorter
conical to fusiform shell.

Occurrence. Middle Albian of Azerbaijan;
Lower Albian-Middle Cenomanian of Italy; Lower
Turonian of the Crimean Mountains.

Material. Nine specimens.

Spongostichomitra phalanga O’Dogherty, 1994
Plate 13, figs. 9-11

Spongostichomitra phalanga: O’ Dogherty. 1994, p. 153, pl. 19, figs. I-11.

Holotype. UL, no. 5213; central Italy, Umbria-
Marche Apennines, Locality Gb-84.40; Upper Creta-
ceous, Lower Cenomanian (O’Dogherty, 1994, pl. 19,
fig. 1).

Remarks. There is some doubt in assigning S.
phalanga O’Dogherty, 1994 to the order Nassellaria
because of its outward appearance, which is uncharac-
teristic of Nassellaria. The internal structure (particu-
larly the cephalis) has not been described by O’Dogh-
erty. This species resembles representatives of the order
Spumellaria, e.g., those of the genus Spongopyle.

Occurrence. Middle Albian-Lower Cenoma-
nian of Italy and Spain; Middle—Upper Cenomanian of
northern Turkey.

Material. Four specimens.
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Family Lampromitridae Haeckel, 1881

Genus Cornutella Ehrenberg, 1838,
sensu Petrushevskaya, 1967
Cornutella californica Campbell et Clark, 1944
Plate 13. figs. 12 and 13
Cornutella (Cornutissa) californica: Campbell and Clark, 1944, p. 22,
pl. 7. fig. 42.

Cornutella (Cornutissa) californica var. brevis: Campbell and Clark,
1944, p. 23, pl. 7. figs. 33, 34, and 43.

Cornutella californica: Iwala and Tajika, 1986, pl. 3. fig. 6; Ling and
Lazarus. 1990, pl. 3, fig. 17; Ling. 1991, pl. 1, fig. 14; Hollis. 1997, pl. 17,
fig. 13; Takahashi. 1999, text-fig. 2M; Vishnevskaya, 2001, pl. 8, figs. 4 and
5; pl. 126, figs. 43 and 44.

? Cornutella californica: Hashimoto and Ishida, 1997, pl. 2, fig. 19;
Hollis, 1997, pl. 17, figs. 14 and 15.

Non Cornutella californica: Salvini and Marcucci Passerini, 1998, text-
fig. 95.

Holotype. USNM, no. 34520; California,
Moreno Formation, Tesla County; Upper Cretaceous,
Campanian (Campbell and Clark, 1944, pl. 7, fig. 42).

Occurrence. Cenomanian—Maastrichtian,
worldwide; Upper Cenomanian of northern Turkey.

Material. Less than ten specimens.

Order incertae sedis
Genus Afens Riedel et Sanfilippo, 1974

Afens liriodes Riedel et Sanfilippo, 1974
Plate 13, fig. 14

Incentae sedis sp. A: Moore. 1973, p. 830, pl. 13. figs. 1-3.

Afens liriodes: Ricdel and Sanfilippo, 1974, p. 23, pl. 11, fig. 11; pl. 13,
figs. 14-16; Foreman, 1978b, p. 750, pl.5, fig. 24; Kling. 1981, p. 548. pl. 1,
figs. 23 and 24; pl. 3, figs. 5 and 6; Sanfilippo and Riedel, 1985, p. 624, text-
fig. 13. 3a-3c; Thurow, 1988, pl. 2, fig. 1; Osozawa and Okamura, 1993,
text-fig. 5. A2; Bragina and Bragin, 1995, pl. 111, fig. 17.

Holotype. Scripps Institution of Oceanography,
California; 146-15-5, 15-25 cm, S1.2, V32/3; Maas-
trichtian, southern Indian Ocean; DSDP Leg 26, Bore-
hole 146.

Remarks. The shell varies considerably in shape
from subcylindrical to campaniform.

Occurrence. Cenomanian—-Maastrichtian,
worldwide; Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Order Spumellaria Ehrenberg, 1875
Suborder Sphaerellaria Haeckel, 1881
Superfamily Actinommoidea Haeckel, 1862
Family Actinommidae Haeckel, 1862, emend. Riedel, 1967
Genus Archaeocenosphaera Pessagno et Yang, 1989
Archaeocenosphaera ? mellifera O’Dogherty, 1994
Plate 14, fig. 3; Plate 36, fig. 14

? Cenosphaera ? sp. A: Empson-Monin. 1984, pl. 1, fig. 6.

? Hemicryptocapsa (?) Sp.: Teraoka and Kurimoto, 1986, pl. 3, fig. 3.

Hemicryptocapsa polvhedra: Thurow and Kuhnt, 1986, text-fig. 9.21;
Thurow, 1988, p. 401, pl. 1, fig. 1; Erbacher. 1994, pl. 17. fig. 11.

Hemicryptocapsa sp. c[. H. polyhedra: Thurow, 1988, p. 401, pl. 5.
fig. 2.

Hemicryptocapsa sp. A: Marcucci and Gardin, 1992, text-fig. 3.1.

Archaeocenosphaera ? mellifera: O'Dogherty, 1994, p. 375, pl. 74,
figs. 1-5; Salvini and Marcucci Passerini, 1998, text-fig. 7.0; Khan et al.,
1999, pl. 2, fig. o.
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Holotype. UL, no. 138; central Italy, Umbria-
Marche Apennines, Locality Ap2 (-7,78); Lower Creta-
ceous, Upper Albian (O’ Dogherty, 1994, pl. 74, fig. 4).

Comparison.A. ? mellifera differs from its con-
geners (Pessagno et al., 1989) in the presence of polyg-
onal areas on the shell surface that are separated by
acute winglike ridges.

Occurrence. Cenomanian—~Campanian, world-
wide; Middle Albian-Lower Turonian of Italy and
Spain; Middle-Upper Cenomanian of northern Turkey;
Upper Cenomanian-Lower Turonian of the Crimean
Mountains; Coniacian—-Lower Campanian of the Rus-
sian Plain.

Material. Less than 50 specimens.

Genus Cenosphaera Ehrenberg, 1854
“Cenosphaera” boria Pessagno, 1977
Plate 14, fig. 4; Plate 36, fig. 7
“Cenosphaera’ boria: Pessagno, 1977, p. 36, pl. 3, figs. 13 and 19.
Holotype. USNM-Pessagno, no. 242815; Cali-
fornia coast, Great Valley sequence, Locality NSF 810;
Lower Cretaceous, Berriasian (Pessagno, 1977, pl. 3,
figs. 13, 16).
R emarks. Pessagno (1977) tentatively included it
in Cenosphaera.

Occurrence. Bernasian of California; Upper
Cenomanian of northern Turkey; Lower Turonian of
the Crimean Mountains.

Material. Five specimens.

Genus Praeconocaryomma Pessagno, 1976
Praeconocaryomma californiaensis Pessagno, 1976
Plate 14, fig. 2; Plate 36, figs. 12, 13, and 16

Praeconocaryomma californiaensis: Pessagno, 1976, p. 41, pl. 7.
figs. 1-8; Taketani, 1982, p. 47, pl. 9, figs. 1.

Praeconocaryomma universa: lwata and Tajika, 1986, pl. 5, fig. 9;
Thurow and Kuhnt. 1986, text-fig. 9.22.

Non Praeconocaryomma californiaensis: Taketani, 1982, p. 47, pl. 9,
fig. 2.

Holotype. USNM-Pessagno, no. 165563; Cali-
fornia coast, Great Valley sequence, Fiske Creek For-
mation, Locality NSF 327-C; Upper Cretaceous, Coni-
acian (Pessagno, 1976, pl. 7, fig. 1).

Comparison. P californiaensis differs from P,
lipmanae Pessagno, 1976, in having fewer nodes of
larger size, polygonal pores, and well-developed ridges
extending from the tops of nodes.

Occurrence. Coniacian—-Campanian, world-
wide; Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. More than 20 specimens.

Praeconocaryomma lipmanae Pessagno, 1976

Platc 14, fig. 1; Plate 41. fig. 17
Praeconocaryvomma lipmanae: Pessagno, 1976, p. 41, pl. 4, figs. 12 and
13; Kazintsova, 1993, p. 44, pl. VII, fig. 3; Salvini and Marcucci Passerini,
1998, text-fig. 8¢; Vishnevskaya, 2001, pl. 127, fig. lc.
Non Praeconocaryomma lipmanae: Kazintsova, 2002, pl. 1, fig. 2 (=
Acaeniorvle sp.).
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Holotype. USNM-Pessagno, no. 165665; Cali-
fornia coast, Great Valley sequence, Upper Fiske Creek
Formation, Locality NSF 591; Upper Cretaceous,
Lower Turonian (Pessagno, 1976, pl. 4, fig. 13).

Comparison. P. lipmanae differs from P. uni-
versa Pessagno, 1976 in the absence of ridges running
from the nodes.

Occurrence. Upper Cenomanian—Santonian,
worldwide; Middle-Upper Cenomanian of northern
Turkey.

Material More than 20 specimens.

Praeconocaryomma universa Pessagno, 1976

Plate 36, fig. 15
Praeconocaryomma universa: Pessagno, 1976, p. 42, pl. 6. figs. 14-16:
Vishnevskaya, 2001, pl. 21, fig. 3; pl. 126, fig. 1.
| Praeconocaryomma cf. universa: Schmidt-Effing, 1980, text-figs. 5, 9-
1.

Non Praeconocarvomma universa: lwata and Tajika, 1986, pl. 5, fig. 9
(= P californiaensis Pessagno, 1976); Thurow and Kuhnt, 1986, tex!-
fig. 9.22 (= P. californiaensis Pessagno, 1976).

Praeconocaryomma californiaensis: Taketani, 1982, p. 47. pl. 9, fig. 2.
Conocaryomma universum: De Wever et al., 1988, pl. 3, fig. 7.

Holotype. USNM-Pessagno, no. 165667; Cali-
fornia coast, Great Valley sequence, Upper Yolo Forma-
tion, Locality NSF 483; Upper Cretaceous, Coniacian
(Pessagno, 1976, pl. 6, fig. 14).

Comparison. P. universa differs from P. califor-
niaensis Pessagno, 1976 in the more rounded tubercles
and the lesser number of tubercles on the semicircum-
ference of the shell.

Occurrence. Coniacian—-Santonian, worldwide;
Lower Turonian of the Crimean Mountains.

Material. More than 30 specimens

Family Quinquecapsulariidae Dumitrica, 1995
Genus Quinquecapsularia Pessagno, 1971
Quinquecapsularia grandiloqua O’Dogherty, 1994
Plate 15, figs. 3 and 4
. ?u;nque('ap.wlariu grandiloqua: O’Doghenty, 1994, p. 270, pl. 48,

gs. 1-5.

Holotype. UL, no. 5831; central Italy, Umbria-
Marche Apennines, locality no. Asv-5-43; Lower Creta-
ceous, Upper Albian (O’Dogherty, 1994, pl. 48, fig. 1).

Comparison. Q. grandiloqua differs from Q.
panacea O’Dogherty, 1994 in the number (9-10) and
stoutness of spines.

Occurrence. Upper Albian—Lower Turonian of
Italy; Middle—Upper Cenomanian of northern Turkey.

Material. More than 30 specimens.

Quinquecapsularia ombonii (Squinabol, 1903)
Plate 14, fig. 8
Hexasrylus Ombonii: Squinabol, 1903, p. 113, pl. 8, fig. 10.
Quinquecapsularia ombonii: O'Dogherty, 1994, p. 268, pl. 47,
figs. 21-24.
Holotype. Northern Italy, southerm Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
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taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 8, fig. 10).

Comparison. Q. umbonii is distinguished from
Q. panacea O’Dogherty, 1994 by its larger cortical
shell, larger pores of greater size variability, and much
shorter, acutely conical, spines.

Occurrence. Middle Albian-Lower Turonian
of Italy; Middle-Upper Cenomanian of northern Tur-
key.

Material. More than 20 specimens.

Quinquecapsularia panacea O’Dogherty, 1994
Plate 15, figs. 5 and 6

Quinquecapsularia panacea: O’ Dogherty, 1994, p. 270, pl. 48, figs. 6-10.

Acanthosphaera ? wisniowskii: Vishnevskaya, 2001, pl. 21, fig. 10.

Holotype. UL, no. 6288; central Italy, Umbria-
Marche Apennines, locality no. Asv-5-43; Upper Cre-
taceous, Lower Turonian (O’Dogherty, 1994, pl. 48,
fig. 9).

Occurrence. Lower Turonian of Italy; Upper
Cenomanian of northern Turkey.

Material. More than ten specimens.

Quinquecapsularia parvipora (Squinabol, 1903)
Plate 35, fig. 3

Acanthosphaera parvipora: Squinabol, 1903, p. 115, pl. 8, fig. 5.

Quinquecapsularia parvipora: O'Dogherty. 1994, p. 269, pl. 47,
figs. 25-28.

Holotype. Northem Italy, southern Venetian
Alps, Teolo or Brustolo locality (indicated impre-
cisely); upper Lower Cretaceous—lower Upper Creta-
ceous, Albian—Turonian, Scaglia Bianca Formation
(Squinabol, 1903, pl. 8, fig. ).

Comparison. Q. parvipora differs from Q. pan-
acea O’ Dogherty, 1994 by the well-developed thorns at
the pore frame junctions.

Occurrence. Albian-Turonian of Italy; Upper
Cenomanian of northern Turkey; Lower Turonian of
the Crimean Mountains.

Material. More than ten specimens.
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Family incertae sedis
Genus Falsocromyodrimus O’Dogherty, 1994

Remarks. O'Dogherty (1994) established the
genus Fualsocromvodrimus and described several new
species, which he ascribed to it. O’Dogherty included
Falsocromyodrimus in the family Quinquecapsulari-
idae Dumitrica, 1994. The main diagnostic character of
this family is the internal pentagonal prism. However,
O’Dogherty did not study the internal morphology of
Falsocromyodrimus. An incomplete specimen of F
mirabilis (Squinabol, 1903), shown in Pl. 15, fig. 7,
demonstrates a connection between the spines in the
center. This character is typical of the order Entacti-
naria. In spite of many features in common with F. ?
fragosus O’Dogherty (order Spumellaria), 1994, the
recently described species of Cuboctostylus (Bragina,
1999b) are referred to the order Entactinaria.

Falsocromyodrimus mirabilis (Squinabol, 1903)
Plate 15. fig. 7; Plate 35, figs. 9 and 16
Cromyodrimus mirabilis: Squinabol, 1903, p. 116, pl. 10, fig. 15.

Falsocromyodrimus mirabilis: O’Dogherty, 1994, p. 272, pl. 48,
figs. 11-15.

Falsocromyodrimus cardulus: O’ Dogherty, 1994, p. 274, pl. 49, figs. 1-8.

Holotype. Northern Italy, southern Venetian
Alps, Teolo locality; upper Lower Cretaceous—lower
Upper Cretaceous, Upper Albian—Lower Turonian
(Squinabol, 1903, pl. 10, fig. 15).

Occurrence. Albian-Lower Turonian of the
Tethys; Cenomanian of the Pacific Ocean; Upper Cen-
omanian of northern Turkey; Lower Turonian of the
Crimean Mountains.

Material. Fewer than ten specimens.

Family Xiphostylidae Haeckel, 1881
Genus Pseudoacanthosphaera O’Dogherty, 1994

Pseudoacanthosphaera: O’Doghenty, 1994, p. 296.

Type species. Staurosphaera magnifica
Squinabol, 1904; upper Lower Cretaceous—lower
Upper Cretaceous, Upper Albian—Lower Turonian;
Teolo locality, Colli Euganei, southern Venetian Alps,
northern Italy.

Explanation of Plate 14
Fig. 1. Praeconocaryvomma lipmanae Pessagno, 1976, GIN, no. 4871/153, x180.
Fig. 2. Praeconocaryomma universa Pessagno, 1976, GIN, no. 4871/154, x160.
Fig. 3. Archaeocenosphaera ? mellifera O’Dogherty, 1994. GIN, no. 4871/155., x120.
Fig. 4. “Cenosphaera” boria Pessagno, 1977, GIN, no. 4871/156, x150.
Figs. 5 and 6. Staurosphaeretta wisniowskii (Squinabol, 1903), specimens (5) GIN, no. 4871/157, x240; and (6) GIN, no. 4871/158.

x120.

Fig. 7. Pseudoacanthosphaera galeata O’ Dogherty. 1994, GIN, no. 4871/159, x170.
Fig. 8. Quinquecapsularia ombonii (Squinabol, 1903), GIN, no. 4871/160. x200.
Figs. 9 and 10. Staurosphaeretta grandipora (Squinabol, 1903): specimens: (9) GIN, no. 4871/161, x100; and (10) GIN,

no. 4871/162, x120.

Figs. 11 and 12. Staurosphaeretta micropora sp. nov.: (11) holotype GIN, no. 4871/163, x100); and (12) paratype GIN,

no. 4871/164, x60.
All specimens come from the Urkiit section.
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Diagnosis. Cortical shell sometimes large, with
very variable number (two to twelve) of primary spines,
usually long, strongly bladed. Pores of cortical shell
round or pentagonal to heptagonal; pore frames irregu-
lar in outline. Secondary spines variable in form and
size.

Species composition. P. magnifica (Squin-
abol, 1904), P. galeata O’Dogherty, 1994, P. superba
(Squinabol, 1904), P. spinosissima (Squinabol, 1904);
Middle Albian-Lower Maastrichtian?; geographical
ranges have not been determined.

Comparison. The genus is distinguished from
Staurosphaeretta Squinabol, 1904 by the presence of
thorns on the surface of the cortical shell.

Pseudoacanthosphaera galeata O’Dogherty, 1994,
emend. herein
Plate 35, fig. 5

Pseudoacanthosphaera galeata: O’Dogherty, 1994, p. 297, pl. 53,
figs. 16-19.

Holotype. UL, no. 3302; central Italy, Umbria-
Marche Apennines, locality no. Bo-685.20; Lower Cre-
taceous, Upper Albian (O’Dogherty, 1994, pl. 53,
fig. 18).

Description. The cortical shell is subspherical,
as is typical of the genus. It has 8-12 long primary
spines regularly spaced over the entire surface of the
cortical shell. The distal parts of the spines are slightly
inflated and may exhibit torsion. Distally, they are
sharply pointed. Small rounded angular pores are vari-
able in size and set in pentagonal or hexagonal frames
of irregular outline. The highest frames enclose two or
three pores, making the shell surface polygonal. Well-
pronounced thorns of nonuniform length and outline
are observed at the points of contact between several
pores.

Measurements. Cortical shell diameter, 293—
250; length of primary spines, 410—160.

Comparison. P. galeata is distinguished from
P. magnifica (Squinabol, 1904) by the number, form,
and location of spines as well as the mode of porosity
of the cortical shell.

Occurrence. Upper Albian—Lower Cenomanian
of Italy; Lower Turonian of the Crimean Mountains.

Material. Fewer than 50 specimens.
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Pseudoacanthosphaera magnifica (Squinabol, 1904)
Plate 38. fig. |

Staurosphaera magnifica: Squinabol. 1904, p. 191 pl. 3 hig. 1.

Non Hexastvius magnificus: Schaaf, 1981, pl. 7. fig. 2.

Pseudoacanthosphaera magnifica: O'Dogherty. 1994, p. 297, pl. 54.
figs. 1.3, and 4. -

Non Pseudoacanthosphaera magnifica: O’ Doghenty, 1994, p. 297,
pl. =54, fig. 2 (= Staurosphaeretta euganea (Squinabol. 1903)).

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian-
Lower Turonian (Squinabol, 1904, pl. 3, fig. 1).

Comparison. P. magnifica is distinguished from
P. galeata O’Dogherty, 1994 by its less numerous pri-
mary spines that gradually taper distally.

Occurrence. Albian-Lower Turonian of Italy
and Spain; Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. More than 50 specimens.

Pseudoacanthosphaera spinosiskima (Squinabol, 1904)
Plate 35, figs. 17 and 18

Xiphosphaera spinosissima: Squinabol, 1904, p. 188, pl. 2, fig. 9.

Pseudoacanthosphaera spinosissima: O’ Dogherty, 1994, p. 299, pl. 54.
figs. 11-15.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1904, pl. 2, fig. 9).

Comparison. Unlike the congeneric species,
P. spinosissima has only two primary spines.

Occurrence. Upper Albian—Lower Turonian of
Italy; Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. Fewer than ten specimens.

Pseudoacanthosphaera superba (Squinabol, 1904)
Plate 35, figs. 6 and 7

Trisphaera superba: Squinabol, 1904, p. 190. pl. 2. fig. 13.

Pseudoacanthosphaera superba: O’Dogherty, 1994, p. 298, pl. 54,
figs. 5-10.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian-
Lower Turonian (Squinabol, 1904, pl. 2, fig. 13).

Comparison. P. superba is distinguished from
P. magnifica (Squinabol, 1904) by long branching sec-

Explanation of Plate 15
Figs. 1 and 2. Pseudoacanthosphaera galeata O’Dogherty, 1994; specimens: (1) GIN, no. 4871/165, x150; and (2) GIN,

no. 4871/166, x120.

Figs. 3 and 4. Quinquecapsularia grandiloqua O'Dogherty, 1994, specimens: (3) GIN. no. 4871/167, x80; and (4) GIN,

no. 4871/168. x90.

Figs. 5 and 6. Quinquecapsularia panacea O’ Dogherty. 1994. specimens: (5) GIN, no. 4871/169, x120: and (6) GIN. no. 4871/170,

x 100.

Fig. 7. Falsocromyodrimus mirabilis (Squinabol, 1903). GIN. no. 4871/171, x300.
Fig. 8. Quinquecapsularia ombonii (Squinabol, 1903), GIN, no. 4871/172, x 150.

All specimens come from the Urkiit section.
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ondary spines on the cortical shell and by a variable
number of primary spines.

Occurrence. Upper Albian-Lower Turonian of
Italy and Spain; Lower Turonian of the Crimean Moun-
tains.

Material. More than 20 specimens.

Genus Staurosphaeretta Squinabol, 1904

Staurosphaeretia: Squinabol, 1904,

Type species. Staurosphaera longispina Squin-
abol, 1903; upper Lower Cretaceous—lower Upper Cre-
taceous, Upper Albian-Lower Turonian; Teolo locality,
Colli Euganei, southern Venetian Alps, northern Italy.

Diagnosis. Large shell with 4-6 or more pri-
mary spines radiating symmetricatly. Cortical shell
usually large, spherical, with regularly spaced pores in
polygonal pore frames.

Species composition. S. euganea (Squin-
z}bql, 1903), S. grandipora (Squinabol, 1903), S. long-
ispina (Squinabol, 1903), S. micropora sp. nov., S. wis-
niowskii (Squinabol, 1903); Upper Albian-Lower
Turonian.

Comparison. This genus is distinguished from
Tetra_canthellt:pis Squinabol, 1903 by its larger number
of primary spines and its spongy cortical shell.

Staurosphaeretta euganea (Squinabol, 1903)

Plate 16, figs. 1 and 3
Staurosphaera euganea: Squinabol, 1903, p. 112, pl. 10. fig. 18.
Staurosphaera veneta: Squinabol, 1904, p. 191, pl. 3, fig. 2.
Staurosphaera amplissima: Foreman, 1973, p. 259, pl. 3, fig. 6.

. bitagmsphaerettu euganea: O’Dogherty, 1994, pp. 292-293, pl. 52,
gs. 1-5.

Holotype. Northern Italy, southern Venetian
Alps, Teolo locality; upper Lower Cretaceous—lower
Uppc;r Cretaceous, Upper Albian-Lower Turonian
(Squinabol, 1903, pl. 10, fig. 18).

Remarks. Occasionally, one spine is longer than
the other three.

Oc currence. Middle Albian-Lower Turonian of
Italy; Middle—-Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. More than ten species.

Staurosphaeretta grandipora (Squinabol, 1903)

Plate 14, figs. 9 and 10
Hexastylus grandiporus: Squinabol, 1903, p. 113, pl. 10, fig. 17.

BRAGINA

Staurosphaeretta grandipora: O'Dogherty, 1994, p. 293, pl. 52,
fig. 15-18.

Holotype. Northern Italy, southern Venetian
Alps, Teolo locality; upper Lower Cretaceous—lower
Upper Cretaceous, Upper Albian-Lower Turonian
(Squinabol, 1903, pl. 10, fig. 17).

Comparison. S. grandipora is distinguished
from S. euganea (Squinabol, 1904) by the presence of
two extra spines, in addition to the four spines radiating in
a single plane toward the comers of a rectangle. The two
additional spines are located in the opposite poles of the
shell in a plane perpendicular to that of the four spines.

Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Middle-Upper Cenomanian of north-
e Turkey; Lower Turonian of the Crimean Mountains.

Material. Five specimens.

Staurosphaeretta micropora Bragina, sp. nov.
Plate 14, figs. 11 and 12
Etymology. From the Latin micropora (finely
porous).
_ Holotype. GIN, no. 4871/163; northern Turkey,
Urkiit section; Upper Cretaceous, Middle Cenomanian.

Description. The spherical cortical shell pos-
sesses six primary spines. Two spines are polar and four
are in a plane perpendicular to that of the two polar
spines. The spines are approximately equal in length to
one another, and to the shell diameter. The spines are
three-bladed from the base to the distal end and taper to
become acutely conical distally. The small pores of the
cortical shell are uniform in size and arranged in a hex-
agonal pattern. The pore diameter is less than, or equal
to, the distance between pores. The pore frames are
hexagonal, with poorly developed thorns.

Measurements. Cortical shell diameter, 280;
spine length, 400.

Comparison.S. microporadiffers from S. gran-
dipora (Squinabol, 1903) in the smaller pores and
acutely conical spines.

Occurrence. Middle Cenomanian of northemn
Turkey.

Material. Ten complete and six incomplete spec-
imens.

Staurosphaeretta longispina (Squinabol, 1903)
Plate 16, figs. 2, 4. and 5; Plate 37, fig. 14; Plate 38, fig. 2
Staurosphaera longispina: Squinabol, 1903, p. 112, pl. 9, fig. 1.

. Explanation of Plate 16 .
Figs. 1 and 3. Staurosphaerena euganea (Squinabol, 1903). specimens: (1) GIN, no. 4871/173, x120; and (3) GIN, no. 4871/174,

x 100.

Figs. 2,4, and 5. Staurosphaeretta longispina (Squinabol, 1903), specimens: (2) GIN, no. 4871/175, x90; (4) GIN, no. 4871/176,

X100 and (5) GIN, no. 4871/177, x120.

Fig. 6. Tetracanthellipsis euganeus Squinabol, 1903, GIN, no. 4871/178, x130.
Figs. 7-10. Hexapyramis pantanellii Squinabol, 1903, specimens: (7) GIN, no. 4871/179, x200; (8) GIN. no. 4871/180, x100;

(9) GIN, no. 4871/181, x 150; and (10) GIN. no. 4871/182. x 120.

Fig. 8. From the Tomalar section. The others come from the Urkiit section.
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Staurosphaeretta hindei: Squinabol. 1904.

Stawrosphaeretia longispina: O’ Doghenty. 1994.p. 292, pl. 52, figs. 6-10.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—-lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 9, fig. 1).

Comparison. S. longispina is distinguished
from S. euganea (Squinabol, 1903) by the smaller
diameter of the cortical shell and by its markedly longer
spines.

Occurrence. Middle Albian—Lower Turonian of
Italy; Middle-Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. More than ten specimens.

Staurosphaeretta wisniowskii (Squinabol, 1903)
Plate 14, figs. 5 and 6; Plate 36, fig. 17

Acanthosphaera Wisniowskii: Squinabol, 1903, p. 114, pl. 8, fig. 6.

Staurosphaeretta wisniowskii: O’ Dogherty, 1994, p. 294, pl. 53, figs. 1-6.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 8, fig. 6).

Comparison. This species is distinguished from
S. longispina (Squinabol, 1903) by its greater number
of spines (more than eight) whose length does not
exceed the cortical shell diameter.

Occurrence. Middle Albian—-Lower Turonian of
Italy; Middle-Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. More than 50 specimens.

Genus Tetracanthellipsis Squinabol, 1903

Tetracanthellipsis euganeus Squinabol, 1903

Plate 16. fig. 6
Tetracanthellipsis euganeus: Squinabol, 1903, p. 177, pl. 8, fig. 9;
O’ Dogherty, 1994, p. 295, pl. 53, figs. 8-10.

Holotype. Northern Italy, southern Venetian
Alps, Teolo locality; upper Lower Cretaceous—lower
Upper Cretaceous, Middle Albian-Lower Turonian
(Squinabol, 1903, pl. 8, fig. 9).

Comparison. T euganeus differs from 7. grega-
lis O’ Dogherty, 1994 in the longer spines of a different
shape (without thorns).

Occurrence. Upper Albian—Lower Turonian of
Italy; Middle—Upper Cenomanian of northern Turkey.

Material. Fewer than 20 specimens.

BRAGINA

Genus Hexapyramis Squinabol, 1903
Hexapyramis pantanellii Squinabol, 1903
Plate 16. figs. 7-10
Hexapyramis pantanellii: Squinabol. 1903, p. 114, pl. 10, fig. 5: Kuhnt
eral.. 1986, pl. 7. fig. B: Thurow. 1988. p. 401. pl. 6. lig. 5: Erbacher. 1994,
pl. 5. figs. 2 and 3; O'Dogherty. 1994, p. 283, pl. 50, figs. 3-7.
Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 10, fig. 5).

Comparison. H pantanellii differs from H. pre-
cedis Jud, 1994 in the longer rays and in the absence of
smooth, high costae extending from one pore frame to
another.

Occurrence. Albian-Turonian of Italy, Spain,
and the Atlantic Region; Middle—Upper Cenomanian of
northern Turkey; Lower Turonian of the Crimean
Mountains.

Material. More than 50 specimens.

Family Leugeonidae Yang et Wang, 1990
Genus Acaeniotyle Foreman, 1973
Acaeniotyle diaphorogona Foreman, 1973
Plate 17. fig. 4; Plate 41. figs. 7 and 16
Acaeniotyle diaphorogona: Foreman, 1973, p. 258, pl. 2, figs. 2-5;
1975, p. 607. pl. 3. figs. 1 and 2; Nakaseko and Nishimura, 1981, p. 141,
pl. 1, fig. 12; Schaaf, 1981, p. 431, pl. 15, fig. 2; Thurow, 1988, p. 396, pl. 9,
fig. 8; Taketani and Kanie, 1992, fig. 3.1; Erbacher, 1994, pl. S, fig. I;
O’Dogherty, 1994, p. 284. pl. 50, figs. 8-11; Urquhart and Robertson, 2000,
pl. 1. fig. 21.
Acaeniotyle diaphorogona gr.: Jud, 1994, p. 57, pl. 1, fig. 4.
Acaeniotyle vitalis: Khan et al., 1999, pl. 2. fig. e.
Acaeniotyle ex gr. diaphorogona: Vishnevskaya, 2001, pl. 21, fig. 12.

Holotype. USNM, no. 189032; northwestern
Pacific, DSDP Leg 20; Lower Cretaceous (Foreman,
1973, pl. 2, fig. 3).

Comparison. A. diaphorogona is distinguished
from A. umbilicata (Rust, 1898) by having three instead
of two primary spines.

Occurrence. Hauterivian—Turonian worldwide;
Middle—Upper Cenomanian of northern Turkey; Upper
Cenomanian-Lower Turonian of the Crimean Moun-
tains.

Material. More than 50 specimens.

Acaeniotyle longispina (Squinabol, 1903)
Plate 35, fig. 19; Plate 38, fig. 16
Xiphosphaera fossilis: Squinabol, 1903, p. 110, pl. 8, fig. 14.
Xiphosphaera longispina: Squinabol, 1903, p. 110, pl. 8. fig. 13.

Explanation of Plate 17
Figs. 1 and 2. Acaeniotyle macrospina (Squinabol, 1903), specimens: (1) GIN, no. 4871/183, x200; and (2) GIN, no. 4871/184,

x200.

Figs. 3 and 7. Acaeniotvle umbilicata (Rust, 1898). (3) GIN. no. 4871/185, x200); and (7) GIN, no. 4871/186, x 1 10.

Fig. 4. Acaeniotyle diaphorogona Foreman, 1973, GIN, no. 4871/187, x120.

Figs. 5 and 6. Triactoma cellulosa Foreman, 1973, specimens: (5) GIN, no. 4871/188, x120; and (6) GIN, no. 4871/189, x130.
Fig. 8. Triactoma compressa (Squinabol, 1904), GIN, no. 4871/190, x 180.

Figs. 9 and 10. Triactoma micropora sp. nov.. (9) paratype GIN, no. 4871/191, x150; and (10) holotype GIN, no. 4871/192, x100.

All specimens come from the Urkiit section.
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Acaenionvle sp.all. A umbilicata sensu lato: Foreman, 19730 pl. ).
fig. 15: 1975, p. 609, pl. 2K, fig. 8 Li and Wu, 1985, pl. I. lig. &.
Acaeniotyle longispina: O Dogherty, 1994, p. 290, pl. 51, figs. 21-25.
Non Acaeniorvile longispina: Vishnevskaya, 2001, pl. 210 fig. 8.
Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 8, fig. 14).

Occurrence. Albian-Turonian
Lower Turonian of the Crimean Mountains.

worldwide;

Material. Fewer than 40 specimens.

Acaeniotyle macrospina (Squinabol, 1903)
Plate 17, figs. 1 and 2
Hexastylus macrospina: Squinabol, 1903, p. 112, pl. 8, fig. 7.
Actinommua (?) tuberculawm: Li and Wu, 1985, p. 73, pl. 2. fig. 17.
Acaeniotyle macrospina: O’'Dogherty, 1994, p. 289, pl. 51, figs. 15-18.
Holotype. Northen Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous; Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 8, fig. 7).

Comparison. A. macrospina differs from A.
umbilicata (Rust, 1898) in having four spines in the
plane perpendicular to that of the two polar spines. The
apices of the four spines form the shape of a rectangle.

Occurrence. Upper Albian—Lower Turonian of
Italy, Spain, and Tibet; Middle-Upper Cenomanian of
northern Turkey.

Material. Fewer than 20 specimens.

Acaeniotyle umbilicata (Riist, 1898)

Plate 17, figs. 3 and 7; Plate 41, fig. 8

Xiphosphaera umbilicata: Riist, 1898, p. 7, pl. 1, fig. 9; Dumitrica.
1972, p. 832, pl. 1, fig. 1.

Xiphosphaera tuberosa: Tan, 1927, p. 35, pl. 5, fig. 1.

Acaenionle umbilicata: Foreman, 1973, p. 258, pl. 1, figs. 12-14, 16:
1975, p. 607, pl. 2E, figs. 14-17, pl. 3, fig. 3; Nakaseko and Nishimura,
1981, p. 141, pl. 1, fig. 7 (= specimen of Nakaseko et al.. 1979, pl. 4. fig. 7):
pl. 14, fig. 2; Schaaf, 1981, pl. 6, fig. 11; Thurow, 1988, p. 396, pl. 9, fig. 7;
pl. 15, figs. 3a and 3b; O’Dogherty, 1994, p. 289, pl. 51, tigs. 19 and 20;
Taketani and Kanie, 1992, Fig. 3.2; Bragin et al., 2000, fig. 3.B: Urquhart
and Robertson, 2000. pl. I, fig. 19.

Non Acaenioryle umbilicata: Foreman, 1975, p. 609, pl. 2E. fig. 8 (= A.
longispina (Squinabol, 1903)); Erbacher, 1994, pl. 1, fig. 2 (= A. starka
Empson-Morin, 1981).

Holotype. Northern Italy, southern Alps, Cit-
tiglio locality; Neocomian, Maiolica Formation (Rust,
1898, pl. 1, fig. 9).

S401

Occurrence. Upper Oxfordian-Turonian world-
wide; Middle-Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. Fewer than 50 specimens.

Genus Triactoma Riist, 1885

Triactoma: Riist, 1885. p. 289.

Tripocyelia: Pessagno in Pessagno et al.. 1989, p. 212.

Type species. Triactoma tithonianum Rust,
1885; Jurassic, Tithonian; Beds with aptychi; Germany.

Diagnosis. Shell spherical, compressed, with
three long spines, their apices arranged in a triangle
shape.

Species composition. The type species and
more than 15 species, including T. micropora sp. nov.;
Pliensbachian—Coniacian worldwide.

Comparison. Triactoma differs from Stauro-
sphaeretta Squinabol, 1904 in having only three spines.

Triactoma cellulosa Foreman, 1973
Plate 17, figs. S and 6; Plate 41, fig. 15

Triactoma cellulosa: Foreman, 1973, p. 259, pl. 2, figs. 9 and 10; pl. 16,
fig. 9; O’Dogherty, 1994, p. 300, pl. 54, figs. 19-23.

Holotype. USNM, no. 189039; northwestern
Pacific region, DSDP Leg 20; Lower Cretaceous,
Aptian?-Upper Albian (Foreman, 1973, pl. 2, fig. 9).

Comparison. T. cellulosa is distinguished from
T. hexeris O’Dogherty (1994) by its spherical shell and
arrow-shaped spines.

Occurrence. Aptian?-Upper Albian of the
northwestern Pacific Ocean; Middle Albian—Lower
Turonian of Italy; Middle-Upper Cenomanian of
northern Turkey; Lower Turonian of the Crimean
Mountains.

Material. Fewer than 20 specimens.

Triactoma compressa (Squinabol, 1904), emend. herein
Plate 17, fig. 8; Plate 37, figs. 15 and 16; Plate 38, figs. 3 and 12
Spongotripus compressus: Squinabol, 1904, p. 206, pl. 6, fig. 7.
Triactoma compressa: O’ Dogherty, 1994, p. 302, pl. 55, figs. 9-13.
Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1904, pl. 6, fig. 7).

Explanation of Plate 18
Fig. 1. Protoxiphotractus ventosus O’ Dogherty. 1994, GIN, no. 4871/193, x500.

Figs. 24, and 6. Dicroa rarua (Squinabol, 1904), specimens: (2) GIN, no. 4871/194, x 150; (3) GIN. no. 4871/195, x140; (4) GIN.
no. 4871/196: (a) general view, X120, and (b) shell; porosity and ridged base of spine, x450.

Figs. 5, 10, 11, 13, and 14. Archaeospongoprunum cortinaensis Pessagno, 1973, specimens: (5) GIN. no. 4871/197. x120;
(10) GIN, no. 4871/198: (11) GIN, no. 4871/199; (13) GIN, no. 4871/200; and (14) GIN, no. 4871/201 (10, 11, 13, 14, x150).

Figs. 7 and 8. Archaeospongoprunum pontidum sp. nov.: (7) holotype GIN, no. 4871/202, x200; and (8) paratype GIN,

no. 4871/203, x160.

Fig. 9. Stvlosphaera anatolica sp. nov., holotype GIN. no. 4871/204, x 180.
Fig. 12. Archaeospongoprunum klingi, Pessagno, 1977, GIN, no. 48717205, x120.

All specimens come from the Urkiit section.
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Description. The shightly flattened shell is
rounded in outline. Three primary spines, almost equal
in length, are arranged with their apices forming the
shape of an isosceles triangle. The spines are massive,
three-bladed, and slightly tapering. The edges of the
blades are rounded—inflated. The cortical shell is cov-
ered by small round pores arranged in a hexagonal-pen-
tagonal pattern. The patagium may be developed over
the cortical shell.

Measurements. Cortical shell diameter, 260—
100; primary spine length, 220-150.

Comparison. T compressa is distinguished
from T. paronai (Squinabol, 1903) by its slightly flat-
tened (to lens-shaped) cortical shell and shorter spines,
with their apices arranged in the shape of an isosceles
triangle.

Occurrence. Upper Albian—Lower Turonian of
Italy; Middle—Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. Fewer than 20 specimens.

Triactoma fragilis Bragina, 1996
Plate 41, figs. 1 and 6
Etymology. From the Latin fragilis (fragile).

Holotype.GIN, no. 4840/2; Cyprus; Upper San-
tonian—Lower Campanian, Perapedhi Formation.

Description. The spherical shell has a thin lat-
ticed wall and round pores. The hexagonal and pentag-
onal pore frames show small smooth nodes at the verti-
ces. From 10 to 12 pore frames occur on the shell sur-
face along the axis of the primary spines. The spines are
short, narrow, at most one-fourth the diameter of the
cortical shell. The base of each spine has three large
oval pores. The pores are contiguous, with minor
grooves thinning out in the middle of each spine. The
spines abruptly taper distally.

Measurements. Cortical shell diameter, 120;
spine length, up to 40.

Comparison. T fragilis is distinguished from T.
parva O’Dogherty, 1994 by its smoother shell surface,
finer cortical pores, and three instead of four primary
spines.

Occurrence. Upper Santonian-Lower Campa-
nian of Cyprus; Lower Turonian of the Crimean Moun-
tains.

Material. 15 specimens.
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Triactoma micropora Bragina, sp. nov.
Plate 17 figs. 9 and 10
Triacroma sp. A: Khan er al. . 1999, pl. 1. fig. 1.
Etymology. From the Latin micropora (tiny
pore).

_ Holotype. GIN, no. 4871/192; northern Turkey,
Urkiit section; Upper Cretaceous, Middle Cenomanian,
Tomalar Formation.

Description. The shell is subtriangular to
rounded in outline, with three spines arranged in the
shape of an isosceles triangle. The shell is regular to
irregular (flattened centrally), lenticular in cross sec-
tion. The spines are massive, three-bladed, acutely con-
ical distally. The spine length is equal to, or slightly
more than, the shell diameter. The shell is densely
pierced by small polygonal pores nonuniform in size
and irregularly arranged. Pore frames are irregular and
polygonal, with pointed thorns, which vary substan-
tially in size and shape. This makes the shell surface
distinctly rough.

Measurements. Shell diameter in outline, 200;
spine length, 150.

Comparison. T micropora differs from T. cellu-
losa Foreman, 1973 in the irregular arrangement of the
pores and the variable form of the cortical shell as well
as the acutely conical apices of the spines.

Remarks. T. micropora is a second species of Tri-
actoma, n addition to T. compressa (Squinabol, 1904),
that possesses a nonspherical cortical shell and occurs
in the Upper Cretaceous.

Occurrence. Cenomanian—Turonian of Spain;
northern Turkey, Tomalar Formation, Urkiit section,
Middle—Upper Cenomanian.

Material. Five complete and 11 incomplete spec-
imens.

Triactoma parva (Squinabol, 1903)
Plate 41, fig. 2

Theodiscus parvus: Squinabol, 1903, p. 119, pl. 8. fig. 20.

Triactoma parva: O'Dogherty, 1994, p. 303, pl. 54, figs. 24-27.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 8, fig. 20).

Comparison. Unlike the other species of Tri-
actoma Rust, 1885, T. parva has four (as opposed to
three) primary spines.

Explanation of Plate 19

Figs. 1-3, 5, and 6. Paronaella spica sp. nov.. specimens: (1) GIN, no. 4871/206, x130: (2) GIN, no. 4871/207. x130: (3) GIN,
no. 4871/208, x 100; (5) GIN. no. 4871/209, x120: and (6) GIN, no. 4871/210, x160.

Fig. 4. Patulibracchium obesum Pessagno, 1977, GIN. no. 4871/211, x120.

Figs. 7-11. Pyramispongia glascockensis Pessagno, 1973, specimens: (7) GIN, no. 4871/212, x130: (8) GIN, no. 4871/213, x130:
(9) GIN. no. 4871/214, x160; (10) GIN, no. 4871/215, x150); and (11) GIN, no. 4871/216, x 120; (10, 11) skeletal fragments.

Fig. 11. From the Tomalar section; others come from the Urkiit section.
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Occurrence. Upper Albian—Lower Turonian of
Italy; Upper Cenomanian—-Lower Turonian of the
Crimean Mountains,

Material. Fewer than 20 specimens.

Family Pantanelliidae Pessagno, 1977
Genus Dicroa Foreman, 1975
Dicroa rara (Squinabol, 1904)
Plate 18, figs. 2-4.6
Xiphosphaera rara: Squinabol. 1904, p. 189, pl. 2, fig. 10.
Dicroa rara: O’Doghenty, 1994, p. 281, pl. 49, figs. 26-30.
Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1904, pl. 2, fig. 10).

Comparison. D. rara is distinguished from D.
periosa Foreman, 1975 by the nonbifurcating polar
spines.

Occurrence. Middle Albian-Lower Turonian
of Italy; Middle-Upper Cenomanian of northern Tur-
key.

Material. Fewer than ten specimens.

Genus Protoxiphotractus Pessagno, 1973
Protoxiphotractus ventosus O’Dogherty, 1994
Plate 18, fig. |

Protoxiphotractus ventosus: O’ Dogherty, 1994, p. 277, pl. 49, figs. 17-20.

Holotype. UL, no. 5880; central Italy, Umbria-
Marche Apennines, locality no. Asv-5-43; Upper Cre-
taceous, Lower Turonian (O’Dogherty, 1994, pl. 49,
fig. 18).

Comparison. P. ventosus is distinguished from
P. machinosus O’Dogherty, 1994 by the presence of
only two primary spines, situated at the polar ends.

Occurrence. Lower Turonian of Italy and
Spain; Middle-Upper Cenomanian of northern Turkey.

Material. Fewer than ten specimens.

Family Sponguridae Haeckel, 1887
Genus Archaeospongoprunum Pessagno, 1973

Archaeospongoprunum: Pessagno, 1973, p. 57.

Type species. Archaeospongoprunum vena-
doensis Pessagno, 1973; Middle-Upper Turonian,
Venado Formation; California.

Diagnosis. Shell cylindrical, elliptical, or ellip-
soidal, subdivided into two or three parts. Two polar
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spines three- or four-bladed in cross section. Spines
usually with longitudinal grooves between the blades.
Blades sometimes with spiral torsion.

Species composition. Several dozen spe-
cies, including A. archaeobipartitum sp. nov., A. ponti-
dum sp. nov., A. sphaericum sp. nov.; Cretaceous
worldwide.

Comparison. Archaeospongoprunum differs
from Spongoprunum Haeckel in having polar spines
with longitudinal grooves alternating with the ridges.

Archaeospongoprunum archaeobipartitum Bragina,
Sp. nov.

Plate 35, fig. 14
Etymology. From the Latin archaeo (ancient)
and the species name bipartitum established by Pessa-
gno (1973).
Holotype. GIN, no. 4870/88; Crimean Moun-
tains, Belaya Mountain section; Lower Turonian.

Description. The main axis divides the shell
into two subspherical swollen parts, which are closely
spaced and have two polar spines. The spines are very
massive, three-bladed, and abruptly taper distally. One
spine shows strong torsion. The spines are approxi-
mately as long as the diameter of the cortical shell in the
section perpendicular to the main axis. The cortical
shell is covered with large, rounded polygonal pores,
set in 6- or 7-angled frames with triangular thorns at
their elevated vertices. The pore diameter is equal to, or
1.5 time greater than, the distance between the neigh-
boring pores.

Measurements. Cortical shell length, 270;
greatest width, 150; spine length, 150.

Comparison. The new species is distinguished
from A. bipartitum Pessagno, 1973 by the more mas-
sive pore frames of the cortical shell and by the fact that
one spine is twisted strongly.

Remarks. Pessagno (1973) noted that some spec-
imens of A. bipartitum have slightly coiling spine ends.
This feature, and the similarity of their cortical shells,
suggest that A. archaeobipartitum sp. nov. could be
ancestral to A. bipartitum Pessagno, 1973.

Occurrence. Lower Turonian of the Crimean
Mountains.

Material. Five complete and nine incomplete
specimens.

Explanation of Plate 20
Figs. 1 and 2. Patulibracchium woodlandensis Pessagno, 1971, specimens: (1) GIN. no. 4871/217, x120; and (2) GIN,

no. 4871/218, x150.

Fig. 3. Pessagnobrachia fabianii (Squinabol, 1914); GIN, no. 4871/219, x 100.

Figs. 4, 5, 8-11. Halesium quadratum Pessagno, 1971, specimens: (4) GIN, no. 4871/220, incomplete. ray terminations covered by
patagium, x 170; (5) GIN, no. 4871/221, x100; (8) GIN, no. 4871/222, x120; (9) GIN, no. 4871/223, x130: (10) GIN, no. 4871/224,

x80; and (11) GIN, no. 4871/225, x100.

Figs. 6 and 7. Halesium sexangulum Pessagno, 1971, specimens: (6) GIN, no. 4871/226, x120; and (7) GIN, no. 4871/227, x130.
Figs. 9 and 11. From the Tomalar section. Other specimens come from the Urkiit section.
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Archaeospongoprunum cortinaensis Pessagno, 1973

Plate 18, figs. 5. 10. 11, 13, and 14: Plate 35, figs. 11, 12, 15, and 20

Archaeospongoprunum cortinaensis: Pessagno. 1973, p. 60. pl. 9. figs.
4-6: 1976, ph. 1. fig. 3: 1977, pb. 1. fig. 8. Schmidt-Effing. 1980, fig. 15:
Nakascko and Nishimura. 1981, p. 147, pl. 1. fig. 9. Schaaf, 1981, pl. 7.
fig. 11: Thurow. 1988 p. 398. pl. 9. fig. 19: Salvini and Marcucci Passerini.
1998, fig. 9.b.

Holotype. USNM-Pessagno, no. 165602; Cali-
fornia coast, Great Valley sequence, locality NSF 350;
Upper Cretaceous, Lower Cenomanian, lower part of
the Fiske Creek Formation (Pessagno, 1973, pl. 9,
fig. 4).

Occurrence. Cenomanian—Coniacian worldwide;
Upper Cenomanian—Lower Turonian of the Crimean
Mountains; Upper Turonian of southwestern Sakhalin;
Middle-Upper Cenomanian of northern Turkey.

Material. More than 30 specimens.

Archaeospongoprunum klingi Pessagno, 1977
Plate 18, fig. 12

Archaeospongoprunum klingi: Pessagno, 1977, p. 29, figs. 1, 21, 23,
and 24.

Holotype. USNM-Pessagno, no. 242803; Cali-
fornia coast, Great Valley sequence, locality NSF 884;
Lower Cretaceous, Upper Albian (Pessagno, 1977,
pl. 2, figs. 1, 21, 23, and 24).

Comparison. A klingi differs from A. corti-
naensis Pessagno, 1973 in the structure of the twisted
spine: (1) its base is more massive and (2) its blades
may have a single deep groove at the base, which
curved in the same direction as the twisting of the spine.

Occurrence. Upper Albian of California; Mid-
dle-Upper Cenomanian of northern Turkey.

Material. More than ten specimens.

Archaeospongoprunum pontidum Bragina, sp. nov.
Plate 18, figs. 7 and 8
Etymology. From the Latin pontidum, based on
the name of the area.

_ Holotype. GIN, no. 4871/202; northern Turkey,
Urkiit section; Upper Cretaceous, Upper Cenomanian.

Description. The shell ranges from subspheri-
cal to regularly spherical, with two polar spines. The
spines are very massive, three-bladed, and substantially
narrowed at the end. One spine is slightly shorter and
often more massive than the other. The blades of one
spine are different in spatial orientation from those of
the other. The length of the longest spine exceeds the
cortical shell diameter. The pores of the cortical shell
are rounded polygonal, set in 6- or 7-angled frames
with triangular thorns at their elevated vertices.

S407

Measurements. Long spine, 150; short spine,
100; shell diameter, 130.

Comparison. The new species is distinguished
from A. cortinaensis Pessagno, 1973 by the spherical
cortical shell and the absence of spine torsion.

Occurrence. Middle-Upper Cenomanian of
northern Turkey.

Material. Eight complete and four incomplete
specimens.

Archaeospongoprunum sphaericum Bragina, sp. nov.
Plate 35, fig. 10

Etymology. From the Latin sphaericus (spheri-
cal).

Holotype. GIN, no. 4870/82; Crimean Moun-
tains, Belaya Mountain section, Lower Turonian.

Description. The shell is nearly regularly
spherical, with two three-bladed polar spines. The cor-
tical shell is spongy. One polar spine is slightly shorter
than the other and strongly twisted.

Measurements. Cortical shell diameter, 140—
150; length of spines, 135 and 80.

Comparison. The new species is distinguished
from A. cortinaensis Pessagno, 1973 by the spherical
cortical shell.

Occurrence. Lower Turonian of the Crimean
Mountains.

Material. Five complete and eight incomplete
specimens.

Archaeospongoprunum triplum Pessagno, 1973
Plate 35, fig. 13

Archaeospongoprunum triplum: Pessagno, 1973, p. 66. pl. 10. figs. 5
and 6; pl. 11, figs. 1-3; 1976, p. 33, pl. 6, fig. 2; Salvini and Marcucci Pas-
serini, 1998, fig. 9.c; Vishnevskaya, 2001, pl. 125. figs. 14 and 15.

Holotype. USNM-Pessagno, no. 165606; Cali-
fornia coast, Great Valley sequence, locality NSF 483;
Upper Cretaceous, Coniacian, Yolo Formation (Pessa-
gno, 1973, pl. 10, fig. 5).

Comparison.A. triplum differs from A. biparti-
rum Pessagno, 1973, in having a tripartite (instead of
bipartite) shell.

Occurrence. Coniacian of California, Turo-
nian—Coniacian of the Pacific region; Coniacian-San-
tonian of the Russian Plate; Lower Turonian of the
Crimean Mountains; Middle-Upper Cenomanian of
southwestern Sakhalin.

Material. More than ten specimens.

Explanation of Plate 21
Figs. 1,2, 4, and 7. Pessagnobrachia fabianii (Squinabol, 1914), specimens: (1) GIN, no. 4871/228, x130; (2) GIN, no. 4871/229,
x130: (4) GIN, no. 4871/230, x130; and (7) GIN, no. 4871/231, x100.
Figs. 3, 5, 6, and 8. Patulibracchium woodlandensis Pessagno, 1971, specimens: (3) GIN. no. 4871/232, x100; (5) GIN,
no. 4871/233, x65; (6) GIN, no. 4871/234, x140; and (8) GIN, no. 4871/235, x100.

All specimens come from the Urkiit section.
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Archaeospongoprunum sp. A. sensu Pessagno, 1977
Plate 38. fig. 15
Archaeospongoprinum sp. A.: Pessagno. 1977, p. 30, pl. 2. fig. 2.
Remarks. This morphotype from the Upper
Albian beds of the Great Valley sequence was recorded
without a description, probably because of the scarcity
of specimens.

Occurrence. Upper Albian of California; Lower
Turonian of the Crimean Mountains.

Material. Fewer than ten specimens.

Genus Stylosphaera Ehrenberg, 1847
Stylosphaera: Ehrenberg, 1847, p. 54.

Type species. Stylosphaera hispida Ehrenberg,
1854; Eocene; Barbados.

Diagnosis. Cortical shell subspherical to ellipti-
cal, with 10 to 20 pores in semiequator. Two polar pri-
mary spines. One spine longer than main axis of corti-
cal shell. Single medullary shell inside cortical shell.

Species composition. Several dozen spe-
cies, including S. anarolica sp. nov.; Upper Mesozoic—
Recent.

Comparison. Srvlosphaera is distinguished
from Amphisphaera Haeckel, 1881 by having one
(instead of two) medullar shells.

Stylosphaera anatolica Bragina, sp. nov.
Plate 18, fig. 9

Etymology. From the Latin anatolica from Ana-
tolia, where this species was collected for the first time.

_ Holotype. GIN, no. 4871/204; northern Turkey,
Urkiit section; Upper Cretaceous, Middle Cenomanian.

Description. The shell is subspherical and has
two long and massive polar spines. It is pierced by fine
polygonal pores in polygonal frames with elevated ver-
tices that make the shell surface rough. The three-
bladed spines are constant in width throughout most of
their length, but sharply narrow distally. The blades of
one spine are similar in spatial orientation to those of
the other. The termination of one spine may show slight
torsion (40°). The spine length is 1.5-2 times greater
than the cortical shell diameter.

Measurements. Spine length, 220; shell diam-
eter, 120.
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Comparison. The new species is distinguished
from S. ? macroxiphus Rust, 1898 by the spatial orien-
tation of the spine edges (the blades of one spine are
similar in spatial orientation to those of the other); the
smaller pores, and the only very slight variation in the
size and shape of the pores.

Occurrence. Middle Cenomanian of northern
Turkey.

Material. Four complete and three incomplete
specimens.

Family Hagiastridae Riedel, 1967, emend. Pessagno, 1971
Genus Paronaella Pessagno, 1971

Paronaella: Pessagno, 1971a, p. 46.

Type species. Paronaella solanoensis Pessa-
gno, 1971; Upper Cretaceous, Upper Turonian—Conia-
cian, Yolo Formation; locality NSF 483, California
coast.

Diagnosis. Shell three-rayed in plan, without
bracchiopyle. Rays may be different or equal in length,
round or oval in cross section, and porous. Rays may
bear small nodes. Terminations of rays varnable in
shape (ranging from swollen to smooth and pointed),
sometimes with spines.

Species composition. More than ten spe-
cies, including P. spica sp. nov. Stratigraphic and geo-
graphical ranges have not been determined.

Comparison. Paronaella differs from Patuli-
bracchium Pessagno, 1971 in the absence of a bracchi-

opyle.

Paronaella pseudoaulophacoides O’Dogherty, 1994

Plate 37, fig. 1
Paronaella pseudoaulophacoides: O’Dogherty, 1994, p. 356, pl. 67.
figs. 8 and 9.

Holotype. UL, no. 6627; central Italy, Umbria-
Marche Apennines, locality no. Asv-5-43; Upper Cre-
taceous, Lower Turonian (O’Dogherty, 1994, pl. 67,
fig. 8).

Comparison. P pseudoaulophacoides differs
from P. californiaensis Pessagno, 1971 in the high tho-
lus, completely fused rays, and in the shell shape,
which is distinctly triangular in outline.

Occurrence. Lower Turonian of Italy and the
Crimean Mountains.

Material More than 20 specimens.

Explanation of Plate 22
Figs. 1-7. Savaryella quadra (Foreman, 1978), specimens: (1) GIN, no. 4871/236. (a) shell fragment to show porosity and pat-
agium, x 180, and (b) general view, x120; (2) GIN, no. 4871/237, x 120 and (3) GIN, no. 4871/238, %90, shell fragments to show
branching thomns of rays; (4) GIN, no. 4871/239, x90; (5) GIN, no. 4871/240. x120; (6) GIN, no. 4871/241, x350; and (7) GIN,

no. 4871/242, shell covered entirely with patagium, x 100.

Fig. 8. Crucella aster (Lipman, 1952). GIN, no. 4871/243, x130.

Fig. 9. Crucella euganea (Squinabol, 1903), GIN, no. 4871/244, x150.
Fig. 10. Crucella hispana O’Dogherty, 1994, GIN, no. 4871/245, x80.
Fig. 11. Crucella cachensis Pessagno, 1971: GIN. no. 4871/246. x130.
Fig. 2. From the Tomalar section; other specimens come from the Urkiit section.
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Paronaella solanoensis Pessagno, 1971
Plate 39. fig. 12
Paronaella solanoensis: Pessagno. 1971a. p. 48, pl. 10, figs. 2 and 3:
Thurow and Kuhnt. 1986. text-lig. 9.18: Erbacher. 1994.pl. 17, ig. 15: Khan
et al.. 1999, pl. 1.n.

Halesium sp.: Vishnevskaya. 2001, pl. 129 lig. 6.

Holotype. USNM-Pessagno, no. 165550; Cali-
fornia coast, Great Valley sequence, locality NSF 483;
Upper Cretaceous, Upper Turonian—Coniacian, Yolo
Formation (Pessagno, 1971a, pl. 10, fig. 2).

Comparison. P solanoensis is distinguished
from P. venadoensis Pessagno, 1971 by the rays, which
terminate in three massive spines almost equal in
length.

Occurrence. Turonian—Coniacian of California,
Spain, and Italy; Middle-Upper Cenomanian of north-
ern Turkey; Upper Cenomanian—-Lower Turonian of the
Crimean Mountains.

Material. More than 20 specimens.

Paronaella spica Bragina, sp. nov.

Plate 19, figs. 1-3, 5, and 6; Plate 37, figs. 5.6, 8, and 9;
Plate 40, figs. 13 and 16

Spongodiscid gen. et sp. indet.: Foreman, 1971, pl. 5, fig. 4.
Paronuella sp.: Erbacher, 1994, pl. 12, fig. 7.

Paronaella grapevinensis: O’Dogherty, 1994, p. 352, pl. 1-8.
Etymology. From the Latin spica (spiny).

Holotype. GIN, no. 4870/114; Crimean Moun-
tains, Sel’-Bukhra Mountain section; Lower Turonian.

Description. The shell is three-rayed in outline.
The small central part is not elevated, and its diameter
is equal to the width of its rays. The rays are rectangular
in cross section, arranged in the shape of an equilateral
or isosceles triangle and constant in width throughout
most of their length, becoming wedge-shaped distally.
Each ray terminates in a short spine with two shorter
rays on either side. Several additional spines are present
along the entire extent of the lateral edges of the rays.
All the spines are bladed and abruptly taper distally, so
that their ends become circular in cross section. The
rays are covered by pores forming three or four rows,
which extend from the base to the distal end. The pores
are small, rounded polygonal, in low pore frames irreg-
ular in outline but predominantly tetragonal or pentag-
onal. The shell is often almost completely covered by
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the patagium, which makes it subtriangular. Only the
apices of the rays usually remain uncovered.

Measurements. Ray length, 140-70; ray

width, 70-30; pore diameter, 10-5.

Comparison. P. spica is distinguished from P,
solanoensis Pessagno, 1971 by thinner rays constant in
width, the nonpseudoaulophacoid structure of the shell,
the less massive spines on the ray ends, and the well-
developed patagium, which may cover up to 80% of the
shell surface.

Occurrence. Middle Albian-Lower Turonian of
Italy and the Pacific; Middle-Upper Cenomanian of
Turkey; Lower Turonian of the Crimean Mountains.

Material. More than ten complete and several
tens of incomplete specimens.

Genus Halesium Pessagno, 1971
Halesium: Pessagno, 197 1a, p. 23.

Type species. Halesium sexangulum Pessa-
gno, 1971; Upper Cretaceous, Lower Cenomanian,
Fiske Creek Formation, upper part of Antelope Shale
Beds; California, Great Valley section, locality NSF
350.

Diagnosis. Shell consisting of three long, nar-
row rays forming isosceles triangle shape. Rays rectan-
gular in cross section, with lateral spines directed away
from ray center. Weakly developed spine placed cen-
trally on ray termination. Bracchiopyle sometimes
located in place of one spine. Rays with three beams
extending from their proximal part to end and with reg-
ular transverse and longitudinal rows of nodes alternat-
ing with round pores.

Species composition. H. crassum
(Ozwoldova, 1979), H. diacanthum (Squinabol, 1914),
H. nevianii (Squinabol, 1903), H. quadratum Pessagno,
1971, and H. sexangulum Pessagno, 1971; Cretaceous
worldwide.

Comparison. Halesium differs from Paronaella
Pessagno, 1971 in the presence of two to four beams on
the rays, with regular transverse and longitudinal rows
of nodes between these beams.

Explanation of Plate 23
Figs. 1 and 2. Crucella messinae Pessagno, 1971, specimens: (1) GIN, no. 4871/247, x120; and (2) GIN, no. 4871/248, x150.
Fig. 3. Crucella euganea (Squinabol, 1903), GIN, no. 4871/252, x100.
Figs. 4, 5, and 7. Crucella irwini Pessagno, 1971, specimens: (4) GIN, no. 4871/249, x140; (5) GIN, no. 4871/250, x100; and

(7) GIN. no. 4871/251, x120.

Fig. 6. Savarvella novalensis (Squinabol, 1914), GIN, no. 4871/253, x150.
Figs. 8 and 10. Cavaspongia californiaensis Pessagno, 1973, specimens: (8) GIN, no. 4871/254, x120; and (10) GIN, no. 4871/255,

x 160.

Figs. 9 and 11. Cavaspongia antelopensis Pessagno, 1973, specimens: (9) GIN, no. 4871/256, x180; and (11) GIN, no. 4871/257,

x 160.

Fig. 12. Pessagnobrachia macphersoni O’Dogherty. 1994, GIN, no. 4871/258, x120.

All specimens come from the Urkiit section.
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Halesium diacanthum (Squinabol, 1914)
Plaie 40. fig. 10

Dicryvastrum diacanthos: Squinabol. 1914, p. 274, pl. 21. lig. 3.

Halesium diacanthum: O'Dogherty. 1994 p. 349, pl. 65, ligs. 1-8.

Holoty pe. Northern Italy, Venetian Alps, Vicen-
tino Province, Novale locality; upper Lower Creta-
ceous—lower Upper Cretaceous, Upper Albian-Lower
Turonian (Squinabol, 1914, pl. 21, fig. 3).

Comparison. Halesium diacanthum is distin-
guished from H. quadratum Pessagno, 1971 by the
somewhat curved rays and less regular arrangement of
pores on the rays.

Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Lower Turonian of the Crimean Moun-
tains.

Material. More than 30 specimens.

Halesium quadratum Pessagno, 1971, emend. herein
Plate 20, figs. 4, 5, 8-11; Plate 40, fig. 9
(?) Distyastrum triacantos: Squinabol, 1903, p. 121, pl. 9, fig. 28.
Halesium quadrarum: Pessagno, 1971a, p. 23, pl. 3, figs. 1-6; pl. 4,
figs. 1 and 2; Thurow and Kuhnt, 1986, text-fig. 9.16; Erbacher, 1994, pl. 16,
fig. 8; pl. 17, fig. 14.
Halesium triacantos: O’Doghenty, 1994, p. 350, pl. 65, figs. 9-14.

Holotype. USNM-Pessagno, no. 165547; Cali-
fomnia, Great Valley sequence, locality NSF 350; Lower
Cenomanian, Fiske Creek Formation (Pessagno,
1971a, pl. 3, figs. 1, 2).

Description. The shell shape is typical of the
genus. The rays are narrow, long, and constant in width
from the center to the base of the terminal spines and,
distally, sharply widen in outline and framed by the
marginal spines, which are directed away from the cen-
ter of rays. The distal parts of the rays are inflated and
higher in relief than their bases. A weakly developed
spine is placed centrally on the ray end. A well-devel-
oped bracchiopyle may be in place of one of these
spines. Three beams extend along the rays from their
proximal part to the inflated end, the two lateral beams
being slightly higher in relief than the intermediate one.
The rays have both transverse and longitudinal rows of
nodes alternating with rounded pores.

Measurements. Ray length, 350-250; width
of the ray base, 75-34; greatest width of the ray end,
100--50.

Comparison. H. quadratum is distinguished
from H. sexangulum Pessagno, 1971 in the form of the
rays, which are longer, narrower and lower in relief,
with the distal spines directed away from the ray center,
and the rounded pores forming both transverse and lon-
gitudinal rows (in contrast, the pores of H. sexangulum
are subtriangular and positioned between small beams
connecting intermittently spaced nodes).

Occurrence. Lower Cenomanian-Turonian of
California; Campanian of Cyprus; Upper Cenomanian—
Lower Turonian of Italy and Spain; Lower Turonian of
the Crimean Mountains; Middle-Upper Cenomanian
of northern Turkey.

Material. More than 20 specimens.
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Halesium sexangulum Pessagno, 1971

Plate 20. figs. 6 and 7: Plate 39. figs. 7 and 10

() Distvastrionr amissum: Squinabol. 1914, p. 273, pl. 21 (2), fig. 2.

Halesivm sexangulum: Pessagno. 1971a.p. 25.pl. 1. igs. S and 6: pl. 2.
figs. 1-6: 1976, p. 29, pl. 1. fig. 6: Thurow and Kuhnt. 1986, text-fig. 9.15:
Erbacher. 1994, pl. 16. fig. 9:pl. 17. fig. 13: Salvini and Marcucci Passerini.
1998. ext-fig. 7.c.

Hualesium cf. sexangulum: Kuhnt er al.. 1986, pl. 7. fig. c.

() Halesium sexangulum: Thurow, 1988, p. 401, pl. 6, fig. 3.

Halesium amissum: O’ Dogherty, 1994, p. 351, pl. 65. ligs. 15-23.

Holotype. USNM-Pessagno, no. 165544; Cali-
fornia, Great Valley sequence, locality NSF 350; Upper
Cretaceous, Lower Cenomanian, Fiske Creek Forma-
tion, upper part of Antelope Shale Beds (Pessagno,
1971a, pl. 1, figs. 5 and 6).

Occurrence. Lower Cenomanian of California;
Upper Cenomanian-Lower Turonian of the Crimean
Mountains, Italy, and Spain; Middle-Upper Cenoma-
nian of northern Turkey; Campanian of Cyprus.

Material. More than 20 specimens.

Genus Patulibracchium Pessagno, 1971

Patulibracchium: Pessagno, 1971a, p. 26.

Type species. Patulibracchium davisi Pessa-
gno, 1971; Upper Cretaceous, Lower Cenomanian,
Fiske Creek Formation, Antelope Shale Beds, Fran-
ciscan Complex; California.

Diagnosis. Shell three-rayed in plan. Bracchi-
opyle present on one ray and occasionally bordered by
secondary spines. Rays equal in size or slightly differ-
ing in length and circular, oval, or rectangular in cross
section. Ray ends usually inflated, becoming arrow-
shaped in outline. Each ray with one middle apical
spine and, occasionally, with two additional spines.
Pores in triangular to hexagonal or pentagonal pore
frames.

Species composition More than 20 spe-
cies. Cretaceous worldwide.

Comparison. Patulibracchium differs from
Paronaella Pessagno, 1971 in the presence of the
bracchiopyle.

Patulibracchium ingens (Lipman, 1952), emend. Bragina
(in Bragina and Bragin, in press)
Plate 40, figs. 12 and 14

Rhopalastrum ingens:-Lipman, 1952, p. 35, pl. XI. fig. 6.

o 8Ptc’uulibra('('hium teslaensis: Salvini and Marcucci Passenini. 1998,
¢ Non Patulibracchium cf. ingens: Vishnevskaya. 2001, p. 176, pl. 122,
fig. 14 [Pessagnobracchia rara (Squinabol, 1914)].

Patulibracchium inaequalum: Pessagno, 1971a, p. 33, pl. 4, figs. 3-6;
pl. 5, fig. 1.

Holotype. Chemyshev Central Geological
Museum (TsGM), collection 6999, no. 26/28; Russian
Plate, Penza Region, near the town of Kuznetsk; Upper
Cretaceous, Santonian (Lipman, 1952, pl. XI, fig. 6).

Description. The shell is large and composed
of three rays of different lengths. Two longer rays are
slightly curved in opposite directions and positioned in
almost the same line. The third ray is the shortest, and
Vol. 38
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1s positioned almost at right angles to the others. The
middle part of the shell is almost equal in diameter to
the ray base and is slightly raised in relief. The ray
bases are similar in width and, in some specimens, the
ray width remains constant up to the arrow-shaped ter-
mination. In some specimens, the wide arrow-shaped
termination characterizes either the two longer rays or
the short one. The widest part of the arrow-shaped ter-
mination is raised in relief. Distally, the rays taper con-
siderably and lower in relief and occasionally have a
short spine at the end. The bracchiopyle commonly
occurs in the short ray. The shell has rounded subrect-
angular pores, which usually form rows extending from
the proximal part to the distal. Pore frames may bear
small and low subspherical or conical nodes at vertices.
The pores on the arrow-shaped terminations are in a
hexagonal-pentagonal arrangement.

Measurements. Length of the short ray, 200—
180; length of the long ray, 600-500.

Comparison. In distinction from P. teslaensis
Pessagno, 1971, the rays of P. ingens differ in length
and its long rays are positioned almost in line.

Occurrence. Nonstratified Coniacian—Campa-
nian of the Russian Plate; Campanian of California;
Lower Turonian of Italy; Upper Cenomanian of north-
ern Turkey; Upper Cenomanian-Lower Turonian of the
Crimean Mountains.

Material More than 30 specimens.

Patulibracchium obesum Pessagno, 1977
Plate 19, fig. 4

Patulibracchium obesumn: Pessagno, 1977, p. 27, pl. 1, figs. 17 and 18.

Holotype. USNM-Pessagno, no. 242797; Cali-
fornia coast, Great Valley sequence, locality NSF 854;
Lower Cretaceous, Lower Albian (Pessagno, 1977, pl.
1, figs. 17, 18).

Comparison. P. obesum differs from P. vena-
doensis Pessagno, 1971 in the wider rays with the
round ends.

Occurrence. Lower Albian of California and
Italy; Middle-Upper Cenomanian of northern Turkey;
Upper Cenomanian—Lower Turonian of the Crimean
Mountains; Upper Turonian of southwestern Sakhalin.

Material. More than 20 specimens.

Patulibracchium woodlandensis Pessagno, 1971,
emend. herein
Plate 20, figs. 1 and 2: Plate 21. figs. 3. 5. 6. and 8:
Plate 40, figs. 4,7, and 15

Patulibracchium woodlandensis: Pessagno, 1971a, p. 45, pl. 5, figs. 2-6;
Erbacher, 1994, pl. 16, fig. 11; pl. 18, fig. 2.

Non Patulibracchium woodlandensis: Erbacher, 1994, pl. 12, fig. 8
(= P. sp. aff. P woodlandensis Pessagno, 1971).

Holotype. USNM-Pessagno, no. 165505; Cali-
fornia coast, Great Valley sequence, locality NSF 350;
Lower Cenomanian, upper Antelope Shale Formation
and lower Fiske Creek Formation (Pessagno, 1971a,

pl. 5, figs. 2, 3).
Vol. 38
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Description. The shell possesses three rays
with the apices arranged in the shape of an equilateral
triangle. Its central part is small, with the diameter not
exceeding the width of the ray base. The rays gradually
increase in width up to the raised bulbous termination,
which is two times wider than the ray base. Distally, the
terminations have short, variously developed spines. The
bracchiopyle is commonly well-developed. The rays
may have one or two short, narrow lateral spinules. The
shell pores are fine, rounded polygonal, set in ridged
irregularly polygonal frames, which bear small and rela-
tively low hemispherical and conical nodes at their verti-
ces. The patagium is relatively weakly developed.

Measurements. Ray length, 250-150; ray
width, 80-60.

Occurrence. Lower Cenomanian of California;
Middle-Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains; Upper Cenoma-
nian of southwestern Sakhalin, beds with Cuboctosty-
lus trifurcatus—Cassideus yoloensis (Bragina, 2001).

Material. More than 50 specimens.

Patulibracchium (?) quadroastrum Bragina, 2003

Plate 39, fig. 11
Hagiastrum sp.: Bragina in Zinkevich et al., 1988, pl. . fig. 9.
(7 Hagiastridae gen. et sp. indet.: Bragina, Vituchin, 1997, pl. |, fig. 1.
Patulibracchium (?) quadroastrum: Bragina, 2003, p. 29, pl. 111, figs. 3
and 6.

Ety mology. From the Latin quadroastrum (four-
rayed star).

Holotype. GIN, no. 4850/12; southern Sakhalin,
Naiba River Basin; Upper Turonian, Unit VI of the
Bykov Formation, beds with Orbiculiforma monticel-
loensis—Cavaspongia contracta.

Description. The shell is large and has four
rays. The tholus is not raised in relief. Its diameter is
one-third the ray length and equal to the width of the
basal and middle parts of the rays. The ray terminations
are acute and irregular in outline. One ray has a tubular
bracchiopyle with small peripheral spinules, which is
characteristic of the genus. The thorns and polygonal
pores are set in irregular pore frames and are randomly
distributed over the shell. The pore diameter is equal to,
or lesser than, the distance between pores.

Measurements. Holotype no. 4850/12: ray
length, 100; ray width, 35; pore size, 3-6.

Comparison. This species is distinguished from
P. inaequalum Pessagno, 1971 by the presence of four
rays of equal length, and from-all other members of the
genus Patulibracchium Pessagno, 1971 by the presence
of the fourth ray.

Remarks. P. ? quadroastrum Bragina, 2003 was
tentatively ascribed to Patulibracchium Pessagno,
1971 because of the presence of the fourth ray.

Occurrence. Maastrichtian of Kamchatka;
Upper Turonian of southwestern Sakhalin; Lower
Turonian of the Crimean Mountains.

Material. Six specimens.
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Genus Savaryella Jud, 1994
Savaryella quadra (Foreman, 1978)
Plate 22. figs. 1-7

Crucella guadra: Foreman, 1978a. p. 841, pl. 1. fig. 10,

Savarvella quadra: O’ Dogherty, 1994, p. 372, pl. 72. figs. 1-7.

Holotype. Southeastern Atlantic, Leg 40, Site
364, depth interval 26-6, 56-58; uppermost Albian—
Cenomanian (Foreman, 1978a, pl. 1, fig. 10).

Comparison. S. quadra differs from S. spinosa
O’Dogherty, 1994 in the constant width of the rays
throughout their length, and the orientation of the pores
along the ray length.

Occurrence. Upper Albian—Cenomantian of the
southeastern Atlantic; Upper Albian—-Middle Cenoma-
nian of Italy and Spain; Middle-Upper Cenomanian of
northern Turkey; Lower Turonian of the Crimean
Mountains.

Material. More than 15 specimens.

Savaryella novalensis (Squinabol, 1914)
Plate 23, fig. 6; Plate 39. figs. 1, 2. and 4
X-Astrum novalensis: Squinabol, 1914, p. 278, pl. 20, fig. 7.
Savaryella novalensis: O’ Dogherty, 1994, p. 372, pl. 72, figs. 12-19.
Holotype. Northern Italy, Venetian Alps, Vicen-
tino Province, Novale locality; upper Lower Creta-
ceous—lower Upper Cretaceous, Upper Albian—Lower
Turonian (Squinabol, 1914, pl. 20, fig. 7).
Comparison. S. novalensis differs from the
closely allied S. spinosa O’Dogherty, 1994 in the
weakly differentiated central part and apices of rays
arranged strictly in the shape of a regular rectangie and
from S. stella O’Dogherty, 1994 by its much smaller,
less strongly raised central area, and by having four
(instead of five) rays.

Occurrence. Middle Albian-Lower Cenoma-
nian of Italy; Upper Cenomanian of northermn Turkey;
Lower Turonian of the Crimean Mountains.

Material. More than 10 specimens.

Genus Crucella Pessagno, 1971

Crucella aster (Lipman, 1952) emend. Bragina
(in Bragina and Bragin, in press)
Plate 22, fig. 8: Plate 38. fig. 14
Histiastrum aster: Lipman, 1952, p. 35, pl. 2, figs. 6 and 7; 1962, p. 300,

pl. 11, fig. 5; Kozlova and Gorbovets, 1966. p. 84, pl. 111, fig. 9: Schaaf, 1981,
pl. 8 fig. 1; Amon. 2000, pl. 6, figs. 14 and 15.
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Crucella aster: Nakascko and Nishimura, 1981, p. 148, pl. 2. fig. 10
(nomen nudum): Bragina and Bragin. in press

Non Crucella aster: Nakascko and Nishimura, 1981, p. 148.pl. 2. fig. 9
(= C. robusta Bragina in Bragina and Bragin 1995); Urquhart and Banner.
1994, fig. 4.y: Gorbatchik and Kazintsova. 1998, pl. 1. fig. 10. Kazintsova.
2002.pl. 1. fig. 4.

Crucella cl. aster: lwata and Tajika. 1986. pl. 5. fig. 4.

Holotype. TsGM, collection 6999, no. 16/28;
Russian Plate, Penza Region, near the town of Kuz-
netsk; Santonian.

Description. The shell is medium-sized, with
the apices of the rays arranged to form a square. The
central part is small and is not raised in relief. Rays are
wide at the base and gradually narrow distally to termi-
nate with a massive spine. The shell is pierced with
densely and irregularly spaced fine, rounded polygonal
pores.

Measurements. Space between two adjacent
ray apices, 247—437; ray length, 152-57; greatest ray
width, 95-65; spine length, 60-20.

Comparison. C aster is distinguished from C.
espartoensis Pessagno, 1971 by the absence of distinct
pore frames of regular outline and by the ray shape: the
rays are not very conical in outline.

Occurrence. Uppermost Albian—-Campanian
worldwide; Upper Cenomanian—Lower Turonian of the
Crimean Mountains; Upper Cenomanian of northern
Turkey.

Material. More than 15 specimens.

Crucella cachensis Pessagno, 1971

Plate 22, fig. 11; Plate 38, figs. 8, 10, and 11; Plate 39, figs. 5, 6, and 9

Crucella cachensis: Pessagno, 1971a, p. 53, pl. 9, figs. 1-3; Foreman,
1971, p. 612, pl. 5, fig. 6; 1975, p. 612, pl. 5, fig. 6; Pessagno, 1976, p. 31,
pl. 3. figs. 14 and 15; Taketani, 1982, p. 50, p!. 9, fig. 16; Kuhnt ef al., 1986,
pl. 7. fig. J; Thurow and Kuhnt, 1986, text-figs. 9.5 and 9.6; Thurow, 1988.
p. 399, pl. 2, fig. 13; Marcucci er al., 1991, text-figs. 4j—41; Marcucci and
Gardin, 1992, text-fig. 4.m; O’Dogherty, 1994. p. 370, pl. 71, figs. 15-22;
Salvini and Marcucci Passerini, 1998, fig. 9.k; Khan et al., 1999, pl. 4, fig. h.

Non Crucella cachensis: Gorka, 1991, p. 42, pl. 2, figs. 7 and 8 (= C. ex
gr. C. bossoensis Jud, 1994); p. 42, pl. 2, fig. 10 (= C. ex gr. remanei Jud,
1994); Vishnevskaya, 1993, pl. 10, fig. 4 (= C. ex gr. C. espartoensis Pessa-
gno. 1971).

Crucella cachensis tolfaensis: Marcucci and Gardin, 1992, p. 563, text-
figs. 41 and 4n; Pignotu, 1994, pl. 1, fig. 5; pl. 3, figs. 6 and 7.

Holotype. USNM-Pessagno, no. 165562; Cali-
fornia coast, Great Valley sequence, locality NSF 697;
Upper Cretaceous, Middle Turonian, Venado Forma-
tion (Pessagno, 19714, pl. 9, figs. 5 and 6).

Explanation of Plate 24
Figs. 1 and 10. Becus regius O'Dogherty. 1994, specimens: (1) GIN, no. 4871/259, x180; and (10) GIN, no. 4871/260, x 160.
Figs. 2, 3, and 6. Becus horridus (Squinabol, 1903), specimens: (2) GIN, no. 4871/261, x120; (3) GIN, no. 4871/262, x130; and

(6) GIN, no. 4871/263. x100.

Figs. 4 and 5. Dispongotripus triangularis (Squinabol, 1904), specimens: (4) GIN, no. 4871/264, x 140; and (5) GIN, no. 4871/265.

x 180.

Fig. 7. Pseudoaulophacus praefloresensis Pessagno, 1972, GIN, no. 48717266, x 100.
Figs. 8 and 9. Pseudoaulophacus turcensis sp. nov.: (8) GIN, no. 4871/267, x 140; and (9) holotype GIN. no. 4871/268. x120.
Figs. 11 and 12. Cavaspongia euganea (Squinabol, 1904), specimens: (11) GIN, no. 4871/269. x80; and (12) GIN, no. 4871/270,

x 100.

Fig. 7. From the Tomalar section; all other specimens come from the Urkiit section.
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Comparison. C cachensis differs from C.
invini Pessagno, 1971 in the high cylindrical tholus and
the considerably lowered central part.

Remarks. The exterior of the holotype of C.
cachensis tolfaensis Marcucci (Salvini and Marcucci
Passerini, 1998) corresponds exactly to the diagnosis of
C. cachensis Pessagno, 1971,

Occurrence. Turonian of California and the
Atlantic; Lower Turonian of Italy, Spain, and Turkey;
Lower Turonian of the Pacific; Upper Cenomanian—
Lower Turonian of the Crimean Mountains; Upper
Cenomanian of northern Turkey.

Material. More than 20 specimens.

Crucella euganea (Squinabol, 1903)
Plate 22, fig. 9; Plate 23, fig. 3

Stauralastrum euganeum: Squinabol, 1903, p. 123, p. 9, fig. 19.

Non Hagiastrum ? euganeum: Schaaf, 1981. p. 434, pl. 11, figs. la
and 1b.

Pseudocrucella (?) sp.: Kuhnt et al., 1986, pl. 7, fig. 1.

Crucella sp. D: Thurow. 1988, p. 399, pl. §, fig. 23.

Crucella (?) sp.: Erbacher, 1994, pl. 18, fig. 3.

Crucella euganea: O’Dogherty, 1994. p. 367, pl. 70, figs. 10-20; Khan
etal., 1999, pl. 4, fig. i.

Holotype. Northern Italy, southern Venetian
Alps, locality within Colli Euganei; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 9, fig. 19).

Comparison. C. euganea differs from C. aster
(Lipman, 1960) in the tholus rising above the shell, the
larger subquadrate pores, and the longitudinal pore
rows along the lengths of the rays.

Occurrence. Cenomanian—-Lower Turonian of
Italy, Spain, and the Atlantic; Middle-Upper Cenoma-
nian of northern Turkey.

Material. Fewer than ten specimens.

Crucella hispana O’Dogherty, 1994
Plate 22, fig. 10

Crucella hispana: O’ Doghenty, 1994. p. 365, pl. 70, figs. 1-5.

Holotype. UL, no. 5831; central Italy, Umbria-
Marche Apennines, locality no. Asv-5-43; Lower Creta-
ceous, Upper Albian (O’Dogherty, 1994, pl. 48, fig. 1).

Occurrence. Upper Aptian of Italy and Spain;
Upper Cenomanian of northern Turkey.
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Material. Fewer than ten specimens.

Crucella irwini Pessagno, 1971
Plate 23. figs. 4. 5, and 7: Plate 39. figs. 3 and 8

Crucella irwini: Pessagno. 1971a. p. 54. pl. 9. figs. 4-6: O’Doghenty.
1994, p. 369. pl. 71, ligs. 7-14.

Holotype. USNM-Pessagno, no. 165582; Cali-
fornia coast, Great Valley sequence, locality NSF
705B; Upper Cretaceous, Middle Turonian, Marsh
Creek Formation (Pessagno, 1971a, pl. 9, fig. 4).

Occurrence. Cenomanian—Campanian world-
wide; Lower Turonian of the Crimean Mountains; Mid-
dle-Upper Cenomanian of northern Turkey.

Material More than 15 specimens.

Crucella latum (Lipman, 1960), emend. Bragina
(in Bragina and Bragin, in press)
Plate 37, fig. 12; Plate 38, fig. 13

Histiastrum latum: Lipman, 1960, p. 130, pl. XXIX, figs. 7 and 8;
Amon. 2000, pl. 6, fig. 17.

Spongostaurus (?) hokkaidoensis: Iwata and Tajika, 1986, pl. 9, fig. 9.

Holotype. TsGM, collection 7767, no. 56/3;
Western Siberia, lowermost radiolarian sequence,
Borehole 1-R; Santonian—Campanian (Lipman, 1960,
p- 130, pl. XXIX, figs. 7, 8).

Description. The shell is medium-sized,
square in outline. Pores are small rounded polygonal,
densely and irregularly spaced. The long, massive
spines are commonly rounded in cross section and
project from the comers of the square. The spines are
occasionally hidden under the patagium, which may
cover the shell.

Measurements. Shell length, 300-180; spine
length, 70-30.

Occurrence. Uppermost Albian—Campanian
worldwide; Lower Turonian of the Crimean Mountains.

Material. More than 20 specimens.

Crucella messinae Pessagno, 1971

Plate 23, figs. | and 2; Platc 38, fig. 5
Crucella messinae: Pessagno. 1971a, p. 56, pl. 6, figs. 1-3; 1976. p. 32,
pl. 1, fig. 4 (= holotype refigured): 1977, p. 27. pl. 1, figs. 3, 4. and 13; Kuhnt
etal., 1986, pl. 7. fig. D; Thurow, 1988, p. 399, pl. §, fig. 22; Erbacher, 1994.
pl. 2, fig. 10; pl. 12, fig. 3: O’Dogherty, 1994, p. 368, pl. 70, figs. 21-24; Sal-
vini and Marcucci Passerini, 1998. fig. 7p; Khan et al., 1999, pl. 4, fig. j.

Explanation of Plate 25
Figs. 1 and 2. Dacryvliodiscus lenticulatus (Jud, 1994), specimens: (1) GIN, no. 4871/271, x100; and (2) GIN, no. 4871/272, x90.
Fig. 3. Patellula verteroensis (Pessagno, 1963). GIN, no. 4871/273, x160.
Fig. 4. Patellula cognata O’ Dogherty, 1994, GIN, no. 4871/274, x120.
Figs. 5-8. Dactyliosphaera silviae Squinabol, 1904, specimens: (5) GIN, no. 4871/275, x150; (6) GIN, no. 4871/276, x120;

(7) GIN. no. 4871/277, x130; and (8) GIN, no. 4871/278, x130.

Fig. 9. Dactyliodiscus spinosus sp. nov., holotype GIN, no. 4871/279, x200.
Figs. 10 and 11. Orbiculiforma ovoidea sp. nov.: (10) paratype GIN, no. 4871/280, x110; and (11) holotype GIN. no. 4871/281,

x120.

Fig. 12. Godia concava (Li et Wu, 1985), GIN, no. 4871/282, x70.
Fig. 13. Godia tomalarea sp. nov., holotype GIN, no. 4871/283, x80.
Figs. 8-11. The Tomalar section; all other specimens come from the Urkiit section.
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Non Crucella messinae: Taketani. 1982, p. S0, pl. 9. {ig. 17 (= C. irwini
Pessagno. 1971).

Holotype. USNM-Pessagno, no. 165569; Cali-
fornia coast, Great Valley sequence, locality NSF 350;
Upper Cretaceous, Lower Cenomanian, Fiske Creek
Formation (Pessagno, 19714, pl. 6, fig. 1).

Comparison. C. messinaeis distinguished from
C. aster (Lipman, 1952) by its more inflated rays and
the pentagonal-hexagonal arrangement of the pores.

Occurrence. Lower Cenomanian of California;
Albian—Cenomanian of Italy and the Atlantic; Middle—
Upper Cenomanian of northern Turkey; Upper Cenom-
anian-Lower Turonian of the Crimean Mountains;
undivided Coniacian—-Campanian of the Russian Plate.

Material. More than 20 specimens.

Genus Pessagnobrachia Kozur et Mostler, 1978
Pessagnobrachia: Kozur et Mostler, 1978, p. 142.
Type species. Patulibracchium teslaensis Pes-
sagno, 1971; Upper Cretaceous, Campanian, Upper
Panoche Group; California.

Diagnosis. Spongy discoidal shell with three
rays, largely covered by patagium.

Species composition. About ten species,
including P. fabianii (Squinabol, 1914) and P.
macphersoni O’ Dogherty, 1994; Berriasian—Coniacian
of the Tethys and Atlantic.

Comparison. Pessagnobrachia is distinguished
from Paronaella Pessagno, 1971 by the presence of the
bracchiopyle and more spongy skeleton. In distinction
from Halesium Pessagno, 1971, it lacks beams on the
upper and lower parts of the shell and pores arranged in
parallel rows on the rays.

Pessagnobrachia macphersoni O’Dogherty, 1994,
emend. herein

Plate 23, fig. 12

Pessagnobrachia macphersoni: O’Dogherty, 1994, p. 361, pl. 68,
figs. 14-20.

Holotype. UL, no. 3767; central Italy, Umbria-
Marche Apennines, locality Gec-1073-94; Middle Cen-
omanian (O’Dogherty, 1994, pl. 68, fig. 18).

Description. The shell is three-rayed. The ray
width is almost constant in outline from the base to the
wide club-shaped termination. In relief, the shell grad-
ually lowers from the central part to the ray termina-
tions. The ray pores are small, variable in size, in a hex-
agonal-pentagonal arrangement and in irregular pore
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frames. Being densely covered by the patagium, some
shells are subtriangular in outline.

Measurements. Ray length, 220-200; ray
width at the base, 90—45; greatest width of termina-
tions, 225-160.

Comparison. P macphersoni ts distinguished
from P. dalpiazii (Squinabol, 1914) by the high relief of
the central part.

Occurrence. Middle Cenomanian of Italy and
Spain; Upper Cenomanian of northern Turkey.

Material. Fewer than ten specimens.

Pessagnobrachia fabianii (Squinabol, 1914)
Plate 21, figs. 1,2, 4, and 7
Rhopalastrum Fabianii: Squinabol, 1914, p. 274, pl. 21, fig. 4.
Pessagnobrachia fabianii: O’Dogherty, 1994, p. 359, pl. 67, figs. 17-25.
Holotype. Northern Italy, Venetian Alps, Vicen-
tino Province, Novale locality, Teolo locality; upper
Lower Cretaceous—lower Upper Cretaceous, Upper
Albian—Lower Turonian (Squinabol, 1914, pl. 21, fig. 4).
Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Middle—-Upper Cenomanian of north-
ern Turkey.

Material Fewer than ten specimens.

Family Cavaspongiidae Pessagno, 1973
Genus Cavaspongia Pessagno, 1973
Synonym: Dumitricaia Pessagno, 1976.
Cavaspongia: Pessagno, 1973, p. 76.
Type species. Cavaspongia antelopensis Pes-
sagno, 1973; Upper Cretaceous, Lower Turonian, Ante-
lope Shale Beds, Fiske Creek Formation; California.

Diagnosis. Cortical shell biconvex and three-
rayed. Rays constant in length to termination. Termina-
tions with short lateral spinules (variable in number) on
both sides of massive central spine (frequently broken).
Cortical shell connected with medullary shell by three
massive spongy beams extending from central spines or
ray terminations. Medullary shell connected to internal
part of cortical shell by narrow radiating spines of vari-
able number.

Species composition. C. antelopensis Pes-
sagno, 1973, C. californiaensis Pessagno, 1973, C.
cylindrica O’Dogherty, 1994, C. contracta O’Dogh-
erty, 1994, C. euganea (Squinabol, 1904), C. helice
O’Dogherty, 1994, C. robusta sp. nov., C. sphaerica
O’Dogherty, 1994, C. tavrica sp. nov., C. tricornis

Explanation of Plate 26
Figs. 1 and 2. Phaseliforma laxa Pessagno, 1972, specimens: (1) GIN, no. 4871/284, x200; and (2) GIN, no. 4871/285, x160.
Fig. 3. Phaseliforma carinaia Pessagno, 1972, GIN, no. 4871/286, x160.

Figs. 4-13. Dactyliodiscus longispinus (Squinabol, 1904), specimens: (4) GIN. no. 4871/287, x80; (5) GIN, no. 4871/288, x100;
(6) GIN, no. 4871/289, x90; (7) GIN, no. 4871/290, x 100; (8) GIN, no. 4871/291, x120; (9) GIN. no. 4871/292, x120; (10) GIN,
no. 4871/293, x120; (11) GIN, no. 4871/294, x120; (12) GIN, no. 4871/295. x120; and (13) GIN, no. 4871/296, x60. (9-13)

incomplete specimens showing internal structure of shell.

Fig. 8. From the Tomalar section; all other specimens come from the Urkiit section.
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O’Dogherty, 1994; Middle Albian—Campanian, geo-
graphical range has not been determined.

Comparison. Cavaspongia differs from Cyclas-
rrum Rust, 1898 in the distinctly three-rayed shell and
the better developed patagium.

Cavaspongia antelopensis Pessagno, 1973
Plate 23, figs. 9 and 11 Plate 37, fig. 7

Cavaspongia antelopensis: Pessagno, 1973, p. 76. pl. 18. figs. 4-6;
pl. 19, fig. 1; Erbacher. 1994, pl. 18, fig. 10: Salvini and Marcucci Passenni,
1998, fig. 9.g; Thurow and Kuhnt, 1986, text-fig. 9.3; Vishnevskaya, 2001,
pl. 115, fig. 9; pl. 129. figs. 2 and 7.

Holotype. USNM-Pessagno, no. 165636; Cali-
fornia coast, Great Valley sequence, locality NSF 591;
Upper Cretaceous, Lower Turonian, Fiske Creek For-
mation (Pessagno, 1973, pl. 18, figs. 4 and 5).

Occurrence. Cenomanian—Turonian world-
wide; Middle-Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. Fewer than ten specimens.

Cavaspongia californiaensis Pessagno, 1973
Plate 23, figs. 8 and 10

Cavaspongia californiaensis: Pessagno, 1973, p. 77, pl. 19, figs. 2—4.

Holotype. USNM-Pessagno, no. 165638; Cali-
fornia coast, Great Valley sequence, locality NSF 591;
Upper Cretaceous, Lower Turonian, Fiske Creek For-
mation (Pessagno, 1973, pl. 19, figs. 2, 3).

Occurrence. Lower Turonian of California;
Middle—Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. Fewer than ten specimens.

Cavaspongia contracta O’Dogherty, 1994, emend. herein
Plate 40, fig. 11

Cavaspongia contracta: O’ Dogherty, 1994, p. 311, pl. 57, figs. 8-11.

Holotype. UL, no. 5710; central Italy, Umbna-
Marche Apennines, locality Gb-84.40; Upper Creta-
ceous, Lower Cenomanian (O’ Dogherty, 1994, pl. 57,
fig. 10).

Description. The shell has three narrow rays
with the apices forming the shape of an equilateral tri-
angle. The tholus is small, subtriangular, and slightly
raised in relief. Rays are oval in cross section, taper dis-
tally, and gradually become lower in relief. Shell pores
are small and irregular in outline and arrangement.

5421

Measurements. Diameter of the cortical shell,
108, length of the main rays, 2-10.

Comparison. C. contracta is distinguished
from the type species C. antelopensis Pessagno, 1973
by weaker developed, very small central part and nar-
rower rays.

Occurrence. Cenomanian-Lower Turonian of
Italy and Spain; Upper Cenomanian of northern Tur-
key; Upper Cenomanian-Lower Turonian of the
Crimean Mountains; Upper Turonian of southwestern
Sakhalin.

Material More than ten specimens.

Cavaspongia euganea (Squinabol, 1904)
Plate 24, figs. 11 and 12; Plate 40, figs. 1 and 8

Euchitonia euganea: Squinabol, 1904, p. 204, pl. 6, fig. 1.

Dumitricaia maywellensis: Pessagno, 1976, p. 38, pl. 4, figs. 10-11;
Thurow and Anderson, 1986, pl. 5, fig. 3; Thurow and Kuhnt, 1986, figs. 9
and 23; Thurow. 1988, p. 400, pl. 2, fig. 22; Erbacher, 1994, pl. 18, fig. 6;
Salvini and Marcucci Passerini, 1998, fig. 9.r.

Dumitricaia sp.: Erbacher, 1994, pl. 12, figs. 5 and 6.

Cavaspongia euganea: O’ Dogherty, 1994, p. 309, pl. 56, figs. 8-14.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—

Lower Turonian (Squinabol, 1904, pl. 6, fig. 1).

Comparison. C. euganea differs from C. con-
tracta O’Dogherty (1994) in having poorly pronounced
longitudinal pore rows on rays with terminal spines and
a well-developed patagium, which entirely covers the
shell, except for the ray terminations.

Occurrence. Upper Albian-Lower Turonian of
Italy, Spain, and the Atlantic; Middle-Upper Cenoma-
nian of northern Turkey; Lower Turonian of the
Crimean Mountains; Upper Cenomanian of southwest-
ern Sakhalin.

Material. More than 30 specimens.

Cavaspongia robusta Bragina, sp. nov.
Plate 37, figs. 2 and 3

Etymology. From the Latin robustus (rough,
coarse).
~ Holotype. GIN, no. 4870/110; northern Turkey,
Urkiit section; Upper Cretaceous, Upper Cenomanian,
Tomalar Formation.

Description. The shell is large, discoidal, trian-
gular with truncate apices. The tholus is triangular and

Explanation of Plate 27
Fig. 1. Dactvliodiscus longispinus (Squinabol, 1904), GIN, no. 4871/297. x100.
Figs. 2 and 3. Dactyliodiscus (?) longispinus Squinabol, 1903, incomplete specimens showing an internal structure atypical of the
species: (2) GIN, no. 4871/298, x100; and (3) GIN, no. 4871/299, x80.
Figs. 4 and 9. Acanthocircus horridus Squinabol, 1903, specimens: (4) GIN. no. 4871/305. x 130; and (9) GIN. no. 4871/306. x120.
Figs. 5-7. Acanthocircus hueyi (Pessagno, 1976), specimens: (5) GIN, no. 4871/300, x110; (6) GIN, no. 4871/301, x100; and

(7) GIN, no. 4871/302. x 120.

Figs. 8 and 10. Acanthocircus polymorphus (Squinabol, 1914), specimens: (8) GIN, no. 4871/303, x130; and (10) GIN,

no. 4871/304, x100.
All specimens come from the Urkiit section.
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high in relief. In disposition, the tholus resembles min-
lature projection of the shell (that is, the tholus angles
are oriented to the shell angles). The tholus pores are
irregular, densely spaced, considerably variable in size,
and positioned in polygonal frames, which vary in
height in relief. The rest of the shell surface is spongy
and covered by the patagium. When the patagium is
particularly well-developed, the shell is almost circular
in outline (P1. 17, fig. 2). The patagium almost entirely
covers three rays, so that only their terminal spines are
visible.

Measurements. Distance between the bases of
neighboring rays, 350; length of terminal spines, 30;
length of the tholus side, 120; pore diameter, 2.5.

Comparison. The new species differs from C.
contracta O’Dogherty, 1994 in the well-pronounced
tholus, which is high in relief and triangular in shape,
and in the patagium covering the larger part of the rays.

Occurrence. Northern Turkey, central Pontic
Mountains; Upper Cretaceous, Upper Cenomanian,
Tomalar Formation.

Material. Seven complete and five incomplete
specimens.

Cavaspongia tavrica Bragina, sp. nov.
Plate 40, figs. 2 and 3
Etymology. From the Latin tavrica (from Tavr-
ida, the former name of the Crimea).

Holotype. GIN, no. 4870/156; Crimean Moun-
tains, Belaya Mountain section; Upper Cretaceous,
Lower Turonian.

Description. The large disk is oval in plan and
has three rays, one of which extends from the apex of
the long axis. The apices of the rays form the shape of
an isosceles tnangle. The shell is spongy and covered
by the patagium, which may conceal the larger part of
the rays. The rays are often covered by small oval pores,
with their long axes directed distally.

Measurements. Shell length along the long
axis, 350; shell length along the short axis, 250; width
of the ray base, 100; greatest ray length, 200.

Occurrence. Lower Turonian of the Crimean
Mountains, Belaya Mountain section.

Material. Three complete and eight incomplete
specimens.

S423
Genus Pyramispongia Pessagno, 1973
Pyramispongia glascockensis Pessagno, 1973
Plate 19. fig. 7-11: Plate 37: fig. 13
Pyramispongia glascockensis: Pessagno, 1973, p. 79, pl. 21. figs. 2-5:

1976, pl. 1. fig. 9: Thurow and Kuhnt, 1986. text-fig. 9.4 Thurow, 1988,
p. 405, pl. 2, fig. 23: Marcucci and Gardin. 1992, text-fig. 3.0: O’Doghenty.
1994, p. 305, pl. 56, figs. 1-5.

Holotype. USNM-Pessagno, no. 165642; Cali-
fornia coast, Great Valley sequence, locality NSF 350;
Upper Cretaceous, Lower Cenomanian, Fiske Creek
Formation (Pessagno, 1973, pl. 21, figs. 2-5).

Occurrence. Cenomanian—Campanian world-
wide; Middle-Upper Cenomanian of northern Turkey;
Upper Cenomanian-Lower Turonian of the Crimean
Mountains.

Material More than 50 specimens.

Family Pseudoaulophacidae Riedel, 1967

Genus Pseudoaulophacus Pessagno, 1963
Pseudoaulophacus: Pessagno, 1963, p. 200.

Type species. Pseudoaulophacus floresensis
Pessagno, 1963; Upper Cretaceous, Lower Campanian,
Cariblanco Formation; Parguera Limestones, Puerto
Rico.

Diagnosis. Shell subtriangular in plan and len-
ticular in cross section. Each shell apex with spine.
Tholus higher in relief than rest of shell. Tholus ranging
in shape from round to subtriangular and consisting of
beams, which combined radially and equatorially in
groups of six. Shell surface beyond tholus porous;
pores round in outline and arranged in hexagonal or,
occasionally, hexagonal-pentagonal patterns. Pores of
tholus usually somewhat larger than those of rest of
shell. Pore frames hexagonal or polygonal.

Species composition. P. floresensis Pessa-
gno, 1963, P. circularis sp. nov., P. pargueraensis Pes-
sagno, 1972, P. turcensis sp. nov., more than 10 addi-
tional species; Cenomanian—Maastrichtian? world-
wide.

Comparison. Pseudoaulophacus differs from
Alievium Pessagno, 1972 in the presence of the tholus
and the less regular pattern of the pore frames.

Explanation ol Plate 28

Magnification is 120.

Figs. 1-3, and 5. Acanthocircus imperfectus sp. nov., specimens: (1) GIN, no. 4871/307; (2) holotype GIN. no. 4871/308; (3) GIN,

no. 4871/309; and (5) GIN, no. 4871/310.

Fig. 4. Acanthocircus hueyi (Pessagno, 1976), GIN. no. 4871/311.

Figs. 6 and 8. Vitorfus brustolensis (Squinabol, 1903), specimens: (6) GIN, no. 4871/312; and (8) GIN. no. 4871/313.
Figs. 7, 9-11. Acanthocircus impolitus O’ Dogherty, 1994, specimens: (7) GIN, no. 4871/314; (9) GIN, no. 4871/315; (10) GIN,

no. 4871/316; and (11) GIN. no. 4871/317.

Fig. 12. Acanthocircus moorei (Foreman, 1975). GIN, no. 4871/318.

All specimens come from the Urkiit section.
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Pseudoaulophacus circularis Bragina, sp. nov.
Plate 36. ligs. 6 and 9
Pseudoaulophacus sp. A: Pessagno. 1972, p. 312, pl. 30. fig. 6
Non Pseudoaulophacus putahensis: O'Dogherty. 1994, p. 320, pl. 59.
figs. 1-8. 12, 13.
Etymology. From the Latin circularis (circular).

Holotype. GIN, no. 4870/97; Crimean Moun-
tains, Belaya Mountain; Lower Turonian.

Description. The shell is circular in outline,
with three spines forming the shape of an equilateral tri-
angle and a poorly pronounced carina. The tholus is low
in relief and almost circular in plan. The tholus diame-
ter is one-third of that of the shell. The shell surface is
pseudoaulophacoid, pores of the tholus are larger than
all others. The spines are relatively massive, three-
bladed, and tapering. The spine length is one-quarter to
one-third of the shell diameter.

Measurements. Shell diameter, 200; tholus
diameter, 50; spine length, 65.

Comparison. The new species is distinguished
from P. floresensis Pessagno, 1963 by its circular shell.

Occurrence. Middle Cenomanian-Lower Turo-
nian of Italy; Coniacian of California; Lower Turonian
of the Crimean Mountains.

Material. 23 specimens.

Pseudoaulophacus pargueraensis Pessagno, 1972
Plate 38, fig. 9

Pseudoaulophacus pargueraensis: Pessagno, 1972, p. 309, pl. 30, fig. 4.

Holotype. USNM-Pessagno, no. 165544; Puerto
Rico, Parguera Limestones; Upper Cretaceous, Lower
Campanian, Cariblanco Formation (Pessagno, 1972,
pl. 30, fig. 4).

Remarks. The poorly preserved specimens of P,
pargueraensis Pessagno, 1972 look like that shown in
Pl. 38, fig. 9. It is evident that it lacks a tholus.

Occurrence. Turonian—-Campanian worldwide;
Upper Cenomanian—-Lower Turonian of the Crimean
Mountains.

Material. More than 20 specimens.

Pseudoaulophacus praefloresensis Pessagno, 1972,
emend. herein
Plate 24, fig. 7; Plate 36, fig. 2; Plate 39, fig. 13
Pseudoaulophacus praefloresensis: Pessagno, 1972, p. 309, pl. 27,
figs. 2-6.
Pseudoaulophacus murphy: Ling et al., 1996, pl. 2, fig. 3.
Holotype. USNM-Pessagno, no. 165593; Cali-

fornia, Great Valley sequence, locality NSF 483; Upper
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Cretaceous, Upper Turonian—Lower Coniacian (Pessa-
gno, 1972, pl. 29, figs. 3, 4).

Description. The shell is discoid, subtriangular
in outline, with three spines at the corners. The tholus
is distinctly delineated and raised in relief. Its diameter
is about one-third of that of the shell. The pseudoaulo-
phacoid surface structure is relatively well-pronounced,
and the pores on the tholus are relatively large. The rest
of the shell displays a less pronounced pseudoaulopha-
coid structure,

Measurements. Shell diameter, 230-140; tho-
lus diameter, 100-70; spine length, 70-35.

Comparison. Pseudoaulophacus praefloresen-
sis is distinguished from P. floresensis Pessagno, 1972
by its less pronounced pseudoaulophacoid surface
beyond the tholus, which is not distinctly differentiated
from the rest of the shell.

Occurrence. Comacian-Santonian worldwide;
Upper Cenomanian of northern Turkey; Lower Turo-
nian of the Crimean Mountains.

Material. More than 20 specimens.

Pseudoaulophacus putahensis Pessagno, 1972,
emend. herein

Plate 36, fig. 3
Pseudoaulophacus putahensis: Pessagno, 1972, p. 310, pl. 27, fig. I;
Thurow and Kuhnt, 1986, text-fig. 9.8; De Wever et al., 1988, p. 169, pl. I,
fig. 2; Salvini and Marcucci Passerini, 1998, fig. 8.¢.

Holotype. USNM-Pessagno, no. 165599; Cali-
fornia, locality NSF 432-B; Upper Cretaceous, Turo-
nian, Venado Formation (Pessagno, 1972, pl. 27, fig. 1).

Description. The shell is subtriangular in plan,
with three massive three-bladed spines extending from
the three comers. The carina is virtually absent. Rela-
tively long, narrow secondary spines (two or three on
each side of the triangle) may occur between the pri-
mary spines in the peripheral part of the shell. The
pseudoaulophacoid structure is well-pronounced on the
tholus and indistinct on the rest of shell. The tholus is
weakly developed and low in relief. Its pores are larger
than those on the rest of shell. At the joints between six
pores, the pore frames bear semispherical nodes.

Measurements. Shell diameter, 210; tholus
diameter, 110; spine length, up to 75.

Comparison. P putahensis differs from P. len-
ticulatus (White, 1928) in the subtriangular shell and
the absence of abundant equatorial spinules.

Occurrence. Cenomanian—-Turonian world-
wide; Middle Cenomanian-Lower Turonian of Italy;
Lower Turonian of the Crimean Mountains.

Material. More than 20 specimens.

Explanation of Plate 29

Figs. 1-7. Archaeoplegma pontidae gen. et sp. nov., specimens: (1) GIN, no. 4871/319, x75; (2) GIN, no. 4871/320, x75; (3) GIN,
no. 4871/321. x75; (4) holotype GIN, no. 4871/322, x75; (5) GIN, no. 4871/323, x50, (a) and (b) different views; (6) GIN,

no. 4871/324, x50; and (7) GIN, no. 4871/325, x50.
All specimens come from the Urkiit section.
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Pseudoaulophacus turcensis Bragina, sp. nov.
Plate 24, ligs. 8 and 9
Etymology. From the Latin turcensis (Turkish).

_ Holotype. GIN, no. 4871/268; northern Turkey,
Urkiit section; Upper Cretaceous, Middle Cenomanian,
Tomalar Formation.

Description. The shellis distinctly triangular in
outline. The tholus is circular and low, its diameter at
most one-third of that of the shell. The pseudoaulopha-
coid pores, which are characteristic of Pseudoaulo-
phacus, cover the shell, including the tholus. One apex
of the shell has three spines, while the other two apices
have two spines each. There may be an additional spine
in the middle of each side of the shell. The spines are
massive and three-bladed at the base. The greatest part
is rounded in cross section. The spines have a uniform
length equal to the diameter of the tholus.

Measurements. Length of the shell side, 250;
spine length; 170; tholus diameter, 90.

Comparison. The new species is distinguished
from P. praefloresensis Pessagno, 1972 by having two
or three spines at the apices of the subtriangular shell.

Occurrence. Northern Turkey; Middle-Upper
Cenomanian, Tomalar Formation.

Material. Eight complete and six incomplete
specimens.

Genus Alievium Pessagno, 1972
Alievium: Pessagno, 1972, p. 297.
Type species. Theodiscus superbus Squinabol,
1914; Upper Cretaceous, Novale Group; Vicentino
Province, Venetian Alps, northern Italy.

Diagnosis. Shell subtriangular to triangular in
plan and lenticular in cross section. Tholus undevel-
oped. Cortical shell composed of beams; beams in
groups of six, extending radially from one center, other
end of each beam connected to equatorial beams form-
ing a honeycomb-like structure. Beam joints usually
with nodes terminating in thorns. Every shell apex with
a spine.

Species composition. A gallowayi (White,
1928), A. praegallowayi Pessagno, 1972, A. superbum
(Squinabol, 1914), and some other species; Cretaceous
worldwide.

Comparison. Alievium differs from Dispongot-
ripus Squinabol, 1903 in the presence of spines on the
apices of the triangular shell, and in the cortical shell
composed of radial and equatorial structures composed
of six beams each.

Alievium sculptus (Squinabol, 1904)
Plate 36. figs. 4 and S

Theodiscus sculptus: Squinabol, 1904, p. 200, pl. 4. fig. 9.

Pseudoanlophacus sculptus: O'Dogherty. 1994, p. 319, pl. 59. figs. 1-4:
Salvini and Marcucci Passerini, 1998, lig. 8.1.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1904, pl. 4, fig. 9).

Description. The discoid shell is subtriangular
in plan, lenticular in cross section, and has spines
extending from the apices. The tholus is undeveloped.
The cortical shell is porous, with small pores, ranging
in shape from rounded to triangular. The pore frames
have indistinct outlines. The points of fusion between
pores are usually equipped with a node, which often has
a thorn.

Measurements. The longest spine, 155-54;
diameter of the cortical shell, 214—158.

Comparison. A. sculptus differs from A. super-
bum (Squinabol, 1914) in the greater number and
smaller size of the pores on the shell surface.

O ccurrence. Middle Albian—Lower Turonian of
Italy; Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. More than 20 specimens.

Alievium superbum (Squinabol, 1914), emend. herein
Plate 36, fig. 1

Theodiscus superbus: Squinabol, 1914, p. 271, pl. 20, fig. 4.

Alievium superbum: Pessagno, 1972, p. 302, pl. 24, figs. 3, 5. and 6;
pl. 25, fig. 1; Petrushevskaya and Kozlova, 1972, p. 527, pl. 3, figs. | and 2;
Dumitrica, 1975, text-fig. 2.42; Pessagno, 1976, p. 27, pl. 3, fig. 12;
Nakaseko and Nishimura, 1981, p. 142, pl. 2, fig. 2; Taketani. 1982, p. 51,
pl. 10, fig. 8; Sanfilippo and Riedel, 1985, p. 594, text-fig. 6.2 (= specimen
of Pessagno, 1972, pl. 25, fig. 1); Thurow and Kuhnt, 1986, text-fig. 9.7; De
Wever et al.. 1988, p. 167, pl. 1, fig. 4: Thurow, 1988, p. 397. pl. 2, fig. 2;
Marcucci et al., 1991, text-figs. 4g and 4h; Erbacher, 1994, pl. 18, fig. 11;
O’Dogherty, 1994, p. 322, pl. 59. figs. 14-18; Salvini and Marcucci Passe-
rini, 1998, fig. 8.s: Urquhart and Robertson. 2000, pl. 1. fig. 14.

(?) Pseudoaulophacus superbus: Moore, 1973, p. 825, pl. 12, figs. 4 and
5; Riedel and Sanfilippo, 1974, p. 780, pl. 3, figs. 1-3.

Alievium praegallowayi: Foreman. 1975. p. 613, pl. 1D, figs. 4 (?) and
5:pl. 5, fig. 9; Pessagno, 1976, p. 27. pl. 5, fig. 10 (= specimen of Pessagno,
1972, pl. 25, fig. 2); Taketani, 1982, p. 51, pl. 10, fig. 4; Kuhnt ez al., 1986,
pl. 7, fig. m.

(7) Alievium sp. cf. A. superbum: Nakaseko et al., 1979, p. 21, pl. 5,
fig. 3.

Alievium sp.: Teraoka, Kurimolo, 1986, pl. 5, fig. 1.

Non Alievium superbum: Nakaseko and Nishimura, 1981. p. 142, pl. 2:
Schmidt-Effing, 1980, p. 245, text-fig. 14; Schaal, 1984, p. 162-163, text-
figs. 4a and 4b; Thurow. 1988. p. 397, pl. 5, fig. 11 [= A. sculptus (Squinabol,
1904)]; Vishnevskaya, 2001, pl. 125, fig. 23 (= A. praegullowayi Pessagno,
1972).

Holotype. Northern Italy, Venetian Alps, Vicen-
tino Province; Upper Cretaceous, Novale Group
(Squinabol, 1914, pl. 20, fig. 4).

Explanation of Plate 30
Figs. 1-3, 5. Archaeoplegma pontidae, gen. et sp. nov., specimens: (1) GIN, no. 4871/327, x50; (2) GIN, no. 4871/328, x50;

(3) GIN, no. 4871/329, x50; and (5) GIN. no. 4871/ 330, x50.

Figs. 4, 6, and 7. Cuboctostvlus pontidus, sp. nov.: (4) paratype GIN, no. 4871/331, x100; (6) GIN, no. 4871/332, x75; and

(7) holotype GIN, no. 4871/333. x75.
All specimens come from the Urkiit section.
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Description. The discoid shell is subtriangular to
triangular in outline and lenticular in cross section, with
massive spines extending from the corners. The tholus is
not pronounced. The cortical shell is composed of beams
in groups of six extending radially from a single center.
Each beam is attached to an equatorial beam, forming a
honeycomb-like structure. The points of fusion between
beams are usually equipped with nodes terminating in
thorns. Each comer of the shell bears a spine.

Measurements. Shell diameter, 170-230;

spine length, 40-140.

Comparison.A. superbum is distinguished from
Alievium gallowayi (White, 1928) by the pore rows,
which are not strictly parallel to every side of the trian-
gular shell, and by the presence of relatively high thorns
at the points of contact between several pores.

Remarks. A. praegallowayi Pessagno, 1972 and
A. sculptus (Squinabol, 1904) are often mistakenly
identified as A. superbum (Squinabol, 1914). There
may be a continuous lineage that includes A. sculptus
(Squinabol, 1904)—A. superbum—A. praegallowayi
Pessagno—A. gallowayi.

Occurrence. Turonian worldwide; Lower Turo-
nian of the Crimean Mountains.

Material. More than ten specimens.

Family Dactyliosphaeridae Squinabol, 1904
Genus Quadrigastrum O’Dogherty, 1994
Quadrigastrum: O’Doghenty, 1994, p. 341.

Type species. Quadrigastrum oculus O’Dogh-
erty, 1994; Upper Cretaceous, Middle Cenomanian;
Umbria-Marche Apennines, central Italy.

Diagnosis. Shell discoid, round to square in out-
line, with four massive primary spines, their apices
arranged in the shape of a rectangle. Spines four-bladed
in cross section. Peripheral edge occasionally with
additional spines. Shell surface spongy or, occasion-
ally, with thorns.

Species composition. Q. oculus O’Dogh-
erty, 1994, Q. lapideum O’ Dogherty, 1994, Q. insulsum
O’ Dogherty, 1994; Middle Albian-Lower Coniacian of
the Tethys.
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Comparison. Quadrigastrum is distinguished
from Dactvliosphaera Squinabol, 1904 by the long,
well-developed primary spines.

Quadrigastrum insulsum O’Dogherty, 1994,
emend. herein
Plate 36, fig. 11
Quadrigastrum insulsum: O’ Dogherty. 1994, p. 343, pl. 64. figs. 11-13,
Holotype. UL, no. 3692; central Italy, Umbria-
Marche Apennines, locality Ge-1073.94; Middle Cen-
omanian (O’Dogherty, 1994, pl. 64, fig. 13).

Description. The discoid shell is square to
almost circular in outline. Four primary spines are long,
massive, and trihedral and oriented towards the corners
of the square. Peripheral secondary spines vary consid-
erably in size. The small rounded polygonal pores of
the shell are randomly arranged. The pore frames are
irregular in outline and noticeably variable in relief.
The frame costae bear numerous thorns varying consid-
erably in size and shape. This makes the shell surface
rough.

Measurements. Diameter of cortical shell,
270-230; length of primary spines, 160—130.

Comparison. Unlike Q. oculus O’Dogherty,
1994, Q. insulsum is not subdivided into a central part
and four rays diverging from it.

Occurrence. Lower Cenomanian—-Lower Turo-
nian of Italy; Upper Turonian of southwestern Sakha-
lin; Lower Turonian of the Crimean Mountains.

Material. More than ten specimens.

Genus Dactyliosphaera Squinabol, 1904

Dactyliosphaera silviae Squinabol, 1904
Plate 25, figs. 5-8

Gen. et sp. nov.: Squinabol, 1903, p. 121, pl. 9, fig. 21.

Dactyliosphaera Silviae: Squinabol, 1904, p. 196, pl. 4, fig. 3.

Pseudoaulophacus sp. D.: Thurow, 1988, pl. 12, fig. 13.

Dactyvliosphaera silviae: Dumitrica. 1975, text-fig. 2.14; O’Dogherty.
1994, p. 341, pl. 63, figs. 22-26.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1904, pl. 4, fig. 3).

Explanation of Plate 31

Plates 31—41 show radiolarians from the Crimea.

Figs. 1 and 2. Holocryptocanium barbui Dumitrica, 1970, specimens: (1) GIN. no. 4870/2, 200, and (2) GIN. no. 4870/3: (a) gen-

eral view, X200, and (b) shell fragment (supposed velum), x500.

Fig. 3. Cryptamphorella sphaerica (White, 1928). GIN, no. 4870/4, x300.

Figs. 4 and 5. Diacanthocapsa rara (Squinabol, 1904), x250, specimens: (4) GIN, no. 4870/5; and (5) GIN. no. 4870/6.

Figs. 6 and 7. Diacanthocapsa ancus (Foreman, 1968), X300, specimens: (6) GIN, no. 4870/7; and (7) GIN, no. 4870/8.

Fig. 8. Diacanthocapsa 1avridae sp. nov.: holotype GIN, no. 4870/10, x200.

Fig. 9. Diacanthocapsa inflata sp. nov.: holotype GIN, no. 4870/11, x200.

Fig. 10. Diacanthocapsa aksuderensis sp. nov.: holotype GIN, no. 4870/12, x200.

Figs. 11 and 12, Diacanthocapsa antiqua (Squinabol, 1903), X200, specimens: (11) GIN, no. 4870/13; and (12) GIN, no. 4870/14.
Fig. 13. Diacanthocapsa fossilis (Squinabol, 1904), GIN, no. 4870/9, x200.

Fig. 14. Diacanthocapsa betica O’ Dogherty. 1994. GIN, no. 4870/15. x200.
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CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY

Occurrence. Upper Albian-Lower Turonian of
[taly, Spain, and the Atlantic; Middle-Upper Cenoma-
nian of northern Turkey.

Material. More than 20 specimens.

Family Spongodiscidae Haeckel, 1882
Genus Dactyliodiscus Squinabol, 1903

Dacivliodiscus: Squinabol, 1903, p. 120.

Type species. Dactyliodiscus cayeuxi Squin-
abol, 1903; upper Lower Cretaceous—lower Upper Cre-
taceous, Upper Albian—-Lower Turonian; Teolo locality,
Colli Euganei, southern Venetian Alps, northern Italy.

Diagnosis. Shell discoid, circular in outline,
with variable number of equatorial spines. Shell surface
spongy, with irregularly arranged polygonal spines and,
occasionally, with numerous irregularly arranged
nodes. Tholus weakly developed.

Species composition. D. cayeuxi Squin-
abol, 1903, D. lenticulatus (Jud, 1994), D. longispinus
Squinabol, 1903, D. rubus O’Dogherty, 1994, and D.
spinosus sp. nov.; Upper Berriasian—Turonian of the
Tethys.

Comparison. Dactyliodiscus differs from Godia
Tumanda, 1986 in the absence of a groove along the
penpheral edge of the tholus and in having nodes not only
on the upper shell surface but also on and the lower one.

Dactyliodiscus lenticulatus (Jud, 1994), emend. herein
Plate 25, figs. 1 and 2; Plaie 41, fig. 11

Godia sp. C.: Thurow. 1988, p. 401, pl. 5, fig. 15.

Godia lenticulata: Jud, 1994, p. 78, pl. 10, figs. 10 and 11; Salvini and
Marcucci Passerini, 1998, fig. 9.u.

Dacrvliodiscus lenticulatus:  O'Dogherty,
figs. 12-15.

Holotype. UL, no. Bo-556.5; central laly,
Umbria-Marche Apennines, locality Bo0.566.50:454;
Lower Cretaceous, Lower Barremian (Jud, 1994, pl. 10,
fig. 11).

Description. The shell is large, discoid in plan,
and, occasionally, biconvex lenticular in cross section.
The convexity is weakly pronounced. The carina is unde-
veloped. Pores are small, rounded polygonal, and irregu-
larly spaced. Pore frames are tetragonal to pentagonal,

1994, p. 331. pl. 6l.
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irregular in outline. The shell surface is rough owing to
small narrow thorns at the vertices and sparse low nodes
in the central part of the shell. The nodes vary in shape
from semispherical to conical. The nodes sometimes
bear spines, the length of which is three or four times the
node height. Relatively short secondary spines, devel-
oped to varying degrees, radiate in the equatorial part.

Measurements. Diameter of cortical shell,
480-241; the longest spines, 93-26.

Comparison. D. lenticulatus is distinguished
from D. cayeuxi Squinabol, 1903 by equatorial spines
only slightly varying in thickness and length.

Remarks. D. cayeuxi Squinabol, 1903 and D.
lenticulatus (Jud, 1994) are evidently members of the
same continuous lineage. This is corroborated by rare
specimens of D. lenticulatus with much longer equato-
rial spines (Pl. 25, fig. 2).

Occurrence. Barremian-Middle Cenomanian
of ltaly; Middle-Upper Cenomanian of northern Tur-
key; Upper Cenomanian—Lower Turonian of the
Crimean Mountains.

Material. More than 20 specimens.

Dactyliodiscus longispinus (Squinabol, 1904)

Plate 26, figs. 4-13; Plate 27, fig. 1; Plate 38, figs. 4 and 7; Plate 41. fig. 10
Stylotrochus longispina: Squinabol, 1904, p. 207, pl. 6, fig. 8.
Dactvliodiscus longispinus: O’Doghenty, 1994, p. 333, pl. 62. figs. 6-11.
Holotype. Northern Italy, southern Venetian

Alps, Colli Euganei; upper Lower Cretaceous—lower

Upper Cretaceous, Upper Albian-Lower Turonian

(Squinabol, 1904, pl. 6, fig. 8).

Remarks. Incomplete specimens that are rather
similar in internal structure to members of Spongosat-

urnalis are shown in Pl. 26, figs. 9-13 and P1. 27, fig. 1.

Occurrence. Upper Albian—Lower Turonian of
Italy; Middle—Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material More than 20 specimens.

Dactyliodiscus spinosus Bragina, sp. nov.
Plate 25, fig. 9

Etymology. From the Latin spinosus (spiny).

Explanation of Plate 32
Fig. 1. Diacanthocapsa elongata sp. nov., GIN, no. 4870/16, x200.
Fig. 2. Diacanthocapsa antiqua (Squinabol, 1903), GIN, no. 4870/17, x200).

Fig. 3. Nassellaria gen. et sp. indet., GIN, no. 4870/18. x200.

Fig. 4. Cryptamphorella sphaerica (White, 1928), GIN, no. 4870/19, x200.
Figs. § and 6. Amphipyndax conicus Nakaseko and Nishimura. 1981, x200, specimens: (5) GIN, no. 4870/20; and (6) GIN,

no. 4870/21.

Fig. 7. Distylocapsa veneta (Squinabol, 1904), GIN. no. 4870/22, x250.
Fig. 8. Amphipyndax siocki (Campbell et Clark, 1944), GIN, no. 4870/23. x200.
Figs. 9, 14-16. Pseudodictyomitra pseudomacrocephala (Squinabol, 1903), X150, specimens: (9) GIN, no. 4870/24; (14) GIN,

no. 4870/25; (15) GIN, no. 4870/26; and (16) GIN. no. 4870/27.

Figs. 10-12. Stichomitra communis Squinabol, 1903, specimens: (10) GIN, no. 4870/28, x 100; (11) GIN, no. 4870/29, x150; and

(12) GIN, no. 4870/30, x120.

Fig. 13. Stichomitra magna Squinabol, 1904, GIN, no. 4870/31, x150.

PALEONTOLOGICAL JOURNAL  Vol. 38  Suppl. 4

2004



BRAGINA

Plate 33

PALEONTOLOGICAL JOURNAL  Vol. 38  Suppl. 4




CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY

Holotype. GIN, no. 4871/279; northern Turkey,
Tomalar section; Upper Cenomanian.

Description. The shell is large and discoid in
plan. The keel is undeveloped. The rounded polygonal
pores are arranged irregularly. The pore frames are tet-
ragonal to heptagonal, and irregular in outline. Sharply
conical small nodes are occasionally present at pore
vertices. The nodes bear spines, the length of which is
three or four times greater than the node height. Short
secondary spines and three long massive spines radiate
irregularly in the equatorial part. The three massive
spines are rounded in cross section and their apices are
arranged in the pattern of three of the four corners of a
visualized rectangle.

Measureme nts. Diameter of the cortical shell,
175; length of the primary spines, 130-135.

Comparison. The new species is distinguished
from D. cayeuxi Squinabol, 1903 by the orientation of
the three long spines to the three apices of a rectangle
and the shape of these spines, which are rounded in
cross section and slightly tapering.

Remarks. The new species differs from D. long-
ispinus Squinabol, 1903 in having larger pores on the
cortical shell, pore frames with conical nodes at the ver-
tices, long and narrow spinules on the nodes, and deli-
cate secondary spines in the equatorial part.

Occurrence. Upper Cenomanian of northern
Turkey.

Material. Four complete and three incomplete
specimens.

Genus Godia Wu, 1986
Godia: Wu, 1986.

Type species. Godia floreusa Wu, 1986; Upper
Cretaceous, Cenomanian; southern Tibet.

5433

Diagnosis. Shell very large, rounded or polygo-
nal in plan, with short equatorial spines. Central area
somewhat depressed or raised. Depression of ‘central
part encircled by small nodes. Most of shell surface
covered by pores in pentagonal-tetragonal frames.

Species composition. About ten species,
including G. tomalarea sp. nov.; Lower Valanginian—
Lower Turonian, geographical ranges have not been
defined.

Comparison. Godia differs from Dactyliodis-
cus Squinabol, 1903 in having the central depression
encircled by nodes.

Godia concava (Li et Wu, 1985)
Plate 25, fig. 12
Orbiculiforma concave: Li and Wu, 1985, p. 73, pl. 2, figs. 22 and 23.
Godia concava: O’ Dogherty, 1994, p. 334, pl. 62, figs. 12-15.
Holotype. southern Tibet; Upper Cretaceous,
Lower Cenomanian (Li and Wu, 1985, pl. 2, fig. 22).
Occurrence. Lower Cenomanian of Tibet;
Aptian—Lower Cenomanian of Italy; Middle-Upper
Cenomanian of northern Turkey.
Material More than ten specimens.

Godia tomalarea Bragina, sp. nov.
Plate 25, fig. 13

Etymology. From the Latin tomalarea from the
area of the first find in the Tomalar section (northern
Turkey).

Holotype. GIN, no. 4871/283; northern Turkey,
Tomalar section; Upper Cenomanian.

Description. The shell is large and oval in plan.
The central area is oval; its long axis is in line with the
long axis of the shell. The central area is noticeably
lower in relief than the peripheral one. It is encircled by

Explanation of Plate 33
Figs. 1-3. Petasiforma glascockensis Pessagno, 1969, specimens: (1) GIN, no. 4870/32, x100; (2) GIN. no. 4870/33, x150; and

(3) GIN, no. 4870/34, x150.
Fig. 4. Petasiforma tavridae sp. nov., holotype 4870/35, x150.

Fig. 5. Pogonias missilis O’ Dogherty, 1994, GIN, no. 4870/36. x100.
Figs. 6 and 8. Tubilustrium transmontanum O’ Dogherty, 1994, specimens: (6) GIN, no. 4870/37, x 100; and (8) GIN, no. 4870/38,

% 150.

Fig. 7. Tubilustrium guttaeformis (Bragina, 1991), GIN, no. 4870/39, x 100.

Figs. 9 and 10. Phalangites hastatus O’ Dogherty, 1994, x 100, specimens: (9) GIN, no. 4870/40; and (10) GIN, no. 4870/41.

Fig. 11. Thanarla veneta (Squinabol, 1903), GIN, no. 4870/42, x100.

Fig. 12. Archaeodictyomitra crebrisulcata (Squinabol, 1904), GIN, no. 4870/43, x 100.

Fig. 13. Pseudoeucyrtis pulchra (Squinabol, 1904). GIN, no. 4870/44, x100.

Figs. 14, 15, and 17. Archaeodictvomitra squinaboli Pessagno, 1976, specimens: (14) GIN, no. 4870/45, x100; (15) GIN,

no. 4870/46, x 100; and (17) GIN, no. 4870/47, x150.

Fig. 16. Stichomitra communis Squinabol, 1903, GIN, no. 4870/48, x 100.
Fig. 18. Archaeodictyomitra vulgaris Pessagno, 1977, GIN, no. 4870/49, x150.
Figs. 19, 20, and 22. Xitus spicularius (Aliev, 1965), x100, specimens: (19) GIN, no. 4870/50; (20) GIN, no. 4870/51; and

(22) GIN, no. 4870/52.

Fig. 21. Xitus asymbatos (Foreman, 1968), GIN, no. 4870/53, x100.

Fig. 23. Xitus spineus Pessagno, 1977, GIN, no. 4870/54, x 100.

Fig. 24. Spongostichomitra elatica (Aliev, 1968), GIN, no. 4870/55, x100.
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CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY

a ridge that is higher in relief than the equatorial part of
the shell. The keel is weakly developed. The shell is
spongy.

Measurements. Long axis of the cortical shell,
280-200; short axis of the cortical shell, 180-100.

Comparison. The new species differs from G.
concava (Li et Wu, 1985) in the oval shell outline.

Occurrence. Upper Cenomanian of northern
Turkey.

Material. More than 30 specimens.

Family Orbiculiformidae Pessagno, 1973
Genus Orbiculiforma Pessagno, 1973
Orbiculiforma: Pessagno, 1973, p. 71.
Type species. Orbiculiforma quadrata Pessa-
gno, 1973; Upper Cretaceous, Coniacian—Santonian,
Yolo Formation; California, Great Valley sequence.

Diagnosis. Shell large, discoid, circular to oval
or square in outline. Central depression with tholus.
Equatorial spines and openwork patagium over spongy
shell sometimes present.

Species composition. O. quadrata Pessa-
gno, 1973, 0. maxima Pessagno, 1977, O. omata sp.
nov., O. ovoidea sp. nov., and more than 20 other spe-
cies; Middle Jurassic—Cretaceous worldwide.

Comparison. Orbiculiforma differs from Godia
Tumanda, 1986 in having a depression in the central
part of the shell that is not encircled by nodes.

Orbiculiforma ornata Bragina, sp. nov.
Plate 41, figs. 4 and S
Etymology. From the Latin omata (orna-
mented).

Holotype. GIN, no. 4870/173; Crimean Moun-
tains, Aksudere gully; Upper Cretaceous, Lower Turo-
nian.

Description. The shell is discoid and oval in
outline. The tholus is undeveloped. The shell surface is
covered by small conical tubercles of vanable size,
scattered randomly (10 to 25 tubercles are present on
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either side of the shell in outline). The peripheral keel
tubercles are somewhat larger, and vary in number from
14 to 22. The shell surface is pierced with fine pores in
a pentagonal-hexagonal pattern.

Measurements. Holotype GIN, no. 4870/173:
shell length along the long axis, 250, and along the
short axis, 100; height of the peripheral processes, 10.

Comparison. The new species is distinguished
from O. maxima Pessagno, 1977 by its oval shell out-
line and by the presence of tubercles positioned radially
on the equatorial edge of the shell and the absence of
spinules on the equatorial edge.

Remarks. Specimens of this new species have
also been discovered among the Campanian radiolarian
association from the Volga Region near Volgograd.

Occurrence. Lower Turonian of the Crimean
Mountains.

Material. Eight specimens.

Orbiculiforma ovoidea Bragina, sp. nov.
Plate 25, figs. 10 and 11
Etymology. From the Latin ovoidea (oval).

Holotype. GIN, no. 4871/281; northern Turkey,
Tomalar section; Upper Cenomanian, Tomalar Forma-
tion.

Description. The shell is discoid and oval in
outline. The keel i1s undeveloped. The tholus is low,
semispherical, bordered by a shallow and relatively
narrow depression in the peripheral part. The shell is
spongy and has a barrel-shaped cross section of periph-
eral parts.

Measurements. Shell length along the long
axis, 400, and along the short axis 300; tholus diameter,
150.

Comparison. The new species differs from
O. maxima Pessagno, 1977 in the oval shell outline.

Occurrence. Upper Cenomanian of northern
Turkey.

Material. Ten specimens.

Explanation of Plate 34
Figs. 1 and 2. Pseudoeucyrtis tavricus sp. nov., X 100: (1) GIN, no. 4870/56; and (2) holotype GIN, no. 4870/57.
Figs. 3 and 4. Rhopalosyringium euganeum (Squinabol, 1903), x 100, specimens: (3) GIN, no. 4870/1; and (4) GIN, no. 4870/58.
Fig. 5. Distylocapsa veneta (Squinabol, 1904), GIN, no. 4870/59, x200.
Fig. 6. Archaeodictvomitra sliteri Pessagno, 1977, GIN, no. 4870/60: (a) a shell fragment x500. (b) general view x200.

Fig. 7. Novixitus costatus sp. nov., GIN, no. 4870/61, x500.

Fig. 8. Virorfus morini Empson-Morin, 1981, GIN, no. 4870/62, x500.

Figs. 9 and 12. Acanthocircus multidentatus (Squinabol, 1914), X100, specimens: (9) GIN, no. 4870/63; and (12) GIN, no. 4870/64.
Fig. 10. Pseudoeucvrtis spinosa (Squinabol, 1903), GIN. no. 4870/65, x250.

Figs. 11 and 14. Acanthocircus impolitus O’ Dogherty, 1994, x 100, specimens: (11) GIN, no. 4870/66; and (14) GIN. no. 4870/67.
Fig. 13. Vitorfus brustolensis (Squinabol, 1903), GIN, no. 4870/68, x250.

Fig. 15. Acanthocircus tympanum O’ Dogherty, 1994; GIN, no. 4870/69, incomplete shell, x200.

Fig. 16. Vitorfus campbelli Pessagno, 1977, GIN, no. 4870/70, x 100.

Fig. 17. Acanthocircus hueyi (Pessagno, 1976); GIN, no. 4870/71, x200.
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Genus Patellula Kozlova, 1972

Patellula: Kozlova in Petrushevskaya and Kozlova, 1972, p. 527.

Type species.Swvlospongia planoconvexa Pes-
sagno, 1963; Upper Cretaceous, Lower Campanian,
Franciscan Complex; Puerto-Rico.

Diagnosis. Shell discoid, with tholus on one
side and equatorial spinules. Surface spongy, occasion-
ally resembling pseudoaulophacoid structure.

Species composition. More than ten spe-
cies, including P. cognata O’Dogherty, 1994, P. coro-
nata (Tumanda, 1989), P. helios (Squinabol, 1903);
Cenomanian—Campanian worldwide.

Comparison. Patellula differs from Pseudoau-
lophacus Pessagno, 1972 in having a unilaterally con-
vex tholus.

Patellula cognata O’Dogherty, 1994, emend. herein
Plate 25, fig. 4; Plate 37, fig. 17

Patellula cognara: O’Doghenty, 1994, p. 326, pl. 60, figs. 6-12.

Holotype. UL, no. 5482; central Italy, Umbria-
Marche Apennines, locality Gb-84.40; Upper Creta-
ceous, Lower Cenomanian (O’Dogherty, 1994, pl. 60,
fig. 6).

Description. The shell is spongy, discoid, and
medium-sized. The upper surface of the shell has a high
semispherical tholus. The tholus wall is pseudoaulo-
phacoid and occasionally irregular in structure, i.e., the
pores are rounded angular and set in hexagonal-pentag-
onal pore frames. The pores on the area surrounding the
tholus are smaller and range in shape from round to
polygonal. The lower shell surface is semispherical in
cross section, with the radius longer than in the tholus.
The keel is poorly pronounced and bordered by second-
ary spines (from 11 to 30 in number), which vary con-
siderably in length and are oval to lenticular in cross
section. Some spines may occur above and below the
supposed keel line.

Measurements. Diameter of the cortical shell,
280; spine length, up to 60.

S437

Comparison. P. cognata differs from P. verte-
roensis (Pessagno, 1963) in the higher tholus, weakly
developed keel with radially arranged secondary
spines, and the presence of spines both above and
below the keel line.

Occurrence. Cenomanian of ltaly; Middle-
Upper Cenomanian of northern Turkey; Upper Cenom-
anian—Lower Turonian of the Crimean Mountains.

Material More than 20 specimens.

Patellula coronata (Tomanda, 1989)
Plate 37, figs. 4 and 11
Godia (?) sp. A: Thurow, 1988, p. 401, pl. 5, fig. 20.
Godia (7) sp. B: Thurow, 1988, p. 401, pl. 5, fig. 17.
Godia (?) sp. C: Thurow, 1988, p. 401, pl. 9, fig. 15.
Godia (?) sp. D: Thurow, 1988, p. 401, pl. 9, fig. 23.

Orbiculiforma coronata: Tumanda, 1989, p. 29, pl. 5, figs. 12-14;
pl. 10, fig. 2.

Godia coronata: O’ Dogherty, 1994,.p. 335, pl. 62, figs. 16-18.

Patellula verteroensis: Khan et al., 1999, pl. 3, fig. c.

Holotype. Japan, northem Hokkaido, Usotan
section; Lower Cretaceous, Hauterivian—Barremian,
Furebura Formation (Tumanda, 1989, pl. 5, fig. 14).

Description. The shell is medium-sized, dis-
coid, and spongy. The upper surface bears a relatively
high hemispherical tholus. The structure of its wall
approaches the pseudoaulophacoid pattern. The tholus
diameter is approximates one-fifth of the shell diame-
ter. The tholus is bordered by a narrow ridge composed
of nodes or spongy meshwork. The ridge diameter is
slightly less than one-third of the shell diameter. So, the
ridge is not contiguous with the tholus periphery.

Measurements. Shell diameter, 250-413; tho-
lus diameter, 110-187.

Comparison. P coronata is distinguished from
P. verteroensis (Pessagno, 1963) by the presence of the
ridge bordering the tholus, the absence of pseudoaulo-
phacoid porosity on this nidge, and by the development
of peripheral spines.

Explanation of Plate 35
Figs. 1, 2, and 8. Cuboctostylus pontidus sp. nov.. specimens: (1) GIN, no. 4870/72, x100: (2) GIN, no. 4870/73, x100; and

(8) GIN, no. 4870/74, x50.

Fig. 3. Quinquecapsularia parvipora (Squinabol, 1903), GIN, no. 4870/75. x200.

Fig. 4. Phaseliforma inflata sp. nov., GIN, no. 4870/76, x350.

Fig. 5. Pseudoacanthosphaera galeara O’ Dogherty, 1994, GIN, no. 4870/77, x50.
Figs. 6 and 7. Pseudoacanthosphaera superba (Squinabol, 1904), specimens: (6) GIN, no. 4870/78, x100; and (7) GIN,

no. 4870/79, x200.

Figs. 9 and 16. Falsocromvodrimus mirabilis (Squinabol, 1903), specimens: (9) GIN, no. 4870/80, x50; and (16) GIN, no. 4870/81,

x 100.

Fig. 10. Archaeospongoprunum sphaericum sp. nov., holotype 4870/82, x150.
Figs. 11, 12, 15, and 20. Archaeospongoprunum cortinaensis Pessagno, 1973, x 100. specimens: (11) GIN, no. 4870/83; (12) GIN,

no. 4870/84; (15) GIN, no. 4870/85; and (20) GIN, no. 4870/86.

Fig. 13. Archaeospongoprunum triplum Pessagno, 1973, GIN, no. 4870/87, x 150.
Fig. 14. Archaeospongoprunum archaeobipartitum sp. nov., holotype GIN, no. 4870/88, x100.
Figs. 17 and 18. Pseudoacanthosphaera spinosissima (Squinabol, 1904), specimens: (17) GIN, no. 4870/89, x50; and (18) GIN,

no. 4870/90, x 100.

Fig. 19. Acaeniotyle longispina (Squinabol, 1903), GIN, no. 4870/91, x100.
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Remarks. Orbiculiforma coronata Tumanda,
1989 is here transferred to the genus Patellula Kozlova,
1972 on the basis of external features, such as the pres-
ence of a well-developed tholus on the upper surface
and a poorly pronounced tholus on the lower surface.
This species is closely similar to P. planoconvexa (Pes-
sagno, 1963) but differs from in the absence of distinct
nodes of the pseudoaulophacoid type on the ridge bor-
dering the tholus, and in the presence of peripheral
spines.

Occurrence. Hauterivian—Turonian of Japan;
Middle Albian—Upper Cenomanian of Italy and Spain;
Albian—Turonian of the Atlantic; Lower Turonian of the
Crimean Mountains.

Material. More than 20 specimens.

Patellula helios (Squinabol, 1903), emend. herein
Plate 41, fig. 9
Stylotrochus helios: Squinabol, 1903, p. 124, pl. 10, figs. 23 and 23a.

Patellulu helios: O’ Dogherty, 1994, p. 327, pl. 60, figs. 19-21, 23, and
24.

Non Patellula helios: O’Dogherty, 1994, p. 327, pl. 60, fig. 22; Khan
etal., 1999, pl. 3, fig. h.

Pseudoaulophacus (?) sp.: Erbacher, 1994, pl. 16, fig. 13.

Pseudoaulophacus ex gr. pargueraensis: Vishnevskaya, 2001, pl. 81,
figs. 4-7.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 10, figs. 23, 23a).

Description. The shell is large, round in out-
line, and lens-shaped in cross section. The dome-
shaped tholus may have a small central depression. The
lower surface of the shell varies in shape from strongly
convex to flat. Many (16 to 20) massive spines, circular
to ellipsoid in cross section, radiate from the peripheral
area of the shell. The spines are arranged irregularly
and are not strictly confined to the keel line, being posi-
tioned both above and below it. The shell surface is
covered with small rounded pores in rounded polygonal
pore frames. The nodes on the pore borders are
extremely weakly developed.
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Measurements. Diameter of the cortical shell,
300; diameter of the central part, 87; length of the long-
est spine, 46.

Remarks. P. cognata O’Dogherty, 1994 may be
found to fall within the intraspecific variation of P,
helios (Squinabol, 1903).

Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Cenomanian of the Pacific Ocean
(Eastern Mariana Trench); Lower Turonian of the
Crimean Mountains.

Material. Twelve specimens.

Patellula verteroensis (Pessagno, 1963)
Plate 25, fig. 3; Plate 37, fig. 10

Stvlospongia (S.) verteroensis: Pessagno, 1963, p. 199, pl. 3, figs. 1-6;
pl. 6. figs. 2 and 3; pl. 7, figs. 3-6

Putellula verteroensis: Petrushevskaya and Kozlova, 1972, p. 527, pl. 3,
figs. 8 and 9; Empson-Morin, 1981, p. 257, pl. 2, figs. 1-5; Thurow, 1988,
p. 403, pl. 2, figs. 19 and 20; Tumanda, 1989, p. 34, pl. 9, figs. 15 and 16;
O’Dogherty, 1994, p. 328, pl. 60, figs. 25 and 26; Urquhart and Banner,
1994, fig. 4.x.

Non Patellula verteroensis: Khan er al., 1999, pl. 3, fig. c.

Holotype. USNM; Puerto-Rico, Parguera lime-
stones, locality PR2503; Upper Cretaceous, Lower

Campanian (Pessagno, 1963, pl. 3, figs. 1-3).

Comparison. P. verteroensis differs from P.
planoconvexa (Pessagno, 1963) in the higher tholus
and the absence of a ridge surrounding it.

Occurrence. Cenomanian—-Campanian world-
wide; Middle-Upper Cenomanian of northern Turkey;
Upper Cenomanian—Lower Turonian of the Crimean
Mountains.

Material. More than 30 specimens.

Genus Becus Wu, 1986
Becus regius O’Dogherty, 1994
Plate 24, figs. 1 and 10

Orbiculiforma aff. O. multangula: Erbacher, 1994, pl. 17, fig. 1.

Becus regius: O’Dogherty, 1994, p. 318, pl. 58, figs. 19-24.

Non Becus regius: O’ Dogherty, 1994, p. 318, pl. 58, figs. 18, 25, and 26
(= Becus sp. 7).

Holotype. UL, no. 3676; central Italy, Umbria-
Marche Apennines, locality Ge-1073.94; Upper Creta-

Explanation of Plate 36
Fig. 1. Alievium superbum (Squinabol, 1914), GIN, no. 4870/92, x100.
Fig. 2. Pseudoaulophacus praefloresensis Pessagno. 1972, GIN. no. 4870/93, x 150.
Fig. 3. Pseudoaulophacus putahensis Pessagno, 1972, GIN, no. 4870/94, x150.
Figs. 4 and 5. Alievium sculptus (Squinabol, 1904), specimens: (4) GIN, no. 4870/95, x 150; and (5) GIN. no. 4870/96, x100.
Figs. 6 and 9. Pseudoaulophacus circularis sp. nov., x 150 : (6) holotype GIN, no. 4870/97; and (9) GIN. no. 4870/98.
Fig. 7. “Cenosphaera’ boria Pessagno, 1977, GIN. no. 4870/99, x200.
Fig. 8. Gongylothorax verbeeki (Tan Sin Hok, 1927), GIN, no. 4870/100, x 100.
Fig. 10. Falsocromyodrimus mirabilis (Squinabol, 1904), GIN, no. 4870/100-1, x75.
Fig. 11. Quadrigastrum insulsum O’ Dogherty, 1994, GIN, no. 4870/101, x75.
Figs. 12, 13, and 16. Praeconocarvomma californiaensis Pessagno, 1976, specimens: (12) GIN, no. 4870/102, x 100; (13) GIN,

no. 4870/103, x 100; and (16) GIN, no. 4870/104, (x200.

Fig. 14. Archaeocenosphaera ? mellifera O’ Dogherty, 1994, GIN. no. 4870/105, x200.
Fig. 15. Praeconocaryomma universa Pessagno, 1976, GIN, no. 4870/106. x200.
Fig. 17. Staurosphaeretia wisniowskii (Squinabol, 1903), GIN, no. 4870/107, x100.
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ceous, Middle Cenomanian (O’ Dogherty, 1994, pl. 58,
fig. 20).

Occurrence. Cenomanian of Italy; Upper Cen-
omanian of northern Turkey; Lower Turonian of the
Crimean Mountains.

Material. More than 20 specimens.

Becus horridus (Squinabol, 1903)
Plate 24, figs. 2. 3, and 6

Theodiscus horridus: Squinabol, 1903, p. 119, pl. 8, fig. 18.

Becus horridus: O’Dogherty, 1994, p. 318, pl. 58. figs. 9, 11-17.

Non Becus horridus: O’ Dogherty, 1994, p. 318, pl. 58, fig. 10 [= Becus
¢x gr. B. horridus (Squinabol. 1903)].

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian-
Lower Turonian (Squinabol, 1903, pl. 8, fig. 18).

Comparison. B. horridus is distinguished from
B. regius O’Dogherty, 1994 by its lenticular to spheri-
cal shell, and by the fact that it always has three three-
bladed primary spines.

Occurrence. Upper Aptian—Lower Turonian of
Italy; Middle—Upper Cenomanian of northern Turkey.

Material. More than 30 specimens.

Genus Dispongotripus Squinabol, 1903
Dispongotripus triangularis (Squinabol, 1904)
Plate 24, figs. 4 and 5

Trochodiscus triangularis: Squinabol, 1904, p. 200, pl. §. fig. 2.

Dispongotripus triangularis: O’Dogherty, 1994, p. 324, pl. 59,
figs. 19-24.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1904, pl. 5, fig. 2).

Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Upper Cenomanian of northern Turkey.

Material. Eight specimens.
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Family Phaseliformidae Pessagno, 1972
Genus Phaseliforma Pessagno, 1972

Phaseliforma: Pessagno. 1972, p. 274,

Type species. Phaseliforma carinata Pessa-
gno, 1972; Upper Cretaceous, Campanian, "Marsh
Creek Formation; California, Great Valley sequence.

Diagnosis. Shell ellipsoid, typically for the fam-
ily, and perforate. Pores small, rounded -polygonal, in
polygonal pore frames of irregular outline. Shell vari-
able in width, often with keel, and sometimes with
polar parts slightly compressed.

Species composition. Phaseliforma cari-
nata Pessagno, 1972, P. laxa Pessagno, 1972, P. ovum
Jud, 1994, P. subcarinata Pessagno 1975, and P. inflata
sp. nov.; Cretaceous worldwide.

Comparison. Phaseliforma is distinguished
from Cromyodruppa Haeckel, 1887 by the absence of
internal concentric ellipsoidal porous shells.

Phaseliforma carinata Pessagno, 1972
Plate 26, fig. 3
Phaseliforma carinata: Pessagno, 1972, p. 274, pl. 22, figs. 1-3.
Holotype. USNM-Pessagno, no. 165575; Cali-
fornia, Great Valley sequence, locality NSF 568-B;
Upper Cretaceous, Upper Campanian, Marsh Creek
Formation (Pessagno, 1972, pl. 22, fig. 1).

Occurrence. Coniacian—Campanian world-
wide; Middle-Upper Cenomanian of northern Turkey.

Material. Twelve specimens.

Phaseliforma inflata Bragina, sp. nov.
Plate 35, fig. 4; Plate 40. fig. 5
Etymology. From the Latin inflata (inflated).
Holotype. GIN, no. 4870/160; Crimean Moun-
tains, Belaya Mountain section; Lower Turonian.

Description. The shell is large and oval. The
cap-shaped polar parts are equal in size and lenticular
in cross section, whereas the central part is almost
spherical. The keel is absent. In outline, one half of

Explanation of Plate 37
Fig. 1. Paronaella pseudoaulophacoides O’ Dogherty, 1994, GIN, no. 4870/108, x200.
Figs. 2 and 3. Cavaspongia robusta sp. nov., X200: (2) paratype GIN. no. 4870/109; and (3) holotype 4870/110.
Figs. 4 and 11. Pateliula coronata (Tumanda, 1989), x200. specimens: (4) GIN, no. 4870/111. upper side of the shell; and

(11) GIN, no. 4870/112, lower side of the shell.

Figs. 5, 6, 8, and 9. Paronaella spica sp. nov., specimens: (5) GIN, no. 4870/113, x100; (6) holatype GIN, no. 4870/114. x100;
(8) GIN, no. 4870/115, x100; and (9) GIN, no. 4870/116, porous shell devoid of patagium, x 150.

Fig. 7. Cavaspongia antelopensis Pessagno, 1973, GIN, no. 4870/117, x100.
Fig. 10. Patellula verteroensis (Pessagno, 1963), GIN, no. 4870/118, x100.

Fig. 12. Crucella latum (Lipman, 1960). GIN, no. 4870/119, x200.

Fig. 13. Pyramispongia glascockensis Pessagno, 1973, GIN, no. 4870/120, x100.
Fig. 14. Staurosphaeretta longispina (Squinabol, 1903). GIN, no. 4870/121, x100.
Figs. 15 and 16. Triactoma compressa (Squinabol, 1904), specimens: (15) GIN, no. 4870/122, x150; and (16) GIN, no. 4870/123,

x 100.

Fig. 17. Patellula cognata O’ Dogherty, 1994, GIN, no. 4870/124, x100.

PALEONTOLOGICAL JOURNAL  Vol. 38  Suppl. 4

2004



BRAGINA

Plate 38

PALEONTOLOGICAL JOURNAL  Vol. 3 Suppl. 4 2004




CENOMANIAN-TURONIAN RADIOLARIANS OF NORTHERN TURKEY

the shell is more convex in the central part than the
other. The shell surface is spongy.

Measurements. Shell length, 310; shell width,
200.

Comparison. The new species differs from P,
ovum Jud, 1994 in the significantly inflated shell, which
1s somewhat distorted in outline.

Remarks. P. inflata sp. nov. is probably a missing
member of the lineage P. ovum Jud, 1994—P. inflata sp.
nov.—P. subcarinata Pessagno, 1975.

Occurrence. Lower Turonian of the Crimean
Mountains,

Material. More than 30 specimens.

Phaseliforma laxa Pessagno, 1972
Plate 26, figs. | and 2

Phaseliforma laxa Pessagno, 1972, p. 276, pl. 23, figs. 7-9; Urquhan
and Banner, 1994, fig. 4.v; Hollis, 1997, pl. 8, fig. S.

Phaseliforma cf. laxa: Iwata and Tajika, 1986, pl. 4. fig. 7.

Phaseliforma sp.: Iwata and Tajika, 1986, pl. 4, fig. 5.

Non Phaseliforma laxa: Hollis, 1997, pl. 8, fig. 1 (= P. ex gr. laxu Pes-
sagno, 1972)

Phaseliforma carinata: Vishnevskaya, 2001, pl. 4, fig. 3.

Phaseliforma subcarinata: Vishnevskaya, 2001, pl. 6, figs. 3 and 4.

Holotype. USNM-Pessagno, no. 165578; Cali-
fomnia, Great Valley sequence, locality NSF 572; Upper
Cretaceous, Upper Campanian, Marsh Creek Forma-
tion (Pessagno, 1972, pl. 23, fig. 7).

Comparison. P laxa is distinguished from P.
carinata Pessagno, 1972 by its unusually smooth sur-
face and by the absence of a carina.

Occurrence. Coniacian—-Campanian
wide; Middle Cenomanian of northern Turkey.

Material. Nine specimens.

world-

Phaseliforma ovum Jud, 1994

Plate 38, fig. 6
Phaseliforma ovum: Jud, 1994, p. 78, pl. 10, figs. 10 and 11.

Holotype. UL, no. Bo. 566.50:83; Italy, Umbria-
Marche Apennines, Fiume Bosso; Lower Cretaceous,
Upper Hauterivian—Upper Barremian (Jud, 1994,
pl. 10, fig. 10).
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Comparison. P ovum is distinguished from P,
laxa Pessagno, 1972 by the uneven surface of the corti-
cal shell and the smaller, more angular pores. -

Occurrence. Upper Hauterivian-Upper Barre-
mian of Italy; Upper Cenomanian of northern Turkey;
Lower Turonian of the Crimean Mountains.

Material. Five specimens.

Family Saturnalidae Deflandre, 1953

Genus Acanthocircus Squinabol, 1903
Acanthocircus: Squinabol, 1903, p. 124.

Type species. Acanthocircus irregularis
Squinabol, 1903; upper Lower Cretaceous—lower
Upper Cretaceous, Upper Albian—-Lower Turonian;
central Italy, southern Venetian Alps, Colli Euganei,
Teolo locality.

Diagnosis. Saturnalidae with or without border
on saturnal ring, varying in shape from circular to
broadly ellipsoidal and from subquadrate to subrectan-
gular at species level. Ring bears numerous external
rays, with two rays on right and left of every polar
spine. Cortical shell spongy.

Species composition. Several dozen spe-
cies, including A. imperfectus sp. nov.; worldwide dis-
tribution; stratigraphic ranges have not been estab-
lished.

Comparison. Acanthocircus is distinguished
from Vitorfus Pessagno, 1977 by its spongy cortical
shell, a broader and almost circular saturnal ring, and
longer polar spines, which are clearly visible between
the cortical shell and the saturnal ring.

Acanthocircus imperfectus Bragina, sp. nov.
Plate 28, figs. 1-3 and 5
Etymology. From the Latin imperfectus (imper-
fect).

_ Holotype. GIN, no. 4871/308; northern Turkey,
Urkiit section; Upper Cretaceous, Upper Cenomanian,
Tomalar Formation.

Explanation of Plate 38
Fig. 1. Pseudoacanthosphaera magnifica (Squinabol, 1904), GIN, no. 4870/125, x75.
Fig. 2. Staurosphaeretta longispina (Squinabol, 1903), GIN, no. 4870/126, x 150.
Figs. 3 and 12. Triactoma compressa (Squinabol, 1904), specimens: (3) GIN, no. 4870/127, x200; and (12) GIN, no. 4870/128,

x 150.

Figs. 4 and 7. Dactyliodiscus longispinus (Squinabol, 1904), x 100, specimens: (4) GIN, no. 4870/129; and (7) GIN, no. 4870/130.
Fig. 5. Crucella messinae Pessagno, 1971, GIN, no. 4870/131, x200.

Fig. 6. Phaseliforma ovum Jud, 1994, GIN, no. 4870/132, x100.

Figs. 8, 10, and 11. Crucella cachensis Pessagno, 1971, specimens: (8) GIN, no. 4870/133, x100; (10) GIN, no. 4870/134, x150;

and (11) GIN, no. 4870/135, x150.

Fig. 9. Pseudoaulophacus pargueraensis Pessagno, 1972, GIN, no. 4870/136, x 100.
Fig. 13. Crucella latum (Lipman, 1960), GIN, no. 4870/137, x100.

Fig. 14. Crucella aster (Lipman, 1952), GIN, no. 4870/138, x150.

Fig. 15. Archaeospongoprunum sp. A. sensu Pessagno, 1977, GIN, no. 4870/139, x150.
Fig. 16. Acaeniotyle longispina (Squinabol, 1903), GIN, no. 4870/140, x250.
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Description. The shell has a flat ellipsoidal ring
with two polar spines, not exactly opposite one another.
The shortest diameter of the ring lies in the plane of the
polar spines. A rim is developed on the internal surface
of the ring and at the bases of the external rays. Numer-
ous (12 to 16) external rays vary in shape from moder-
ately to very narrow at the base. The auxiliary rays
become shorter as the distance from the polar spines
increases: closely positioned rays are longer, whereas the
rays located far from the polar spines are extremely short
or almost indiscemible. The cortical shell is completely
spongy and irregular in outline.

Measurements. Ring diameter (excluding
rays), 280-320; spine length, 50—60; length of external
rays, 40-50.

Comparison. The new species differs from A.
hueyi (Pessagno, 1976) in (a) the elliptical saturnal
ring, with the shortest diameter in the plane of the polar
spines, (b) the position of the polar spines not exactly
opposite one another, (c) the narrower and shorter aux-
iliary rays, which are usually rather numerous, and
(d) the poor development of external rays that are far
from the primary spines.

Occurrence. Upper Cenomanian of northern
Turkey.

Material. Seven complete and eight incomplete
specimens.

Acanthocircus impolitus O’Dogherty 1994, emend. herein
Plate 28, figs. 7, 9~11; Plate 34, figs. 11 and 14
Acanthocircus sp. A: Pessagno, 1977, p. 32, pl. 2, figs. 16 and 22.
Acanthocircus impolitus: O’ Dogherty, 1994, p. 261, pl. 46, figs. 6-9.
Holotype. UL, no. 583; central Italy, Umbria-
Marche Apennines, locality Ap2; Lower Cretaceous,
Middle Albian (O’Dogherty, 1994, pl. 46, fig. 7).
Description. The shell has a flat ellipsoidal ring
with two polar spines. The shortest diameter of the ring
lies in the plane of the polar spines. A carina is devel-
oped on the inner margin of the ring and on the bases of
the external spines. The numerous (14 to 16) auxiliary
rays are wide at the base, but very short and hardly dis-
cemible in some specimens. The cortical shell is spher-
ical and completely spongy.

Measurements. Diameter of the cortical shell,
158-58; diameter of ring, 375-258; length of the long-
est spine, 42-33.

5445

Comparison. A impolitus differs from A. ellip-
ticus (Squinabol, 1903) in the wider ring and the greater
number of auxiliary rays. .

Occurrence. Middle Albian-Lower Turonian of
Italy, Spain, and California; Middle-Upper Cenoma-
nian of northern Turkey; Lower Turonian of the
Crimean Mountains.

Material. Fourteen specimens.

Acanthocircus horridus Squinabol, 1903

Plate 27, figs. 4 and 9

Acanthocircus horridus: Squinabol, 1903, p. 125, pl. 9, fig. 3; O’ Dogh-
erty, 1994, p. 253, pl. 44, figs. 4 and 5.

Spongosaturnalis horridus: Schaaf, 1981, pl. 16, fig. 4; Bragin er al.,
2000, fig. 3.C.

(?) Acanthocircus horridus: O’ Dogherty, 1994, p. 253, pl. 44, figs. 1-3,

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 9, fig. 3).

Comparison. A. horridus is distinguished from
A. hueyi (Pessagno, 1976) by the absence of a rim on
the internal surface of the saturnal ring and by the
greater number of auxiliary rays.

Occurrence. Upper Albian—Lower Turonian of
Italy and Spain; Upper Cretaceous of the Atlantic and
Cyprus; Middle-Upper Cenomanian of northern Tur-
key.

Material. More than 20 specimens.

Acanthocircus hueyi (Pessagno, 1976)
Plate 27, figs. 5-7; Plate 28, fig. 4; Plate 34, fig. 17

Spongosaturninus hueyi: Pessagno, 1976, p. 39, pl. 12, fig. 1; Foreman,
1978b. p. 744, pl. 3, fig. 8.

Acanthocircus hueyi: Foreman, 1975, p. 611, pl. 1A, fig. 6 pl. 4, fig. 10;
O’Dogherty, 1994, p. 260, pl. 46, figs. 2, 3, and 5.

(7 Acanthocircus hueyi: O’Dogherty, 1994, p. 260, pl. 46, figs. 1 and 4.

Acanthocircus sp.: Salvini and Marcucci Passenni, 1998, fig. 8.0.

Holotype. USNM-Pessagno, no. 165664; Cali-
fornia, Great Valley sequence, locality NSF 451; Upper
Cretaceous, Upper Campanian, Del Valle Formation
(Pessagno, 1976, pl. 12, fig. 1).

Comparison. A. hueyi is distinguished from
A. venetus (Squinabol, 1914) by the presence of a rim on
the intemnal surface of the saturnal ring and the longer
auxiliary rays that are located close to the polar spines.

Explanation of Plate 39
Figs. 1, 2, and 4. Savaryella novalensis (Squinabol, 1914), specimens: (1) GIN, no. 4870/141, x150; (2) GIN, no. 4870/142, x150;

and (4) GIN, no. 4870/143, x100.

Figs. 3 and 8. Crucella irwini Pessagno, 1971, specimens: (3) GIN, no. 4870/144, x100; and (8) GIN, no. 4870/145, x120.
Figs. 5, 6, and 9. Crucella cachensis Pessagno, 1971, specimens: (5) GIN, no. 4870/146, x120; (6) GIN, no. 4870/147, x100; and

(9) GIN, no. 4870/148, x 100.

Figs. 7 and 10. Halesium sexangulum Pessagno. 1971, x 100, specimens: (7) GIN, no. 4870/149; and (10) GIN. no. 4870/150.
Fig. 11. Patulibracchium ( ?) quadroastrum Bragina, 2003, GIN, no. 4870/151, x 150.

Fig. 12. Paronaella solanoensis Pessagno, 1971, GIN, no. 4870/152, x100.

Fig. 13. Pseudoaulophacus praefloresensis Pessagno, 1972, GIN, no. 4870/153, x100.
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Occurrence. Turonian—-Campanian worldwide;
Middle-Upper Turonian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Material. More than ten specimens.

Acanthocircus moorei (Foreman, 1975)
Plate 28. fig. 12
o (;S'p(mgu.mmrnalix ? moorei: Foreman, 1975, p. 611, pl. 1B, fig. 11; pl. 4.
g.9.
Holotype. USNM, no. 219347; North Pacific,
DSDP Leg 32, borehole 310; Lower Cretaceous, Albian
(Foreman, 1975, pl. 4, fig. 9).

Occurrence. Albian of the North Pacific; Mid-
dle-Upper Cenomanian of northern Turkey.

Material. Five specimens.

Acanthocircus multidentatus (Squinabol, 1914)

Plate 34, figs. 9 and 12

Saturnalis multidentatus: Squinabol, 1914, p. 298, pl. 23, figs. 11 and
12.

Acanthocircus multidentatus: O’ Dogherty, 1994, p. 255, pl. 44, figs. 7-10.

Holotype. Northern Italy, southern Venetian
Alps, Vicentino Province,; Middle Cretaceous Novale
Group (Squinabol, 1914, pl. 23, fig. 11).

Comparison. A. multidentatus is distinguished
from A. hueyi (Pessagno, 1976) by a narrow ring, and
shorter wedge-shaped auxiliary rays.

Occurrence. Middle Cretaceous of Italy; Lower
Turonian of the Crimean Mountains.

Material. More than 30 specimens.

Acanthocircus polymorphus (Squinabol, 1914)
Plate 27, figs. 8 and 10

Sarurnalis polymorphus: Squinabol, 1914, pl. 24, figs. 2-7.

Holotype. Northen Italy, southem Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1914, pl. 24, fig. 2, the
specimen illustrated is taken to be the holotype).

Occurrence. Upper Albian—Lower Turonian of
Italy; Middle-Upper Cenomanian of northern Turkey.

Material. Eight specimens.
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Acanthocircus tympanum O’Dogherty, 1994,
emend. herein
Plate 34, fig. IS
Acanthocircus sp. D.: Kuhnt et al.. 1986. pl. 8. lig. q.
Acanthocircus sp. nov.: Kuhnt er af.. 1986, pl. 8. fig. m.: Thurow and

Kuhnt. 1986. text-figs. 9.1 and 9.2.

Mesosaturnalis sp.: Erbacher, 1994, pl. 19. figs. 6 and 7.

Acanthocircus tvmpanum: (Y Dogherty. 1994, p. 259, pl. 45, figs. 17-
%4: Salvini and Marcucci Passerini. 1998. fig. 8.p: Khan er al., 1999. pl. 2.
ig. m.

Holotype. UL, no. 6769; central Italy, Umbria-
Marche Apennines, locality Asv-5-43; Lower Turonian
(O’Dogherty, 1994, pl. 45, fig. 17).

Description. The shell is large and has a narrow
subquadrate ring. The ring is slightly concave at the
points from which the polar spines diverge. No rim is
developed. The auxiliary rays, which are wide at the
base and sharply taper, are variously developed. The
longest rays are those adjacent to the polar spines. Four
to eight auxiliary rays occur on each half of the ring. In
total, there are 4 to 15 flat auxiliary rays varying slightly
from short and pointed to relatively long with rounded
or pointed apices. The auxiliary rays are arranged more
or less symmetrically relative to the axis formed by the
polar spines. The large cortical shell is centrally convex
and rising noticeably above the ring surface. It is cylin-
drical in the plane perpendicular to the plane of the ring.
In the transverse plane, the cylinder is slightly com-
pressed in the center.

Measurements. Diameter of the cortical shell,
195-140; ring diameter, 270-195; maximal spine
length, 95-65.

Comparison. A tympanum is distinguished
from other species of the genus Acanthocircus by the
cylindrical shape of the cortical shell.

Occurrence. Cenomanian-Lower Turonian of
Italy and Spain; Lower Turonian of the Crimean Moun-
tains.

Material. More than 20 specimens.

Genus Vitorfus Pessagno, 1977
Vitorfus brustolensis (Squinabol, 1903)

Plate 28, figs. 6 and 8: Plate 34, fig. 13
Saturnalis brustolensis: Squinabol, 1903, p. 112, pl. 10, fig. 4.

Acanthocircus brustolensis: Donofnio and Mostler, 1978, p. 27, pl. 6,
fig. 14.

Explanation of Plate 40
Figs. 1 and 8. Cavaspongia euganea (Squinabol, 1904), specimens: (1) GIN, no. 4870/154, x100; and (8) GIN, no. 4870/154-a,

x120.

Figs. 2 and 3. Cavaspongia tavrica sp. nov.: (2) paratype GIN, no. 4870/155, x 100; and (3) holotype GIN, no. 4870/156, x 100.
Figs. 4, 7, and 15. Patulibracchium woodlandensis Pessagno, 1971, x100. specimens: (4) GIN, no. 4870/157; (7) GIN,

no. 4870/158; and (15) GIN, no. 4870/159.

Fig. 5. Phaseliforma inflata sp. nov.. holotype GIN, no. 4870/160, x100.
Fig. 6. Paronaella solanoensis Pessagno, 1971, GIN, no. 4870/161, x200.
Fig. 9. Halesium quadratum Pessagno, 1971, GIN, no. 4870/162, x100.

Fig. 10. Halesium diacanthum (Squinabol, 1914), 4870/163, x75.

Fig. 11. Cavaspongia contracta O’ Dogherty, 1994, GIN, no. 4870/164, x 100.
Figs. 12 and 14. Pawlibracchium ingens (Lipman. 1952), x75, specimens: (12) GIN. no. 4870/165; and (14) GIN, no. 4870/166.

Figs. 13 and 16. Paronaella spica sp. nov., x 100, spec
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Vitorfus brustolensis: Schmidt-Efting, 1980, pl. 13, lig. 1 Dumitrica.
1985, ph. 2. fig. 3: pl. 3. figs. 1. 2.9, and 10: Erbacher. 1994, pl. 13, fig. 12
O Dogherty. 1994, p. 266, pl. 47 ligs. 8-11: At er al.. 1997, pl. 1. fig. 3:
Khan et al.. 1999, pl. 2. lig. j.

Vitorfus minimus: O'Dogherty. 1994, p. 266, pl. 47, figs. 4-7.

Holotype. Northern Italy, southern Venetian
Alps, Colli Euganei, Teolo locality; upper Lower Cre-
taceous—lower Upper Cretaceous, Upper Albian—
Lower Turonian (Squinabol, 1903, pl. 10, fig. 4).

Comparison. V. brustolensis differs from V.
campbelli Pessagno (1977) in the narrower saturnal
ring, the presence of only two auxiliary rays near each
long external ray, and in the absence of distinct con-
striction of the ring at the joint with the cortical shell.

Occurrence. Albian-Campanian worldwide;
Middle Cenomanian of northern Turkey; Lower Turo-
nian of the Crimean Mountains.

Material. Seven specimens.

Vitorfus campbelli Pessagno, 1977

Plate 34, fig. 16

Vitorfus campbelli: Pessagno, 1977, p. 35, pl. 3. figs. 1,2, and 7; Li and
Wu, 1985, pl. I, fig. 19; Thurow. 1988, p. 408, pl. 10, fig. 5; Erbacher. 1994,
pl. 2, fig. 1; pl. 13, fig. 2; O’Doghenrty, 1994, p. 265, pl. 47, figs. 16-20; Sal-
vini and Marcucci Passerini, 1998, fig. 10.s.

Vitorfus sp.: Dumitrica, 1985, pl. 3, fig. 12.

Holotype. USNM-Pessagno, no. 242793; Cali-
fornia, Great Valley section, locality NSF 884; Lower
Cretaceous, Upper Albian (Pessagno, 1977, pl. 3,
fig. 1).

Comparison. V. campbelli is distinguished from
V. morini Empson-Morin, 1981 by having numerous
peripheral auxiliary rays and by small dimensions of the
ellipsoidal saturnal ring.

Occurrence. Upper Albian of California;
Albian—Turonian worldwide; Upper Cenomanian of
northern Turkey; Lower Turonian of the Crimean
Mountains.

Material. Four specimens.
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Vitorfus morini Empson-Morin, 1981
Plate 34, (ig, 8

Vitorfus morini: Empson-Morin. 1981, p. 261. pl. 4. figs. 7a—8d: Dumi-
trica. 1985.pl. L. higs. 7 and 9: pl. 3. fig. 4: O’ Doghenty. 1994, p. 267, pl. 47.
figs. 12-15; Salvini and Marcucci Passerini. 1998, fig. 10.t.

Holotype. USNM, no. 305331; Mid-Pacific
Mountains, DSDP 32, Site 313; Upper Campanian
(Empson-Morin, 1981, p. 4, figs. 8a—8d).

Description. The shell has a typical constricted
ellipsoidal ring. The rim on the internal side of the ring
may or may not be present. Long external rays, which
are circular in cross section, are located on the external
side of both poles of the long axis. The polar spines lie
in the plane of the short axis of the ellipse. The cortical
shell is oval, its long axis coincident with that of the sat-
urnal ring. The cortical shell bears small rounded pores
in a hexagonal-pentagonal arrangement. The pore
frames are either pentagonal or irregularly hexagonal.
The polar spines and the ring, except for a very small
area around the auxiliary rays, are covered by the corti-
cal shell.

Measurements. Diameter of the cortical shell,
100-80; greatest length of the saturnal ring, including
auxiliary rays, 110-60.

Comparison. V. morini differs from other spe-
cies of the genus Vitorfus Pessagno, 1977 in the smaller
saturnal ring, which is almost entirely hidden under the
cortical shell.

Occurrence. Upper Campanian of the Pacific;
Lower Turonian of Italy; Lower Turonian of the
Crimean Mountains.

Material. Six specimens.

Order Entactinaria Kozur et Mostler, 1982
Family Polyentactiniidae Nazarov, 1975
Genus Cuboctostylus Bragina, 1999
Etymology. From the Latin cub (cubic), octo
(eight), and stylos (spine).

Type species. Cuboctostylus sakhalinensis
Bragina, 1999.

Explanation of Plate 41
Figs. 1 and 6. Triactoma fragilis Bragina, 1996, X200, specimens: (1) GIN, no. 4870/169; and (6) GIN, no. 4870/170.
Fig. 2. Triactoma parva (Squinabol, 1903), GIN, no. 4870/171, x200.

Fig. 3. Cuboctostylus pontidus sp. nov., GIN, no. 4870/172, x250.

Figs. 4 and 5. Orbiculiforma ornata sp. nov., x200: (4) holotype GIN, no. 4870/173; and (5) paratype GIN, no. 4870/174.
Figs. 7 and 16. Acaeniotyle diaphorogona Foreman, 1973, x 100, specimens: (7) GIN, no. 4870/175; and (16) GIN. no. 4870/176.
Fig. 8. Acaeniotyle umbilicata (Rust, 1898), GIN, no. 4870/177, x200. '

Fig. 9. Patellula helios (Squinabol, 1903). GIN, no. 4870/178, x 100.

Fig. 10. Dactyliodiscus longispinus (Squinabol, 1904), GIN, no. 4870/179, x75.

Fig. 11. Dacivliodiscus lenticulatus (Jud, 1994), GIN, no. 4870/180, x 100.

Fig. 12. Becus regius O’ Dogherty, 1994, GIN, no. 4870/181, x100.

Fig. 13. Stylodictya insignis Campbell et Clark, 1944, GIN, no. 4870/182, x100.

Fig. 14. Spongodiscoidea gen. et sp. indet., GIN, no. 48707183, x 100.

Fig. 15. Triactoma cellulosa Foreman, 1973. GIN, no. 4870/184, x100.

Fig. 17. Praeconocaryomma lipmanae Pessagno, 1976, GIN, no. 48707185, x 150.
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Diagnosis. Large-sized hexahedron. Spicule
with very short median beam positioned at shell center.
Eight primary spines extending from beam have apices
in shape of two or three cubes within each other. Neigh-
boring spines connected by parallel beams serving as
cube ribs. Beyond cortical shell, primary spines thick-
ened and becoming Y-shaped in cross section. Occa-
sionally, narrow branching apophyses depart from pri-
mary spines to form an additional subspherical cover of
external or internal cube.

Species composition. C. kasinzovae Bra-
gina, 1999, C. sakhalinensis Bragina, 1999, C. trifurca-
tus Bragina, 1999, and C. pontidus sp. nov.; Upper Cre-
taceous of the Tethys and Pacific.

Comparison. Cuboctostylus differs from Pyloc-
tostylus Dumitrica, 1994 in the shorter median beam
placed in the shell center rather than eccentrically, and
in the absence of the pylome.

Remarks. Diagnostic characters of Cuboctosty-
lus include a variant with three covers, as evidenced by
photos and drawings of Pyloctostylus apenninicus
Dumitrica (1994), which should be transferred to the
genus Cuboctostylus, based on some shared characters
(the short median beam, the presence of spines with
apices arranged in a cube shape, and three covers).

Cuboctostylus bears a close similarity to the genus
Pyloctostylus Dumitrica known from the Middle Creta-
ceous. Both genera have a spicule with eight primary
spines. They are closely similar in shell structure to the
Paleozoic genus Polyentactinia, which has the same
number of primary spines (although they are differently
orientated). Pyloctostrylus Dumitrica, 1994 has two
groups of primary spines (apical and basal). In distinc-
tion, Cuboctostylus has a shorter and centrally posi-
tioned median beam and lacks a pylome. The distin-
guishing structural feature of the Cuboctostylus spicule
is that the primary spines form two groups (four spines
in each) that are distinguished by their position relative
to any plane crossing the shell center parallel to the
cube wall. These groups cannot be differentiated into
apical and basal. The short median beam and the
absence of a pylome may be due to the same reason.

If the lineage of Polyentactiniidae—Orosphaeridae
actually existed (Petrushevskaya, 1984; Dumitrica,
1994), there might be a peculiar branch represented by
members of the genus Cuboctostylus and comprising
taxa that have lost the pylome. It is premature to indi-
cate unequivocally which genus could be a descendant
of Cuboctostylus. However, the genus Hexacromyum
(from the family Cubosphaeridae Haeckel, 1887) is
similar to Cuboctostylus in certain significant morpho-
logical characteristics, such as its large size, the Y-
shaped cross section of the primary spines connecting
in the shell center (Bragina, 1991a), and the polygonal
surface of the outer and inner covers. The similarity,
however, may be a result of homeomorphism.

Occurrence. Cenomanian-Coniacian of the
Naiba and Bykov formations of southern Sakhalin;
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Middle—Upper Cenomanian of northern Turkey; Lower
Turonian of the Crimean Mountains.

Cuboctostylus pontidus Bragina, sp. nov.
Plate 30. figs. 4. 6, and 7: Plate 35, figs. 1. 2. and &
Etymology. From the Latin pontidus (after the
place of the first finding).

_ Holotype. GIN, no. 4871/333; northern Turkey,
Urkiit section; Upper Cretaceous, Middle Cenomanian,
Tomalar Formation.

Description. The spicule is narrow and has a
very short median beam (MB) and eight spines, Y-
shaped in cross section and arranged with their apices
tracing the shape of two cubes within one another. Each
of the eight spines is connected to a neighboring spine
by a rounded angular beam forming a rib of the inner
cube. The beams of the outer cube are almost twice as
long as those of the inner cube. A narrow spine,
rounded in cross section extends from each rib at the
junction between the spine and the beam of the outer
cube. These spines are oriented to the adjacent side of
the cube at an angle of 90°. Each cube face shows a
meshwork of large pores one-fifth to one-seventh the
length of the cube edge. The secondary spines, analo-
gous to those located at the junction of the spine and the
cube beam (described above), may extend from the
pore vertices. As the distance from the center increases,
the spines become more and more massive and dis-
tinctly Y-shaped in cross section; however, outside the
outer cube, they lose precise outlines and gradually
become smooth towards the apices.

Measurements. Spine length, 400-500; diam-
eter of the cortical shell, 350; diameter of the medullary
shell, 180.

Compartison. C. pontidus can be distinguished
from C. rrifurcatus Bragina, 1999 by the lack of
branching apophyses that cover the outer cube and of
branches on the spines; however, on the middle part of
the beams of the cortical shell, it develops secondary
spines, which are oriented at 90° and extend toward the
adjacent cube side.

Occurrence. Middle-Upper Cenomanian of
northern Turkey; Lower Turonian of the Crimean
Mountains.

Material. Three complete and numerous incom-
plete specimens.

Order Collodaria Haeckel, 1881
Family Orosphaeridae Haeckel, 1887
Genus Archaeoplegma Bragina, gen. nov.
Etymology. From the Latin archaeo (ancient)
and the extant orosphaerid genus Oroplegma.
Type species. Archaeoplegma pontidae Bra-
gina, sp. nov.
Diagnosis. Shell large-sized, subspherical, and
reticulate, with one to three poorly developed covers.
Vol. 38
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Inner spicule absent. Numerous spines smooth, branch-
ing, unconnected in shell center but connected to shell
covers by apophyses.
Species composition. Type species.
Comparison. The new genus differs from
Oroplegma Haeckel in the absence of the finely reticu-
lated polyhedral medullary shell.

Archaeoplegma pontidae Bragina, sp. nov.
Plate 29, figs. 1-6; Plate 30. figs. 1-3 and 5
Etymology. From the Pontic Mountains, the
place of the first finding.

_ Holotype. GIN, no. 4871/322; northern Turkey,
Urkiit section; Upper Cenomanian, Tomalar Formation.

Description. The shell is very large and indis-
tinctly polyhedral in outline. The cortical shell is com-
posed of curved beams rounded in cross section. The
irregular faces of the cortical shell display triangular,
tetragonal, and pentagonal joints. The ribbed secondary
spines with variously branching terminations extend
from the cortical shell. The primary spines are rounded
in cross section, oriented to the shell center, and reach
the medullary shell. This shell is connected with the
cortical shell by branching apophyses. A characteristic
feature is the unstable shell shape and a high variability
in patterns of connections between the poorly differen-
tiated shells.

Measurements. Length of the external spines,
200; diameter of the cortical shell, 600-800.

Occurrence. Middle-Upper Cenomanian of
northern Turkey; Lower Turonian of the Crimean
Mountains.

Material. Several dozen complete and fragmen-
tary specimens.

CONCLUSIONS

In the course of this investigation, the Cenomanian
and Turonian radiolarians of northern Turkey and the
Crimean Mountains have been monographically stud-
ied for the first time. The studies produced the follow-
ing results:

(1) The abundant and diverse radiolarian assem-
blages at many stratigraphic levels of five sections (two
in Turkey and three in the Crimea) were studied. Radi-
olarians were associated with other fossils (foramini-
fers, inoceramids, and nanoplankton), which will allow
the revision of the stratigraphic ranges of various radi-
olarian species.

(2) In the type section of the Tomalar Formation
(Turkey), a radiolarian assemblage has been recognized
that is assigned to the upper part of the Dactvliosphaera
silviae Zone established in the western Mediterranean
(Middle—Upper Cenomanian). The Urkiit section (Tur-
key) yielded an abundant assemblage corresponding to
the upper and lower parts of the Dactvliosphaera sil-
viae Zone. The Crimean Mountains sections demon-
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strate the following succession of radiolarian assem-
blages (from the base upsection): (1) Beds with Tri-
actoma  parva-Patdibracchium — ingens  (Upper
Cenomanian) correlating with the upper part of the
Dactvliosphaera silviae Zone and (2) Beds with
Alievium superbum (Early Turonian), correlating with
the synonymous circumtropical zone.

(3) Units of the Mediterranean Middle Cretaceous
radiolarian zonation (O’Dogherty, 1994) were recog-
nized not only in the axial areas of the Mediterranean
belt (Turkey) but also in its periphery (the Crimea),
making the refinement of the Upper Cretaceous radi-
olarian zonation possible.

(4) 193 radiolarian species belonging to 4 orders,
28 families, and 77 genera were described. Of these,
one genus (Cuboctostylus) and three species were pre-
viously described by the author. One new genus
(Archaeoplegma) and 36 new species were described.
The diagnoses of 5 genera, and 28 species were
emended. This study also emended the stratigraphic
and geographic ranges of the majority of radiolarians
under discussion.
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