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ABSTRACT

Using semi-quantitative methods, the distribution of deep-water agglutinated foraminifera (DWAF) was analyzed within the Latest
Albian-earliest Turonian pelagic limestones of the famous Bottaccione standard section. The characteristic bathyal communities include
forms of purely agglutinated “flysch-type” assemblages and elements which are typical of Upper Cretaceous abyssal environments of the
North Atlantic. Well-established planktonic foraminiferal and calcareous nannofossil zonations allowed to directly gauge the stratigraphic
ranges of DWAF, contributing to a better chronostratigraphic calibration of a deep-water agglutinated foraminiferal zonation. Differences in
ranges of some biostratigraphic marker species were observed. The distribution of morphogroups enabled us to interpret levels of
oxygenation and organic input. The eflects of the Cenomanian-Turonian boundary event (here represented by the ichtyolithic-bituminous-
radiolaritic Livello Bonarelli) on the DWAF were explored in detail. A major faunal change in agglutinated foraminiferal communities
consisting of a marked decrease in faunal density and species richness was recognized in the middle of the Rotalipora cushmani Zone
coinciding with a marked change in sedimentary regimes and related to extensive oxygen depletion on the sea bottom. The anoxic Livello
Bonarelli did not lead to extinction of any species. Instead, some species have their first and last occurrences just above it. After adverse
environmental conditions lasting for some hundreds of thousands of years on the sea bottom, a rapid re-establishment of pre-Livello
Bonarelli environmental conditions followed.

Keywords: Agglutinated Foraminifera, Biostratigraphy, Palaeoecology, Upper Cretaceous, Cenomanian-Turonian boundary event, Scaglia limesto-
ne, Gubbio, Italy.

RESUMEN

Se analiza, semicuantitativamente, la distribucion de los foraminiferos aglutinantes de aguas profundas (DWAF) de las calizas pelagicas
(entre el Albiense terminal y el Turoniense basal) de la famosa seccion de Bottaccione. Las asociaciones batiales caracteristicas incluyen
tanto formas del “tipo-flysch” como elementos tipicos de los ambientes abisales noratlanticos. Las zonaciones de foraminiferos planctoni-
cos y las de nanof6siles permiten calibrar las distribuciones estratigraficas de los DWAF, contribuyendo a una mejor cronoestratigrafia de
la biozonacion de feraminiferos aglutinantes y observindose algunas diferencias en las distribuciones de ciertos biomarcadores. La
distribucion de los morfogrupos nos permite conocer los niveles de oxigenacion y de sumistro de materia organica. Se investiga en detalle
el influjo del acontecimiento del limite Cenomaniense/Turoniense sobre los DWAF, que en esta seccion esta representado por el “nivel
Bonarelli”. Un cambio importante en las asociaciones de los foraminiferos aglutinantes, menor abundancia y menor riqueza especifica, se
reconoce hacia la mitad de la Zona de Rotalipora cushmani, que coincide con un cambio en el régimen sedimentario relacionado con aguas
profundas muy pobres en oxigeno. No obstante, este nivel anoxico no conlleva extincion de especie alguna, aunque algunas especies
tienen su Gltimo o primer registro sobre el mismo. Después de un periodo de varios cientos de miles de afos en estas adversas
condiciones, hubo un reestablecimiento rapido de las condiciones ambientales previas al deposito del “nivel Bonarelli”.

Palabras clave: Foraminiferos aglutinantes, Bioestratigrafia, Paleoccologia, Creticico Superior, Acontecimiento del limite Cenomaniense/Turo-
niense, Calizas Scaglia, Gubbio, Italia.

INTRODUCTION

The biostratigraphic value of the deep-water agglutinated
foraminifera (DWAF) was overlooked for a long time, the
distribution of this faunal group in sediments depending strongly
upon environmental factors. In the last ten years the Creta-
ceous DWAF have become an important group in biostrati-
graphic correlation and paleoenvironmental interpretation of
deep oceanic sequences (Geroch and Nowak, 1984; Kuhnt,
1987, 1990, 1992; Kaminsi et al., 1988a; Moullade er al., 1988;
Kuhnt er al., 1989, 1992; Kuhnt and Kaminski, 1989, 1990,
1993; Coccioni, 1990; Geroch and Olszewska, 1990; Koutsou-
kos and Hart, 1990; Koutsoukos er al., 1990; Neagu, 1990;
Kuhnt and Moullade, 1991; Kaminski and Geroch, 1992;
Kaminski er al., 1992; Wightman and Kuhnt, 1992; Coccioni
and Galeotti, 1993; Kaiho et al., 1993; Reicherter et al., 1994;
among others). The results of biostratigraphic investigations
in the Polish Carpathians during the last three decades have
been synthesized by Geroch and Nowak (1984) in a formal
zonation which constitutes the only workable biostratigraphic
scheme available for Cretaceous sediments and have been
applied either directly, or with slight modifications, to diffe-
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rent areas of the the North Atlantic and Western Tethys
(Moullade et al, 1988; Kaminski er al, 1992; Kuhnt and
Kaminski, 1989, 1990; Kuhnt et al., 1992). However, as poin-
ted out by Kaminski and Geroch (1992) and Kuhnt er al.
(1992) the calibration of the Cretaceous DWAF biozonation
to a standard scale is still problematic and new stratigraphic
sections, especially of Aptian-Cenomanian age, need to be
analyzed in order to improve the biostratigraphic scheme and
to attain the level of stratigraphic accuracy required to incor-
porate a zonation based on DWAF into a general Tethyan
Cretaceous correlation scheme. Furthermore, this analysis might
also be helpful to explore the potential of DWAF for docu-
menting paleoceanographic changes.

Latest Albian-earliest Turonian deep-water pelagic limes-
tones of the Bottaccione section (Fig. 1), a famous magnetos-
tratigraphic standard section for the Tethyan mid-upper
Cretaceous-Paleogene, provided an exceptional opportunity (1)
to directly calibrate the stratigraphical ranges of DWAF by
means of well-established planktonic foraminiferal and calca-
reous nannofossil zonations, (2) to evaluate changes of the
taxonomic composition and correlate these changes with envi-
ronmental parameters, and (3) to explore in detail the effects
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of the Cenomanian-Turonian (C/T) boundary global palaeo-
ceanographic event on the DWAF.

The results of our detailed investigation are here reported
which will further improve our knowledge of the mid-Cretaceous
DWAF.

GEOLOGICAL SETTING, LITHOLOGY,
AND STRATIGRAPHY

The Cretaceous pelagic sequences of the Umbria-Marche
Apennines were deposited in a complex basin and swell topo-
graphy along the continental margin of the Apulian block,
which moved with Africa relative to northern Europe. The
basement of the Umbria-Marche Apennines is continental
and the Upper Jurassic through Paleocene pelagic succession
overlies a subsiding Triassic to Early Jurassic carbonate plat-
form. The Cretaceous pelagic sequence of the Umbria-Marche
Apennines is subdivided into four formations as follows (from
bottom to top): Maiolica p.p. (Tithonian-early Aptian), Scisti
(or Marne) a Fucoidi (early Aptian-latest Albian), Scaglia Bian-
ca (latest Albian-earliest Turonian), and Scaglia Rossa p.p.
(earliest Turonian-early Lutetian).

For this study we sampled the top of the Scisti a Fucoidi,
the entire Scaglia Bianca, and the lowermost part of the
Scaglia Rossa (Fig. 2).

The Scaglia Bianca belongs to the Scaglia succession
which is lithologically subdivided into several discrete forma-
tions and members on the basis of color changes and the
presence or absence of chert (Arthur and Fischer, 1977; Ar-
thur, 1977, 1979; Alvarez and Montanari, 1988; Coccioni er
al., 1992). The Scaglia Bianca consists mostly of yellowish-
grey to grey limestones with a few pink to reddish limestone
beds, and several greenish-grey to black marlstones and shales
interbedded in the lowermost and uppermost portions of the
formation. According to Coccioni er al. (1992) the average
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Figure 1. Location of the studied section marked with a thick line on a
simplified map that gives the boundaries in the Gubbio area
(after Orlando, 1983 modified).

thickness of the Umbria-Marche Scaglia Bianca is 67 m and
beds are on average 12 cm-thick. The dominant lithotype
(overall carbonate content>70%) is due to lithification of
nannofossil-planktonic foraminiferal ooze, deposited above the
calcite compensation depth (CCD). Siliceous components are
important throughout the formation where they occur mainly
as chert nodules and lenses containing radiolarians which,
however, are also found within discrete layers. Chert nodules
and lenses are generally greenish-grey to pinkish-grey in colour
but in some cases reddish-brown or dark-grey to black in
proximity to similarly coloured limestone beds. Contact with
the underlying Scisti a Fucoidi and the overlying Scaglia
Rossa is gradational, with the former characterized by a pro-
gressive increase upsection of limy, silicified beds and the
latter by alternating yellowish-grey and pink coloured beds.
Burrowing is common and especially evident in zones of
contrasting lithologies.

The pelagic limestones of the Cretaceous portion of the
Scaglia succession were deposited well above the CCD, at a
deep bathyal bathymetric position in a water depth between
1500 m and 2500 m (Arthur and Premoli Silva, 1982; Coccio-
ni, 1990; Kuhnt, 1990).

Four discrete members (here codified as W) are distin-
guished within the Scaglia Bianca (Coccioni et al., 1992). They
are (from bottom to top): W1 (Lower Yellowish-Grey Mem-
ber) comprised of yellowish-grey limestone with common nodu-
les and lenses of greenish-grey chert; greenish-grey to black,
marly/shaly layers are interbedded in the lower portion; W2
(Reddish Member) consists of pink to reddish limestone with
subordinate yellowish-grey limestone and rare greenish-grey
marly layers; pinkish-grey chert nodules and lenses are distri-
buted throughout; W3 (Upper Yellowish-Grey Member) is
represented by yellowish-grey limestone with common nodu-
les and lenses of greenish-grey chert; W4 (Greyish Member)
is comprised of mostly light-grey to grey limestone with com-
mon nodules and lenses of dark-grey to black chert throug-
hout; black marly/shaly layers are interbedded in the upper
portion.

A prominent regional, 0.5 to 2 m-thick marker bed, named
Livello Bonarelli (Scisti ittiolitici of Bonarelli, 1891) occurs
near the top of Member W4, at the base of the Whiteinella
archaeocretacea Zone according to Premoli Silva and Sliter (in
press). It is devoid of calcareous plankton and benthos and
consists of olive-green to black mudstones and black, organic
carbon-rich (more than 23 percent organic carbon according
to Arthur and Premoli Silva, 1982), finely laminated shales,
often rich in fish remains, pyrite nodules and/or radiolaria,
alternated with radiolarian silty and sandy layers (Coccioni et
al., 1991). The ichtyolithic-bituminous-radiolaritic Livello Bona-
relli took place under eutrophic and anoxic conditions, the
data from the Umbria-Marche Basin supporting the hypothe-
sis of an exceptionally intense upwelling as a major cause of
its deposition (Arthur and Premoli Silva, 1982; Coccioni et al.,
1991; Premoli Silva and Sliter, 1995). As already known,
this short-lived anoxic event constitutes the landward sedi-
mentary expression of the worldwide Oceanic Anoxic Event 2
(OAE 2) of Schlanger and Jenkyns (1976) which took place
close to the C/T boundary when the second-largest Creta-
ceous extinction (Raup and Sepkoski, 1986) coincidentally
occurred. According to several authors (Geroch and Nowak,
1984; Kuhnt, 1987; Moullade ef al., 1988; Kuhnt er al., 1989,
1992; Kaminski et al., 1992; Kuhnt, 1992) the C-T boundary
event (CTBE) is accompanied by an important taxonomic
turnover in DWAF.

Mainly as a result of the anoxic environment at the
sediment/water interface the Livello Bonarelli and the adja-
cent, silicified limestone beds lack any signs of benthic life
which together constitute the so called “benthic-free interval”,
0.60 to 2.4 m thick. The planktonic foraminiferal community
underwent significant changes in abundance and diversity clo-
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se to the Livello Bonarelli (Arthur and Premoli Silva, 1982;
Piergiovanni, 1989; Coccioni et al., 1991; Premoli Silva and
Sliter 1995). The fauna within some decimeters thick sedi-
ments just below the Livello Bonarelli becomes extremely
poor, but still contains very rare specimens of rotaliporids.
The extinction of the rotaliporids occurs at the bottom of the
Livello Bonarelli (Coccioni et al., 1991; Premoli Silva and
Sliter 1995). The recovery in abundance and diversity of
planktonic foraminifera occurs some decimeters above the top
of the Livello Bonarelli. The features of the pre-and post-
Livello Bonarelli planktonic foraminiferal community allowed
us to recognize a “lower” and an “upper critical interval”
respectively, both of them some decimeters thick (Coccioni et
al., 1991). The distribution and composition of planktonic
foraminifera, calcareous nannoflora and radiolarians lead to
interpret the “critical intervals™ as period of increased nutrient
contents in the surface water and the Livello Bonarelli as a
very high fertility event.

Recently, Premoli Silva and Sliter (1995) and Ghisletti
and Erba (in prep.) have refined the calcarcous plankton
biostratigraphy for limestone of the Scaglia Group exposed in
Bottaccione section which allows recalibration of biozone boun-
daries with the previously measured paleomagnetic stratigraphy,
the determination of local sedimentation rates, and the broa-
der rate of evolutionary change.

The Bottaccione section (lat. 43° 21’ 27”; long. 0° 08
017), a classic Tethyan setting, is located a few kilometers
from the City of Gubbio, on the northern slope of the Bottac-
cione Valley, along the road S.S. 298 (Fig. 1). The section has
since been the object of detailed sedimentologic (Arthur, 1977,
1979; Coccioni and Battistini, 1989; Coccioni et al, 1992),
chemostratigraphic (Renard, 1986; Corfield er al., 1991; Ingram
et al., 1994), magnetostratigraphic (Premoli Silva et al., 1974,
Arthur and Fisher, 1977; Alvarez et al., 1977; Roggenthen and
Napoleone, 1977; Napoleone, 1977, 1981), and biostratigraphic
studies (Renz, 1936, 1951; Luterbacherand Premoli Silva, 1962,
1964; Premoli Silva, 1977; Premoli Silva et al., 1977; Monechi
and Thierstein, 1985; Coccioni and Battistini, 1989; Micarelli
and Potetti, 1989; Piergiovanni, 1989; Kuhnt, 1990; Kuhnt and
Kaminski, 1990; Marcucci Passerini e al., 1991; Premoli Silva
and Sliter 1995; Coccioni and Galeotti, in prep.; Ghisletti
and Erba, in prep.). The Bottaccione section has became
famous mainly for the presence, at the Cretaceous-Tertiary
boundary, of a thin clay layer enriched in iridium (Alvarez et
al., 1980).

In the Bottaccione section the Scaglia Bianca is 6525 m
thick. The thickness of the four members is as follows:
W1=18.97 m, W2=14.08 m, W3 = 1083 m, and W4, =
21.37 m. The Livello Bonarelli is 0.90 m thick. The thickness
of the other lithostratigraphic intervals is as follows: “lower
critical interval” = 0.62 m; “upper critical interval” = 1.4 m;
“benthic-free interval” = 1.35 m.thick.

According to Premoli Silva and Sliter (1995) the ave-
rage rate of accumulation for the Scaglia succession is 9.3
m/Ma using the values derived from the Gradstein et al.
(1994) scale which seems the most appropriate for the Scaglia
deposits. The rock accumulation rate for the Albian part of
the Scaglia Bianca is 3.44 m/Ma then increasing to 9.64 m/Ma
and 8.14 m/Ma respectively in the Cenomanian and Turonian
parts of the formation. The Scaglia Bianca would therefore
represent ~ 9 Ma of apparently continuous pelagic sedimenta-
tion. The rate of accumulation increased in the upper part of
the Cenomanian (i.e., in the Dicarinella algeriana subzone)
because of a local redistribution of sediments within the Umbria-
Marche Basin due to syndepositional tectonic activity rea-
ching a peak in the middle-late Cenomanian time (see also
Coccioni et al., 1992). This tectonic pulse produced the cha-
racteristic resedimentation and reworking features recognized
at different stratigraphic levels in the upper Cenomanian.
However, on the basis of the benthic foraminiferal assembla-

ges, there is no evidence of redeposition from other than
bathyal environments.

MATERIAL AND METHODS

A set of 600 samples from the top of the Scisti a Fucoidi
to the lowermost part of the Scaglia Rossa were collected by
Coccioni et al. (1992) in the Bottaccione section most of
which were used by Premoli Silva and Sliter for their plankto-
nic foraminiferal analysis.

The present study is based on agglutinated foraminifera
from 129 samples of this sample set. Samples of 50-200 g
were dissolved completely in HCI and washed through a
63-um sieve. The agglutinated foraminifera from each sample
were counted and semi-quantitatively analyzed. The relative
abundance has been estimated as follows: very rare = 1-2
specimens; rare = 3-5 specimens; frequent = 6-10 specimens;
common = 11-25 specimens; abundant=">> 25 specimens. Con-
ventionally, also in agreement with Wightman and Kuhnt
(1992), for this study any fragment of tubular forms has been
counted as one individual. For each sample the faunal density
expressed as number of specimens per gram of sediment and
the species richness expressed as number of species were
determined. The stratigraphic distribution of the recognized
species and their relation to major lithologies, faunal density,
and species richness are plotted in Figures 2 and 3.

We largely adopted species concepts of Kaminski e al.
(1988a), Moullade et al (1988), Kuhnt (1990), Kuhnt and
Kaminski (1990, 1993), Kaminski et al. (1992), and Wightman
and Kuhnt (1992) but in some instances we deviated from
these and used additional documentation. At suprageneric
levels we followed the classification proposed by Loeblich and
Tappan (1988). All the identified taxa were allocated into six
morphogroups (Fig. 4) largely following Jones and Charnock
(1985), Bernhard (1986), Kaminski et al. (1988b), Koutsoukos
and Hart (1990), Koutsoukos et al. ( 1990), Nagy (1992), and
Tyszka (1994). Plates I to 111 show photographs of most of the
identified taxa.

RESULTS

DWAF DISTRIBUTION, FAUNAL DENSITY, AND
SPECIES RICHNESS TROUGHOUT THE SECTION

All samples contain agglutinated foraminifera (5 to 289
individuals each) of moderate to good preservation except for
the samples from the “benthic-free interval” where only radio-
larians and occasionally also silicified planktonic foraminifera
were found (Fig. 2). Over sixty species were identified, repre-
senting twenty-six genera of twelve families among which
Bathysiphonidae, Ammodiscidae, Trochammindae, Telammi-
nidae and Haplophragmoididae dominate.

The faunal parameters vary throughout the section, the
widest fluctuations occurring within the interval {rom the
Rotalipora appenninica Zone to the lower half of the Rotalipo-
ra cushmani Zone (that is within Members W1 to W3). The
faunal density ranges from 0 to 1.87 specimens per gram
peaking at the base of the Rotalipora appenninica Zone. The
species richness changes almost paralleling the faunal density
reaching a maximum value of 25. The values of both the
faunal parameters markedly decrease within the upper half of
the Rotalipora cushmani Zone (that is within the Member
W4) where on the average they are reduced respectively by
65% and 30%, dropping to 0 throughout the “benthic-free
interval”, Then the values of both the faunal parameters
increase again within the overlying zones. It is noteworthy
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that the faunal density shows a definite trend towards a
gradual decrease throughout the Scaglia Bianca. The species
richness does not show the same trend as the faunal density,
however it fluctuates more than the other faunal parameter
within the upper half of the Rotalipora cushmani Zone. The
relative abundances of recognized species significantly change
throughout the section without, however, important variations
within the interval from the Rotalipora appenninica Zone to
the lower half of the Rotalipora cushmani Zone.

Assemblages are mainly characterized by Rhizammina cf.
algacformis, Rhizammina indivisa, Repmanina charoides, Ammo-
discus cretaceus and with less extent by Dendrophrya latissima,
Haplophragmoides concavus, Rhabdammina cylindrica, Reophax
minutus and Trochammina deformis. Other species are gene-
rally rare throughout the section. Ammosphaeroidina sp., Bul-
bobaculites problematicus, Bulbobaculites ct. problematicus, Den-
drophrya excelsa, Hyperammina sp., Hormosina velascoensis,
and Subreophax ex gr. scalaris are found at different strati-
graphic levels up to the middle of the Rotalipora cushmani
Zone, therefore lacking within the Member W4,

All the species occurring within the upper half of the
Rotalipora cushmani Zone are involved in the faunal change
which here takes place. On the whole, however, Haplophrag-
moides concavus, Reophax minutus, and Reophax spp. appear
to support the most important variations of the relative abun-
dance. Hormosina sp., Kalamopsis grzvbowskii, Paratrocham-
minoides spp., Psammosphaera lagenaria, Pseudobolivina varia-
bilis, Pseudobolivina sp. 1, Pseudobolivina sp. 2, Trochamminoides
dubius, Trochamminoides cf. dubius, and Trochamminoides cf.
proteus are found exclusively close to the Livello Bonarelli. In
particular, Paratrochamminoides spp., Pseudobolivina sp. 2, and
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Trochamminoides dubius occur only just above the “benthic-
free interval”, where the genus Pseudobolivina flourishes.

DWAF ACROSS THE CTBE

To explore the effects of the Cenomanian-Turonian boun-
dary event on the DWAF we have taken into consideration
their stratigraphic distribution just below and above the “benthic-
free interval” (Fig. 3). The stratigraphic interval under consi-
deration which is 5.2 m-thick, would span 0.8 to 1.15 Ma
according to the figure of 0.35 to 0.7 Ma for the time of
deposition of the Livello Bonarelli given by Arthur and Pre-
moli Silva (1982) and to the mean accumulation rate of 8.14
to 9.64 m/Ma provided by Premoli Silva and Sliter (1995)
for the Cenomanian-Turonian Scaglia. The “benthic-free inter-
val” would last 0.4 to 0.75 Ma, the “lower critical interval
“and the” upper critical interval “spanning ~0.18 Ma and ~0.12
Ma respectively.

The faunal parameters vary throughout. Their values fade
markedly within the “lower critical interval”, then falling to 0
within the “benthic-free interval”. Later on, already within the
upper half of the “upper critical interval”, the values of the
faunal parameters increase reaching those prior the “lower
critical interval”.

Within the stratigraphical interval under consideration over
thirty-eight species occur. Assemblages are mainly characteri-
zed by Rhizammina cf. algaeformis, Rhizammina indivisa, Rep-
manina charoides, and Ammodiscus cretaceus. The other spe-
cies are generally rare throughout. Within the “lower critical
interval” only Ammodiscus peruvianus, Glomospira serpens, Lituo-
tuba lituiformis, Saccorhiza sp., Tolypammina sp., Rhabdammi-
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Figure 3. Detail of the studied section across the Livello Bonarelli with the semi-quantitative distribution of DWAF plotted against the litho-, bio-, and

chronostratigraphy, the sample(s) position, and the estimated faunal parameters. The species are arranged from left to right in alphabeuc urder

Note the “lower” and *

‘upper critical intervals” (here abbreviated as LCI and UCI,

respectively) adjacent to the Livello Bonarelli. The

stratigraphical interval reported in this figure would span 0.8 to 1.15 Ma. The dotted band shows the stratigraphic extent of the “benthic-free
interval” including the Livello Bonarelli which here corresponds to the CTBE. Legend as in Fig. 2.
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na cylindrica, Rhizammina cf. algaeformis, and Rhizammina
indivisa are found, the latter three species lasting on the sea
floor to the onset of the “benthic-free interval”. The following
species occur within the upper critical interval: Ammodiscus
cretaceus, Ammodiscus peruvianus, Glomospira gordialis, Glo-
mospira irregularis, Glomospira serpens, Glomospirella gaultina,
Kalamopsis grzybowskii, Lituotuba lituiformis, Paratrochammi-
noides spp., Pseudobolivina munda, Pseudobolivina variabilis,
Pseudobolivina? variabilis, Pseudobolivina spp., Reopax minu-
tus, Reophax sp. 4, Repmanina charoides, Rhabdammina cylin-
drica, Rhizammina cf. algaeformis, Rhizammina indivisa, Sac-
cammina ramosa, Trochammina deformis, Trochammina depressa,
and Trochamminoides cf. proteus.

Kalamopsis grzybowskii and Rhizammina indivisa are the
first forms to reappear after the “benthic-free interval”, the
reappearance of Rhabdammina cylindrica following promptly.
In the next sample most of species recognized within the
“upper critical interval” reoccur such as Ammodiscus creta-
ceus, Ammodiscus peruvianus, Glomospira irregulari., Glomospi-
rella gaultina, Lituotuba lituiformis, Paratrochamminoides spp.,
Pseudobolivina variabilis, Pseudobolivina (1) variabilis, Pseudo-
bolivina spp., Reophax minutus, Reophax sp. 4, Rhizammina cf.
algaeformis, Saccorhiza ramosa, Trochammina deformis and Tro-
chammina depressa. Glomospira serpens, Repmanina charoides,
Trochamminoides cf. proteus reappear higher within the “upper
critical interval”, the occurrence of Glomospira gordialis and
Pseudobolivina munda immediately following. Finally, at the
top of the stratigraphical interval under consideration Ammo-
discus infimus also reappears.

DISCUSSION

BIOSTRATIGRAPHIC IMPLICATIONS

Geroch and Nowak (1984) proposed three zones from
the middle Albian to the middle Turonian based on the first
occurrences of DWAF as follows (from bottom to top): Plec-
torecurvoicles alternans Zone, Ammobaculites problematicus Zone,
and Uvigerinammina jankoi Zone.

Most of the taxa recognized in our material are long-
ranging cosmopolitan species but some biostratigraphic indi-
cators occur such as Ammodiscus infimus, Bulbobaculites pro-
blematicus (reported as Ammobaculites problematicus in Geroch
and Nowak, 1984), Hippocrepina depressa, and Kalamopsis
grzvbowskii.

Plectorecurvoides alternans, the first occurrence (FO) of
which defines the base of the middle Albian-middle Cenoma-
nian Plectorecurvoides alternans Zone of Geroch and Nowak
(1984) does not occur in the studied section, this species also
lacking in the Upper Cretaceous limestones of the Scaglia
Rossa (see Kuhnt, 1990).

Moreover, some differences in ranges of Bulbobaculites
problematicus and Hippocrepina depressa were observed. The
total range of Bulbobaculites problematicus is given as upper
part of the lower Albian to lowermost Campanian (Neagu,
1970, 1990; Kuhnt, 1990; Kaminski and Geroch, 1992; Kuhnt
et al., 1992). Its partial range and optimum occurrence charac-
terized the Bulbobaculites problematicus Zone which, according
to Geroch and Nowak (1984), would span the middle Ceno-
manian-middle Turonian. In the Bottaccione section, howe-
ver, Bulbobaculites problematicus first appears in the lower-
most part of the Rotalipora appenninica Zone that is in the
latest Albian. This datum is supported by detailed investiga-
tions throughout the Aptian-Albian Scisti a Fucoidi where
Bulbobaculites problematicus has not been found (Coccioni,
1990; Coccioni and Galeotti, in prep.). According to our data
this species temporarily disappears in the middle of the Rota-
lipora cushmani Zone (middle Cenomanian), then reported

again as Haplophragmium problematicum by Kuhnt (1990) in
the middle Turonian-lower Campanian of the Gubbio sections.

The FO of Bulbobaculites problematicus allowed us to
place the lower boundary of the Bulbobaculites problematicus
Zone which lies over the Marssonella oxycona Zone of Coc-
cioni (1990) and Coccioni and Galeotti (in prep.). Uvigerinam-
mina jankoi, the FO of which defines the base of the middle
Turonian-early Campanian Uvigerinammina jankoi Zone has
not been recognized in the studied section.

According to several authors (Geroch and Nowak, 1984;
Kuhnt e al., 1989; Kaminski and Geroch, 1992; Kuhnt, 1992;
Kuhnt et al., 1992) Hippocrepina depressa does not cross the
CTBE. Conversely, according to our data this species still
occurs just above the Livello Bonarelli therefore becoming
extinct within the planktonic foraminiferal Whiteinella archaeo-
cretacea Zone, that is within the calcareous nannofossil
CC11/CC12 Zones.

Differences in ranges of other species such as Ammodis-
cus infimus, Ammodiscus tenuissimus, Hormosina velascoensis,
and Trochamminoides dubius were also observed. According to
Geroch and Nowak (1984) Ammodiscus infimus disappears in
the latest Maastrichtian whereas Kuhnt (1992) quoted this
species as becoming extinct at the CTBE. In the Bottaccione
section Ammodiscus infimus last occurs just above the Livello
Bonarelli within the planktonic foraminiferal Whiteinella archaco-
cretacea Zone, that is within the calcareous nannofossil
CC11/CC12 Zones. According to Kaminski and Geroch (1992)
Ammodiscus tenuissimus does not extend over the Albian but
in our section this species is found throughout. The FO of
Hormosina velascoensis reported by Kuhnt e al. (1989, 1992)
and Wightman and Kuhnt (1992) to take place in the lower-
middle Campanian. As mentioned above, however, Hormosi-
na velascoensis occurs, although with rare, scattered speci-
mens, at different stratigraphic levels (i.e., in the upper part of
the Rotalipora appenninica Zone, in the lower part of the
Rotalipora brotzeni Zone, and in the middle parte of the Rota-
lipora cushmani Zone), the FO of this species therefore dis-
playing a questionable placement. Trochamminoides dubius has
been previously reported from the Upper Cretaceous to the
lower Eocene (Hanzlikova, 1972; Neagu, 1970; Sandulescu,
1973; Samuel, 1977; Kaminski et al., 1988a; Kuhnt, 1990). The
appearance of this taxon within the Whiteinella archaeocreta-
cea Zone, well above the Livello Bonarelli, has therefore to
be considered as a true FO.

In agreement with Kuhnt (1992) Pseudobolivina sp. 2,
which might have evolved from Pseudobolivina variabilis, first
appears as a new species during the radiation after the anoxic
crisis. Finally, Pseudobolivina munda the FO of which has
been quoted by Kuhnt (1992) just above the CTBE has been
found well below it at different stratigraphic levels, in the
middle of Rotalipora appenninica and Rotalipora cushmani
Zones.

According to our data, therefore, the studied section falls
almost entirely within the Bulbobaculites problematicus Zone
of Geroch and Nowak (1984). However, it becomes clear that
it is needed to extend downward and/or upward the strati-
graphic ranges of some DWAF which were previously repor-
ted by different authors.

PALAEOECOLOGIC IMPLICATIONS

As already known, the distribution of DWAF is
controlled by different environmental parameters such as
paleobathymetry, availability of carbonate and nutrients, terri-
genous detrital input, substrate disturbance by bottom hydrody-
namics, and oxygenation of bottom and pore waters. Forami-
niferal test morphology plays an important role in determining
the response of a single species to variations of environmental
parameters by directly influencing its nutrient strategy and
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life-position (see review in Tyszka, 1994, cum bibl). Distribu-
tion of deep-water agglutinated foraminiferal morphogroups
has been shown to be strongly related to environmental con-
ditions (Jones and Charnock, 1985; Bernhard, 1986; Koutsou-
kos and Hart, 1990; Koutsoukos et al., 1990; Nagy, 1992;
Coccioni and Galeotti, 1993; Tyszka, 1994; among others).
Morphogroup analysis together with the study of the distribu-
tion of species which are regarded as good environmental
indicators would therefore applied to fossil assemblages for
palacoenvironmental interpretation.

In the studied section, morphogroups Al and A3 which
include epifaunal, primarily suspension and active deposit fee-
ders (Fig. 4), dominate throughout the latest Albian-earliest
Turonian, therefore suggesting low organic-carbon flux and
oxygenated conditions at the sea floor except for the “benthic-
free interval”. A low supply of organic matter coinciding with
a low sedimentation rate appears to be a favorable factor for
tubular, primarily suspension-feeding forms, such as bathysi-
phonids and active deposit feeders, discoidal coiled, such as
ammodiscids which dominate the assemblages (Tyszka, 1994).

Arthur (1977, 1979) interpreted the colours of the Gub-
bio limestone sequence as a direct indication for the original
oxygenation state of the sea floor, concluding that increasing
oxydation caused the reddish colours. According to Kuhnt
(1990) the composition of benthic agglutinated foraminiferal
assemblages in the Upper Cretaceous limestone at Gubbio
would confirm such an interpretation. In fact, in the grey-
white, chertified parts of the sequence agglutinated foramini-
fera are absent or rare, and consist of low-diversity assembla-
ges which are dominated by “primitive” tubular forms. In the

reddish, well-oxygenated parts of the sequence the agglutina-
ted assemblages show increased abundance and diversity, and
contain species which, according to Kuhnt and Kaminski (1989)
and Kuhnt (1990), are characteristic of well-oxygenated deep-
sea environment. Conversely, according to our data the taxo-
nomic composition of agglutinated foraminifera does not chan-
ge remarkably in the first three members of the Scaglia Bianca
where a discrete reddish interval is contained between two
light ones. The variations of the faunal density and species
richness, moreover, are not related to colour changes only
suggesting dynamic fluctuations of the sea-floor environment.
Up to the middle of the Rotalipora cushmani Zone poly-
taxic assemblages with complex trophic structure are found. A
major change in agglutinated foraminiferal communities occurs
in the middle of the Rotalipora cushmani Zone leading to
low-diversity, poor assemblages on the sea floor for ~ 2.5 Ma,
however without remarkable changes in the taxonomic com-
position. This event coincides with a marked change in sedi-
mentary regime (i.e., dark colour of limestone; occurrence of
laminated, dysoxic layers and pyrite nodules) and is readily
explained by a general drop in bottom-water oxygen levels.
The major change which takes place in the middle of the
Rotalipora cushmani Zone would be the first signal of the
forthcoming Livello Bonarelli which is the product of high
fertility combined with poor oxygenation at the bottom.
The taxa most affected by this change are Haplophrag-
moides concavus, Reophax minutus, and Reophax spp. which
are here regarded as less tolerant of low-oxygen levels. The
forms vanishing within the Member W4 are Ammosphaeroidi-
na sp., Bulbobaculites problematicus, Bulbobaculites cf. proble-

MORPHO TEST MO LIFE TROPHIC
RPHOLOGY
-GROUP | FORM POSITION | STRATEGY TAXA
Dendrophrya
Rhabdammina
A1 LSRR TUBULAR or EPIFAUNAL PRIMARILY Rhizammina
BRANCHING ERECT SUSPENSION | Hyperammina
FEEDERS Hippocrepina
Saccorhiza
Kalamopsis
. EPIFAUNAL PASSIVE A
A-2 UNILOCULAR MEANDERING Pl Rk Tolypammina
Ammodiscids
Ammodiscus
DISCOIDAL ACTIVE Glomospira
A-3 UNILOCULAR COILED EPIFAUNAL DEPOSIT Glomospirella
FEEDERS Repmanina
Turritellella
LOW TROCHSPIRAL o
A-4 | MULTILOCULAR | PLANO-CONVEX or | EPIFAUNAL HERBIVORES | Ammosphaeroidina
CONCAVO-CONVEX DETRITIMOBES | drodhemng
Paratrochamminoides
Lroghagminofdgs
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A-5 MULTILOCULAR PLANISPIRAL SHALLOW | itoiuba
STREPTOSPIRAL INFAUNAL DETRITAL/ Buibobaculites
Recurvoides
S(Bjﬁggﬁgléés Plectorecurvoides
ELONGATED SHALLOW Reophax
A-6 MULTILOCULAR UNISERIAL/ TO DEEP gg‘;f;fggggx
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Figure 4. Agglutinated foraminiferal morphogrou

habits.

ps in the latest Albian-earliest Turonian (Bottaccione section and their inferred life position and feeding
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maticus, Dendrophrya excelsa, Hyperammina sp., Hormosina
velascoensis and Subreophax scalaris which appear to be strongly
susceptible to decreasing oxygenation and probably aerobes.

Immediately prior to and after the “benthic-free interval”
assemblages are characterized by minute specimens (generally
less than 250 pm in maximum diameter or length). The small
size are interpreted as a reaction to the adverse oxvgen-
deficient conditions in organic-rich sediments by minimizing
the oxygen consumption and increasing the efficiency of oxy-
gen uptake by increasing the surface/volume ratio (see also
Bradshaw, 1961). Similar agglutinated foraminiferal assembla-
ges with predominantly minute specimens have been obser-
ved by Kuhnt (1992) at the Cenomanian-Turonian boundary
in the abyssal environments of the North Atlantic.

Within the “lower critical interval” where the last, rare
rotaliporids live on again the impoverished assemblages con-
sist of few, stratigraphically long-ranging taxa with different
life position and trophic strategy (4dmmodiscus peruvianus, Glo-
mospira serpens, Lituotuba lituiformis, Saccorhiza sp., Tolypam-
mina sp., Rhabdammina cylindrica, Rhizammina cf. algaefor-
mis, and Rhizammina indivisa) inferred to be opportunistic,
able to survive in low-oxygen environments with increasing
supply of organic matter. Tubular, primarily suspension-feeding
forms, such as Rhabdammina cylindrica and Rhizammina indi-
visa, and Repmanina charoides (epifaunal, active deposit fee-
der) last on the sea floor to the onset of the “benthic-free
interval”, therefore proving to have the highest environmental
tolerance to low oxygenation.

According to our data and following the stratigraphic
ranges of the DWAF given by previous authors there is no
species which becomes extinct at the CTBE in the Bottaccio-
ne section. Hippocrepina depressa and Ammodiscus infimus
which appear to be extinct at the CTBE as quoted by Kuhnt
(1992) from the benthic deep-sea communities of the North
Atlantic have, instead, their last occurrences just above the
Livello Bonarelli.

The recolonization fauna after the CTBE displays low to
medium specific richness and high dominance. Overall, the
biotic recolonization shows a distinct two-step pattern as follows
(from bottom to top): 1) re-occurrence of tubular, primarily
suspension-feeders just above the CTBE, Kalamopsis grzvbows-
kii and Rhizammina indivisa firstly appearing; 2) re-occurrence
of several epifaunal and infaunal forms with different trophic
strategies which are stratigraphically long-ranging and environ-
mental tolerant species such as Ammodiscus cretaceus, Glo-
mospira gordialis, Glomospira irregularis, Glomospirella gaulti-
na, Repmanina charoides, Rhizammina cf. algaeformis, and
different species of Pseudobolivina. Based on our data, Kala-
mopsis grzybowskii and Rhizammina indivisa appear to have a
high capability to recolonize the substrate contrarily to what
suggested by Kaminski et al. (1988Db).

The environmental tolerant species taxa recognized close
to the “benthic-free interval”” are comparable to those obser-
ved in oxygen deficient environments across the C/T boun-
dary in north European shelf seas and bathyal environments
(Kemper, 1986; Koutsoukos et al, 1990) and are considered
as r-selected, opportunistic taxa. In particular, Ammodiscus,
Glomospirella and Glomospira gordialis are presumably well-
adapted to take advantage of an increased supply of food
particles derived from the surface layer of the ocean (Gooday,
1988; Gooday and Lambshead, 1989; Graf, 1989; Gooday and
Turley, 1990; Thiel et al., 1989).

The taxa occurring in beds immediately overlying the
CTBE are here regarded as “Lazarus”-species (see Jablonski,
1986) which very likely recolonized the deep-sea environ-
ments soon after the end of the deposition of the Livelli
Bonarelli. They are similar to those which compose the assem-
blages found in several Cretaceous and Paleogene deep-sea
sites and described as “Biofacies B” by Kuhnt et al. (1989)
and Kuhnt (1992). “Biofacies B” is often associated with

biosiliceous radiolarian-rich sediments, which probably indica-
te enhanced surface productivity of siliceous plankton due to
the presence of upwelling or nutrient influx. After the CTBE,
when definite oxic bottom-water conditions develop again,
Pseudobolivina sp. 2 and later on Trochamminoides dubius
occur and are regarded as new species appearing during the
radiation after the anoxic crisis. According to Kuhnt (1992)
the former species may have evolved in the early Turonian
from the Albian/Cenomanian Pseudobolivina variabilis follo-
wing a morphological adaption to oxygen deficient conditions.
It is noteworthy that Pseudobolivina flourishes with different
species just above the Livello Bonarelli within the Whiteinella
archaeocretacea Zone, possibly occupying available niches soon
after the anoxic event.

The biotic recolonization therefore points to a relatively
rapid recovery of the benthic foraminiferal assemblages which
could have been achieved ~ 60 ka after the end of the CTBE
when polytaxic assemblages with complex trophic structures
reappear. The stepped pattern of recolonization is regarded as
the response to the return of (1) more oxygenated bottom-
water conditions and (2) a greater environmental stability. In
fact, above the CTBE, the carbonate content, faunal density,
and species richness return to approximately the values they
had before the CTBE.

CONCLUSIONS

Latest Albian-earliest Turonian pelagic limestones of the
famous, Bottaccione standard section yield characteristic bath-
yal assemblages of DWAF of at least sixty species which
include forms of purely agglutinated “flysch-type” assembla-
ges and elements which are typical for Upper Cretaceous
abyssal environments of the North Atlantic.

By means of well-established planktonic forammlferal and
calcareous nannofossil zonations it was possible to directly
gauge the stratigraphical ranges of DWAF, contributing to a
better chronostratigraphic calibration of a deep-water aggluti-
nated foraminiferal zonation. Differences in ranges of some
biostratigraphic markers were recognized.

This study was also helpful to explore the potential of
DWAF for documenting paleoceanographic changes including
the CTBE which mainly affected benthic life in the deep-sea
and are here represented by the ichtyolithic-bituminous-
radiolaritic Livello Bonarelli.

Morphological analysis has once again proved to be an
efficient method for discriminating and interpreting fossil envi-
ronments, the distribution of morphogroups allowing interpre-
tations of level of oxygenation and organic input.

A major faunal change consisting of a marked decrease
in faunal density and species richness was recognized in the
middle of the Roralipora cushmani Zone coinciding with a
marked change in sedimentary regimes and related to decli-
ning oxygenation on the sea floor. This change in agglutina-
ted foraminiferal communities well predated the onset of the
anoxic Livello Bonarelli which moreover did not lead to extinc-
tion of any species. Instead, some species have their first and
last occurrences just above the CTBE.

After adverse environmental conditions lasting for some
hundreds of thousands of years on the sea floor the recovery
of the benthic foraminiferal ecosystem was relatively fast, the
reestablishment of pre-CTBE environmental conditions rapidly
following.

TAXONOMIC NOTES

The alphabetic listing of species includes the original and present
name of the species. Only the type-reference and a selection of subse-
quent papers containing well-illustrated, typical specimens are provided. A
short diagnosis is given for each species.
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Ammodiscids
(PL 1, Figs. 9-12)

We placed in this group all the specimens closely resembling the
genus Ammodiscus when it was not possible to classify them at generic
level.

Ammodiscus cretaceus (Reuss)
(PL. I, Fig. 14)

1845  Operculina cretacea Reuss, 35, Pl 13, Figs. 64-65.

1988 Ammodiscus cretaceus (Reuss); Moullade et al., 363, Pl. 1, Fig. 7.

1988a Ammodiscus cretaceus (Reuss); Kaminski er al., 184, Pl 3, Fig. 7.

1989 Ammodiscus cretaceus (Reuss); Kuhnt er al., Pl. A-5, Fig. a.

1990  Ammodiscus cretaceus (Reuss); Kuhnt, p. 310, PL 1, Figs. 2-3.

1991 Ammodiscus cretaceus (Reuss); Kuhnt and Moullade, PI. 4, Fig. A.

1992 Ammodiscus cretaceus (Reuss); Kaminski er al., 252, Pl. 2, Fig. 2.

1992 Ammodiscus cretaceus (Reuss), Wightman and Kuhnt, 255, Pl 1,
Fig. 6.

1993 Ammodiscus cretaceus (Reuss); Kaiho er al., 27, Pl. 1, Fig. 6.

1993 Ammodiscus cretaceus (Reuss); Kuhnt and Kaminski, 72, PL. 2, Fig. 1.

1994 Ammodiscus cretaceus (Reuss); Reicherter et al., Fig. TA/A.

Test large, circular outline, biconcave, evolute, with 8 to 10 whorls
relatively broad and regularly increasing in size. Wall finely agglutinated,
smoothly finished. The proloculus is generally visible.

Ammodiscus infimus Franke
(PL 1, Fig. 15, 16)

1936  Ammodiscus infimus Franke, 15, Pl. 1, Fig. 14a-b. i

1984 Ammodiscus infimus Franke; Geroch and Nowak, Pl 1, Fig. 11; PL
5, Fig. 13.

1994  Ammodiscus infimus Franke; Reicherter et al., Figs. 7TA/G-H.

Test composed of 7-8 whorls planispirally coiled. Wall coarsely agglu-
tinated with an irregular surface. The proloculus is generally visible and
the whorls increase regularly in diameter as added. The last whorl is
noticeably larger than former one.

Ammodiscus peruvianus Berry
(PL. 1, Fig. 13)

1928 Ammodiscus peruvianus Berry, 403, Fig. 27.

1988a Ammodiscus peruvianus Berry; Kaminski et al, 185, Pl. 37 Figs.
11-12.

1989 Ammodiscus peruvianus Berry; Kuhnt et al., Pl. A-3, Fig. d; p. 137,
Pl. D1, Fig. 7.

1993 Ammodiscus peruvianus Berry; Kuhnt and Kaminski, 72, PI. 2, Fig. 2.

Test characterized by its elliptical outline. Wall finely agglutinated.
The main problem in classifing this form derive from a possible confilsion
with deformed specimens of Ammodiscus cretaceus.

Ammodiscus tenuissimus (Giimbel)
(PL. I, Fig. 17)

1862  Spiriliina tenuissima Giumbel, 214, P1. 13, Fig. 2.
1992 Ammodiscus tenuissimus (Giimbel); Kaminski et af., 252, PI. 2, Fig. 3.

Test extremely thin with a globular proloculus followed by a single
tube planispirally coiled to form 10 or more whorls. The diameter of the
lube slowly increasing in the first whorls shows a sharp increment in the
last one.

Ammosphaeroidina sp.
(PL. 111, Fig. 4)

Test globose, strepospirally coiled. The chambers are often compres-
sed in our specimens. They are low in number and strongly embracing.
Only the four chambers of the last whorl are visible showing a coarsely
agglutinated wall. The aperture consists in a low interiomarginal arch.

Bulbobaculites problematicus (Neagu)
(PL 1II, Fig. 6)

1962 Ammobaculites agglutinans (d’Orbigny) sp. problematicus Neagu,
61, Pl 2, Figs. 22-24.

1984 Ammobaculites problematicus (Neagu); Geroch and Novak, Pl. 1
Figs. 17-18; PL. 6, Fig. 23.

1988 Haplophragmium lueckei (Cushman and Hedberg); Moullade et al.,
363, PL 3, Figs. 1-6.

1989 Haplophragmium problematicum (Neagu); Kuhnt et al, Pl. A-2,
Figs. i-k.

1990 Haplophragmium problematicum (Neagu); Kuhnt, 312, PL. 4, Figs. 3-9.

L]

Test small, elongate, early stage with streptospiral arrangement of
globose chambers. Later chambers become uncoiled and rectilinearly
disposed. Sutures distinct, depressed and horizontal. Wall agglutinated,
smoothly finished. Aperture terminal, small and rounded.

Bulbobaculites cf. problematicus (Neagu)
(PL. III, Fig. 5)

1962 Ammobaculites agglutinans (d’Orbigny) sp. problematicus Neagu,
61, PL. 2, Figs. 22-24.

It differs from Bulbobaculites problematicus in having a lower number
of chambers in the uniserial portion.

Dendrophrva excelsa Grzybowski

1988 Dendrophrva excelsa Grzybowski, 272, P1. 10, Figs. 1-4.

1988a Dendrophiya ex gr. excelsa Grzybowski; Kaminski er al., 182, PL. 1,
Figs. 4-5.

1989  Dendrophrya excelsa Grzybowski; Kuhnt et al., A-3, Fig. b; Pl. C-3,
Figs. 1-3; p. 137, Pl D-1, Fig. 2.

1993 Dendrophrya excelsa Grzybowski; Kuhnt and Kaminski, 72, PL 1,
Fig. 2.

Test tubular, moderately coarse, flattened. Fragments in our samples
are mostly straight, rarely branched.

Dendrophrya latissima Grzybowski
(PL. 1, Figs. 1A, B)

1898  Dendrophiya latissima Grzybowski, 17, PL. 10, Fig. 8.
1988a Dendrpphrya latissima Grzybowski; Kaminski er al., 182, Pl 1,

Fig. 6.

1989 Dendrophrya latissima Grzybowski; Kuhnt er al., Pl. A-3, Fig. a; Pl
D-1, Fig. 1.

1993 Dendrophrya latissima Grzybowski; Kuhnt and Kaminski, 72, PI. it
Fig. 3.

A large flattened tube with a thin, finely agglutinated wall, All frag-
ment identified in this study are straight. Specimens os this species have a
typical “eight” profile of the tube.

Glomospira glomerata (Grzybowski)
(PL 11, Fig. 1)

1898  Ammodiscus glomeratus Grzybowski, 285, PL 11, Fig. 4.

1988a Glomospira glomerata (Grzybowski); Kaminski er al, 185, Pl 3,
Fig. 16.

1989  Glomospira glomerata (Grzybowski); Kuhnt er al., Pl. C-3, Fig. §;
PL. D-1, Fig. 9; PI. D-3, Fig. 6.

Test finely agglutinated. Proloculus followed by a single, narrow cham-

ber arranged in broad S-shaped coils. It differs from Glomospira irregularis
in having a more open coiling,

Glomospira gordialis (Jones and Parker)
(PL I, Fig. 19)

1860  Trochammina squamata Jones and Parker var. gordialis Jones and

Parker, 304.

1988  Glomospira gordialis (Jones and Parker); Moullade er al., 363, PL 1,
Fig. 4.

1988a Glomospira gordialis (Jones and Parker); Kaminski e al., 185, PL. 3,
Fig. 17

1989 Glomospira gordialis (Jones and Parker); Kuhnt et al., Pl. A-2, Fig.
C; PL. C-2, Fig. 2; PL. C-5, Fig. 11.
1990 Glomospira gordialis (Jones and Parker); Kuhnt, 311, PL 1, Figs.

1992 G.'m;:'ospira gordialis (Jones and Parker); Kaminski et al., 253, PL. 2,

1992 l(;]n%mtwim gordialis (Jones and Parker); Wightman and Kuhnt, 2535,

1992 ()chﬁui}gim gordialis (Jones and Parker); Wightman and Kuhnt, 255,

1993 IGl_fu;l?;of;%:algbirﬁalfs (Jones and Parker); Kaiho et al., p. 27, Pl 4,

1993 ?.’%m%spim gordialis (Jones and Parker); Kuhnt and Kaminski, 73,
Pl 2, Fig. 4.

1994 Glomospira gordialis (Jones and Parker); Reicherter et al., Fig. TA/C

Irregularly coiled tube, which in the last whorl lies generally in one.
Diameter of the tube is small. Glomospira gordialis is distinguished by its
smooth, very finely agglutinated wall.
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Glomospira irregularis (Grzybowski)
(PL 11, Fig. 3)

1898 Ammodiscus irregularis Grzybowski, 285, Pl. 2, Figs. 2-3.

1988a Glomospira irregularis (Grzybowski); Kaminski er af., 185, PL 3,
Figs. 20-21.

1989  Glomospira irregularis (Grzybowski); Kuhnt er al., Pl A-3, Fig. e;
Pl. A-4, Fig. b; PL. C-1, Fig. 8; PL. C-2, Fig. 4 (A); Pl. C-4, Figs. 1-2;
PL. C-8, Fig. 5.

1992 Glomospira irregularis (Grzybowski); Kaminski er al., 253, Pl 2
Fig. 6.

1993 Glomospira irregularis (Grzybowski), Kuhnt and Kaminski, 73, Pl. 2
Fig. 6.

1994 Glomospira irregularis (Grzybowski); Reicherter e al., Fig. 7A/D.

5

2

Test comprised of a broad, irregularly coiled tube which is often
flattened. The wall is moderately coarse. It differs from the other species
of the genus in aglutinating coarser grains.

Glomospira serpens (Grzybowski)
(PL II, Fig. 2)

1898  Ammodiscus serpens Grzybowski, 285, Pl 10, Figs. 31-33.

1988  Glomospira serpens (Grzybowski); Moullade et al., 363, Pl. 1, Figs. 2-3.

1988a Glomospira serpens (Grzybowski); Kamnski er al, 185-186, Pl 3,
Figs. 22-23.

1989  Glomospira serpens (Grzybowski); Kuhnt et al, Pl. C-2, Fig. 3
(A, B).

1990 Glomospira serpens (Grzybowski); Kuhnt, 311, PL. 1, Fig. 4.

1992  Glomospira serpens (Grzybowski); Wightman and Kuhnt, 255, PL. 1,
Fig. 12.

Test elongate ellipsoidal. Our specimens show a smoothly-finished
wall, In according with Kaminski et al. (1988a) we have included this
specimens in Glomospira serpens.

Glomospirella gaultina (Berthelin)
(Pl 11, Fig. 4)

1880 Ammodiscus gaultinus Berthelin, 19, PL. 1, Figs. 3a-b.

1988  Glomospirella gaultina (Berthelin); Moullade er al., 363, PL 1, Fig. 5.

1989  Glomospirella grzybowski (Jurkiewicz); Kuhnt ef a/., Pl. D-3, Figs. 3-4.

1990  Glomospirella gaultina (Berthelin); Kuhnt, 311, Pl 1, Fig. 8.

1992  Glomospirella gaultina (Berthelin); Kaminski ef al., 253, Pl. 2, Fig. 15

1993 Glomospirella gaultina (Berthelin), Kuhnt and Kaminski, 73, PL 2,
Fig. 5.

Test comprised of a tube irregularly coiled in the initial part which is
followed by one or two planispirally arranged whorls. Aperture is simple,
rounded at the end of the tube.

Haplophragmoides concavus (Chapman)
(PL. 11, Fig. 17)

1892  Trochammina concava Chapman, 327, Pl. 6, Figs. 14a-b.
1994 Haplophragmoides concavus (Chapman); Reicherter er a/., Fig, 7B/A, C.

Planispiral, flattened and finely agglutinated test. Only the three to
five chambers of the last whorl are visible. It is similar to Haplophragmoi-
des walteri because of its narrow compressed rim, but it differ from this
form in having less chamber in the final whorl and a lobate outline.

Haplophragmoides cf. concavus (Chapman)
(P 11, Fig. 15)

Test small, slightly evolute, lobate, showing four globular chambers in
the final wborl. Sutures depressed; wall medium-grain agglutinating. The
studied specimens are very often compressed. It differs from H. concavus
in having a more labate outline and a coraser aggltutinating test.

Haplophragmoides cf. walteri (Grzybowski)
(PL 11, Fig. 16)

1898  Trochammina walteri Grzybowski, 290, PI. 11, Fig. 31.

1988  Haplophragmoides sp. cf. walteri (Grzybowski); Moullade ef al., 364,
PL. 8, Fig. 7.

1990 Haplophragmoides cf. walteri (Grzybowski); Kuhnt, 314, PL 4
Figs. 10-12.

1993 Haplophragmoides cf. walteri (Grzybowski); Kuhnt and Kaminski,
73, PL. 5, Figs. 2-3.

il

Test planispirally coiled, involute, strongly compressed with a circular
outline, Sutures indstinct; surface smooth. It differs from Haplophragmoi-
des concavus in having more than 5 chambers in the last whorl. It differs
from typical Haplophragmoides walteri in having less chambers in the final
whoil and a smaller size.

Hippocrepina depressa Vasicek
(PL 1, Fig. 7)

1947  Hippocrepina depressa Vasicek, 243, PL. 1, Figs. la-b, 2.

1984  Hippocrepina depressa Vasicek; Geroch and Nowak, PL. 1, Fig. 7; PL
5, Figs. 45

1992 Hippocrepina depressa Vasicek;, Kaminski et al., 254, PI. 1, Figs. 7-8.

1994 Hippocrepina depressa Vasicek; Reicherter er al., Fig. 7A/E-F.

Test comprised of a small conical tube, laterally compressed which
may be arched and have a annular constrictions at irregular interval. Wall
finely agglutinated, finely finished. Aperture single at the end of the tube,

Hormosina velascoensis (Cushman)
(PL. 11, Fig. 8)

1926 Nodosinella velascoensis Cushman, 520, Pl. 20, Fig. 9.

1990 Hormosina velascoensis (Cushman); Kuhnt 1990; 316, Pl 2, Figs.
13-14.

1990 Hormosina velascoensis (Cushman); Kuhnt and Kaminski, 475, PL
12, Figs. k-1.

1993 Hormosina velascoensis (Cushman); Kuhnt and Kaminski, 74, P1. 2,
Figs. 8, 10-12.

Test comprised of flattened and linearly disposed chambers which not
distinctly overlap. Qur specimens are comparable to that figured by Kuhnt
(1990, PI. 2, Fig. 13).

Hormosina sp.
(PL I, Fig. 6)

Chambers arranged in a rectilinear series. Wall thin, medium to
coarse agglutinating. Our specimens are usually deformed which makes
difficult an identification at specific level.

Hyperammina dilatata Grzybowski
(PL I, Fig. 4)

1896 Hyperammina dilatata Grzybowski, 274, Pl. 8, Fig. 17a-b.

1988a Hyperammina dilatata Grzybowski; Kaminski et al., 184, Pl. 2, Figs. 1-2.

1990  Hyperammina dilatata Grzybowski; Kuhnt, 318, Pl 2, Figs. 10-11.

1991 Hyperammina dilatata Grzybowski; Kuhnt and Moullade, Pl. 4,
Figs. G-H.

1992 Hyperammina dilatata Grzybowski; Kaminski et al, 254, Pl 1,
Figs. 12-14.

1992 Hyperammina dilalata Grzybowski; Wightman and Kuhnt, 257, PL
1, Fig. 4.

Test comprised of a large single chamber with thick, fine-grained wall.
Aperture terminal rounded. It differs from Hyperammina excelsa in not
having two opening and in its more irregular “sack-like” shape.

Plate 1

1A, B Dendrophrya latissima Grzybowski, sample BTT 548. x 170.
Rhabdammina cylindrica Glaessner, sample BTT 515. x 130.
Rhizammina indivisa Brady, sample BTT 367. x 45.
Hyperammina dilatata Grzybowski, sample BTT 367. x 130.
Hyperammina elongata Brady, sample BTT 297. x 130.
Hormosina sp. sample BTT 550. x 130,

Hippocrepina depressa Vasicek, sample BTT 421. x 130.
Saccorhiza ramosa (Brady), sample BTT 579. x 130.
Ammodiscid, sample BTT 509. x 170.

Ammodiscid, sample BTT 501. x 170.
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11 Ammodiscid, sample BTT 507. x 170.

12 Ammodiscid, sample BTT 501. x 170.

13 Ammodiscus peruvianus Berry, sample BTT 438, x 130.

14 Ammodiscus cretaceus (Reuss), sample BTT 392. x 130.

15 Ammodiscus infimus Franke, sample BTT 392. x 85.

16 Ammodiscus infimus (juvenile specimen) Franke, sample BTT
515.x 130.

17 Ammodiscus tenuissimus (Glimbel), sample BTT 521. x 170.

18 Tolypammina (?) sp. 1, sample BTT 501. x 170.

19 Glomospira gordialis (Jones and Parker), sample BTT 195. x 170.

Scale bar=50 pm (except 3 =200 pm; 15=100 pm).
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Hyperammina elongata Brady
(PL 1, Fig. 5)

1884 Hyperammina elongata Brady, 257, P1. 23, Figs. 4,7-10.

1988a Hyperammina elongata Brady, Kaminski et al. 1988, 184, PL 1
Figs. 13-14.

1990  Hyperammina elongata Brady; Kuhnt, 318, Pl 2, Fig. 12.

1992 Hyperammina dilatata Grzybowski; Wightman and Kuhnt, 257, Pl
1, Fig. 5.

1993 Hyperammina elongata Brady; Kuhnt and Kaminski, 74, PI. 1, Fig. 6.

3

The test. often compressed. consists of a globular proloculus followed
by a cylindrical tube without constrictions. Wall thin, fine-grained aggluti-
nated, glassy.

Hyperammina sp.

Straight fragments of tubular chamber. Diameter of the chamber is
constant, slightly tapering in the terminal part where aperture is placed.
Wall finely agglutinated.

Kalamopsis grzvbowskii (Dylazanka)
(PL. 11, Fig. 7)

1923 Hyperammina grzybowskii Dylazanka, 65-66.

1988a Kalamopsis grzybowskii (Dylazanka); Kaminski er al. 1988, 187, Pl
1, Figs. 18-20.

1989  Kalamopsis grzvbowskii (Dylazanka); Kuhnt et al., Pl. A-4, Figs. f,
g; PL. D-3, Fig. 7.

1990 Kalamopsis grzybowskii (Dylazanka,); Kuhnt, 318, PL. 2, Fig. 15.

1991  Kalamopsis grzybowskii (Dylazanka); Kuhnt and Moullade, Pl 4,

Fig. F.

1992  Hyperammina grzybowskii (Dylazanka); Wightman and Kuhnt, 257,
Pl 2, Fig. 3.

1993 Kalamopsis grzybowskii (Dylazanka); Kuhnt and Kaminski, 74, P1. 1,
Figs. 7-9.

Mainly single-chambered, flattened fragments, often btocken in corres-
pondence to constrictions. Wall thick, fine-grained agglutinating. It differs
from Kalamopsis dubia in having smaller size and thinner wall.

Lituotuba lituiformis (Brady)
(PL. 11, Fig. 14)

1879  Trochammina lituiformis Brady, 59, P1. 5, Fig. 16.

1988a Lituotuba lituiformis (Brady); Kaminski et al., 90, Pl. 4, Figs. 14-15.

1989  Lituotuba lituiformis (Brady); Kuhnt e al., Pl. A-3, Fig. f.

1990 Lituotuha lituiformis (Brady); Kuhnt, 318-320, PL 1, Figs. 17-18.

1992  Lituotuba litujformis (Brady); Wightman and Kuhnt, 257, PL 1,
Fig. 14.

1993 Lituotuba lituiformis (Brady); Kuhnt and Kaminski, 74, Pl. 2, Fig. 7.

Test comprised of an irregularly coiled initial portion followed by an
uncoiled part, often compressed. Wall coarsely agglutinated.
Lituotuba () lituiformis (Brady)
(P1. 11, Fig. 18)
It differs from the typical Litwotuba lituiformis in having a more
compressed test and a smaller uncoiled portion.
Paratrochamminoides spp.

Irregularly coiled tests with flattened ovoid chambers.

Plectorecurvoides sp.

Chambers biserially arranged and planispirally enrolled.

Pseudobolivina lagenaria Krasheninnikov
(Pl III, Fig. 10)

1974 Pseudobolivina lagenaria Krasheninnikov, 639-640, Pl. 5, Figs. 1a-b, 2a.

1988  Pseudobolivina lagenaria Krasheninnikov; Moullade et al., 366, P1. 9,
Figs. 7-8.

1990 Pseudobolivina lagenaria Krasheninnikov; Kuhnt, 322, P1. 6, Figs. 3-4.

A species characterized by the tendency to be uniserially arranged of
the last chambers and a distinct apertural neck. Wall finely agglutinated.
Pseudobolivina munda Krasheninnikov
(PL. III, Fig. 9)

1973 Pseudobolivina munda Krasheninnikov, 210, Pl 2, Figs. 10-11.
1988  Pseudobolivina munda Krasheninnikov; Moullade ef al., 366, P1. 9,

Figs. 9-10.

1990  Pseudobolivina cf. munda Krasheninnikov; Kuhnt 1990, 324, PI. 6,
Figs. 1-2.

1992 Pseudobolivina munda Krasheninnikov; Wightman and Kuhnt, 258,
Pl 4, Fig. 5.

Test narrow, wedge shaped and elongate. The chambers, biserially
arranged, are characterized by an oval shape elongate in the direction of
the growth, slightly increasing in size as added.

Pseudobolivina variabilis Vasicek
(PL. 1II, Fig. 8)

1947  Pseudobolivina variabilis Vasicek, 243, Pl. 1, Figs. la-b, 2.

1984 Pseudobolivina variabilis Vasicek; Geroch and Novak, Pl. 1, Fig. 24;
PL. 6, Figs. 19-20.

1994  Pseudobolivina variabilis Vasicek; Reicherter et al., Fig. 7A/L

Elongate test comprised of biserially arranged chambers. Sutures dis-
tinct. Wall finely agglutinated.
Pseudobolivina (?) variabilis Vasicek
(P III, Fig. 7)
1947  Hippocrepina depressa Vasicek, 243, Pl 1, Figs. la-b, 2.

If differs from typical Pseudobolivina variabilis in having a larger last
chamber which obscures the biserially arrangement of the previous ones.
Pseudobolivina sp. 1
(PL. III, Fig. 11)

1988  Pseudobolivina sp. 1; Moullade, Kuhnt and Thurow, 366, Pl 9,
Figs. 5-6.

A species of Pseudobolivina without apertural neck which makes it
different from Pseudobolivina lagenaria.
Pseudobolivina sp. 2

(PL. 111, Fig. 12)

1988  Pseudobolivina (?) sp. 2; Moullade, Kuhnt and Thurow, 366, Pl. 9,
Figs. 11-12.

Plate 11

Glomospira glomerata (Grzybowski), sample BTT 392. x 130.
Glomospira serpens (Grzybowski), sample BTT 22. x 130.
Glomospira irregularis (Grzybowski), sample BTT 22. x 130.
Glomospirella gaultina (Berthelin), sample BTT 392. x 130.
Turritellella sp., sample BTT 416. x 170.

Repmanina charoides (Jones and Parker), sample BTT 575. x 300.
Kalamopsis grzybowskii (Dylazanka), sample BTT 541. x 170.
Hormosina velascoensis (Cushman), sample BTT 408. x 130.
Subreophax scalaris (Grzybowski), sample BTT 257. x 130.

DO NLh B W N —

10 Reophax minutus (Tappan), sample BTT 265. x 130.
11 Subreophax sp. 1, sample BTT 195. x 130.
12 Reophax sp. 2, sample BTT 257. x 130.
13 Reophax sp. 4, sample BTT 146. x 130.
14 Lituotuba lituiformis (Brady), sample BTT 546.x 170.
15 Haplophragmoides cf. concavus (Chapman), sample BTT 530. x 130.
16 Haplophragmoides cf. walteri (Grzybowski), sample BTT
515.x 170.
17 Haplophragmoides concavus (Chapman), sample BTT 367. x 130.
18 Lituotuba (?) lituiformis (Brady), sample BTT 548. x 130.

Scale bar=>50 pm (except 6 =25 pm).
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The last chamber is compressed and has a tendency to get uniserial.
It seems to have an apertural neck.

Pseudobolivina sp.
(PL. 111, Fig. 13)

Test elongate. Chambers biserially arranged, rapidly increasing in size
as added. Sutures indistinct. Wall finely agglutinated.

Recurvoides sp.

Test small, involute, with abrupt change of coiling direction.

Reophax minutus (Tappan)
(PL I, Fig. 10)

1940 Reophax minuta Tappan, 94, Pl. 14, Figs. 4a-b.

1984  Reophax minutus (Tappan); Geroch and Nowak, P 1, Fig. 9; PI. 5,
Figs. 17-19.

1994 Reophax minutus (Tappan); Reicherter et al., Fig. TA/O-P.

- Test composed of 4 to 5 compressed chambers slowly increasing their
size as added. Wall finely agglutinated.

Reophax sp. 2
(PL. 1, Fig. 12)

1988a Reophax sp. 2; Kaminski er al., 187, PL 3, Figs. 2-3.
1990  Reophax sp. 2; Kuhnt, 324, Pl 3, Figs. 7-9.

Test compressed, elongate, comprised of 4 to 5 chambers, partially
embracing, gradually increasing in size as added. Some specimens closely
resemble the modern species Reophax dentaliniformis.

Reophax sp. 4
(PL II, Fig. 13)

1990  Reophax sp. 4; Kuhnt 1990, 324, PL. 3, Fig. 12.

Test flattened, formed of very clongate chambers. Wall thin and
finely agglutinated. Sutures clearly distinct.

Reophax spp.

Test often compressed, distinct sutures between uniserially arranged
chambers.

Repmanina charoides (Jones and Parker)
(Pl 11, Fig. 6)

1860 Trochammina squamata Jones and Parker var. charoides Jones and
Parker, 304.

1928 Glomospira charoides (Jones and Parker) var. corona Cushman and
Jarvis, 89, PL. 12, Figs. 9-11. ’

1988 Glomospira charoides (Jones and Parker); Moullade et al., 363, PL. 1,
Fig. 6.

1988a Glomospira charoides (Jones and Parker); Kaminski er al., 185, P1. 3,
Figs. 14-15,

1989 Glomospira charoides (Jones and Parker); Kuhnt ef al., Pl. A-2, Fig.
d; PL. C-8, Fig. 9; PL. C-3, Fig. 7; Pl. C-5, Figs. 12-13; PlL. C-8, Fig. 4;
Pl. D-1 Fig. 8; PL. D-3, Fig. 5.

1990  Glomospira charoides (Jones and Parker); Kuhnt, 311, PI 1, Fig. 11.

1992 Glomospira charoides (Jones and Parker); Wightman and Kuhnt,

1993 Glomospira charoides (Jones and Parker); Kuhnt and Kaminski, 73,
PL 2, Fig. 3.

1994 Glomospira charoides (Jones and Parker); Reicherter et al., Figs.
TA/B.

Test subspherical, formed by 6 whorls of a thin tube streptospirally
coiled, later trochospiral arranged in a sort of crown. The wall is extremely
fine-grained, smoothly finished.

Rhabdammina cylindrica Glaessener
(PL. 1, Fig. 2)

1937 Rhabdamrnina cylindrica Glaessner, 354, Pl. 1, Fig. 1.

1989 Rhabdammina cylindrica Glaessner; Kuhnt ef al,, Pl. C-5, Fig. 1.

1993 Rhabdammina cvlindrica Glaessner; Kuhnt and Kaminski, 75, PL 1,
Fig, 1.

Rectilinear tubular fragments with a relatively large diameter, charac-
terized by the absence of any constrictions.

Rhizammina cf. algaeformis Brady

1879 Rhizammira algaeformis Brady, 20, Pl. 4, Figs. 16-17.
1990 Rhizammina cf. algaeformis Brady; Kuhnt, 324, Pl. 1, Fig. 1.

Irregularly curved tubes of constant diameter, dichotomous bran-
ching, It differs from Rhizammina indivisa also in having coarser-grained
wall,

Rhizammina indivisa Brady
(P1. 1, Fig. 3)

1884  Rhizammina indivisa Brady, 277, Pl. 29, Figs. 5-7.

1988a Rhizammina indivisa Brady; Kaminski ef al., 183, Pl. 1, Figs. 10-13.

1989  Rhizammina indivisa Brady; Kuhnt et al., Pl A-1, Fig. a; PL. A-2,
Fig. a; pl. C-3, Figs. 4-5; Pl. C-8, Figs. 1-3.

1990 Rhizammina. indivisa Brady; Kuhnt, 324, Pl. 1, Fig. 13.

1993 Rhizammina indivisa Brady; Kaiho ef al., 26, P1. 1, Fig. 3; PI. 4, Figs.
2-3.

1993 Rhizammina indivisa Brady; Kuhnt and Kaminski, 75, PIL. 1, Fig. 4.

Irregularly curved tubes of constant diameter, commonly flattened
and bent, finely agglutinated.

Saccorhiza ramosa (Brady)
(PL 1, Fig. 8)

1879  Hyperammina ramosa Brady, 33, Pl 3, Figs. 14-15.
1991  Saccorhiza ramosa (Brady); Kuhnt and Moullade, 314-315, PI. 1,
Figs. I-1.

A round ovoid proloculus followed by a long in some cases branching
tube. The diameter of the tubular chamber is considerably smaller than
that of the proloculus.

Subreophax scalaris (Grzybowski)
(PL. 11, Fig. 9)

1896  Reophax guttifera Brady var. scalaria Grzybowski, 277, PL. 8, Fig. 26.

1988a Subreophax scalaria (Grzybowski); Kaminski et al, 187, Pl 2,
Figs. 16-17.

1989 Suhreophax scalaris (Grzybowski); Kuhnt er al., Pl. A-3, Fig. i; PL
C-1, Fig. 9; PL. C-3, Figs. 9-10; Pl. C-6, Fig. 9; P1. C-8, Fig. 7; PL
D-2, Fig. 4.

1990 Subrephax scalaris (Grzybowski); Kuhnt, 326, Pl. 3, Figs. 4-5.

1992 Subreophax scalaris (Grzybowski); Wightman and Kuhnt, 258, PL. 2,

255, PL. 1, Fig. 9. ) : Fig. 4.

1993 G_iunwspr'r'a charoides (Jones and Parker); Kaiho et al, 27, Pl 1, 1993  Subreophax sealaris (Grzybowski); Kuhnt and Kaminski, 75, Pl. 3,
Figs. 7-8. Figs. 2-3.

Plate III

Trochamminoides cf. proteus (Karrer), sample BTT 530. x 120.
Trochamminoides dubius (Grzybowski), sample BTT 592. x 120.
Trochamminoides cf. dubius (Grzybowski), sample BTT 581. x 120.
Ammosphaeroidina sp., sample BTT 186. x 160.

Bulbobaculites cf. problematicus (Neagu), sample BTT 195. x 120.
Bulbobaculites problematicus (Neagu), sample BTT 332. x 120.
Pseudobolivina (?) variabilis Vasicek, sample BTT 568. x 120.
Pseudobolivina variabilis Vasicek, sample BTT 574. x 120.

e e o I

9 Pseudobolivina munda Krasheninnikov, sample BTT 574. x 160.
10 Pseudobolivina lagenaria Krasheninnikov, sample BTT 574. x 160.
11 Pseudobolivina sp. 1, sample BTT 574. x 160.

12 Pseudobolivina sp. 2, sample BTT 574. x 160.

13 Pseudobolivina sp., sample BTT 576. x 120.

14A, B Trochammina deformis Grzybowski, sample BTT 583, x 120.

15A, B Trochammina depressa Lozo, sample BTT 530.x 120,

Scale bar =50 pm.
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Test consisting of numerous discoidal partially overlapping chambers,
slightly increasing in size as added. The test has a bent or curved profile.

Suhreophax sp. 1
(PL I, Fig. 11)

1990  Subreophax sp. 1; Kuhnt, 326, Pl. 3, Fig. 14.

It differs from Subreophax scalaris in having more elongate chambers.

Tolypammina (7) sp. 1
(PL. 1, Fig. 18)

1990  Tolypammina (?) sp. 1; Kuhnt, 326, PL. 1, Fig. 15.

An ovoid proloculus followed by a tubular chamber coiled in regular
loops. Wall thin, smooth, finely agglutinated characterized by a glassy
aspect.

Trochammina deformis Grzybowski
(P1. 111, Figs. 14A, B)

1898  Trochammina deformis Grzybowski, 288, Pl 11, Figs. 20-22.
1989  Trochammina deformis Grzybowski; Kuhnt et al., Pl. D-3, Fig. 10.
1990  Trochammina deformis Grzybowski; Kuhnt, 326, Pl. 5, Fig. 7.

The four to six chambers of the last whorl slightly increase in size as
added. Sutures depressed. Periphery lobulate. Wall coarse grained.

Trochammina depressa Lozo
(PL. TII, Fig. 15A, B)

1944 Trochammina depressa Lozo, 552, Pl 2, Figs. 4a-5.

Test of small to medium size, compressed. Five to six chambers in
the last whorl regularly increasing in size as added. Sutures depressed,
gently curved on spiral side. Fine-grained wall, surface smooth.

Trochamminoides dubius (Grzybowski)
(PL. 111, Fig. 2)

1901 Ammodiscus dubius Grzybowskii, 274, Pl. 8, Figs. 12-14.

1988a Trochamminoides dubius (Grzybowski); Kaminski et al., 191, Pl. 4,
Figs. 16-17.

1990  Trochamminoides dubius (Grzybowski); Kuhnt, 326, Pl 5, Fig. 11.

1990  Trochamminoides dubius (Grzybowski); Kuhnt and Kaminski, 486-487,
Pl 4, Fig. e.

1993 Trochamminoides dubius (Grzybowski); Kuhnt and Kaminski, 78, PL.
5, Fig. 13. .

Test flattened, irregularly planispirally coiled, comprised of 4 whorls.
Chambers elongate. Finely agglutinated.

Trochamminoides cf. dubius (Grzybowski)
(PL III, Fig. 3)

1901  Ammodiscus dubius Grzybowski, 274, PL 8, Figs. 12-14.

1990  Trochammineides cf. dubius (Grzybowski); Kuhnt, 326, PL. 5, Fig. 8.

1990  Trochamminoides cf. dubius (Grzybowski); Kuhnt and Kaminski,
487, Pl. 4, Fig. .

It differs from typical Trochamminoides dubius in having a rougher
surface, and coarser-grained and thicker wall.

Tochamminoides cf. proteus (Karrer)
(PL III, Fig. 1)

1866 Trochammina proteus Karrer, 494, Pl. 1, Fig. 8.

1990 Trochammineides cf. proteus (Karrer); Kuhnt, 326, Pl. 5, Fig. 9.

1990  Trochamminoides cf. proteus (Grzybowski); Kuhnt and Kaminski,
487, Pl. 4, Figs. b-c.

Irregularly coiled in the first stages, then low trochospiral. Wall thick
and coarse-grained. Chambers elongate. Differs from typical Trochammi-
noides proteus in having fewer, more elongate chambers.

Trochamminoides sp.

Proloculus followed by a tubular chamber undivided in the first stage,

then divided in few elongated chambers. Irregularly to planispirally coiled.
Sutures indistinet. Wall coarse-grained.

Turritellella sp.
(PL. 11, Fig. 5)

1991 Turritellella sp.; Kuhnt and Moullade, Pl. 4, Fig. D.

Test small, finely agglutinated. Proloculus followed by a trochospirally
arranged tubular chamber which becomes rectilinear at the end.
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