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RELATIONSHIPS BET\TEEN FORAMINIFERAL ASSEMBLAGES AND
DEPOSITIONAL SEQUENCES IN THE MERLI EST SECTION

(FrcoLS ALLOGROUP - SOUTH-CENTRAL PYRENEES - LO\rER EOCENE)
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Riassunto. Nel presente lavoro sono illustrate le relazioni tra le
sequenze deposizionali e le associazioni a foraminiferi nella Sezione
Merli Est. Questa sezione fa. pane dell'Allogruppo di Figols che rap-
presenta una parte del riempimento terziario del Bacino Eocenico di
Tremp-Pamplona (BETP, Pirenei centro-meridionali, Spagna) che si
sviluppò dal Paleocene superiore all'Eocene superiore. I- Allogruppo
di Figols rappresenta una sequenza deposizionale a grande scala di età
ilerdiana; al suo interno sono stare distinte sequenze deposizionali di
3' (FG1, FG2, FG3 e FG4), 4' e 5o ordine.

Le oscillazioni eustatiche del livello de1 mare che causano la
deposizione di sedimenti sotto forma di sequenze deposizionali, in-
fluenzano in larga misura anche alcuni parametri biologici; le conse-
guenti variazioni alf interno delle associazioni a foraminiferi bentoni-
ci possono essere utilizzate per interpretare e riconoscere le sequenze
deposizionaii.

I parametri paleontologici mosrrano un abbassamento del li-
vello del mare dalla base al tetto della sezione; i limiti tra le quattro
sequenze deposizionali a grande scala sono indicati da variazioni
nell'associazione in cui i foraminiferi bentonici di acque più profonde
diminuiscono e gli indicatori di acque più basse aumenrano. La varia-
zione più evidente della associazione a foraminiferi si osserva al limite
FG2/FG3 ed indica un imporranre abbassamenro del livello del mare.

All'interno delle sequenze deposizionali, inoltre, sono stati ri-
conosciuti diversi trend di variazione nelle associazioni per quanro
riguarda i Transgressive Systems Tract (TST) e gli Highstand Systems
Tract (HST).

Abstact. This paper illustrates the relationships berween se-

quence stratigraphy and foraminiferal assemblages in the Merli Est
Section. This section belongs to the Figols Allogroup that represents
pan of the Tertiary infilling of the Eocene Tremp-Pamplona Basin
(BETP, south-central Pyrenees, Spain) that developed from the Late
Paleocene to the Lare Eocene. The Figols Allogroup is a large-scale
depositional sequence, Ilerdian in age; in ir 3'd (named FG1, FG2,
FG3, and FG4), 4th and 5th order depositional sequences have been
recognlzeo.

The eustatic variations largely influence some biological para-
meters; the relative changes in benthic foraminiferal assemblage can
be used for interpreting and detect the depositional sequences.

The paleontological parameters show a shallowing of the wa-
ter depth from the base to the top of the secrion. The boundaries
between the four large-scale depositional sequences are marked by va-
riations in foraminiferal assemblages in which deeper-water benthic
foraminifera decrease and shallower-water foraminifera increase in
abundance. The major change in the foraminiferal assemblages occurs

at the FG2,/FG3 boundary indicating a remarkable sealevel fall. \li
thin the depositional sequences, different trends in the Transgressive
System Tract (TST) and in the Highstand System Tract (HST) were
also recognized.

Introduction.

The foraminiferal assemblage response to eustasy-
driven sea level variations is the main objective of this
paper. Sea level variations have their sedimentological
response in the depositional sequences, each of which
consists of a stacking pattern of systems tracts (Posa-

mentier et ai., 1988). Deposilional sequences are rhe re-

sponse to sea level oscillations, and different water
depths are responsible for great variations in the marine
environment, mainly on the shelf which is shallower.

Palaeoenvironmental interpretation of the faunal
assemblages is based on rhe assumption that simiiar as-

semblages indicate similar environmental conditions.
There are many facbrs that influence the faunal assem-

blage (e.g. salinity, v/arer depth, nurrients): the depth va-

riation is considered the most important one. Generally,
benthic faunas are considered the most useful for envi-
ronmental considerations; foraminifera for their wide di-
stribution and palaeoenvironmental meaning provide
useful information on the depositional sequences and
palaeoecology. The foraminiferal assemblage variations
make it possible to recognize the large- and small-scale
depositional sequences and the internal systems tracts
(mainly TST and HST).

This paper illustrates the relationships between se-

quence stratigraphy and foraminiferal assemblages in the
Merli Est Section; this section crops out in the sourh-
central Spanish Pyrenees (Fig. 1) and belongs ro rhe Eo-
cene Figols Allogroup. This Allogroup is made up of
four large scale depositional sequences subdivided into
nine smaller-scale sequences as recognizedby Carminatti
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ne), Santa Liestra Group (Middle Eocene), and Campo-
darbe Group (Middle to Late Eocene).

The Figols Allogroup was subdivided into sequen-

ce-stratigraphic units within a hierarchical framework
strictly based on the relative physical scale of these units
regardless of their duration (Mutti, 1989).

The Figols Allogroup, bounded by regional un-
conformities, was subdivided in many different ways in
the past; the present subdivision of the allogroup is ba-

sed both on field data (Carminattr, 1992; Mutri et al.,
1994) and on micropaleontogical data (Gaboardr, 1994;

Gaboardi et a1.,1994). Based on the present subdivision,
the Figols Ailogroup consists of four large-scale compo-
site depositional sequences which, in ascending strati-
graphic order, are named Figols 1 (FG1), Figols 2 (FG2),
Figols 3 (FG3) and Figols 4 (FGa) (Mutti et aI, 1994)
(Fig. 2). These sequences are essentialy 3'o order fearures
(arge-scale composite depositional sequences) (Mutti et

al., 1994). The vertical succession of the Figols strata
indicates that the FG3 and FG4 sequences record a mar-
ked shallowing of the basin, associated with basin wide-
ning (Mutti et aI., 1994). This assumption is supported
by the foraminiferal assemblages which show an abrupt
change at the boundary between FG2 and FG3 sequen-

ces (see forward).
Each of these sequences is further subdivided into

smaller-scale sequences (small-scale composite depositio-
nal sequences) which are the expression of a high-fre-
quency cyclicity in terms of relative sealevel variations.
Nine small-scale depositional sequences, named Unit 1

to 9, were recognized (Carminatti, 1992; Mutti et a1.,

1994). Large-scale depositionai sequence FG1 includes
IJnits 1., 2, and 3; FG2 coincides with Unit 4; FG3
comprises Units 5 and 6; the last sequence FG4 compre-
hends Units 7, 8, and 9 (Fig. Z).

The studied section is situated in the F{uesca pro-
vince, near the Merli village between the Rio Esera and

the Rio Isabena (Fig 1). Merli Est section is 765 m
thick and spans the nine lJnits recognized in the Figols
Allogroup.

Material and Methods.

The Merli Est section of Figols Allogroup was

sampled in order to detect the cyclicity at different sca-

les. Carminarri (1,992) recognized many depositional se-

quences based on sedimentological characters; within
this framework, sampling was carried out to detect the
foraminiferal assemblage variations in the different sy-

stems tracts of large- and small-scale depositional se-

quences. The present analyses are based on foraminifera
from 47 samples.

Samples of 400 g were disaggregated using HzOr at low con'
centration, washed through a 63 ;rm sieve and dried. The micropa-

Fig. 1 - Location map of the studied area.

(1992), Gaboardi (1994) and Mutti et al. (99a). The in-
vestigated depositional sequences are made up only of
TST and HSI the LST (Lowstand System Tract) being

represented by erosional surfaces.

Stratigraphic Setting.

The Tremp-Pamplona Eocene Basin (BETP of
Mutti et a1., 1985) developed from the Late Paleocene to
the Late Eocene and has been studied by many workers
(e.g. Mutti et al.,1972; Njiman & Nio, 1975;Nío,7976;
Fonnesu, 1984; Nio et al., 1.984; Puigdefabregas et al.

1985; Mutti et al., 1988; Yang & Nio, 1989; Crumeyrol-
le et al., 1990; Inpez Blanco et al., 1991,; Nio & Yang,

l99l; Carminatfi, 1992; Mutti et al., 1994). The Figols
Ailogroup represents part of the infilling of the BETP;
it is llerdian in age and has a duration of about 2.7 m.y.

(Carminatti & Villa, L993).It is made up of a fluvio-del-
taic depositional system that grades westward into a pre-

dominantly shelfal mudstone succession and associated

shelfal and shallow-water carbonates. Many studies have

been carried out on the subdivision of the sedimentary
succession of BETP; here the subdivision of Mutti et al.

(1988) based on the concept of depositional sequence is

utilized. As defined by Mutti et al. (1.994), each ailo-
group consists of one or more large-scale composite de-

positional sequences and the boundary of each allo-

group coincides with the boundaries of their compo-
nent depositional sequences. These Authors recognized

six allogroups; from the oldest one they are: Alveolina
Limestones Group (Late Paleocene-Early Eocene), Figols

Group (Early Eocene), Castigaleu Group (Early Eoce-



Fig.2 - Lithostratigraphy of the Merli Est Section with the main
subdivision of Figols Allogroup in large- and small-scale

depositional sequences. The studied samples are also indi-
cated.
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leontological analyses were carried out on the fraction greater than
125 pm. Each sample was subdivided with a microsplitter many times
in order to obtain about 300 specimens of benthic foraminifera which
were picked and classified, Planktonic foraminifera, ostracods and test

fragments were also counted. Because of bad preservation, planktonic
foraminifera were considered as a group; for the same reason someri-
mes benthic specimens were identified only at generic level. Broken
specimens are consistently present, so they were included in the coun-
ting when the identification was possible.

Miliolids were considered as a group; porcellaneous tests are

less resistant to dissolution than the hyaline ones, so most of the por-
cellaneous specimens in Merli Est samples are represented only by in-
ternal casts with fragments of test. Miliolids are constirured mainly by

Quinqueloculina, Tiiloculina and PentelLina, but often the identifica-
tion even at generic level was prevented.

All the larger foraminìferal tests are broken; because of the pre-
setration and because the study was carried out on washed samples

and not on thin section, the larger foraminifera were subdivided only
at generic level. Juvenile specimens of larger foraminifera were not
identified because the external shape does not show the characters use-

ful for classification, so they were considered as a group.

The detailed study on genera and species was

made through a quantitative analysis and the classifica-
tion is indicated below. Palaeoecological meanings of
these taxa are described in the palaeoecological notes at
the end of the work.

The following parameters were utilized:
- shallow to deep-ril/ater foraminiferal taxa varia-

tion in abundance: variations in percentage of many
species, genera and/or groups were considered in order
to detect v/ater depth fluctuations. According to many
Authors (e.g. Berggren, 1,972; Sliter & Baker, 1972;

Pujos, 1972; Berggren & Aubert, 7975; Blanc-Vernet &
Clairefond, I979-8A; Grùnig & Herb, 1984; Luterbacher,
1984; Elser, 1984; van Morkhoven eî. aL, 1986; Murray,
1991), some of the most significant deep-water indica-
tors are Cibicidoides perlucidus, C. ungerianus, C. pseu-

doungerianus, C. acutimargo, Loxostomoides gr. applinae,
Praeglobobulimina gr. ooata, Spiroplectammina, Gyroidi-
noides, Anomalinoides, and Nodosariacea (knticulina,
Marginulina, Dentalina, Lagena, etc.). According to Fer-
rer et al. (L973), Aubert & Berggren (1973), Elser (1984),

Luterbacher (1984), and Murray (1991), the most signifi-
cant shallow-water indicators are considered the larger
foraminifera (e.g. Nummulites, Assilina, Discoryclina),
Rotalia, Pararotalia, the l{eoep on ides group, A sterigerina,

the Bulimina trigonalis group, and Cibícides carinatus.
- variations in abundance of planktonic foramini-

fera: because planktonic foraminifera increase in abun-
dance with the distance from the shoreline, we assumed
the highest value of planktonic foraminiferal abundance
as a signal of maximum deepening.

- species diversity: the diversity value represents

the relationship of the number of species to the number
of specimens in a given assemblage; it commonly increa-

ses with increasing water depth and distance from shore

(Douglas, 1979). In this work the diversity was calcula-

ted through the Simpson's Index:

Relationships foraminiferal assemblages depositional sequences
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4

Tl-
S.
x Pi'

in which "Pi" is the ratio between "n;" and "N", "1.1"

the total number of individuals. "n;" the numbers of in-
.rh

dividuals of the i"' species, and "S" the number of spe-

cies.

In order to detect variations in water depth rela-

ted to cyciicity, six groups of foraminifera were conside-

red: planktonics, miliolids, agglutinants, larger forami-

nifera, the Rotalia group, and other calcareous perforate

smail benthic foraminifera. The Rotalia group includes

the small-sized shallow-water indicators such as Asterige-

rina, Cuoillierina, the Neoeponides group, Pararotalia,
and Rotalia.

Systematics.

Adelosina cf. laevigata d'Orbigny - Loeblich & Tappan, 1988. Speci-

mens of the Merli Est Section differ from that illustred by Loe-

blich & Tappan (1988) in having a less tapered neck.

Alabamina midutayensis Brotzen - Auben &, Berggren, 1976.

Alabamina zaiLcoxmsis Toulmin - Applin, 1964.

A I I o m o rp h ina c re td c e a F.erss - vo n Hilleb ran dt, 79 62.

Allomorphina ballilennings - Ferrer et d., 1973.

Abastarella hochi (Piipers) - Loeblich & Tappan, 1988.

Atnmodiscus cretdceus (R.eus$ - Hulsbos et a1., 1989.

A mmodiscus planus I-neblich, 1.9 46.

Anomalina cf. A. mauaglabra Finlay, 1940. The specimens of Merli
Est Section differs from A, rnacraglabra in being more circular in
outline.

Anomalina grosserugosa Gumbel - Graham & Classen, 1955.

Anom.alinoides acuta (Pl:ummer) - Auben &Berggren, 1976.

Anomalinoides ffinis (Ha,nrken) - Bolli et a1., 7994.

Anomalinoi.des cf. A. affi.nis (Hantken). Some specimens differ from
A. ffinis in having an umbilical area not so depressed and in
being less evolute of the holotype.

Anomalinoid.es alazanensis (Nuttall) - AGIq 1982.

Anomalinaoides alazanensis spissiformis Cushman & Stainfonh -

AGIq 1982.

Anomalinoides bìlateralis (Cushman) - Bolli et al., 1,994.

Anomalinoid.es "cushmani", The specimens assigned to this species

have a general shape very similar to Cibici.des cusbnani Nu;ttall
but exhibit the characters of the genus Anomalinoides. The most
typical character of these specimens is the large depression in the
umbilical area.

Anomalinoides dorri aragonmsis (l',luttall) - Graham & Classen, 1955.

Anomalinoidesfllzrl (Cushman) - AGIR 1982.

Anornalinoid.es cÍ. helicinus (Costa) - AGI| 1982. These specimens

have less thickened sutures on the ventral side and a smoother
surface than the holotype.

Anomalinoi.d.es nobilis Brotzen - von Hillebrandt, 7962.

Anomalinoid.es prdedcutd. Vasilenko - von Hillebrandr, 1962.

Anomalinoì.d.es cÍ. saitoi Kaiho, L992. The specimens of this group
differs from A. saitoi in being less evolute.

Anomalinoides umbonifera (Schwager) - Auben k Berggren, 1976.

Anomalinoùles sp. A. Test small, circular to slightly ovate. Rounded

periphery 7-8 chambers in the last whorl; sutures curued in the
last chambers. The last chamber is high on the ventral side.

Astacolus graras (Reuss) - Nyong Ec Olsson, 1984.

Asterigerina bartoniana (Ten Dam) - Ferrer et a\., 1973.

Asterigerina úÍ. ferussaci (d'Orbigny) - Ferrer er al., 1973. The speci
mens of the Merli Est section are very close to those that Ferrer
et al. (1973) named,4. aÍf. ferussaci.

Baggina coj irnarensis Palmer, 194 1.

Brizalina gr. A. The specimens assigned to this group are

terized by broad tests with ornamented surface.
Brizalina gr. B. The specimens of this group have elongate

charac-

test and
smooth wall.

Buccella (?) sp. The assignement to this genus is doubtful because of
the bad preservation and the small size of the detected specimens.

Bulimina alazanensis Cushman - Tjalsma & Lohmann, 1983.

Bulirnina aspensk Colom, 1954.

Bulimina gr. trigonalis Ten Dam - Auben 6c Berggren, 1,976. The
specimens of the Merli Est section are very close to Bulimina gr.

trigonalis of Aubert & Berggren (1976).

Bulimina sp. A. Specimens of this species are characterized by very
small size, almost spherical shape and poorly incised surures.

Chilostomelloides eocenica Cushman - Auben k Berggren, 1976.

Chilostomelloides ouiforrnis (Sherborn 6c Chapman) - Ferrer et rl.,
1973.

Chrysalogonium Longicostatun Cushman & Jarvis - Beckmenn, 1953.

Cibicides acutus Samorlova, 1947.

Cibicides americanus (Cushman) - Graham 8c Classen, 1955.

Cibicides beadnelli k Roy, 1953.

Cibicides burlingtonensis Jennings - Hulsbos et al., !989 .

Cibicides cdntiiHaynes - Vood & Haynes, 1957.
Cibicides carinatus (Terquem) - Ferrer er 

^1.,7973.
Cibicides cassiztellauni Haynes - Slood & F{aynes, 1957.
Cibicides cf. C. cassioellauni Haynes. C. cÍ. cassiveLlauni differs Íron

C. cassiztellauni in having larger size and larger perfontions.
Cibicides cf. cusbmani Nuttall - Cita. 1950. C. cf. C cushmani differs

from C. cusbmani in the absence of the umbilical depression.
Cibicides dubius Bykov4 1959.

Cibicides aff. C. houelli Terquem - Ferrer et al., 1973. Specimens
from the Merli Est Section are close to that detected by Ferrer et

al. (1973) in southern Pyrenees; they have concave dorsal side

with a little knob in the central area.

Cibici.des lobatulus (Valker 6c Jacob) - Sztràkos, 1979.

Cibicides mauricensis Howe 8c Robens - Graham & Classen, 1955.

Cibicides megalocepbalus Pi.jpers, 1933.

Cibicides megaloperforatus Said & Kenawn 1956.

Cibicides praecursorius (Schwager) - Said & Kenawy, 1956.

Cibicides punjabens is Haque, 1.9 60.

Cibicides reinholdi Ten Dam, 1944.

Cibicides rigi.dus (Schwager) - Le Roy, 1953.

Cibicides robustus Le Calvez. 19 49.
Cibicides simplex (Brotzen) - Sztràkos, 1979.

Cibicides succedens (Brotzen) - Auben &. Berggren, 1976.

Cibicides suzakensis Bykova, 1953.

Cibicides omtraturni.d,us Myatliuk - Sztràkos, 1982.

Cibicides uestiHowe - Griinig, 1985.

Ctbtctdes sp. 2 - Ferrer et al., 1971.

Cibicidoid.es atratiensis (Tolmachoff) - Bolli et al., 1994.
Cibicidoides bradyi ffratth) - van Morkhoven et al., 1986.

Cibicidoides Laurisae (Mallory) - van Morkhoven et al., 1986.

Cibicidoides perlucidus (Nuttúl) - van Morkhoven et al., 1986.

Cibicidoides proprius Brotzen - Ferrer et al., 1973.
Cibicidoides proprius acutimargo Ten Dam- Ferrer et al., 1,973.

Cibicidoiles pseudoungerianus (Cushman) - Hulsbos et al., 1989.

Cibicidoides ungerianus (d'Orbigny) - Tjalsma 6c Lohmann, 1983.

Claoulina angularis d'Orbigny - Loeblich & Tappan, 1988.

Clavulina columnatortiLis (d'Orbign, - Ferrer et aI., 1973.
Claoulinoides tilatera Cushman - Said & Kenawy, 1956.

ColeiLes a[f , C. rettculosus (Plummer) - Ferrer er tl., 1973.

Conorboides mitra (Hofker) - Loeblich & Tappan, 1988.

Conorboides urniatensis (Tappan) - Loeblich 6c Tappan, 1988.

Cribrorobulina dicarnpyla (Franzenau) - AGiq 1982.

Cristellaria mexicana Cushman - Beckmann, 1953.



Crìstellaria occidentalis Cushman - Beckmann, 1953.

Cupillierina (?) yarzai (Ruiz de Gaona) - Ferrer et al., 1973.
Dentalina "canulina" Marie - Loeblich 8c Tappan, 1988. The speci-

mens have the same characters oÍ DentaLinoi"des canulina. but thev
have a DentalinaJike aperture.

Dentalina cornrnunis d'Orbigny - Said & Kenawy, 1956.

Dentalina consobrina d'Orbigny - Grúnig, 1985.

Dentalina haoanensis Cushman & Bermudez - Graham & Classen,

195 5.

Dentalina inornata d'Orbigny - Kaiho, 1992.

Dentalina leguminiformis (Batsch) - AGI| 1982.

Dentalina c[. leguminfurnls (Batsch). These specimens differ from D.
leguminifornis in having few chambers (rnaximum 5) and a small
tail in the first chamber.

Eponi.desfrankeiBrotzen - Ferrer et al., 1,973.

Eponides lunata Bror.zen - Kalantari, 1983.

Eponù)es cf. E. lunata Brotzen. The specimens differs from E. Lunàta

in having higher and narrow chambers on dorsal side, mainly in
the last whorl,

Eponides ouacbitaensis Howe 6c \lallace - Ferrer et al., 7973.
Fissurina laetigata Reuss - Jones, 1984.

Fissurina orbignyana Seguenza - Grùnig, 1985.

Gaudryina pyrantidata Cushman - Tjalsma 8c l-ohmann, 1983.

Gavelinella danica (Brotzen) - Tjalsma 6c Lohmann, 1983.

Gat,elinella micra (Bermi:dez) - Tjalsma 6c I-ohmann, 1983.

(?) Gavelinopsis Hofker - Loeblich Ec Tappan, 1988. The specimens

grouped here have a general features of Gaoelinopsis, but the assi-

gnement is doubtful because of the small size and the bad preser-
vation ol the tests.

Glandulina laettigata (d'Orbigny) - Said & Kenawy, 1956.

Globocassidulina subglobosa (Brady) - AGI| 1982.

Globulina gibba d'Orbigny - Loeblich & Tappan, 1988.

Guttulina communis d'Orbigny - Beckmann, 1953.

Guttulina lactea elongata Haynes, 1958.

Guttulina problema (d'Orbigny) - Haynes, 1958.

Gyroidina sp. A. This species is very similar to G. octocdnerdtd, bur
it has a very small size; the small size and the bad preservation
prevented to define the number of the chambers.

Gyroidinoides globosus (Hagenow) - von Hillebrandt, 1962.
Cyroidinoides planulata (Cushman & Renz) - Beckmann, 1953.

Gyroidinoides soldanii otocdmerdtd (Cushman & Hanna) - von FIille-
brandt,7962.

Hanzaauia c[. ammopbila (Giimbel) - van Morkhoven et al., 1986.
These specimens differs from H. ammophila in having larger sized
tests.

I-Iensonia tricarinata Marie - Loeblich & Tappan, 1988.

Heterolepa mexicana (Nuttall) - AGIP, 1982.

Hoeglund.ina eocenica (Cushman 6c Hanna) - Grùnig, 1985.

Hoeglundina so. A. Test biconvex with dorsal side more convex than
the ventral one; keeled lobate periphery with circuler ro faintly
ovate outline. On the dorsal side are visible the last two whorls
with eight chambers ìn the last whorl; the faintly recurved sutures
are thickened end the central area ìs covered by shell material. The
ventral side is characterized by straight surures and an umbilical
knob.

Karreria fallax Rzehak - Ferrer et al., 7973.
Lagena acuticosta Reuss - Grùnig, 1985.

Lagena adoena Cushman - Beckrnann, 1953.

Lagena alaeolata caudigera Br;dy - Beckmrnn. 195J.

Lagena gracì/icosta Reuss - Heynes, 1958.

Lagena laeaigata (Reuss) - Beckmann, 1953.

Lagena gr. striata (d'Orbigny) - Grùnig, 1985.

Lagena sulcata (Sflalker & Jacob) - Le Roy, 1953.

Lenticulina crasa (d'Orbrgny) - AGIP, 1982.

Lenticulina cultata (de Montfon) - Ferrer et al., 1973.
Lenticulina curoisepta (Seguenza) - AGI| 1982.

Lenticulina gibba (d'Orbigny) - AGIP, 1982.

Lenticulina inornata (d'Orbign, - AGIP, 1982.
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Lenticulina mi.d.zaayensis carinata (Plummer) - Ferrer et al., 1973.
Lenticulina cf. rosetta (Gùmbel) - Aubert & Berggren, 1976. The de-

tected specimens have large size and irregular pentagonal outline.
Lmticulina rotuLata (Lamarck) - Said & Kenawy, 1956.

Lmticulina trinitatmsis (Cushman 6c Jarvis) - Ferrer et al., L973.
Lenticulina vortex (Fichtel & Moll) - AGIP, 1982.

Lmticulina sp. A. Test with circular outline and no keeled periphery;
it is characterized by a knob and faintly recurved surures.

Lenticulina sp. B. This group includes very small specimens of Lenti-
culina with slightly elongate shape without keel, in which the um-
bilical knobs and rhe surures are nor evidenr.

Loxostomoides gr. applinae (Plummer) - van Morkhoven et al., 1986.

These specimens are characterized by very small size which along
with bad preservation prevented to recognize the diagnostic char-
acters.

Marginulina glabra d'Orbigny - AGI| 1982.

Marginulina inconspicua Hussey - Ferrer et al., 1973.
Marginulina longfunna (Plummer) - Premoli Silva, 1970.
Marginulina sp. A. Test large and compressed; surface with longitudi-

nal costae extending along the whole test and few horizontal co-

stae in the medium pan of the test.

Marginulina sp. B. Test slightly enrolled with pustules on the surures

in the early stage and thickened surures in the last chambers.
Marginulinopsis fragraria (Giimbel) - Grúnig, 1985.

Neoeponides group. This group includes specimens assignable to the
gents Neoeponides; they have tests very concave on dorsal side and
convex on ventral one, but the bad preservation prevents to reco-

gnize all the characters of this genus, mainly on the ventral side.
Neoeponides sp. A. Test flattened, slìghtly biconvex or flat on venrral

side. Circular outline and acute periphery; dorsal side consisting
of two whorls with very narrow chambers separated by strongly
curved thickened sutures. On the ventral side the chambers are

wedge-shaped.

Neorot al ia a I ican t ina Colom, I 954.

Nodosarella paleocenica (Ctshman 6c Todd) - Beckmann, 1953.

Nodosarel/a robusta Ctshman - Beckmann, 1953.

Nodosaria ffinisReuss - Le Roy, 1953.

Nodosaria Longiscata d'Orbigny - Graham & Classen, 1955.

Nodosaria raphanistrrnn (Linnaeus) - Dubois, 1929.

Nonion commuze (d'Orbigny) - Ferrer et al., 1973.
Nonion florinense Cole - Cushman, 1939.

Nonion graniferun (Terquem) - Cushman, 1939.

Nonion labradoricum (Dawson) - Cushman, 1939.

Nonion laeve subexcavatum Bhatia - Ferrer et aI., 1973.
Nonion rnexicanus Cole - Cushman, 1939.

Nonion scaphum (Fichtel & Moll) - Grùnig, 1985.

Nonionella cretacea Ctshman - Cushman, 1939.

Nonionella cf. cretacea Cushman - von Hillebrandt, 1962.
Nonionella extensdBrotzen - Cushman, 1939.

Nonionella japonica (Asano) - Cushman, 1939.
Nùmmodiscorbis elegantissima (Rutgers) - Ferrer et al., 1973.
Oolina gr. globulosa (Montagu) - Mc Dougall, 1987. This group inclu-

des specimens characterìzed by spherical shape without ornamen-
tation.

Oolina hexagona (\lilliamson) - Jones, 1984.

Oolina strnplex Reuss - Kaiho, 1992.

Ornatanontalina geeiHaque - Loeblich & Tappan, 1988

ParulagLandulina dinapolii Loeblich 8c Tappan - AGIP, 1982.
Pentellina pseudos.lxoÍum Schlumberger - Ferrer er al., 7973,
PlanuLina aff. P burlingtonezsrs (|ennings) - Ferrer er al,, 1.973.

Pleurostomella rapa recens Dervieux - AGI| 1982.

Praeglobobulimina gr. wata (d'Orbigny) - Hulsbos et al., 1989.
Pseudoglandulina manifesta Reuss - Auben &.Berggren, 1976.
Pseudoglandulind. pygmaed (Reuss) - Kalantari, 1983.

Pseud.onodosaria discreta (Reuss) - Loeblich & Tappan, 1988.
Pseudonodosaria hantkeni (Franzenau) - Sztràkos, 1987.

Pullenia quinqueloba (Reus$ - Tjalsrna 6c Lohmann, 1983.

Quadrimorphina aLlomorphinoides (Reuss) - Hulsbos et al., 1989.

Re lationships fordminiferal assemblages depositional sequences
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Rotalia calcariftrzzis (Schwager) - LeRoy, 1953.

Rotalia rrochidiforzis (Lamarck) - Ferrer et al., 1973.
Rotalia cÍ. R. trochi"diftrmjs (Lamarck). Some specimens differ from

R. nochi"diformls on the ventral side, which exhibits sutures not
indented and a smooth umbilical knob with one fissure in the
centre.

Rotalia trocbus d'Orbigny, 1852.

Rotal ia tub erculifera Pretss, 18 62.

Rotalia oiennotl Greig - Ferrer et aI., 1973.

Saracenaria trigonatlt (Pìummer) - Ferrer et i., I973.
Siphotextularia concdúd (Karrer) - Barbin 8c Keller-Grùnig, 1991.
Spiroloculina canaliculata d'Orbigny - AGI| 1982.

Spiroplectamnina adamsi Lalicker - Graham & Classen, 1955.

Spìroplectammina dentata (Alth) - Auben 8c Berggren, 1976.

Spiroplectarnrnina deperdita (d'Orbigny) - Barbin Ec Keller-Grùnig,
1.991.

StilostomeLla curvdturd (Cushman) - Beckmann, 1953.

Stilostomella decurra (Bermudez) - Beckmann, 1953.

Stomatorbina rorrei (Cushman & Bermudez) - Ferrer er al., 1973.
Textularia pseudotrocbus Cushman, 1922.

Tiifarina gr. bradyi Cushman - AGI| 1982. These specimens are ge-

nerally of small size and show the general features of T braclyi.
Tiifarina muralis (Terq.l.em) - Grùnig, 1985.

lliloculina tigonula (Lamark) - von Hillebrandt, 1953.

TLrrilina brevispira Ten Dam, 1944.

Uvigerina elongata Cole - Tjalsma & I-ohmann, 1983.

Uvigerrna eocaena Gijmbel - Grùnig, 1985.

Vaginulinopsis mexicana ahicostata Cushman 6c Barksdale - Bignot,
1.962.

Valvulammina globularis (d'Orbigny) - Ferrer et al., 1,973.

Valoulina Limbata Terquem, 1882.

ValrLulineria cubana Cushman & Bermudez, 1936.

Valvulineria aff . texana Cushman & Ellisor - Ferrer et a]r, 7973"

Vulvulina spinosa Crshman - Tjalsma & Lohmann, 1983.

Hypotheses of assemblages in the depositional
sequences.

Some hypotheses were made on the assemblages

of the LST, TST, and HST. On shelf, the LST is charac-

Distribution and percentages

of the six groups of foramini-
fera detected in Unit 1, Merli
Est Section.

terized by erosion and/or no deposition; only in the
higher part of the system tracts one can observe the se-

dimentation of proximal sediments. These sediments

should contain assemblages characteristic of very shal-

low waters. Outside the shelf, the base of the LST
should be characterized by rew.arked tests displaced by
gravitational flows due to the erosion of the shelf; these

sediments should yield foraminifera in situ and should
show a deepening trend toward the top of the sysrem
tracts (increase in planktonic and in deep-water forami-
nifera and decrease of shallower-water fauna). At the
very top of the lowstand, a decrease in nutrients could
be responsible of a stratification of the water column; at

this level an increase of taxa diagnostic of anoxic envi-
ronment is possible (e.g. Bolivina). The LST and the
SMST (Shelf Margin System Tract) are deposited during
the relative sealevel fall, the lowstand. and rhe initiation
of the sealevei rise.

The TST is sedimented when the sea-level rise is

greater than the subsidence. From the base to the top of
TST the foraminiferal assemblages should show an increase

in abundance of deep-water and planktonic foraminifera
and a decrease of shallower-water specimens. An increase

in the value of the diversity should be also detected.

The base of the HST should be characterized by
the maximum value of deep-water indicators correspon-
ding to the MFS (Maximum Flooding Surface); then a

décrease of these indicators and an increase of shallower-
'water foraminifera should be expected due to the aggra-

dational and progradational trend that causes a relative
sealevel fall. Because of the progradation this effect

should be present first of all in the more proximal envi-
ronments, and later in the outer ones.
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Percentages of Cibicid.oides perlucid.us, C, pseudoungerianus, C. ungerianus, C. proprius acutimargo, and C. proprius in Merli Est Sec-

tion. lfaved lines indicate the sequence boundaries; dashed lines indicate the Maximum Flooding Surfaces; for the legend see Fig. 2.
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Description of Units 1 to 9.

Unit 1.

Unit 1 consists mostly of brown-gray clays with
intercalations of thin-bedded turbidites that decrease to-
ward the top (Fig. 3); the upper part of the unit is char-

acterLzed by the presence of a thick bed of marls and of
a storm layer rich in test fragments. At the very top the
clays are intercalated by thin arenaceous levels (Carmi-

natfi, 1992). The presence of turbidites can influence the
assemblages in many ways: tests are partially displaced,

and the turbidity of water due to the presence of terrige-
nous material causes the decrease of planktonic forami-
nifera and the relative increase of agglutinated foramini-
fera (Turco, 1995).

The foraminiferal assemblages of the first three

samples (M891-9, ME91-10, and ME91-11) could be par-

tially displaced because of the presence of thin-bedded

turbidites. The percentages of planktonic and agglutina-

ted foraminifera, in fact, show an opposite trend in these

three samples of Unit 1. Probabiy samples ME91-9 and
ME91-11 are the most affected by the thin-bedded turbi-
dites. However, the assemblages seem to indicate a shal-

lowing of water depth toward the top.
The foraminiferal assemblages, in fact, show a gene-

ral decrease of planktonic and agglutinated foraminifera
and an increase of miliolids from the base toward the top
of the sequence. The Roulia gr. is present, with percent-

ages lower rhan 1o/oo only in the three highest samples.

Only sample ME91-14 yields a small percentage of larger

foraminifera that are represented mostly by juvenile speci-

mens.

Among the group of the "other calcareous perfo-
rate small benthic foraminifera", the most common taxa
in Unit t are Cibicidoides perlucidus, C. pseudoungeria-

nus, Loxostomoídes gr. applinae, Brizalina gr. B, Praeglo-

bobulirnina gr. oaata, lcnticulina cultrata, Spiroplectarn-

mina spp., Gyroidinoides octocamerata (Fig. 4, 5, and 6).

The mentioned taxa are considered as deeper-water indi-
cators. Tiifarina gr. bradyi is a taxon present with low

C i bi cí d o id as p erl ucid us C. pseudNngerianus
20
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Spiroplectammina spp. in Merli Est Section. For the symbols and the legend see Fig. 2 and 4.

percentages Q.4o/o maxímum in sample ME91-11), but it
is remarkable that it occurs almost only in Unit 1 (Fig.

6). This genus was found by Murray (1991) in shelf and

upper bathyal sediments and by Pujos (1972) only in
water deeper than 150 m in the Bay of Biscay, so it is

here considered as a deep-water indicator.

Unit 2.

The boundary between Unit 1 and Unit 2 is defi-
ned on the basis of both paleontological and lithological
considerations. Lithologically there is an abrupt change

from arenaceous clay to well stratified pelitic limestones

named "Puebla de Roda Limestones". The thick bed of
limestone is overlain by a bioturbated level of marl
about 5 meters thick; the upper part of the sequence is

constituted by mudstone with two calcareous levels of
skeletal framework with hybrid matrix (the upper one

is named "Roda storm") Fig. Z).

Planktonic foraminifera do not show great varia-
tions in percentages, but the increase of miliolids and

large foraminifera indicate the HST. Sampl e MEgl-22
shows the highest percentage of planktonic foraminifera
and low abundance of miliolids; the larger foraminifera
are absent.

Samples from ME91-22 to MEgl-27 are charac-

terized by large fluctuations in the percentage of taxa.

Larger foraminifera Fig. Z) are presenr below sample

M891,-22 only in samples ME91-18 and ME91-19 with
low percentages. Above this sample they are present

from sample }y'rE?I-24, few meters below the Roda
Storm with higher percentages. Larger foraminifera have

a trend according to that of agglutinants and opposite to
the small benthic calcareous foraminifera.

Some of the most important taxa show the fol-
lowing trend: Z.gr. applinae and l-enticulina sp. B (Fig.

5) have the highest abundances in the lowest part of this
unit; l. gr. dpplinde shows percentages from 10.6% (sam-
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l0
G. etocamdale Gyoidincideslol. T. gr. bredyl

%o t0 l0
T. mwelis N. labraddicm Uvigeilne spp.

t0 t0 l0 l0

ple ME91-17) fo 33.8o/o (sample ME?I-22). C. pseudoun-

gerianws and C. ungerianus show high percentages in this
unit (Fig. 4); the iowest abundance of C. pseudoungeria-

nus ocq)rs in samples ME9t-22, ME97-23 and MESI-24
placed at the base of the HST and C. ungerianus ts

abundant in the HST. C. perlucidus is absent in sample
ME9l-27, at the very top of the unit; among the other
samples, the lowest percentages are shown in sample
M891.-22. The highest abundances of Spiroplectammina

genus are in samples M891,-22, ìll{Egl-23 and ME91-24
with values increasing from the first to the latter. The
abundance of Brizalina gr. B decreases discontinuously
from the base to the rcp of the unit. Cibicides rnauricen-

sls has the highest value in samples ME91-21and ME91-
2z (Fig. 8).

Unit 3.

Unit 3 is characterized by the alternation of mud-
stone and limestone comprised of skeletal framework
with hybrid matrix; the thickness of mudstone strata in-
creases toward the top (Fig. 9). The recognition of MFS
is based only on lithological observations: the mudsto-

245

Fig. 6 - Percentages of Gyroid.inoid.es

octocd.rneratd, Gyroidinoid.es
spp., Tiifurina gr. bradyi, T
muralis, Nonion labradori
cum, and, Uoigerina spp. rn
Merli Est Secrion. For the
symbols and the legend see

Fìg.2 and 4.

nes at the top of the sequence are the distal expression
of the Roda Sandstone and are interpreted as the respon-
se to a highstand phase (Carmrnatti, t992).

The fauna does not show great variations within
this unit; only little fluctuations in abundance of
planktonic foraminifera and shallow-water indicators
(miliolids, Rotalia gr. and larger foraminifera) were ob-
served, which are interpreted as the response to minor
fluctuations of sealevel (very small-scale cycles).

Deep-water indicators, llke Cibicidoides acutimar-
go, Icnticulina sp.B, L. gr. applinae, Gyroidinoides spp.
and Tiifarina rnuralis, decrease in abundance in respect
to Unit 2 and/or disappear (Figs. 5 and 6). On the con-
trary the shallower-water indicators, like Allornorpbina
halli, Conorboides umiatensis, Anomalinoi.des "cushmani",

Asterigerina spp., Operculina spp. and Discoqclina spp.
(Fig. 10, 11, and 12) increase in abundance and/or ap-

pear in this unit.

Unit 4.

Unit 4 has the same lithologies of Unit 3 and in
this unit mudstone strata increase in thickness toward
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the top, too (Fig. 13). CarminaÍrí (1.992) placed the MFS

below sample ME91-41 which is rich in molluscs (ga-

stropods and bivalvs).
Similarities between Units 3 and 4 are observed

also in the distribution of taxa, and the same considera-

tions can be made about the very small-scale cycles and

the MFS. Sample ME91-42 shov's the highest value of
planktonic foraminifera (Fig. 13) and high values of
deep-water indicators; Anomalinoides ffinis, C. pseu-

doungerianus, Cibicides a.mericd.nus, C. cassiaellauni, Gy-

roidinoi.des spp., l/. labradoricunt., Uoigerina spp. have

the highest percentages in sample M891,-42. The same

sample has the highest value of diversity, and the ratio
between fragments of foraminiferal tests and the unbro-
ken test is the lowest of this unit (Fig. 14).

Only few taxa first occur in this unit (Fig. 15);

Rotalia spp. is rather continuously present in this unit
and was almost absent in the units belowl Anomalinoi-
des sp. A, present in Alveolina Limestone Allogroup
with percentages lower than 2o/o, occurs rarely only in
Unit 4 as well as Allomorphina halli. Many deep-water

indicators decrease in abundance (e.g. L. gr. dpplinae, V
alticostata, C. pseudoungerianus and C. ungerianu)
and/or disappear in this unit.

Units 5 to 9.

Tn the hioh"' 'tart of the Merli Est Section the
lithologies change: limestones increase, mudstones beco-

me rarer, and sandstones appear in thick but rare strata.

A new increase in mudstone lithology is observed in the

topmost part of the section (Fig. 16 and 17).

Distribution and percentages

of the six groups of foramini-
fera detected in Unit 2, Merli
Est Section.

Units 5 fo 9 are on a smaller scale than the others
examined. These five units constitute the medium-scale

depositional sequences FG3 and FG4. Foraminiferal as-

semblages show that these units were deposited in shal-

low water: planktonic foraminifera are rare, except in
sample ME9I-44 (Unit 5) where they represent 20,7o/o of
the foraminiferal assemblage, and shallow-water indica-
tors generally have high percentages. The absence of
planktonic foraminifera makes it more difficult to detect

sealevel fluctuations; the recognition óf Units 5 to 9 is

based mainly on lithological characters (Carminatti, 1992).

Many taxa disappear at the FG2/FG3 boundary
(e.g. most of the Nodosariacea, P gr. wata, Gyroidinoi-
des spp., C. pseudoungerianus, C, ungerianws and A. uil-
coxensis; Fig. 15); all these taxa are interpreted as deeper-

water indicators. Some other taxa decrease and/or disap-

pear within the FG3 sequence: Cibicidoides perlucidus,

C. proprius, Cibicides acuttts, A. "cushmani", Arnmodiscus
spp., Dentalina spp., Lagena gr. striata (Fig. 18). These

taxa could be considered as indicators of intermediate
depth. Another important signal of the sealevel fall is

the appeareance and/or increase in abundance of some

shallow-water f.axai Assilina spp., Asterigerina spp., Buli-
mina gr. trigonalis, Cuoillierina (?) yanai, Neoeponides

gr., Pararotalia spp., R.otalia spp. The ratio bet'ween frag-

ments and unbroken tests is generally high in FG3 and

FG4 sequences, and, on the contrary, the diversity is

iow (Fig. 14). Larger foraminifera of Units 5 and 6 are

mostly represented by the genus Assilina.

Unit 7 marks the lower boundary of FG4 sequen-

ce because of the variations in foraminiferal assemblage:

larger foraminifera have generally lower percentages and
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are mostly constituted of l,{urnmulites spp.; C. mauricen-
sis, C. proprius and C. perlucidus percentages decrease; on
the other hand, Pararoulia spp. and C. (?) yarzai firsr
occur, and miliolids reach in Unit 7 the highest percent-
ages of the Allogroup. Asterigerina spp: (Fig. 11) per-
centages abruptly increase from values ( 5% in Unit 6

to values >30o/o in Unit 7 and above (the highest values

are 37.8o/o in sample ME91-48 and 58.5% in sample
MEel-s3).

The absence of the gentts Operculina (ptresent in
Units 3 and 4) could be due to the substrate unfavorable
to the life; in fact Opercwlina is a herbivore genus living
in muddy carbonate sediments (Murray, l99I).

General variation trends in foraminiferal assemblaqes
in Merli Est Section and Ínterpretation.

A general shallowing of water depth is showed

upward by the foraminiferal assemblages in the Merli
Est Section.

247

Fis. 8 - Percentrpes o[ Cibicides mau-__ò'
ricensis, C. americanus, C. cas-

sivellauni, and C, acutus in
Merli Est Section. For the
symbols and rhe legend see

Fig. 2 and 4.

The most important variations in foraminiferal as-

semblages are (Fig. 15):

- Cibicidoides proprius dcutirnargo disappears at the
boundary between Units 2 and 3.

- Tiifarina gr. bradyi is mainiy distributed in Unit
I. T mwralis is scattered distributed in Units 2 and 4
with low percentages. The genus Tiifurina is completely
absent in FG3 and FG4 sequences.

- Loxostomoides gr. applinae, Gaaelinella danica

and Cibicidoides avatiensis are presenr in lJnits 1, 2,

and 3. G. danica and C. atratiensis a.re raÍe and show
discontinuous occurrence; L. gr. applinae is more abun-
dant in Units 1 and 2 and decreases significantly at the
TT-it )/1 l-^"-,1^."

- Vaginulinopsis alticostata, Lenticulina cuhrata and
Lenticulina sp. B are continuously presenr in FG1 se-

quence and their abrupt decrease marks the FGl,/FG2
sequences boundarv.

Relationsbips foraminiferal assemblages depositional sequences
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Distribution and percentages

of the six groups of foraminr-
fera detected in Unit 3, Merli
Est Section.

Fig. l0 Percentages of Allomorphina
balli, Conorboides uniatensis,
Anomalinoides "cushnani",
A. ffinis, Anornalinoides sp.

A in Merli Est Section. For
the symbols and the legend

see Fig. 2 and 4.
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Fig. 14

ReLationships foraminiferal assemblages depositional sequences t)l

Values of species diversity, tests fragments and percentages of planktonic foraminifera in Merli Est Section. For the symbols and the
legend see Fig. 2 and 4.

In Unit 2, fossil assemblage reveals that sample

ME91-16 was deposited in waters a little deeper than
that of ME91-15. Such assemblage variation make possi-

ble to locate the Unit 1./2 boundary between samples

ME91-15 and ME91-16. This is correct considering that
the LST is absent in the depositional sequences of this
section, and sample ME91-I6 could represent rhe early
TST of Unrt 2. Based on percentages of shallow-water
fauna and planktonic foraminifera, there is an evidenr

deepening trend from the base of Unit 2 to sample

ME9I-22, and a shallowing from sample ME91-23 to the
top of the sequence due to the prograding sediment.
Sample M891.-22 represents the maximum deepening of
Unít 2; for these reasons the MFS is placed near this
sample.

According to lithological criteria, Carminatti
(1992) placed the MFS of this unit at the boundary be-

t'ween the limestones and the overlying marls. Flowever
sampie ME?I-2} does not show any deepening charac-
ter: planktonic foraminiferal percentage is very low
(3.2'/o) and mosr of the taxa considered in the presenr
work as deeper-water indicators have percentages lower
than in sample M891,-22 (".g. L.gr. applinae, G. octoca-

merAtd, A. ailcoxensis, Eponides frankei, Nonion spp.,

Oolina spp.; Fig. 5 and 19). Nevertheless the assemblage

of samples ME91-20 and MEgl-21 could be biased by
the bioturbation which affects the marls.

The high percentages of larger foraminifera and rhe
low percentages of planktonic foraminifera indicate a relari-
ve shallowing of water depth in the HST of this sequence

due to the progradation of sediments. The signal of the
relative lowering of the sea-level in the HST was emphasi-
zed by the presence of shallower-warer raxa displaced by
the prograding sediments. The presence of the Rotalia gr.,

Divarsity (Simpson's Index)
20
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the increase of the Neoeponides gr., and the absence

and/or decrease of the most important deep-water indi-
cators (e.g. L. gr. applinae, C. perlucidus, C. proprius acu-

tirnargo, C. pseudoungerianus, C'yroidinoides spp.) indica-
te the lowest sealevel of Unit 2 falls in sample ME?I-27.
\flithin this unit, many minor oscillations of the sealevel

in a general deepening trend can be recognized; they are

indicated mainly by the fluctuations of percentages of
planktonic foraminifera, miliolids and larger foraminifera
and are considered as very small scale cycles due to mi-
nor oscillations of the water depth. Sedimentological fea-

tures well show sealevel fluctuations in the lower part of
the unit where the limestone stratification is evident, but
the small-scale cycles are recognrzable through foramini-
ferai assemblage also in the mudstone levels of the HST
of the sequence where the sealevel oscillations cannot be

detecrcd by lithological considerations.

The decrease of deep-water indicators and the in-
crease and/or appea:ra'nce of shallow-water foraminifera
indicates a general shallowing of water depth from Unit
2 to Unit 3.

Fig. 15 - Distribution of the most in-
dicative species o{ benthic fo-

raminifera in Merli Est Sec-

tion plotted against large-

and small-sca1e units and sy-

stems tracts.

Unit 3 does not show great variations in percent-
ages of the detected foraminiferal groups. As in Unit 2,

the oscillations of the planktonic foraminifera and the
shallow-water taxa values are interpreted as the response

to minor sea-level oscillations. The MFS was placed

only by sedimentological characters (Carminattr, 1992);

the foraminiferal assemblage, in fact, does not show any
indication of the MFS.

Figols 2 (FG2).

The lithologies of Units 3 and 4 are very simi-
lar, nevertheless (Fig. 15) the appearance and/or in-
crease of some shallow-water taxa (e.g. Rota/ia) and
the decrease of some deeper-water indicators was ob-
served (see before).

Such a distribution of foraminifera indicates that
Unit 4 was deposited in water depth shallower than that
of Unit 3. The signal of sea-level fall at the lower
boundary of Unit 4 is more significant than the one

marking the boundary between Units 2 and 3; these
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data confirm the sedimentological considerations and

the Unit 3/4 boundary is considered coincident with
the lowest one of the medium-scale depositional sequen-

ce FG2.

In Unit 4, the assemblage of sample ME91-42
seems to better indicate the MFS of this unit in respecr

to the sample ME91-41 indicated by Carminatú (1992).

The TST is characterized lry a general deepening trend
(Fig. 13); only sample M891.-41. show an opposite trend
of planktonic and large foraminifera. The HST of this
sequence was not described because it is represented

only by the barren sample ME91-43.
As described before, many species decrease and/or

disappear at the top of Unit 4, marking the boundary
between FG2 and FG3 seouences.

Figols 3 (FG3).

The abrupt sealevel fall at the FG2/FG3 bound-
ary is marked by a great change of foraminiferal assem-
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Fìg. 16 - Distribution and percentages

of the six groups of foramini
fera detected in Units 5 and 6,

Merli Esr Secrion.

Fìg.17 - Distribution and percentages

of the six groups of foramini-
fera detected in Units 7, 8,

and 9, Merli Est Section.

blages (Fig. 15). This boundary is well marked also by
the abrupt decrease of the values of planktonic foramini-
fera and the diversity and by rhe increase in tests frag-
ments (Fig. 1a). The boundaries of the small-scale se-

quences, well recognizable in FG1 sequence, are nor
well enhanced in the topmost part of the section by fo-
raminiferal assemblages; the sequence boundaries detec-

ted by Carminatti (1992) were considered.

In Unit 5, one of the two studied samples is bar-
ren, so it was not possible to make considerations about
the trend of the foraminiferal assemblages.

In Unit 6 a deepening trend was detected from
sample ME91-46 to M891,-47 where the MFS was placed.

Figols 4 (FG4).

The almost complete disappearance of planktonic
foraminifera and the above mentioned changes in fora-

miniferal assemblage, indicate a step corresponding to
FG3/FG4 boundary. The absence of pianktonic forami-

Relationships foran'tiniferal assernblages depositional sequences
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Fig. 18 - Percentages of Ammodiscus spp., Dentalina spp., and Lage-

nd gr, stia.ta in Merli Est Section. For the symbols and

the legend see Fig. 2 and 4.

nifera and the high values of shallow-water foraminifera

in both samples of Unit 7, and the barren sample

ME91-51 in Unit 8, hintered the recognizement of the

MFS and of the boundaries between Units 7,8, and 9.

In Unit 9 the MFS indicated by Carminatti (1992) is

confirmed only by the presence of planktonic foramini-
fera in sample ME91-56.

Conclusions.

Species with palaeobathymetric meanings show

variations in abundance and distribution in response to

sea level oscillations; nevertheless many other factors

(e.g. salinity, temperature, substrate) participate to create

the foraminiferal assemblages and sometimes rnake more

difficult to understand the sea-level oscillation.
This work demonstrates that the recognition of

depositional sequences and their systems tracts through
an integration between sedimentological and paleontolo-
gical data is possible.

The Merli Est Section shows a clear regressive

trend upward: from the base to the top of the section,

deeper water indicators decrease and shallow-water fora-

minifera increase and/or appear. This regressive trend is
not continuous, but is characterized by some steps that
made it possible to recognize the four large scale deposi-

tional sequences in which the Figols Allogroup is subdi-
vided. The FG2/FG3 boundary is the most evident be-

cause a great change in foraminiferal assemblage occurs;

the severe sea level fa1l is enhanced by a great increase of
shallow water taxa (e.g. larger foraminifera and Rotalia)

and by the almost total disappearance of deeper-water

taxa.

It is not possible to detect the TST or the HST
through "typical" assemblages, but they are recognizable

only through the variations of the assembiages in a se-

quence. TST and HST are characterized by different
trends of the foraminiferal assemblage. A deepening

trend, recogntzable by an increase in planktonic forami-
nifera and in deeper-water taxa and by a reiative decrea-

se of shallower water species, characterizes the TST and

an opposite shailowing trend due to the prognding sedi
ments characferizes the HST. The topmost part of TST

and the lowest part of HST yield very similar assembla-

ges; using foraminiferal assemblages the maximum floo-
ding is identified as the interval of maximum deepening

in which the maximum abundance of deeper-waîer taxa,

the highest vaiue of P/B ratio and relative lower per-

centages of shallow-water taxa occur.

Because of the presence of smailer-scale cycles, so-

metimes it is difficult to recognize the depositional se-

quences at alarge scale. The minor variations of the per-

centages of indicative taxa (related to smaller-scale cycle

variations), could hide the major variation trend of the
foraminiferal assemblages.
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Palaeoecological notes.

Alabamina Toulmin, 1941

Sliter & Baker (1972) found this genus at middle-slope depths

along the eastern Pacific margin. The same Authors considered, in the

Cretaceous assemblages of Carlsbad, Alabamina as a genus indicating

middle to outer shelf depths. Berggren Q97a) Íound Alabarnina

rniduayensis at depth less than 30 meters in the Late Paleocene - Early

Eocene of the Nonh Atìantic.

AllomorPhina Reuss, 1849

Allomorpbina is common in circalittorai and epibathyal envi-

ronments (110-900 meters) (Sztràkos, 1979)' Sliter 6c Baker (t922)

found this genus at middle-slope depths along the eastern Pacific mar-

gin. The same Authors report in the Cretaceous assemblages of Carl-

sbad AlLornorpbina as a genus indicating middle- to outer'shelf depths'

255

Fig. 19 - Percentlges of Alabami.na
uilcoxmsi.s, Eponides fran'
hei, Nonion spp., and Ooli
nd spp. in Merli Est Sec-

tion. For the symbols and

the legend see Fig. 2 and 4.

At this depth there are few specimens but their abundance lncreases

with increasing depth. Elser (1984) indicates this genus as dominant in

middle- and upper-slope in the Maastrichtian of the southern Pyre-

nees. Nyong 8c Olsson (1984) found A. balli in the Campanian to

lower Maastrichtian sediments of the Nonh American Basin where

this species is present at depth less than 1000 meters.

Arnmo baculites Cushman, 1 9 10

This genus was found from inner shelf to upper bathyal (lvfur-

ray,199!).

Amrnodiscus Reuss, 1 862

In the eastern Pacific margin the modern bathymetric distribu-

úon of Arnrnodisczs is from middle shelf through deeper water (Sliter

& Baker, t972); rn the Cretaceous ocean-margin foraminiferal assem-

blages from southern California, the same Authors report this genus

with increasing abundance from the middle-slope.

Relationsbips foraminiferaL assernbldges depositional sequences
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Anomalina d'Orbigny, 1826

Berggren (1974) indicates depth comprised between 200 and

600 meters (outer shelf - upper slope) for the species A. grosserugosa

(Gavelinella) in the Late Paleocene - Early Eocene of the Nonh Atlan-
t1c.

A n orna I ino ides Brotzen, 79 42

Berggren (1974) indicates for A. acuta, a life-depth between 20
and 100 meters in the Late Paleocene - Early Eocene of the nonhern
Atlantic; however, Berggren & Aubert (1975) indicate A. acuta as a

cosmopolitan species with a large bathymetric range, but showing a

decrease in abundance at rnajor depth. Berggren & Auben (1976) in-
clude this species among the neritic taxa ( <2OO meters) with an in-
crease in abundance toward the outer neritic (Auben & Berggren,
te7 6).

A. praeacuta has a wide bathymetric range, but its highest
abundances are found at rhe deeper sites (Tjalsma & l-ohmann, 1983).

Van Morkhoven et al. (tlSe) indicate A. d,orri aragonenxs as a
synonym of Anomalinoi.des cltpitlrtus which is primarily a bathyal spe-

cies ranging to abyssal depth. The same Authors indicate the depth
limits of some species oÍ AnomaLinoides: the upper depth boundary of
A. flintii and A. helicinus is considered middle-upper bathyal (about
600 meters) in the Neogene of Hispaniola; the upper depth boundary
oî Anomalina bilateraLis is considered the middle-neritic environment
in Jackson-Claiborne and Barbados Farnts. Anomalina alazanensis ts

primarily an upper and middle bathyal species. It is occasionally ob-
served in outer neritic deposits but is absent in abyssal sediments. This
species was found at rniddle upper-bathyal depths (300-600 meters) of
the Caribbean and Mediterranean regions in the Oligocene (Berggren,

1972). The same Author found l. alazanensis at bathyal depth (> OOO

meters) in the Oligocene of the Bay of Biscay.

Assilina d'Orbigny, 1839

The palaeobathymetry of Asilina in the Eocene of the Tremp-
Ager area (Pyrenees - Spain) is similar to that of Nurnmulites. Axilina
is more common in marl facies and in lagunal or littoral deposits (Fer-

rer et al., 1973). Luterbacher (1984) in the Paleogene of the southern
Pyrenees recognizes four morphogroups among the genus Assi/ina and,

Numrnulites with different palaeoecological distribution: small speci-

mens (diameter less than 8 mm), lensiform are typical of littoral facies;

small specimens (<than 8 mm) disc-shaped are typical of shallower
water environments and common in carbonate sediments; large and

flat specimens (>tlian 8 rnm) are typical of beach deposits; other len-
siform specimens of large size are common in the transgressive depo-

sits of the Middle Eocene in the nonh-western Ebro Basin and in the
Sierras Marginales in association with lagoonal deposits.

Asterigerina d'Orbigny, 1 839

This herbivorous genus lives in the inner shelf in tropical-sub-
tropical water (Murray, 1991). Grùnig 6c Herb (1984) found this spe-

cies in outer neritic environments in the Eocene of Biarritz.

Brizalina Costa, 1856 and Boliúna d'Orbigny, 1839

These two genera have the same palaeoecological requiremenrs:
muddy substrate and cold to warm temperarure; they are distributed
from the inner shelf to bathyal depths (Murray, 1991).

Bolivina prefers the outer-shelf environment (Boersma, 1984).
In the Mediterranean Sea, Blanc-Vernet (1969) found Bolivina in mud-
dy substrate. It is panicularly abundant in circalittoral environment
and the highest percenrages are found at depth of about 8O-1OO rneters;
this genus is present also at major depth, but it is less common. Ca-
ralp et al. (1970) found Bolioina in sublittoral environmenr of the Bay
of Biscay. Sliter 6c Baker (1,972) found this genus in the shelf assembla-
ge, with higher abundance in the outer-shelf. Sztràkos (1929) indicates
the presence of Boliyina from circalittoral to epibathyal environmenr
(110-900 meters). Douglas (1979) divided the genus Boliaina ìnro two
morphological groups: the first, characteristic of the neriric environ-
ment, groups small and elongate specimens; the second one groups
specimens with tests bigger and compressed and is typical of bathyal
environment. Asioli & Borsetti (1989) in submarine cores from the
Adriatic Sea found this genus in circalittoral environment at depth
deeper than 70 meters.

In the presenr work the group "Brizalina" includes all the spe-

cimens of the two gems Brizalina and Bo/ipina because the bad pre-
servation prevented the observatìon of the sutures. Thro groups were
recognized: Brizalina gr. A resembles the "bathyal Bolipina" of Dou-
glas (1979) and was here considered of deeper envìronmenr than Briza-
lina gr. B. The latter could be similar to the "neritic Bolivina" of Dou-
glas (ttts).

Buccella Andersen, 1952

Murray (1991) found this genus in inner shelf mud deposits.

Bulimina d'Orbigny, 1826

Bulirnina is distributed from the inner-shelf to bathyal depths
and requires muddy substrate and cold-temperàte warers (tr4urray,

1991). Sliter & Baker (7972) repon this genus in the upper- ro lower-
slope asserrblages of the eastern Pacific margin. Sztràkos (1,979) re-

ports this genus from 110 and 9OO meters (circalittoral and epibathyal
environments); in the Adriatic Sea, Asioli 6c Borsetti (1989) found
this genus at depth deeper than 1O meters. Auben & Berggren (1926)
repon the presence of B. trigonalis in the Paleocene and Ypresian of
Turkey as a good marker of littoral marine (restricted) facies. Tjalsma.
& bhmann (1983) found B. alazanensis ìn the lowest facies of the
Paleocene-Eocene of the Atlantic; on the conrrary Caralp et 

^I. Q97A
a) found this species in the modern Biscay Bay at depth of about
2000-2500 meters.

. Cassidulina d'Orbigny, 1826

Sztràkos (1979) indicates the presence of this genus at depth of
110 to 900 meters (circalittoral and epibathyel). Murray (1991) reports
this genus in muddy or sandy sediments frorn shelf to bathyal envi-
ronment in temperate to cold wlters.

PLATE 1

Fig. 1-3 Gyroidinoides octocdnterdtd. (1) Sample ME91-11, umbilical view; (2) sample ME91-11, side view; (3) sample ME91-9, spiral view.
Fig. 4 a, b -Cibicidoides proprius. Sample ME91-23; (a) umbilical view; (b) spiral viev
Fig. 5 - Sipbotextularid concdea. Sample ME91-37.
Fig. 6 - Brizalina gr. B. Sample ME9L-27.
Fig.7 - Loxostomoides gr. d.pplinde. Sample ME91-32.
Fig. 8 - Tiifarina gr. bradyi. Sample ME91-27.
Fig. 9 - Tiifarina muralis. Sample ME91-42.
Fig. 10 - Lagena acuticosra. Sample ME9L-25.
Fig. 11 - Lagena gr. stiata. Sample ME97-27 .
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Cb ìLo stomello ides Cushman, 1926

Luterbacher (1984) found this genus in the Paleogene of the

southern Pyrenees restricted to bathyal deposits.

Cibicides Montfon, 1808

This genus is distributed from O to more than 2000 meters

(shelf to bathyal) on hard substrates in cold-warn waters, but the envi-

ronment is different for each species (Murray, 1991). Different envtron-

mental distribution is also indicated for fossil species.

At the Eocene/Oligocene boundary in Hungary Sztràkos

(1982) repons C. americanus, C. lobatulus, and C. carinatus in the in-

fralittoral environment.
In the Upper Paleocene - lower Eocene of Nonh Atlantic,

Berggren (1914) indicates the presence ol C. burlingtonensis and C.

brueLli in the intermediate shelf (30-100 meters) and dubiously in ou-

ter shelf (maximum depth about 180 meter$, C. simplex in the inner

shelf (ess than 30 rneters), and C. succedens from inner (about 30 me-

ters) to outer (200 meters) shelf.

C. lobatulus is an infralittoral species with very different mor-

phologn living fixed or free in the sediments (Mediterranean Sea, Re-

cent) (Blanc-Verneî., 1969). Pujos (1972) in the Biscay Bay found this

species on muddy sediments at depth of 30-90 meters and in fine sands

at depth from 15 to 200 meters; the Author indicates the highest per-

centages oÍ C. lobatulus in medium to coarse sands in infralittoral envi-

ronment to outer contrnental margin. Grúnig 8c Herb (1984) found C.

pesti restricted to the outer neritic in the Eocene of Biarntz.

Cibicidoides Thalmann, 1939

This genus lives in cold wàters and shelf to bathyal depths

(Murran 1991). In the Eocene of Tremp-Ager area (Pyrenees - Spain)

this genus was found in all marine facies, but it is more abundant in
terrigenous deposits (Ferrer et a1.,1973). Van Morkhoven et al. (1986)

found C. bradyi from outer neritic environment to abyssal depth, and

C. laurisae from medium bathyal to abyssal depths.

Berggren (1972) recognized C. perluci.dus at middle-upper ba-

thyal depths (300-600 meters) in the Oligocene of the Carribean and

Mediterranean areas. This species cómmonly occurs in bathyal facies

together with C. rnexicanus and C. eocaenus (van Morkhoven et al.,

1986). Berggren (1972) found C. proprius in the shelf at depth less than
200 meters in the Paleogene of the Nonh Atlantic.

C, ungeriz.nus rnd C, pseud.oungerianus are open-marine dwel-

lers living in muddy substrate with no tolerance to oxyBen deficency

or increased salinities (van der Zwnn, 1982). Sztrakos (1979) repon
the presence of these species with high abundance in circaÌittoral en-

vironment (from 100 to 150-200 meters) in the Oligocene of Hunga-

ry. In the Eocene of Biarritz HeteroLepa ungeriana was found only in
bathyal environment (Grùnig Ec Herb, 1984). C. pseudoungerianus was

found from circalittoral to bathyal environment in the Mediterranean

Sea (Blanc-Verner, 1969). Pujos (1972) found this species in fine sands

in Bay of Biscay with percentages less than 1% at depths comprised

between 90 and 1iO meters, and between 5 and 10o/o from 110 to 200

meters. In general C. pseudoungerianus is present from the circalittoral

zone and increases in abundance toward the outer circalittoral.

PLATE 2

Fig. 1a, b,c-Pararotalia sp. Sample ME91-41; (a) spiral view; (b) side view; (c) umbilical view

Fig.2,3 - Rotalia tiennoti. Sample ME91-55; (2) spiral view; (3) umbilical view.

Fig. 4, 5 - Rotalia calcariformis. Sample ME91-53; (4) umbilicai view; (5) spiral view
Fig, 6 - Neoeponides sp. A. Sample ME91-59, umbilical view.

Fig. 7, 8 - Cibicides mauricensis. Sample ME91-22; (7) spiral view; (8) umbiiical view.

Clao ulino ides Cushman, 1 93 6

Olsson 6c Nyong (1984) found C. tilater in the Campanian-

Maastrichtian of New Jersey at depth from 20 to 150 meters (maxi-

mum abundance from 60 to 110 meters).

Co I eite s Plumrner, 193 4

Auben 8c Berggren (1976) repon the presence of C. aff. C.

reticulosus in the Paleocene of Tunisia in deeo basin.

LUAiltrcrtnd ueoourte, l7ff
In the Ager Formation (Pyrenees-Spain) this genus is panicu-

larly abundant in calcareous and terrigenous littoral deposits and is
rare in the others facies (Ferrer et aL, 1973).

Dentalina d'Orbigny, 1826

Th.is genus prefers bathyal depths (Blanc-Vernet & Clairefond,
1979-80). Blanc-Vernet (1969) report the presence of D. communis rn

the Mediterranean Sea in bathyal environments with low percentages.

Discocyclina Gùmbel, 1870

Representatives of this genus can be considered as a key-taxa

that indicate the presence of submarine reefs in the Late Paleocene of
Lybia (Sine Basin) (Hamaoul, 1976). Fermont (1982) indicates that the
relatively thick Discocyclina 

^Íe 
more frequent near the coast-line in

the Eocene Bakony mountains, whereas flat DiscoqLina are more fre-

quent in the deeper pans of the Eocene Bakony Basin; the flat types

oÍ Discoqclina (D. hexagonalis, D. seunesi, and D. augustae) must have

lived in the deepest p.rn of the photic zone.

Eponides Montfon, 1808

This genus lives from shelf to abyssal depth environments in
cold and temperate waters (À4urray, 1991).

Fissurina Reuss, 1850

This genus, llke Oolina and Lagena, are common in circalitto-
ral deposits of the Mediterranean Sea, but is present also in infralitto-
ral and deeper deposits (B1anc-Vernet, 1969); the presence of this genus

is mainly associated with fine sediments. In the Cretaceous ocean-mar-

gin foraminiferal assemblages from southern California this genus was

typical of outer shelf deposits (Sliter & Baker,1972).

Gaudryìna d'Orbignn 1839

Murray (1991) xates that this genus lives from 50 to 200 me-

ters (shelf to upper bathyal) in hard substrate and warm-temperate wa-

ters. Blanc-Vernet (1969) found this genus in the Mediterranean Sea in
association wtth Tèxtularia in circalittoral environment on muddy and

detritic substrates. Ferrer et aI. (1973) report the presence of Gaudryi
na in the Eocene Ager Formation (Pyrenees - Spain) in terrigenous

deposits. Sliter 6c Baker (1972), in the Cretaceous, indicate the upper

boundary of this genus as the outer shelf, but indicates that it is more

imponant on the slope.

G. pyramidata is abundant in outer shelf-upper bathyal enti-

Scale bar: 100 pm.
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ronment (200-400 meters) in the Maastrichtian of the southern Pyre-
nees (Elser, 1984). Tjalsma & Lohmann (1983) indicate for this species

a wide bathymetric range in the Paleocene, but stated that it is more

restricted at the deepest environrnent in the Early-Middle Eocene. Van

Morkhoven et al. (1986) indicate the upper distribution boundary of
this species at upper bathyal depths (Paleocene - Midway and Velasco

Fauna); they state that in the Eocene such boundary was placed at

lower bathyal depths (Jackson-Claiborne and Barbados Fauna).

Gavelinella Brotzen, 1942

Sliter & Baker (1972) found this genus in the Cretaceous

ocean-margin foraminiferal assemblage from southern California from
the outer-shelf to the lower-slope. Elser (1984) found many species of
Gavelinella in the Maastrichtian of the Southern Pyrenees in shelf en-

vironment (100-200 meters).

In the Paleogene of Tunisia G, danica is common in outer-shelf
and deeper deposits and absent in shallow-water deposits (Aubert 6c

Berggren, 1976). This species has a wide bathymetric range during the
Early Paleocene, narrowing to the shallovzer sites during the Late Pa-

leocene (Tjalsma & I-ohmann, 1983). In Late Paleocene - Early Eocene

of the nonhern Atlantic, Berggren (1972,1974) repons the presence of
this species in shelf environment (30-200 meter$. Van Morkhoven et

al. (i986) indicate for the species G. micra a life-depth from outer nen-

tic to abyssal.

Gaaelinopsis Hofker, 1951

This genus is present frora the shelf to bathyal depths on hard
substrate in temperate-cold waters (Murran 1991).

G I o bo cass idulina Voloshinova, 1 960

This genus is present in temperate-cold waters on muddy sub-

strate frorn the shelf to bathyal depths (lt4urray, 1991). Tjalsma &
Lohmann (1983) indicates a wide bathymetric range for G. subglobosa.

Blanc-Vernet (1969) found G. subglobosa in modern bathyal sediments
in the Mediterranean Sea; also van Morkhoven et al. (1986) indicate
the upper bathyal as the upper depth boundary of this species in the

Neogene (Hispaniola and Vienna Basin Fauna),

Globulina d'Orbigny, 1839

In the Cretaceous, this genus is present mainly in the inner to
intermediate shelf, but also in the upper slope (Sliter & Baker,7972).
Nyong & Olsson (1984), in the Campanian-Maastrichtian of the
northern Atlantic, found G. gibba at depths between 10 and 60 meters.

Barbin & Keller-Grùnig (1991) found this species in the Priabonian of
northern Italy in the intermediate to ourer shelf (/0-100 meters).

Guttulina d'Orbigny, 1839

Sliter & Baker (L972) report this genus in intermediate- to in-
ner-shelf Cretaceous deposits of southern California.

Gy ro idino ides Brotzen, 19 42

In the Cretaceous {oraminiferal assemblages of southern Cali-
fornia, Sliter & Baker (1972) fornd this genus in the upper slope.

Asioli 6c Borsetti (1989) repon the presence of this genus in the Adria-
tic Sea at depths deeper than 70 rneters. Olsson 8c Nyong (1984) re-

port the presence of G. gLobosus in Campanian-Maastrichtian of the
northern Atlantic at depth deeper than 200 meters.

Hanzataaia Asano, 1944

ThLs genus is present in inner shelf in temperate-warm waters

on hard substrate $4urray, 1991).

Heterolepa Frenzenau, I 884

This genus is charrcteristic of temperate-co1d waters on hard

strbstrate frorn the shelf to the bathyal depths (Nfurray l99I). Yan
Morkhoven et a1, (1986) found Cibicidoiàes mexicanus in the Oligoce-

ne at mediumlower bathyal depths. They consider the Heterolepa sim-
plex-costata group as the morphotype of lower depth; it is present .in
upper bathyal to middle neritic deposits. Also Berggren (1972) relates

this species in the Oligocene of the Carribean and Mediterranean at

middle-upper bathyal depths (300-600 meters). Berggren (197a), in-
stead, found this species in the Late Paleocene - Early Eocene of the
Nonhern Atlantic in outer shelf to upper slope (180-300 merers).

H o eglundina B rorzen, 1.9 48

This genus is typical of cold waters from the outer shelf to
bathyal (lt4urray, 1991). Sliter 6c Baker (1972) found this genus from
the intermediate shelf to deeper depths in the modern and Cretaceous
sediments of the eastern Pacific marein.

Karreria Rzehak, 1891

Berggren (1924) found K. fallax disrributed in the inner- to
middle shelf (at depth less than 50 meters) in the Late Paleocene of
the nonhern Atlantic.

Lagena'{lalker 8c Boys, 1784

This genus, like Oolina and Fissurina, is common in circalitto-
ral deposits of the Mediterranean Sea, but is present also in infralitto-
ral and deeper deposits (Blanc-Vernet, 1969); the presence of this genus

is mainly associated to fine sediments, Izgena is considered a good
palaeoecological marker in association with clay sedirnents. This genus

is dominant in medium- and upper-slope (600-1000 meters) in the
Maastrichtian of the southern Pyrenees (Elser, 1984).

Lenticulina Lamarck, 1804

The coiled lznticulina clearly predominate in shelf margin
wedges (Cubaynes et al., 1989); the same Authors srate rhar the speci-

mens of this genus are more abundant in HST in respect to the TST
where the uncoiied Nodosariidae dominate. The maximum abundance
of coiled Lenticulina (70-800/") is reached at the shelf edge. Murray
(1991) indicates for this genus cold water with depths from the outer
shelf to bathyal. Blanc-Vernet (1969) found this genus in the Mediter-
ranean Sea in circalittoral and bathyal environments; in the latter it is

more abundant. Itnticulina dominates medium- and upper-slope envi-
ronments (600-1000 meters) in the Maastrichtian of the sourhern Pyre-
nees (Elser, 1984).

Loxostontoides Reiss, 1957

In the Mediterranean Sea, this genus is typical of circalittoral
environment; the highest abundances were found at depths less than
80-100 meters. This genus was found also at deeper water depths but
in very low percentages (Blanc-Vernet, 1969).

L. applinae rs characteristic of epicontinental facies. It is predo-
minantly a neritic taxon also occurring at upper bathyal depths (van

Morkhoven et al., t9S0). Berggren Ec Aubert (1976) indicate a large

ecologic range for L. applinae; they found this species in outer-shelf
and lagunal sediments in Gafsa-Metlaoui area. The same Authors indi-
cate this species from Late Cretaceous to Late Paleocene deposits in
shelf facies (inner to outer) in Tirnisia. Berggren & Mil1er (1989) found
this species in neritic environment (depth less than 2OO meters) and
upper brthyal (200-600 merers) in the Paleocene.

Marginulina d'Orbignn 1826

Ferrer (1971) repons the maximum abundance of this genus in
clay deposits and Blanc-Vernet & Clairefond (1979 8A) in bathyal de-

posits. Blanc-Vernet (1969) found M. gLabra in bathyal environment in
Mediterranean Sea with low abundance.

Berggren (1974) repon the presence of M. longiforma in the
Late Paleocene - Early Eocene from the northern Atlantic from inner
to intermediate shelf environment (10-100 meters). In Paleocene of Tu-



nisia this species is panicularly common in shallow water (Auben &
Berggren, 1976)

Marginul inops k Silvestri, 1 904

In the Eocene of the Possagno section deep-water specimens

are long and slender with many tubercules on the sutures. Toward the
shallower environment they gradually become stouter and the tubercu-
les are transformed into ribs on the sutures (Grtinig, 1985). M. fragra'
ria occurs with reduced ornamentation on its initial chambers during
regressive cycles in the Priabonian of the Brendola section (nonhern
ItaÌy) (Barbin & Keller-Grúnig, 1991). This species in the Eocene of
Biarritz is restricted to the outer neritic environment (Grùnig 6a Su-

sedka,1988).

Melonis de Montfort, 1808

Murray (1991) reports the presence of this genus from shelf to
bathyal in waters with temperature less than 10oC and on muddy sub-

strate. Berggren & Miller (1989) obserued the migration of this genus

from neritic environment (<2OO meter$ to bathyal at the Early -

Middle Eocene boundary.

Nodosaria Lamarck, 1812

Boersma (1984) repons this genus mainly in outer shelf.

Nyong Ec Olsson (1984) in the Campanian-Maastrichtian of the north-
ern Atlantic indicates the presence of N, ffinis in intermediate shelf
(50-100 meter$. Blanc-Vernet (1969) found N. rapbanistrum in the Me-
diterranean Sea in barhyal environment.

Nonion Montfort, 1808

This genus lives in shelf environment at depth between O and
180 meters; it is a herbivore raxon and needs a salinity of 30-35o/oo

$4urray, 1991). Asioli & Borsetti (1989) found this genus in cores

from the Adriatic Sea in circalittoral environmenr ar depths between
)u and /u meters.

N. scapbum is restricted to the outer neritic environment in the
Eocene of Biarritz (Griinig Ec Herb, 1984). This species is dominant in
clastic sediments, interpreted as a sublittoral deposits in 1ow energy
environment, from the Oligocene reef of nonhern Italy (Grtinig tc
Susedka,1988).

Nonionella Cushman, 1926

It is found in shelf ro upper bathyal environments (10-1000

meters) on muddy substrate in temperare-cold waters (Murr.ry, 1991).

Boersma (1984) stated that this genus is mainly distributed in the in-
ner shelf and Blanc-Vernet (1969) also founds high abundance of No.
nionelia in the Mediterranean Sea in coastal terrigenous muds at depth
comprised between 40 and 100 meters.

Numrnulites Lamarck, 1 801

This is an epifaunal herbivore raxon rhar needs muddy carbo-
nate substrate at depths of 0-130 meters (agoon to inner shelf) (Mur-
ray, 1997). See also Assilina.

Oolina d'Orbigny, 1839

Pujos (1972) repofts the presence of Oohna bexzgona (< 17o) at

depth between 100 and 150 meters in the Bay of Biscay. See also -Flssz.

rina.

Operculina d'Orbigny, 1826

This genus is present in inner-shelf deposits (ess than 30 me-

ters) in the Late Paleocene - Early Eocene of the Nonh Atlantic
(Berggren, 1974). Murrry (1991) indicates depths of 0-130 meters (in-

ner shelf, lagoons) with muddy carbonate substrate. Ferrer et al. (1973)

report a low abundance of this genus in littoral deposits with terrige-
nous mud at rhe base of the Ager Formation. The bathymetric distri-
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bution of the smaller (ess than 8 mm) represenrarives of the genus

Operculina is similar to that of Nummulites (see above) of comparable
size (Luterbacher, 1984).

Pararotalia Le Cilvez, 1949

A herbivorous genus Ìiving in inner shelf on sandy substrare in
warm-water environment (Murray, 1991). Sliter 6c Baker (1912) Ío,tnd
this genus in inner-shelf Creraceous assemblages of southern Califor-
nia. Pararotalia is one of the most imponant genera in the inner-neri-
tic environment (depths less than 40 meters) in the Maastrichtian of
the Pyrenees (Elser, 1984).

P lan u I in a d' O rb rgny, 19 26

This genus lives from shelf to bathyal environments on hard
substrate (À4urran 1991). Sliter 8c Baker (1972) repon the presence of
Planulina in modern intermediate to ourer shelf of the eastern Pacific
margin and in outer shelf in Cretaceous sediments.

PleurostornelLa Reuss, 1B60

This genus was found in ourer shelf Cretaceous sediments (Sli
ter &. Baker, 7972).

Ps eudonodo s ar ia Boorngaan, !9 49

This genus was found in outer shelf Cretaceous sediments (Sli-

ter &. Baker, 1972).

Pullenia Parker 8c Jones, 1862

Sliter 6c Baker (1972) repoft rhe presence of this genus in mo-
dern deposits of intermediate shelf to intermediate slope in the eastern

margin of the Pacific Ocean; in the Cretaceous, the Authors indicate
the intermediate shelf as the upper distribution boundary oÍ Pullenia.
The same Authors report the increase in species number of this genus

with the increase of the depth. Sztràkos (1979) repons a high frequen-
cy of this genus at depth from 110 to 900 meters (circalittoral and
epibathyal). Murray 6c \fright (1974) and Murray (1991) indicate mud-
dy substrate, cold waters, and outer shelf to bathyal depths as life envi-
ronment of this genus. Blanc-Vernet (1969) found P quinqueloba at

bathyal depths in modern Mediterranean sediments; also Pujos (1972),

in the Biscay Bay, found this species from the ourer continental mar-
gin (deeper than 200 meters).

Quinquel ocul ina d'Orbigny, 1 826

This genus char.rcterizes the shelf environment, but rarely is
present also at bathyal depths. It prefers high salinity (32-650loo) and
can live in hypersaline lagoons (Murray, 1,991). Sliter & Btker (1972)
found this genus also in the inner-shelf deposits from the Creraceous
of southern California. The agglutinated Quinque/oculina are present
only in infralittoral environment in presence of fine sand (Blanc-Ver-
net, 1969 - Mediterranean Sea).

Recurooides Earland, 1934

This genus lives in cold waters from shelf to bathyal (Murran
ree 1).

Rotalia Lamarck, 1804

Blanc-Vernet (1969) repons the presence of this genus in infra-
littoral environment of the Mediterranean Sea. The large size and hea-

vy construction of Rotalia trocbidiformis suggesr rhàt it probably pre-
ferred depths from 20 to 40 meters (Levin, 1957). Ferrer et al. (1973)
report the highest abundance of this species in littoral sediments of
the Eocene from the Tremp-Ager area (Pyrenees - Spain).

Saracenaria Defrance, 1824

Blanc-Vernet (1969) found S. itaLica in modern Mediterranean
sediments at bathyal depths.

Relationships foraminiferal asseftúlages depositional sequencet
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Siphotextul aru Finlay, I 939

Blanc-Vernet (1969) found S. concava in modern Mediterranean

sediments from circalittoral to bathyal. P$os (1972) reports the presen-

ce of this species in the Biscay Bay at depths deeper than 100 meters

lcircalittoral) on medium to coarse sand substrate.

Spiroloculina d'Orbignn 1826

This genus lives in temperate-warm waters at depths of 0-40

meters (Murray, 1991). Also Sliter 6c Btker (1972) found this genus in
the Cretaceous in the inner shelf. Puios (7972) repons the presence of
Spiroloculina in medium to coarse sands of the Biscay Bay from depth

of 70 meters; the Author supposes thtt Spiroloculina is present from
the outer circalittoral.

S. canaliculata was found by Pu.jos (1.972) in the Biscay Bay on
fine sands from depths of 70 meters.

S p ir op I e c t a rn m in a Cushman, 19 27

Ferrer er a1.. (1973) report rhe absence of this genus in the litto-
ral deposits. Sliter Ec Baker (1972) fotnd Spiroplectammind in slope

assemblages in the Cretaceous of southern California. This genus is

considered às deep-water indicator in the Paleogene of southern Pyre-

nees (Luterbacher, 1984).

Barbin & Keller-Gninig (1991) stated that, in the Priabonian
of Nonhern ItaIy, S. carinata is present in outer shelf (70-100 meter$

sediments; the same Authors indicate that this species prefers muddy
substrate, and the non-carinate species (S. deperdita) prefers nearshore

silt and sands. These Authors consider the carinate species of .!plro-

plectammina as the deepest waters indicators with respect to the non-

carinate ones. Van der Z;waan 11982) indicates that S, carinata has no
tolerance for variations in oxygen content and salinity. Sztràkos (1979)

found .1. carinata in the Oligocene of Hungary in circalittoral environ-

ment (100-200 meters)

Stilostomella Guppn 1894

Sliter & Baker (1972) found this genus frorn the lower slope in
the Eastern Pacific Ocean.

Tèxtularia Defrance, 1824

This genus is lagoonal and marine (shelf to bathyal) and lives

on hard or sandy substrate (lvlurray, 1991). Boersma (1984) found this
genus mainly in inner deep shelf. Blanc-Vernet (1969) found Téxtularia

in modern Mediterranean Sea in circalittoral environment, frequently
in association wrth Gaudryina, on muddy or detrital substrate.

Ti ifarina Cushman, 1 927

This genus is distributed from shelf to upper bathyal depth

(0-400 meters) in temperate-cold waters (Murray, 1991). Caralp et al.

(1970) found T bradyi restricted to sublittoral environment in the Bay

of Biscay and Pujos (1972) fo'and this speóies in circalittoral environ-
ment of the Bay of Biscay at depths deeper than 150 meters with very
low percentages (( 1%).

Tiiloculina d'Orbignn 1826

This genus needs temperate-warm waters and prefers marine-

hypersaline (32-550/*) environments; it is present mainly in hypersali-

ne lagoons and marine inner shelf; some cold species are bathyal
(Murray, 1991). Sliter & Baker (1972) îound this genus in inner shelf

of southern California in the Cretaceots. T trigonula is an infralittoral
species that prefers algal substrate. This genus seems to be more litto-
ral thm QuinqueLoculina (Blanc-Vernet, 1969 - Mediterranean Sea).

Turrilina Andreae, 1884

Th"..""i"" T h"",,;, '
- --- -r ----- -. - - - --ptrd rs more common rn outer nerltlc to

bathyal environments, but is present also in abyssal deposits (van

Morkhoven et al., 1986).

Uoigerina d'Orbigny, 1826

This is a cold water genus typical of shelf to bathyal environ-
ments (100-4500 rneters) (Murrey, 1991). Sztràkos (1979) repons this
genus in circalittoral and epibathyal environments (1i0-900 meters).

Blanc-Vernet (1969) found this genus at depth deeper than 200 meters

in the Mediterranean Sea. Asioli & Borsetti (t989) repon the presence

of Uvigerina in circalittoral environment at depths deeper than 70 me-

ters in the Adriat.ic Sea. In the Eocene of the southern Atlantic, Mú1-

ìer-Merz Ec Oberhànsli (1991) found this genus in bathyal environ-
ments only.

The upper depth boundary o{ U. elongata in the Oligocene of
Hispaniola and Vienna Basin is upper bathyrl (van Morkhoven et al.,

1986). Barbin & Keller-Grùnig (1991) ìndicate depths of about 70 to
100 meters (niddle and outer shelf area) for U. eocaena. Berggren &
Auben (1976) found this species in the Eocene of Labrador Sea in
bathyal environment.

Vahtul ina d' Orbi gny, 1 826

In the Eocene of the Ager Formation (Pyrenees - Spain), Ferrer

et al. (1973) found this genus mainly in lagoonal and littoral deposits.

Valoulineria Cushman, 1926

Nyong & Olsson (lla+), in the Campanian and Maastrichtian
of the Nonhern Atlantic, report the presence of this genus at bathyal

depths.

S. Gaboardi
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Percentages of Asterìgerina spp., Bulimina gr. trigonalis, Cuvillierina (l) yanai, Neoeponides gr., P4rarotalia spp., and Rotalia spp. in
Merli Est Section. For the symbols and the legend see Fig. 2 and 4.

Fig. 11

- Many Nodosariacea taxa (mainly represented by
Marginwlina spp., Oolina spp., Fissurina spp., Lagena

acuticosta, Lagena gracilicosta, Denulina spp.), Anomali-
noides spp., Gyroidinoides spp., Praeglobobulimina gr.

wata, Cibicidoides psewdoungerianus, C. ungerianus, Gut-
tulina spp., Eponides spp., Alabamina ailcoxensis, Cibici-
des cassipellauni, Karreria fallax, tJoigerina spp., aîd Bri-
zalina spp. disappear within or at the rop of Unit 4 cor-
responding to theFG2/FG3 boundary.

- At the same level lagena gr. striata, Dentalina
spp., Lenticulina rotulaa and Cibicidoides perlucidus
abruptly decrease. Most of the taxa of the two lasr

groups are indicator of deep water environment and
their disappearance was interprered as an important shal-
lowing of the water depth.

- Assilina spp., Rotalia spp,, Asterigerina spp.,

Neoeponides gr., and Bulimina gr. trigonalis are present

in Units 1 to 4 with low percentages, bur from Unit 5

toward the top they reach the highest percentages in this
section. The great increase of these taxa confirms the
hypothesis of a remarkable shallowing at the lJnits 4/5
boundary.

- Cuvillierina (?) yanai and Pararotalia spp. appear
in the topmost part of the section, respectively in
Units 6 and 7. Their appearance indicate a further shal-

lowing of water depth at the FG3/FG4 boundary, en-
hanced by the increase of Asterigerina spp. percenrages.
This boundary is also marked by the decrease of per-
centages of Cibicidoides proprius. Based on the distribu-
tion and the abundance of the mentioned taxa, there is
an evident shallowing of water depth from the base to-
ward the top of the section. This trend is discontinuous
and shows some steps corresponding to the major depo-
sitional sequences boundaries.

Figols 1 (FG1).

In Unit 1 the highest value of planktonic foraminife-
ra and the low percentages of shallow-water indicators in
sample ME91-10, could indicate the MFS of this sequence.
In the upper part of the sequence a shallowing ups/ard
trend was detected. The benthic foraminiferal assemblage

indicates that Unit 1 could be considered the deepest one
in Figols Allogroup and seems to be deposited in water
deeper then those at the top of Alveolina Limestone Ailo-
group. Nevertheless the divenity values and the planktonic
foraminiferal percentages are not indicative of such inter-
pretation; the signal of deep warer of this unit could be
interpreted as the result of the presence of the thin-bedded
turbidites responsible of the displacemenr of part of the
specimens and cannot be considered as a true signal.
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Disceycl ne spp.

I

Fig. 1.2 - Percentages of Operculina spp., Discocyclina spp., Assilina spp. and Nurnrnulites spp. in Merli Est Section. For the symbols and the
legend see Frg.2 and 4.

Fig. 13 - Distribution and percentages
-! -L- -:-- ^"-.__. of Ioramini_ur rrrc ùr^ 6ruuP5
fera detected in Unit 4, Merli
Est Section.

t
\
\
\
\

\
\.
II

\

LÉ6AO:

'lflE** El r**-nÉtrdthdd-Hotúh
.oU LJ rnnpon* - - - idm Eb



ge stratotype area, northern Italy): Distribution, palaeo-

environment and palaeoecology. Marine Micropal., v. 17,

pp. 237 -254, Amsterdam.
Beckmann J.P. (1953) - Die foraminiferen der Oceanic Forma-

tion (Eocaen-Oligocaen) von Barbados, Kl. Antillen.
Ecl. Geol. Helv., v. 46, pp. 3Al-412, Basel.

Berggren \X/.A. (1972) - Cenozoic biostratigraphy and palaeo-

biogeography of the Nonh Atlantic. In Laughton A.S.,

Berggren A.'$L et aI. - Init. Repts. DSDP, v. 12, pp. 965-

1001, Vashington D. C.
Berggren \f.A. (1974) - Late Paleocene-Early Eocene bentho-

nic foraminiferal biostratigraphy and palaeoecoiogy of
Rockall Bank. Micropaleont., v. 2A, pp. 426-448, New
lofK.

Berggren \f.A. & Aubert J. 0975) - Paleocene benthonic fora-

miniferal biostratigraphy, palaeobiogeography and pa-

laeoecology of Atlantic-Tethyan regions: Midway-tipe
farna. Palaeogeogr. Palaeoclim. Palaeoecol., v. 18, pp. 73-

192, Amsterdam.
Berggren \f.A. Ec Aubert J. 0,976) - Eocene benthonic forami

niferal biostratigraphy and palaeobatimetry of Orphan
Knoll (Labrador Sea). Micropaleont., v. 22, pp. 327-346,

New York.
Berggren lLA. E Miller K.G. (1989) - Cenozoic bathyal and

abyssal calcareous benthic {oraminiferal zonafioî. Micro -

paleont., v. 35, pp. 308-320, New York.
Bignot G. (1962) - Etude micropaléontologique de la Forma-

tion de Varengeville du gisement Eocène du Cap d'Ail-
liy (Seine-Maritime). Rea. Micropaléont., v. 5, pp. 161-

184. Paris.

Blanc-Vernet L. (1969) - Contribution a l'étude des foramini
fères de Méditerranée. Recueil des traoaux de la Station
Marine d'Endoume, fasc. 64, Bull. 48, 315 pp., Marseille.

Blanc-Vernet L. Ec Clairefoú P. (1979-80) - Utilisation des

foraminifères benthiques comme indicateurs paléoba-

thymétriques, un exemple: variations du niveau marin
pendant le Pleistocène terminal et l'Holocène dans le
Golfe de Gabes (Tunisie). Océans, v. 5, Fasc. Hors-Série,

pp. 265-271.

Boersma A. (1984) - Oligocene and other Tertiary benthic fo-

raminifers {rom a depth traverse down Valvis Ridge,

Deep Sea Drilling Project Leg74, Southeast Atlantic. In
Hay \L\W., Sibuet J.C. et aI. - Init. Repts. DSDP, v. 75,

pp. 1273-1300, \lashington D.C.
Bolli H.M., Beckmann J.P. Er Saunders J.B. (1994) - Benthic

foraminiferal biostratigraphy of the South Caribbean re-

gion. V. of 408 pp., Cambridge University Press, Cam-

bridge.

Bykova N.K. (1953) - Foraminifera of the Suzakian stage of
the Tadzhik Basin. Vses. Neft. Nauchno-Issled. Geol.-

Razved. inst. (VNiGRI) [All-Union Petroleum (Scienti-

fic Research) Geological Prospecting Instra;;te), Micro-

fauna of tbe U.S.S.R., Trudy, n.s., sbornik 6, pp. 5-103,

Leningrad.

Bykova N.K. (1959) - On the question of conformity in phy-
logenetic development of the foraminifera under condi-

tions of a recurrent variable environment. Vses. Neft.
Nauchno-Issled. Geol.-Razved. Inst. (VNIGRI), -Micro-

fauna of the U.S.S.R., Trudn vypusk 136, sbornik 10,

no. 61-75. T.eningrad.rr'".''"'^.-..b^*

263

Caralp M., Lamy A. & Pujos M. (1970) - Contribution à la
connaissance de la distribution bathimétrique des fora-

minifères dans le Golfe de Gascogne. Rev. Espafr. Micro-

pal.,v.2, n. 1, pp.55-84, Madrid.
Caralp M., Moyes J. & Vigneaux M. (1970b) - Essai d'utilisa-

tion des mélanges de microorganismes benthiques dans

la reconstitution des environments. Application à un
canyon du Golfe de Gascogne. Deep-Sea Researcb, v. 17,

pp.661-670, \7oods Hole, MA, U.S.A.

Carminatti M. (1992) - Stratigrafia fisica e modellizzazione
sismica inversa del Gruppo di Figols affiorante tra la
Val Isabena e la Val Esera (Eocene inferiore, Pirenei
centro-meridionali, Spagna). Tesi di Dottorato, IJniv.
Parma, L64 pp.

Carminatti M. & Viila G. (1993) - High resolution strati-

graphy of the Ilerdian Figols Aliogroup (South Pyre-

nees, Spain). AAPG 1993 Annual Convention, New
Orleans, Lpril 25-28, p. 83.

Cita M.B. (1950) - L'Eocene della sponda occidentale del Lago

di Garda. Rio. It. Paleont. Strat., v.56, pp. 81-114, Mila-
no.

Colom G. (1954) - Estudio de las biozonas con foraminiferos
del Terciario de Alicante. Bol. Inst. Geol. Min. Esoafr.a. v.

66, pp. 103-451, Madrid.
Crumeyrolle P., Soudet H.J.,Lopez Blanco M. Er Roda team

(1990) - Panitioning of a deltaic reservoir controlled by
base level changes. A case study: the Roda deltaic com-

plex (lrIE Spain). In 13'" Intern. Sediment. Congress,

Nottingham, England.

Cubaynes R., Ruget C. & Rey J. (1989). Essai de caractérisa-

tion des prismes de dép6t d'origine eustatique par les

associations de Foraminifères benthiques: exemple du

Lias moyen et supérieur sur la bordure est du Bassin

aquitain. C.R. Acad. Sci. Paris, sér. 2, v. 308, pp. t5I7-
1,522, Paris.

Cushman I.A. (1922) - The {oraminifera of the Atlantic
Ocean; Part 3 - Textulariidae. U.S. Nat. Mus. Bull., v..

104, pp. 1-149, New York.
Cushman J.A. (1939) - A monograph of the foraminiferal fa-

mily Nonionidae. U. S. Government Printing Office,
Geol. Surp. Prof. Pap., v. 191, 100 pp., Denver.

Cushman J.A. Ec Bermúdez P.J. (1936) - New genera and spe-

cies of {oraminifera from the Eocene of Cuba. Cushman

Lab. Foram. Res. Contr., v. 12, n.2, pp. 27-38, \Vashing-

ton D. C.

Dam Ten A. (1944) - Die stratigraphische.Gliederung des nie-

derlàndischen Palàozàns und Eocàns nach Foraminife-
ren (mit Ausnahme von Sùd-Limbvg). Meded. Geol.

Sticbt., Ser. C-5, v. 3, pp. 1,-142, Flaarlem.

Douglas R.G. (1979) - Foraminiferal ecology and paleoecolo-

gy. Soc. Econom. PaLeont. MineraL. Shon Course n. 6,

pp. 21-53, Tulsa.

Dubois G. (1929) - Foraminifères de I'Yprésien inférieur argi-

leux a \flatten (Nord). BuLl. Soc. Géol. France, ser. 4, v.

29, pp.395-399, Paris.

Elser V. (1984) - Quantitative biofacies analysis of Maastri-

chtian foraminiferal faunas from the southern Pyrenees.

In Oertli H.J (Ed) - Benthos '83;2"Ó Symp. Benthic
Foraminifera (Pau, April 1983), pp. 199-206,Pav

Relationships foraminiferal assemblages depositional sequences



264 S. Gaboard.i

Fermont \LJ.J. (1982) - Discocyclinidae from Ein Auedat (Isra-

el). Utrecht Micropal. Bull., v. 27 , Utrecht.
Ferrer J. 0971) - El Paleoceno y Eoceno del borde sur-orien-

tal de la depresión del Ebro (Cataluffa). Mém. Suisses

Paléont., v. 90,70 pp., Basel.

Ferrer J., Le Calvez Y., Luterbacher H. & Premoli Silva I.
(1973) - Contribution à l'étude des foraminifères iier-
diens de la région de Tremp (Catalogne). Mém. Muséum

Nat. Hist. Natur., Sér. C, Sciences de la Terre, v. 29,107
pp., Paris.

Finlay H.J. (1940) - New Zealand foraminifera; Key species irr

stratigraphy - No. 4. Roy, Soc. Neu Zealand, Trans.

Proc., New Zeù,and, v. 69, pp. 448-472, Dunedin.
Fonnesu F. (1984) - Estratigrafia fisica y analisy de facies de la

Sequencia de Figols entre el Rio Noguera Pallaresa e

Iscles (provs. de Lerida y Uesca). Ph. D. Thesis, Univ.
Autonoma Barcelona, 3I7 pp.

Gaboardi S. (1994) - Foraminiferi e stratigrafia sequenziale

nell'Allogruppo di Figols (Ilerdiano - Pirener centro me-

ridionali). Ph.D. Thesis - Parma University, kaly, 152

PP.

Gaboardi S., Reale V., Iaccarino S., Monechi S. Er Villa G.
(1994) - Paleontological response to sea-level change in
depositional sequences of the Figols Allogroup betvreen

the Isabena and Esera Valleys. In The Eastern Sector of
the South-Central Folded Pyrenean Foreland: Criteria
for Stratigraphic Analysis and Excursion Notes. Second

high-resolution sequence stratigraphy conference, 20-26

l:lne 1994, Tremp, Catalunya, Spain, pp. 66-76.

Graham J.J. & Classen \f.J. (1955) - A lower Eocene forami-
niferal faunule from the Woodside area, San Mateo
County, California. Cusbrnan Found. Foram, Res. Contr.,
v. 6, n. 1, pp. 1-38, Washington D. C.

Grúnig A. (1985) Systematical description of Eocene .

benthic foraminifera of Possagno (nonhern ltaly), San-

soain (northern Spain) and Biarritz (Aquitaine, France).
Mem. Sc. Geol., v. 37, pp. 251-302, Padova.

Grùnig A. & Herb R. (1984) - Eocene benthic foraminifera
from Biarritz: distribution and palaeoenvironment. In
Oertli H.J. (Ed.) - Benthos '83; 2"d Int. Symp. Benthic
Foraminifera (Pau, April 1983), pp. 257-265,Pav

Grùnig A. & Susedka J. (1988) - Benthic foraminifera in the
Oligocene Reef environment of northeastern Italy. Àe-

oLue Paléobiologie, vol. spec. 2, Benthos '86, pp. 509-518,

Paris:

Flamaoui M. (1976) - The use of benthonic foraminifera as

paleoecological markers. In Ist. Int. Symp. of Benthonic
Foraminifera on Continental Margins; Part B. Paleoeco-

logy and Biostratigraphy. Maritirne Sediments, Spec.

Publ. 1, pp.477-480.
Haque A.F.M.M. (1960) - Some Middle to Late Eocene smal-

ler foraminifera from the Sor Range, Quetta District,
\ù/est Pakistan. Geol. Surv., Mem. Palaeont. Pakistanica,

v.2 (1959), î.2, pp. 1-79, Quetta.
Flaynes J. (1958) - Certain smaller british Paleocene foramini-

fera. Part III: Polimorphinidae. Cusbman Found. Foram.

Rel Contr., v. 9, n. 1, pp. 4-17, \lashington D. C.

Hillebrandt von A. (1962) - Das Paleozan und seine Foramini-
ferenfauna im Becken von Reichenhall und Salzburq.

Bay. Akad. lViss., math.-natur. Kl. Abhand.l., v. 108, pp.1-
181, Wien.

Hulsbos R.E., Kroon D., Jansen H.S.M. 6r van Hinte J.E.
(1989) - Lower Eocene benthic foraminifera and paleo-
environment of the outer Yorrng Plateau, Norwegian
Sea (DSDP Site 338). Micropaleont., v. 35, n. 3, pp.256-
273, New York.

Jones R.V. (1984) - A revised classification of the unilocular
Nodosariida and Buliminida (foraminifera). Rev. Espafr..

Micropal., v. 16, pp. 91,-rcA, Madrid.
Kaiho K. (1992) - A low extinction rare of intermediate-v/ater

benthic foraminifera at the Cretaceous/Tertiary bound-
ary. Marine Micropal., v. 18, n. 3, pp. 229-259, Amsrer-
dam.

Kalantari A. (1983) - Paleocene foraminifera from Kopperh-
Dagh region (lrIE Iran). Reo. Espafr. Micropal., v. 15, n.
2, pp. 297-316, Madrid.

Le Calvez y. (1949) - Révision des foraminifères lutétiens du
Bassin de Paris; II - Rotaliidae et familles affines. Seraice

Carte Géo\., Mém., pp. l-54.
Le Roy L.\í. (1953) - Biostratigraphy of the Maqfi section,

Egypt. Geol. Soc. Amer., Mem., v. 54, pp. 1-73, Boulder.
Levin H.L. (1,957) - Micropaieontology of the Oldsmar lime-

stone (Eocene) of Florida. Micropaleont., v. 3, pp. 137-

154, New York.
I-oeblich A.R. jr. (1946) - Foraminifera from the type Pepper

Shale of Texas. Journ. PaLeont., v.20, n.2, pp. 730-139,

Tulsa.

Loeblich A.R. jr. 8r Tapp4n H. (1988) - Foraminiferal genera

and their classification. Van Nostrand Reinhold Com-
,, w yP.

Lopez Blanco M., Chassard A., Carpio M.M. 8. Solans S.T.

(1991) - Estratigrafia y sedimentologia de la arenisca de

Roda (Cuenca de Graus-Tremp, N\l de Espaffa). I
Congr. Espa6ol del Terciario; Communicaciones, pp.
186-187.

Luterbacher H.P. (1984) - Palaeoecology of foraminifera in
the Paleogene of the southern Pyrenees. In Oertli H.J.
(Ed.) - Benthos '83; 2"d Int. Symp. Benthic Foraminife-
ra (Pau, Aprii 1983), pp. 389-392, Pau.

Morkhoven van P.C.M., Berggren V. & Edwards A.S. (1986) -

Cenozoic cosmopolitan deep-water benthic foraminife-
ra. Bull. Centres Rech. Explor.-Product. ElF-Aquitaine,
Mem. 11, 421.pp.,Pau

Mc Dougall K. (1987) - Maestrichtian benthic foraminifers
{rom Ocean Point, North Slope, Alaska. Journ. Forarn.

Res., v. t7, pp. 344-366, Lawrence.

Murray J.\f. (1991) - Ecology and Palaeoecology of Benthic
Foraminifera. Longman Scientific E< Technical. 397 pp.

Mutti E. (1989) - Alcuni problemi relativi all'applicazione dei

concetti della stratigrafia sequenziale all'Eocene ed al

Cretaceo superiore sud-pirenaici. Notiziario Gruppo in-

formale sedimentologia CNR, n. spec. 4, srtppl. Giorn.
Ceol., v. 51, pp. 37-53, Bologna.

Mutti E., Luterbacher H.P., Ferrer J. & Rosell I. 0972) -

Schema stratigrafico e lineamenti di facies del Paleogene

marino della Zona Centrale Sud-Pirenaica tra Tremp
(Catalogna) e Pamplona (Navarra). Mem. Soc. GeoL. It.,
v. 11, pp. 391-416, Roma.



Relationships foraminiferal assemblages depositional sequences 265

Mutti E., Rosell J., Allen G., Fonnesu F. & Sgavetti M. (1985)

- The Eocene Baronía tide-dominated delta-shel{ system

in the Ager Basin. In Mila M.D. & Rosell J. (Eds.) - Int.
Assoc. Sedimentol., 6tn European Regional Meeting, Ex-

cursion Guidebook, 600 pp.

Mutti E., Séguret M. Ec Sgavetti M. (1988) - Sedimentation
and deformation in the Tertiary sequences of the sout-

hern Pyrenees. Am. Ass. Petr. Geol. Mediterranean Basin

Conference, Nice, Field Trip Guide Book, Spec. Publ.
Univ. Parma, v.7,157 pp.

Mutti E., Davoli G., Mora S. Er Sgavetti M. (1994) - The East-

ern Sector of the South-Central Folded Pyrenean Fore-

land: Criteria for Stratigraphic Analysis and Excursion
Notes. Second high-resolution sequence stratigraphy
conference, 2A-26 Jtne 1994, Tremp, Catalunya, Spain,

89 pp.

Nio S.D. (1976) - Marine transgressions as a factor in the for-
mation of sandwave complexes. Geol. Mijnb., v. 55, pp.

18-40, Utrecht.
Nio S.D., Siegenhalar C. & Yang C. (1984) - Facies pattern

and development of the l-ower Eocene Roda Sandstone,

Isabena Valley, southern Pyrenees, Spain. V Eur. Reg.

Meeting I.A.S., Abstracts, Marseille, pp. 328-329.

Nio S.D. & Yang C.S. (1990 - Sea level fluctuations and the

geometric variability of tide-dominated sandbodies.,Se-

dìm. Geol., v. 70, pp. 161-193, Amsterdam.

Njiman !L Er Nio S.D. (1975) - The Eocene Montaiana Del-
ta (Tremp-Graus Basin, provinces of Lerida and lluesca,
southern Pyrenees, Spain). In The Sedimentary Evolu-
tion of the Paleogene South-Pyrenean Basin. IX Int.
Congr. I.A.S., Nice, France, part B, pp. 1-20, Nice.

Nyong E.E. & Olsson R.K. (1984) - A paleoslope model of
Campanian to lower Maestrichtian foraminifera in the

North American basin and adjacent continentai mar-

grn. Marine Micropal., v. 8, pp. 437-477, Amsterdam.

Olsson R.K. & Nyong E.E. (1984) - A paieoslope model for
Campanian-Lower Maestrichtian foraminifera of New

Jersey and Delaware. Journ. Foram. Res., v. 14, n. 1, pp.

50-68, Lawrence.

Orbigny d' A.D. (1852) - Prodrome de Paléontologie strati
graphique universelle des animaux mollusques et rayon-

nés. Table alphabétique et synonymique des genres et

des espèces. V. Masson, v. 3, pp. 1-196, Paris.

Palmer D.K. (1941) - Foraminifera of the Upper Oligocene

Cojimar formation of Cuba; Part 4. Soc. Cubana Hist.

Nat., Mem., v. 15, pp. 181-200, Cuba.

Pijpers P.J. (1933) - Geology and paleontology of Bonaire
(Dutch \lest indies). Geog. Geol. Med., Plrysiogr.-GeoL.

Reeks,v.8, pp. 1-103, Amsterdam.

Posamentier H..\L, Jervey M.T. E Vail P.R. (1988) - Eustatic

controls on clastic deposition: I, conceptual framework;
In Vilgus C.K., Hastings 8.J., Posamentier H. van Wa-

goner J.C., Ross C.A. & Kendall C.G. (Eds.) - Sealevel

changes: an integrated approach. S.E.P.M. Spec. Publ., v.

42, pp. 109-124, Tulsa.

Premoli Silva L ft97A\ - Cretaceous-Eocene microfaunas of
'Western Badakhshan and Kataghan (North-Eastern Af-
ghanistan). In ltalian Expeditions to the Karakorum and

Hindu Hush, Sci" Repts., IV Paleont.-Zool.-Botany, v. 2,

pp. 119-160, Brill, Leiden.

Puigdefabregas C., Samso J.M., Serra-Kiel J. & Tosquella J.
(1985) - Facies analysis and faunal assemblages of the
Roda Sandstone Formation, Eocene of the southern Py-

renees. Abstracts and posters \{l Eur. Meeting I.A.S.,
Lerida, Spain, pp. 639-642.

Pujos M. (1,972) - Répartition des biocenoses de foraminifères
sur le plateau continental du Golfe de Gascogne à

l'Ouest de I'embochure de la Gironde. Rea. Espafí. Mi-
cropal., v. 4, n. 2, pp. 14I-156, Madrid.

Said R. Er Kenawy A. (1956) - Upper Cretaceous and l-ower
Terríary foraminifera from northern Sinai, Egypt. Mi-
cropaleont., v.2, n. 2, pp. 1,05-171, New York.

Samoilova R.B. (1947) - On some new and characteristic spe-

cies of foraminifera from the upper Paleogene in the
Crimea. Soc. Nat. Moscou, BuLl., n.s., tome 52 (Sect.

géo1., tome 22), a, pp. 97-1A1, Moscow (In Russian).

Sliter \LV. & Baker R.A. (1972) - Cretaceous bathimetric di-

stribution of benthic foraminifers. Journ. Foram. Res., v.

2, n. 4, pp. 167-1.83, Law'rence.

Sztràkos K. (1979) - La stratigraphie, paléoécologie, paléogéo-

graphie et les foraminifères de l'Oligocène du Nord-Est
de la Hongrie. Cahiers de Micropal., v. 3, 95 pp., Paris.

Sztràkos K. (1982) - Les foraminifères de la Marne de Buda et

la limite Éocène-Oligocène en Hongrie. Cahiers de Mí
cropaL., v. 4, 48 pp., Paris.

Sztràkos K. (1987) - Les Foraminifères bartoniens et priabo-
niens des couches à "Tiitaxia szaboí,, de Flongrie et es-

sai de reconstitution paléogéographique de la Montagne
Centraie de Hongrie au Bartonien et au Priabonien.
Cabiers de Micropal., v. 2, n. l, pp. 5-37, Paris.

Terquem O. (1882) - Les foraminifères de l'Eocène des envi-
rons de Paris. .Soc. GéoL. Mém., sér. 3, n. 2/3, pp. 1-L87,

Paris.

Tjalsma R.C. 8. Lohmann G.P. (1983) - Paleocene-Eocene ba-

thyal and abyssal benthic foraminifera from the Atlan-
tic Ocean. Micropaleont., Spec. Pr.rbl. n. 4, pp. 1-89,

New York.
Turco E. (1995) - Relazioni tra associazioni a foraminiferi e

facies sedimentarie nel1a Formazione di Molare e nelle
Marne di Rigoroso (Oligocene - Bacino Terziario Pie-

montese). Ph.D. Thesis - Parma Universitn Italy, 200

PP.
!7ood A. Er Haynes l. (1957) - Certain smaller British Paleo-

cene foraminiferal Part II - Cibicides and its allies.
' Cusbman Found. Foram. Res. Contr., v. 8, n. 2, pp. 45-

53, rVashington D. C.

Yang C.S. & Nio S.D. (1989) - An ebb-tide delta depositional
model between the modern Eastern Scheldt tidal basin

(southwest Netherlands) and the l-ower Eocene Roda

Sandstone in the southern Pyrenees (Spain). Sedim.

Geol., v. 64, pp. 175-196, Amsterdam.

Zwaan van der G.J. 0,982) Palaeoecology of Late Miocene
Mediterranean foraminifera. Utrecbt Micropal. Bull., v.

25, zaz pp., utrecnt.

Receioed January 15, 1996; accepted May 31, 1996


