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ABSTRACT: The Late Oligocene first occurrence of Miogypsina gunteri Cole and Miogypsina tani Drooger is veri-
fied in the light of larger foraminiferal assemblages from Nosara (Nicoya Peninsula, Costa Rica) and Windward (Ca-
rriacou, Grenada, Lesser Antilles). At Windward, they co-occur with planktonic foraminifera and nannofossils studied
by earlier workers. 87Sr/86Sr isotope ratios were measured in calcite of larger foraminifera at both sites to determine
independent absolute ages of the two outcrops.

Late Oligocene shallow water formations unconformably overlie Paleocene-Eocene distal turbidites and siliceous
shales in the outcrops in Costa Rica. The shallow-water lithostratigraphy includes near shore volcanic sandstones
that alternate with sandy bioclastic limestones. The latter have yielded rich assemblages of larger foraminifera that
have been studied in oriented sections, SEM for split material and polished rock thin sections for transmitted light
and cathodoluminescence (CL) observation. The association of larger foraminifera includes Heterostegina antillea
Cushman, Miogypsina tani Drooger, Miogypsina gunteri Cole, Miogypsina c £ (Miolepidocyclina) panamensis (Cush-
man), Miogypsina sp., Lepidocyclina (nephrolepidina) vaughani Cushman, Lepidocyclina yurnagurensis Cushman,
Lepidocyclina undosa Cushman.

At Windward, scattered outcrops of the Belvedere Formation expose mass flow deposits rich in larger foraminifera
associated with an early late Oligocene (NP24) planktonic foraminifa assemblage. Planktonic foraminifera and nanno-
fossils recovered in rocks slightly downsection indicate an upper Middle Oligocene age. Larger foraminifera species
collected just north of Windward include Lepidocyclina undosa Cushman and Miogypsina gunteri Cole.

The ¥"Sr/*Sr ratio was measured in 11 specimens of megalosphaeric Lepidocyclina spp., mechanically extracted from 2
rock samples collected at Punta Peladas (Costa Rica) Ratios range from 0.709088 to 0.708196, which correspond to a
model age of 27 .4 to 24.94 Ma. Very similar ratios, ranging from 0.708150 to 0.708 167 were obtained from Windward
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Village (Carriacou). All measured 87Sr/86Sr ratios fall within a Chattian (Late Oligocene) age. Nannofossils, plankto-
nic foraminifera and identical ¥’Sr/*Sr ratios from Punta Peladas and Windward clearly indicate a Chattian (Upper
Oligocene) first occurrence of Miogypsina gunteri and Miogypsina tani and confirm this age range for the other larger
foraminifera cited above. The first occurrence of Miogypsina gunteri in the lower Aquitanian and Miogypsina tani in
the upper Aquitanian as proposed by European workers cannot be confirmed.

Key words: Larger foraminifera, Miogypsina, Oligocene, Costa Rica, Carriacou, strontium isotope ratios.

RESUMEN: La presencia del género Miogypsina en las localidades de Nosara en la Peninsula de Nicoya (Costa Rica)
y de Windward en la isla de Carriacou, (Granada, Antillas Menores) en el Oligoceno Superior se confirma en el presente
trabajo. En la localidad de Windward, los macroforaminiferos se encuentran asociados con foraminiferos plancténicos
y con nanofésiles. En ambas localidades se procedi6 al anélisis de la proporcién de los isétopos ambientales *’Sr/*Sr.
Los andlisis de estroncio nos permiten determinar la edad absoluta de los macroforaminiferos en ambas localidades.
En los afloramientos costeros en Costa Rica, las secuencias sedimentarias de aguas someras de edad Oligoceno Su-
perior, sobreyacen discordantemente las turbiditas distales y lutitas siliceas del Paleoceno-Eoceno. La secuencia de
sedimentos incluye areniscas volcdnicas someras alternantes con calizas biocldsticas. Las calizas son ricas en macrofo-
raminiferos, los cuales se han extraido para cortes orientados y para el estudio en microscoscopio electrénico de barrido
(SEM). La mayor parte de las muestras han sido estudiadas en secciones delgadas pulidas para cdtodo-luminescencia
(CL) combinada con luz transmitida. La asociacién de macroforaminiferos incluye: Heterostegina antillea Cushman,
Miogypsina tani Drooger, Miogypsina gunteri Cole, Miogypsina (Miolepidocyclina) sp., Miogypsina sp., Lepidocycli-
na (nephrolepidina) vaughani Cushman, Lepidocyclina yurnagurensis Cushman, Lepidocyclina undosa Cushman.

En Windward, los afloramientos de la Formacién Belvedere exponen depdsitos de flujos en masa ricos en macrofo-
raminiferos asociados con foraminiferos plancténicos del Oligoceno Superior (NP24). En rocas al sur de Windward
los foraminiferos planctonicos y los nanofésiles indican una edad de Oligoceno Medio. Los macroforaminiferos reco-
lectados en los afloramientos costeros al norte de Windward incluyen Lepidocyclina undosa Cushman y Miogypsina
gunteri Cole. La razén ¥Sr/*Sr fue medida en 11 especimenes megalosféricos de Lepidocyclina spp., recolectados en
la seccion de Punta Peladas (Costa Rica). Varia entre 0,709088 y 0,708196, lo cual corresponde a una edad de 274 a
24,94 Ma. Resultados muy similares en el porcentaje de *’Sr/*Sr fueron obtenidos en los especimenes de Windward.
Todos los porcentajes indican una edad de Chatiano (Oligoceno Superior). El estudio de nanofésiles, foraminiferos
plancténicos y los andlisis de estroncio en Punta Peladas y en Windward, indican claramente una edad de Chatiano
(Oligoceno Superior) para la primera ocurrencia de Miogypsina gunteri'y Miogypsina tani. La primera aparicion de
Miogypsina gunteri en la base del Aquitaniano y de Miogypsina tani en el Aquitaniano superior, como fue propuesta
por paleont6logos europeos, no se ha podido confirmar.

Palabras clave: Macroforaminiferos, Miogypsina, Oligoceno, Costa Rica, Carriacou, razén de is6topos de estroncio.

INTRODUCTION

The first occurrence of Miogypsina gunteri
Cole and Miogypsina tani Drooger has been pla-
ced in the lower Miocene by European specialists
(e.g., Butterlin, 1981; Adams, 1983), whereas these
forms were classically described in the Americas
from the middle - late Oligocene (Cole, 1938;
Drooger, 1952). The examination of the means of
correlation that led to these age calls, reveals consi-
derable uncertainties and circular reasoning.

To solve this discrepancy, we examined two
occurrences of larger foraminiferal assemblages
from two distant places in the Caribbean Plate
(Fig. 1): Punta Peladas, Nosara, located along
the southeastern Pacific coast of the Nicoya
Peninsula (Fig. 2) and Windward, located along

the western coast of Carriacou (Grenada, Lesser
Antilles) facing the Atlantic (Baumgartner-Mora
et al., 2005). While the two sites show very simi-
lar assemblages of larger foraminifera, they differ
in their sedimentary environment. The limestones
at Nosara represent a shallow, open marine car-
bonate bank, whereas the carbonate beds of the
Belvedere Formation exposed along the coast and
in the village of Windward are mass flow deposits
of shallow water material emplaced into a deep
water paleoenvironment. This situation allowed
the study of associated nannofloras (Speed et al.,
1993) and planktonic foraminifera (Robinson &
Jung, 1972) that give a minimum age for the dis-
placed larger foraminifera.

We will describe the lithology and sedimen-
tology of the two sites, with higher emphasis to
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Fig. 1: Plate tectonic situation of Central America and the Caribbean with the location of the two localities Nosara and Windward.
The ridges and seamounts are shown in dark gray; the mafic complexes of oceanic origin are in black.

the outcrops between Punta Peladas and Nosara
river (Nicoya, Costa Rica) since less data on se-
dimentology have been published for this area.
We will also describe the procedures for the
measurement of Sr-isotope ratios in the test of
larger foraminifera and their calibration with the
relative and the absolute time scale. We finally
will discuss the correlation of the observed lar-
ger foraminiferal assemblages with the plankto-
nic foraminiferal zones.

Previous work in Nosara (Costa Rica)

Dengo (1962) originally described the li-
mestone and sandstone outcrops between Punta
Peladas and Punta Nosara (Nicoya Peninsula) as
a correlative of the Nicaraguan Masachapa deep-
water formation. Baumgartner et al. (1984) provi-
ded arguments for a shallow-water origin of the
succession and compared it with shallow-water
conglomerates and sandstones of Santa Teresa,
further south in the Nicoya Peninsula (Fig.2). The

name Punta Peladas has been used as a formation
name in the stratigraphic nomenclature of Costa
Rica in various ways by Sprechmann (1984) and
Aguilar (1999) that will not be discussed here.

Few illustrated reports exist of larger fora-
minifera in Costa Rica. Malavassi (1961) publis-
hed a report of larger foraminifera, unfortunately
without any illustrations. He correlated the out-
crops of Punta Peladas discussed here with the
late Oligocene portion of the Caimito and Bohio
formations of Panama (Cole, 1952).

The Costa Rican specimen of Miogypsina
tani, from a sample collected from “Oligocene”
outcrops of a fossiliferous conglomerate along the
Reventazén river (Caribbean slope of the volca-
nic range) was illustrated by Drooger (1952) and
Cole (1961).

Previous work in Carriacou

Carriacou is an emergent portion of the Lesser
Antilles Arc Platform (Speed et al., 1993), which
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oldest known rocks, basalts described and dated
by Speed et al. (1993), were formed in the middle
Eocene. They represent an oceanic basement of a
deepwater sequence bottomed by pelagic limesto-
nes (Boogles Limestone, Fig. 3), and overlain by
the Belvedere Formation discussed in this paper
(Fig. 3).

The sedimentary rocks of Carriacou were ma-
pped, dated and assigned to formational units by
Lehner (1935), Martin-Kaye (1958), Westercamp
et al. (1985) and Speed et al. (1993). Robinson
& Jung (1972) dated the Eocene to Miocene
Formations by means of larger foraminifera. These
authors assigned the Windward section discussed
here to the “Windward Limestone and Tuffs” and
dated the section as middle to late Oligocene (see
below). The outcrops around Windward were in-
cluded by Speed et al. (1993) with their newly de-
fined Belvedere Formation.

NOSARA (COSTA RICA):
LITHOSTRATIGRAPHY,
SEDIMENTOLOGY AND LARGER
FORAMINIFERA

Lithostratigraphy and sedimentology

Upper Oligocene shallow water formations
unconformably overlie Paleocene-Eocene distal
turbidites and siliceous shales in the outcrops bet-
ween Punta Peladas and the Nosara river mouth,
on the west coast of the Nicoya Peninsula (Costa
Rica). This unconformity is very well exposed on
the north facing cliffs of Punta Peladas (PI. 1- 1).
Here, bioclastic limestones rest on a flat, bored
surface described below.

Dm-bedded pelagic to hemipelagic siliceous
mudstones and cherts and distal volcanic and cal-
careous turbidites form the substrate of the un-
conformity. These rocks were intensely tectoni-
zed by synsedimentary stiff-sediment fracturing,
then lithified, tilted landwards and uplifted to sea
level, where they became levelled and bored in
an infralittoral (intertidal) environment. The bo-
rings cut invariably across cherty and tuffaceous
rocks. They are oblique, straight or curved, up to
10 cm deep and 1-2 cm thick. In part, they could

be Pholas or Lithophaga borings. The bored ca-
vity is filled with the shallow water lithology that
encroaches on the unconformity, namely the bio-
clastic limestones of Punta Peladas.

At Punta Peladas, only estimated 25-30 m
of bioclastic limestone rest on the unconformity
and are conformably overlain by off-shore muds-
tones and tempestites (Baumgartner et al., 1984).
In contrast, at the Nosara river mouth, we mea-
sured a 200 m section of interbedded limestones
and volcanic sandstones, that neither shows the
basal unconformity nor the tempestites on top. By
facies analogy, we can correlate the topmost li-
mestone level with Punta Peladas. If so, the basal
unconformity must lie at a much deeper level and
was probably subsiding during sedimentation in
an active, graben-like structure to accommodate a
roughly 10 times thicker shallow water sequence
at the Nosara river mouth. The shallow water li-
thostratigraphy is described in detail below.

Calcareous volcanic sandstones

Calcareous mud-rich volcanic sandstones of
10-50 m thickness alternate with bioclastic limes-
tones described below. The sandstones are massi-
ve, show little internal sedimentary structures and
only crop out along the shore. Their passage to
the limestone intervals is gradual. Lithologic di-
fferencies are enhanced by the early diagenesis of
the limestones that makes them more resistant to
weathering and hence forms cliffs along the shore
and hills inland.

Bioclastic limestones

At Punta Peladas and around Punta Nosara,
the coastal outcrops show well-bedded sandy bio-
clastic limestones up to 40 m thick. Bedding at a
larger scale appears as metric, but the coastal ero-
sion reveals that each metric bed is composed of
bundles of dm-thick, often nodular beds that are
separated by more argillaceous/tuffaceous, often
deeply eroded interbeds. These bundles represent
foresets that are often at up to 30° angle with the
base of the bundles. Individual sets of bundles are
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GEOLOGIC MAP OF CARRIACOU
compiled and modified by P.O.&C.Baumgartner
after Speed et al. (1993),

Martin-Kaye (1958) and Westercamp et al. (1985)
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Fig. 3: Simplified geologic map of Carriacou Island (Grenada, Lesser Antilles). Compiled after Speed et al. (1993), Martin-Kaye
(1958) and Westercamp et al. (1985) and completed by our own observations. The studied outcrops represent the youngest portions

of the Belvedere Formation.

laterally discontinuous (PI. 1- 3), pinch out and are
replaced by other sets. In some places, dm-thick
beds appear as slumped locally and truncated up-
section by erosional surfaces. The lithofacies in-
clude packed foraminifer limestones (P1. 1 - 2,4),
and calcarenites in which sand-sized bioclasts are
broken and entire larger foraminifera, coralline
algae, bivalve and echinoderm fragments are pre-
sent. Cm-sized fragments and entire sand dollars
(Mellita sp.) occur in many beds. The nodularity
is ascribed to intense burrowing and early lithifi-
cation of the sediments. At Punta Nosara, along
the south bank of the Nosara river mouth, we
measured a roughly 200 m thick section in which
3 levels of bioclastic limestones are interstratified
in the calcareous mudstones described above. The
limestones represent the high energy facies where
mud-sized particles are largerly washed out and
probably deposited in a more distal facies. There
is a clear increase in cross-stratification towards
the top of each limestone interval and a general
increase towards the top of the section.

Interpretation: Multidirectional high-angle
trough cross-stratification is typical of a nearshore
to offshore shallow, wave-dominated environment.
Most of the carbonate was repeatedly reworked
and displaced in submarine dunes. The only auto-
chtonous fossils seem to be entire sand-dollars that
must have lived as infauna in many beds.

Volcanic mudstones and tempestites

The bioclastic limestones are overlain
through a sharp conformable contact by a section
of tuffaceous light yellow to gray mudstones at
least 100 m thick, alternating with distinct 5 to 50
cm-thick volcaniclastic tempestites. The mudsto-
nes show few sedimentary structures, except for
current lamination and some coarse-tail grading.
The thin (5-10 cm thick) tempestites show coarse
tail grading, parallel and ripple lamination, and
rest with a sharp, hummocky, erosive contact on
the mudstones. Tempestite beds are distinctly
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more lithified and form sharp-edged reliefs on the
marine platform. Thick tempestites are distinct-
ly bimodal; a lower 10-20 cm thick dark green
to black dense bed showing parallel and oblique
lamination is mainly composed of altered basalt
clasts and heavy minerals, especially hematite.
The upper 20-40 cm thick layer is distinctly coar-
se-tail graded and ranges from coarse to fine sand
size. It is composed mainly of light colored tuffa-
ceous clasts, altered feldspars and some carbona-
tes. It has a sharp flat contact with the lower dark
bed. It shows parallel and scarce oblique lamina-
tion and grades upsection into the inter-tempestite
mudstones.

Interpretation: While the light coloured yello-
wish and brownish mudstones and tempestites have
clearly an intermediate to acidic, mature volcanic
arc source, the black dense beds represent mainly
heavy mineral lag deposits that are derived from
the underlying basalts and intrusives of the Nicoya
Complex. These rocks must have formed outcrops
onshore and the erosional products were reworked
and size selected in the shallow offshore area, to
form lag deposits. These lags occur occasionally, but
make less than 10 % of the thickness of the section.
Tempestites made of light coloured sandy, mostly
tuffaceous material largerly dominate. Altered tuffs
must also have contributed largerly to the clays and
mud that constitute the offshore mudstones. Apart
from poorly preserved planktonic foraminifera and
some sponge spicules, no biodetritus has been found
in this section. So far, the volcanic mustones and
tempestites are undated, but if we consider the stra-
tigraphic position above the Upper Oligocene, this
sequence may reach into the lowest Miocene.

Diversity of larger foraminifera at Punta Pela-
das and Punta Nosara

The bioclastic limestones of Punta Peladas
and Punta Nosara have yielded rich assemblages
of larger foraminifera that could be isolated and
have been studied both in oriented, hand-ground
sections, SEM for split material and polished rock
thin sections for transmitted light and cathodo-
luminescence (CL) observation (Baumgartner-
Mora & Baumgartner, 1994).

CL observation was essential for the taxono-
mic determination of the nepionic stage of mio-
gypsinids, which are generally very recrystallized.
CL observation revealed also a larger number of
planktonic foraminifera associated with the sha-
llow water material, confirming the open marine
environment indicated by the sedimentology of
the carbonates at Punta Peladas. Planktonic fora-
minifera are under study in thin sections.

The association of larger foraminifera at
Punta Peladas (9° 56’ 57” N, 85° 40’ 40.60” W)
are: Amphistegina sp., Heterostegina antillea
Cushman (P1. 1 — 7, 8), Heterostegina israelksyi
Gravell and Hanna, Miogypsina tani Drooger
(Figda, P1.1 - 5,6; P12 — 1, 2, 5, 6), Miogypsina
gunteri Cole (Fig. 4b; Pl. 2 — 3, 4), Miogypsina
cf. (Miolepidocyclina) panamensis (Cushman),
Miogypsina sp., Lepidocyclina (Nephrolepidina)
vaughani Cushman (Pl. 1 — 4, 9), Lepidocyclina
yurnagurensis Cushman (Pl. 1 —4), Lepidocyclina
undosa Cushman. New species of Miogypsina
are currently under study. We note that the ge-
nus Miogypsinoides, known since the Middle
Oligocene, is very rare in the studied assemblages.

Systematic notes on Miogypsina from Nosara

Nuttal (1933) described two Oligocene spe-
cies of Miogypsina from the Tampico embayment
of Mexico. Miogypsina mexicana Nuttal, from
Llower Oligocene and Miogypsina complana-
ta Schlumberger, from middle Oligocene, were
placed in the genus Miogypsinoides Yabe &
Hanzawa 1928 by several authors based on mor-
phological features. The species Miogypsinoides
complanatus should not be found in strata youn-
ger than Late Oligocene (Adams, 1983; Drooger,
1963). Miogypsinoides complanatus is rare in the
samples from Nosara. It is, however, well present
in bioclastic limestone blocks of Cafiablancal ri-
ver, north of Jacé (Herradura block, Pacific coast,
Costa Rica).

The systematics of Miogypsina used here,
requires some explanation. Cole (1964, 1967)
considered only the species which differ in the
number of principal auxiliary chambers as valid
in America. Based on this concept, he recognized
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only two species: Miogypsina panamensis, with
one principal auxiliary chamber and Miogypsina
antillea, with two principal auxiliary chambers.
As a consequence, Cole (1964) considered M.
gunteri and M. tani as synonymous of M. pana-
mensis, for which he proposed a range restricted
to the Oligocene. This concept is not followed
in this work because we can clearly identify the
morphological characters of the two species M.
gunteri and M. tani.

Two principal types of Miogypsina are
identified in the samples of Nosara (PI. 2). Both
have an apical position of the periembryonic coil
(Fig. 4). The first type, identified as Miogypsina
tani, has the nucleoconch (P=protoconch,
D=deuteroconch) in contact with the margin of

the test (Fig.4a P12 — 1,2, 5, 6). It has a uniserial
nepionic arrangement, but sometimes a biserial
arrangement is suspected. The second type, iden-
tified as Miogypsina gunteri, has the nucleocon-
ch separated from the margin of the test by the
operculinoid chambers of the single spiral coil
(Fig.4b,PI1.2 —3,4). These two species form part
of the group Miogypsina basraensis- M. tani of
Drogger (1952)

Species of this group can be distinguished
on the basis of the number of spiral chambers in
the first whorl, including the principal auxiliary
chamber (X-value of Drooger, 1952). In our mate-
rial from Nosara, the X-value of Miogypsina tani
(Fig 4a) ranges form 6 to 9 and that of Miogypsina
gunteri (Fig. 4b) from 9 to 12.5.

Fig. 4: Schematic drawings of the aequatorial sections of Miogypsina sp. The nomenclature of the morphological features shown

follow the terminology of de Bock (1976).

a. Miogypsina tani Drooger illustrated by cathodoluminescence on Pl. 1- Fig. 5. The embryonic apparatus composed of protoconch
(P) and deuteroconch (D) is situated at the periphery of the test, the deuteroconch is directly in contact with the marginal fringe
(MF) in the apex (A) of the test. The specimen is cut through the protoconchal stolon (Ps). The lip (L) near the Ps is observed.
Cement between the wall of the deuteroconch and the wall of the protoconch put in evidence the funnel-shaped of the deuterocon-
chal stolon (Ds). This specimen has one principal auxiliary chamber and one smaller second principal auxiliary chamber (pac-II)
on the side of the Ps. In the spiral wall (inside the MF), many small openings with a clear cement are interpreted as pores. Many
equatorial chambers (Ec) are visible. Sample CM 1121.37, Punta Peladas.

b. Miogypsina gunteri Drooger showing ten spiral chambers (X=10) and a coarse marginal fringe (MF). Sample CM 1121.36,

Punta Peladas.
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WINDWARD, CARRIACOU (LESSER
ANTILLES): SEDIMENTOLOGY AND
LARGER FORAMINIFERA

Location, lithology and sedimentology

The outcrops around Windward (Fig. 3), ori-
ginally described by Robinson & Jung (1972) as
“Windward Limestones abd Tuffs” were included
with the Belvedere Formation, described overall
by Speed et al. (1993) as well bedded interstra-
tified pelagic marls and volcanogenic turbidites
with occasional conglomeratic beds. These au-
thors noted that larger foraminifera occur sporadi-
cally as minor constituents of pebbly sandstones
throughout the formation.

The coastal outcrops sampled for this study
are located along low bluffs on the south side of
the little bay north of Windward Village (12° 30’
54.29” N, 61° 25* 49.25” W). They expose a 10-
15 m section of interbedded light yellow tuffa-
ceous hemipelagic marls and distinctly laminated
limestones that are cemented foraminifer con-
glomerates. The limestones occur in 20 to 60 cm
thick beds in which coastal weathering has carved
out the more marly laminae, leaving in relief cm-
to dm-thick layers of foraminifer conglomerates.
The mostly entire larger foraminifera are well
oriented parallel to bedding and may be extracted
in some places from the marly matrix. The lami-
nation/bedding is mostly parallel, but some low
angle unconformities occur between bundles of
laminae within limestone beds. The hemipelagic
marls form 10 to 80 cm-thick more or less lithi-
fied chalky intervals that are mostly massive, with
irregular layers of nodules, probably due to diffe-
rential lithification of burrows. Limestone beds
seem to be concentrated in levels between the
houses of Windward village scattered thick beds
of foraminifer limestones stick out of the ground
and mark another level.

The limestone certainly represent turbidites
of shallow water origin emplaced into a pelagic,
deep water paleoenvironment. However, size gra-
ding is not evident and often irregular within one
bed. Besides, parallel and rare oblique lamination
suggesting Tb and Tc Bouma sequences, are not

visible. Either the beds represent multiple amal-
gamated turbidites, or original turbidites were
reworked and winnowed by bottom currents.
Taking into account the low density of larger
foraminifer tests, even cm-sized specimens are
easily transported either in turbidity currents or
winnowed by bottom currents. However, size gra-
ding may also be inconspicuous due to the small
size/density range of larger foraminifera.

Biostratigraphy

At our Windward locality, the calciturbidites
rich in larger foraminifera are interbedded with
hemipelagic marls from which Westercamp et al.
(1985) extracted an early Late Oligocene plankto-
nic foraminifer assemblage (Cari 15: NP24). Blow
(in Robinson & Jung, 1972) reported definite N2-
zone planktonic faunas associated with Miogypsina
septentrionalis and Miogypsina gunteri in Lehner’s
collection from the same locality. These findings
indicate a Late Oligocene minimum age for the dis-
placed larger foraminifera in the limestones.

Robinson & Jung (1972) reported from outcrops
10761 and 10762, about 500 m north of our site,
the presence of Heterostegina antillea, Miogypsina
panamensiss (of Cole 1958), Lepidocyclina cane-
llei and Nephrolepidina vaughani (of Cole 1958).
Planktonic foraminifera recovered further south
between Windward and Dover in rocks slightly
downsection by Robinson & Jung (1972), indica-
te a late Middle Oligocene age by the presence of
Globorotalia opima opima. These authors cite here
the same content in larger foraminifera as in sample
10762 cited above, with the addition of Eulepidina
undosa, Operculinoides dias and Miogypsinoides
sp. Nannofossils determined by (Speed et al. 1993)
indicate N23-24 and N24-25 (late Early to Late
Oligocene) ages for the same area.

From our site, we collected in addition to
the species mentioned above, Lepidocyclina un-
dosa Cushman and Miogypsina gunteri Cole. In
summary, we can state that the occurrences of
Miogypsina sp. in the outcrops around Winward
are associated with planktonic assemblages not
younger than Late Oligocene.
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AGE CALIBRATION BY MEANS OF
STRONTIUM ISOTOPE STRATIGRAPHY

Theory and age calibration methods

Strontium has four stable isotopes (*Sr, #Sr,
87Sr, and %Sr). Of these four, ¥’Sr is the radiogenic
product of decaying *’Rb and reflects therefore
the changing balance between relatively radioge-
nic strontium from weathering of old continental
crust (e.g. Edmond, 1992; Galy et al., 1999) and
relatively non-radiogenic strontium supplied to the
oceans by mid-oceanic ridge hydrothermal fluids,
but uncertainties on the contribution of hydrother-
mal strontium fluxes exist (e.g. Davis et al., 2003;
Jones & Jenkyns, 2001). By incorporation of Sr in
mainly biogenic carbonates -particularly skeletal
aragonite-, Sr is removed from the oceans. Hence,
Sr captured in the CaCO, structure of calcareous
marine fossils should reflect seawater strontium
isotope ratios of the time of biomineralization and/
or early diagenesis of the carbonate shells. Sr can
be chemically extracted and analysed, allowing
the reconstruction of a seawater strontium isotope
curve over Earth’s history. Considering the long
residence time of dissolved Sr in the oceans in
the size of 2 million years compared to the esti-
mated ocean mixing time of less than 2000 years
(Vonhof, 1998), Sr is isotopically homogeneous
in seawater at any given time, offering good pers-
pectives on global correlation of marine sedimen-
tary rocks. Vital effects are not known at present
analytical precision (Reinhardt et al., 1999).

The record of marine ¥Sr/*Sr for the
Phanerozoic has been analyzed in numerous stu-
dies (e.g. Burke et al., 1982; Veizer et al., 1999).
McArthur et al. (2001) presented a best-fit curve
calculated by nonparametric LOWESS (Locally
Weighted Scatter Plot Smoother) statistical regres-
sion function, mainly based on critically revised
87Sr/%Sr isotopic data from literature. Assignments
of numerical ages to ¥Sr/*Sr isotopic data from
literature were converted for calibration using the
formula of Wei (1994) and the stage boundaries of
Gradstein et al. (1995) as temporally nearest pair
of numerically dated stratigraphic tie-points. The
resulting best-fit curve with its 95% confidence
intervals have been converted into a table giving

numerical ages and their 95% confidence limits for
any given ¥’Sr/%Sr value, by interpolation in steps
of 0.000001. A table converting numerical ages to
interpolated values of marine ¥Sr/*Sr, provided by
McArthur et al. (2001), allows a simple assignment
of numerical ages to measured ¥’Sr/*°Sr values.

Sample selection and laboratory procedures

To select samples for Sr-isotope measure-
ments, polished thin sections were examined
under cathodoluminescence (CL). This allows
detecting reworked material recognisable by its
different (in general more luminescent) CL. We
selected samples with homogeneous CL and low
detritical content. The billet corresponding to the
thin section was first rinsed with HCI 1% and
washed with distilled water in an ultrasonic bath.
The wall of larger benthic foraminifera was dri-
lled using a dentist’s drill under the binocular lens
to obtain the powder for the measurements.

144 M, 3 M and 0.01 M HNO, were used
for Sr separation with Sr-resin (Eichrom Inc.,
Darien, US) and were prepared in laboratory from
distilled 65% concentrated HNO, (‘pro analysis’,
Merck, Darmstadt, Germany, Sr content <lppm).
2.2 M CH,COOH was prepared in the laboratory
from distilled 100% concentrated CH,COOH
(‘pro analysis’, Merck, Sr content <0.005ppm).
Millipore water was used for the preparation of
all solutions and dilutions. Only acid-cleaned FEP
Teflon beakers (cleaned in 5 M HNO, followed
by 6 N HCI for 12 h each) were used.

The columns used for Sr separation were
prepared in the laboratory using 1000ul pipet-
te tips and a lower frit of PE-fine sheet (Porex
Technologies Inc., Singwitz, Germany). Prepared
pipette tips were stored in 0.01M HNO,. About
0.25 g of Sr resin was introduced as a suspension
in 3 M HNO, into the prepared pipette tips and
the columns conditioned by rinsing with 2 mL 3
M HNO,. Sample powder was dissolved in 2.2
M acetic acid, to avoid leaching of Sr from detri-
tal minerals in the limestone. Insoluble residues
were separated by centrifugation and the acetic
acid was evaporated. 0.2 mL of 14.4 M nitric acid
was added to the sample and was then evapora-
ted to dryness in order to oxidise organic matter
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(McArthur et al., 2001). The sample was loaded
with 0.5 mL 3 M HNO, and rinsed with about 1.5
mL 3 M HNO, to wash out the non-retained ele-
ments. Sr was eluted with about 1.5 mL 0.01 M
HNO,. Total laboratory blanks for Sr (including
chemicals, column and loading blank) did not ex-
ceed 0.25 ng.

Samples were analyzed at the Geological
Institute of the University of Berne. The isotopic
composition of the Sr was determined with a Nu
Instruments ® multicollector ICP mass spectro-
meter operated in static mode. The measured St/
86Sr ratio was normalized to the natural 3Sr/*Sr
of 8.3752009 for the ratio. The number of collected
ratios per measurement was n=120. After measu-
rement of each third sample, the NBS987 standard
was measured and sample measurements were
adjusted to the certified value for the NBS987 of
0.710248. A total of 8 standards (NBS987) were
measured with an average ¥Sr/*°Sr 0of 0.710240 (2
5.d.=0.00004).

Results

The ¥Sr/*Sr ratio was measured in 11 spe-
cimens of megalosphaeric Lepidocyclina sp. me-
chanically extracted from several rock samples
collected at Punta Peladas (9° 56’ 57” N, 85°
40’ 40.60” W, Costa Rica) a few m above the
angular unconformity with the underlying deep
water series. 8’Sr/*Sr ratios range from 0.70809
to 0.70820, which corresponds to model ages
between 27.3 and 24.9 Ma (Fig. 5) according to
McArthur et al. (2001). This age range does not
represent the duration of sedimentation, since the
samples were taken in a stratigraphic interval of a
few m only. It could represent isotopic variations
during early diagenesis that variably affected di-
fferent samples and different specimens in each
sample.

Very similar ¥Sr/%Sr ratios, ranging from
0.70815 to 0.70817 (Fig. 5) were obtained from
two specimens extracted from a sample collected
in a coastal outcrop N of Windward Village (12°
30° 54.29” N, 61° 25° 49.25 W, Carriacou, Lesser
Antilles). All measured ¥’Sr/®Sr ratios fall within
a Chattian (Late Oligocene) age according to the
Berggren et al. (1995) time scale.

DISCUSSION

The biochronologic range of M. tani and M.
gunteri is currently controversial, and has to be
considered as poorly known. At present, there are
two concepts of the first appearance of these spe-
cies, discussed below.

Oligocene first occurrence

In America, Miogypsina gunteri was origi-
nally described by Cole (1938) in the Suwannee
limestone of Florida of the Upper Oligocene, this
age was contested by Drooger (1952), which sug-
gested a Middle Oligocene for Cole’s sample.

In Trinidad, Miogypsina gunteri was found
in Oligocene sediments (Vaughan & Cole, 1941;
Caudri, 1996). Cole (1964) considered M. gunte-
ri and M. tani as synonymous of M. panamensis,
for which he proposed a range restricted to the
Oligocene. As discussed above under “Systematic
notes on Miogypsina”, this concept was not follo-
wed in this work because we can clearly identify
the morphological characters of the two species
M.gunteri and M.tani.

M. tani was originally described by Drooger
(1952) from a sample collected from “Oligocene”
outcrops of fossiliferous conglomerate along the
Reventazén river (Costa Rica). He assigned a
Middle Oligocene age to this form. Later, Cole
(1961) examined a sample sent by E. Malavassi V.
from the same locality and found Lepidocyclina
undosa associated with Miogypsina tani.
Malavassi (1961) correlated the outcrops of Punta
Peladas discussed here with the Upper Oligocene
portion of the Caimito and Bohio formations of
Panama (Cole, 1952).

Miocene first occurrence

In Europe, according to Drooger (1955,
1956a), the range of M. gunteri begins in the olde-
st Aquitanian (Lower Miocene) in the Aquitanian
Basin of France. DeBock (1976) found M. gunteri
in several localities of the Aquitanian basin that
he assigned to an early to late Aquitanian age. In
the European realm, M.tani is known from the
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Fig. 5: 87S1/86Sr strontium isotope ratios measured in samples from Punta Peladas (full circles) and Windward (empty circles),
plotted against age (Ma) according to McArthur et al. (2001). All values, including 2 sigma analytical errors, are recalculated as

errors in Ma fall within the Chattian (Late Oligocene) stage.

stratotype of the Aquitanian stage and has a wide
geographical distribution (Raju, 1974; Adams,
1983). M. gunteri and M. tani are considered by
Cahuzac & Poignant (1997) as successive mar-
kers for their Aquitanian biozone SB 24 (shallow
benthic foraminiferal biozone). However, already
Drooger (1954, 1956b) clearly stated that the la-
test Oligocene strata below the type Aquitanian
do not contain larger foraminifera because of a
probable freshwater influence. To us, it seems
clear that the first occurrence of Miogypsina in
the type Aquitanian of the Aquitanian Basin is
facies-controlled.

Butterlin (1981), in his work on the Caribbean
and Mexico followed the European school and res-
tricted the range of Miogypsina gunteri to the early
Aquitanian (Early Miocene) and that of M. fani to the
late Aquitanian, despite of contradicting evidence in

America. Also Askers & Drooger (1957), descri-
bed M. gunteri and M. tani in sediments of the Gulf
Coast and argued in favour of an Aquitanian age,
an assumption that was put in doubt by Malavassi
(1961).

The association of larger foraminifera of
Nosara and Windward can clearly be compared
with late Oligocene assemblages described by
Caudri (1996) from Trinidad. M. gunteri is cited
by this author from Kapur Quarry in the Cipero
Formation in SE Trinidad, which was dated by
the Globigerina ciperoensis ciperoensis and
Globorotalia kugleri zones of Late Oligocene
age according to Bolli & Saunders (1985). Later,
Berggren et al. (1995) placed the G. kugleri zone in
the earliest Miocene. However, it should be noted
that the Cipero Formation is a muddy deep water
formation in which the shallow water material of
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the Kapur Quarry may be reworked from conside-
rably older formations (Eames et al., 1960, 1962;
Caudri 1996).

Diaz de Gamero (1977) found Lepidocyclina
undosa, Heterostgina antillea and M. gunteri be-
low the first appearance datum of Globigerinoides
primordius (latest Oligocene/ earliest Miocene
according to Berggren et al., 1995) in the Pecaya
and Pedregoso formations of Venezuela.

The species commonly associated with M.
gunteri and M. tani in the Caribbean region are
Heterostegina antillea Cushman, Lepidocyclina
(Nephrolepidina) ~ vaughani ~ Cushman  and
Lepidocyclina undosa. They seem to have a range
from the Middle Oligocene Globorotalia opima zone
to the Early Miocene Catapsydrax dissimilis zone
(Andreieff et all., 1987; Caudri 1996). According to
Berggren et al. (1995), the Catapsydrax dissimilis
zone is of Middle Miocene age.

In summary, there are clear evidences of an
at least Late Oligocene (Chattian) first occurrence
of M. tani and M. gunteri in America. Such an age
is in accordance with nannofossil and planktonic
foraminifer data form Carriacou. Identical Sr-ratios
from Nosara and Windward confirm a Chattian age
for these assemblages and contradict a restriction
of M. gunteri and M. fani to the early Miocene as
proposed by some European workers. The apparent
later first occurrence of these species in Europe
may be facies-controlled at the type locality of
the Aquitanian, which may have induced errors of
correlation throughout Europe. An additional pro-
blem of correlation arises from repeated revisions
of the zonal schemes for planktonic foraminifera
around the Oligocene/Miocene boundary.

CONCLUSIONS

Nannofossils and planktonic foraminifera
from Windward (Carriacou), and identical ’Sr/
8Sr ratios from both Punta Peladas and Windward
clearly indicate a Chattian (Late Oligocene) oc-
currence of Miogypsina gunteri and Miogypsina
tani and confirm this age range for the associated
larger foraminifera cited above.

The ¥Sr/%Sr ratio measured in the calcite
of larger foraminifera provides consistent values
reflecting the strontium isotopic composition of

seawater at the time of biomineralization and/or
early diagenesis of the foraminifer tests. These
values can be interpreted in terms of absolute
ages by using calibration curves such as the one
proposed by McArthur et al. (2001). The middle-
late Tertiary interval is ideal for such an approach
since the ¥’Sr/*Sr ratio increased at a high rate of
2.6 x 10* Ma’!'. At such a rate, the majority of our
measurements allow an absolute age call with an
error of < 1 Ma.

The co-occurrence of the two species in the
Late Oligocene does, at least for Central America,
makes infirm their successive first occurrence in
the Early Miocene and their use as marker species
for an Aquitanian biozone.
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Plate 1

1. Upper Oligocene shallow water limestones rest on an angular unconformity over Paleocene-
Eocene distal turbidites and siliceous shales, Punta Peladas (Nosara, Costa Rica).

2. Bioclastic limestones packed with larger foraminifera mostly representing microspherical forms
of Lepidocyclina sp. Width of image is 4.7 cm.

3. Bioclastic limestones at Punta Peladas, Nosara (9° 56’ 57 N, 85° 40° 40.60” W). Successive sets
of high angle foresets at various scales indicate a high energy, near shore carbonate bank environment.

4. Microfacies with Lepidocyclina yurnagurensis Cushman, Lepidocyclina vaughani Cushman and
Miogypsina sp. Width of image is 800 ym.

5. Aequatorial section of Miogypsina tani Drooger. This cathodoluminescence (CL) micrograph
allows to observe the real size of the protoconch and the shape of the nepionic stage, see Fig. 4. Width

of image is 250 ym.

6. Vertical section of Miogypsina tani Drooger. This CL image shows the apical position of the
embryon. Width of image is 250 pm.

7. Aequatorial section of Heterostegina antillea Cushman under CL showing a big protoconch follo-
wed by one kidney-shaped chamber typical for the Oligocene-Miocene American Heterostegina. Width
of image is 250 ym.

8. Axial-oblique section of Heterostegina antillea Cushman. Width of image is 500 gm.

9. Aequatorial section of Lepidocyclina (Nephrolepidina) vaughani Cushman. View in transmitted
light. Width of image is 300 pm.
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Plate 2

Transmitted light micrographs of thin sections of sample CM 1121, Punta Peladas, Nosara, Costa
Rica.

1-2. Aequatorial section of Miogypsina tani Drooger showing a coarse marginal fringe in the apex
of the test. Scale bars are 500 ym in 1, and 200 ym in 2.

3-4. Aequatorial section of Miogypsina gunteri Drooger showing a coarse recrystallized spiral coil.
Scales bars are 500 gm in 3, and 200 ym in 2.

5-6. Aequatorial sections of Miogypsina tani Drooger, showing a specimen slightly conical, with de
deuteroconch in the apex of test. Scales bars are 500 ym in 5, and 200 gm in 6.
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