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ABSTRACT: The limestones of the Fila de Cal Formation build the largest carbonate platform sequence of Costa Rica 
extending over 180 km from southern Costa Rica into the Panamanian boarder area of David. The detailed limestone 
microfacies analysis and micropaleontologic dating based on the contained larger foraminiferal assemblages of 22 
samples selected from the most representative exposures reveal three main carbonate facies: (1) Eoannularia eocenica-
bearing spiculite facies from the Middle Eocene, (2) large lepidocyclinid-nummilitid facies from the Upper Eocene 
lead by the Lepidocyclina chaperi-Lepidocyclina tobleri panamensis assemblage and (3) dominant Lower Oligocene 
Lepidocyclina yurnagunensis-Lepidocyclina undosa assemblage. These three biostratigraphically successive facies 
record circa 14 to 19 m.y. of continuous shallow-marine carbonate sedimentation in the Pacific frontal arc region of 
southern Costa Rica. During this time large communities of benthic organisms: larger foraminifera, calcareous algae, 
corals, bryozoans, mollusks and equinoderms rapidly grew in warm tropical waters to build the largest and long-lasting 
carbonate platform on the Costa Rican arc. The carbonate sedimentation ended abruptly with accumulation of thick 
volcaniclastic marine platform-to-slope deposits of the Térraba Formation. Tectonically, the Fila de Cal carbonate 
platform development coincides with rapid convergence rates of the Farallón plate beneath southern Central America 
leading to strong arc uplift and new widespread neritic environments. The correlation with contemporaneous carbonate 
arc sequences clearly indicates that primarily their proximity to the inner volcanic arc areas and strong subsidence in 
response to emerging volcanic edifices are probably the main factors that controlled growing and persistence of 
carbonate environments within the arc setting. 
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INTRODUCTION 

In the Late Cretaceous and Paleogene times 
the shallow-marine sedimentation within the 
Costa Rican arc was predominantly of carbon-
ate origin. Carbonate environments emerged all 
over the arc to build small carbonate reefs, plat-
forms and ramps (Calvo, 1987; Bolz and Calvo, 
2002). In this study we analyze the limestone 
sequence of the Fila de Cal Formation exposed 
in southern Costa Rica. The significant larger 
foraminiferal-calcareous algal limestone of the 
Fila de Cal sequence records a climax episode 
of shallow-marine carbonate sedimentation. As 
we show in this study, the episode took place in 
the Eocene-Oligocene time leading to the forma-
tion of Costa Rica’s largest carbonate platform 
sequence. Although several studies have focused 
on the Tertiary sedimentary forearc sequence of 
southern Costa Rica (Henningsen, 1966; Mora, 
1979; Weyl, 1980; Phillips, 1983; Heywood, 
1984; Yuan and Lowe, 1987), there is surprisingly 
little knowledge about the limestone sequence in 
particular. The reason is mainly because the study 
of limestones requires a proper sedimentologic, mi-
crofacies and micropaleontologic approach – our 
research deals with. The main goals of our study are 
(1) to determine the age of the Fila de Cal Formation 
by dating the larger foraminiferal assemblages of 
the most representative limestone exposures, (2) to 

determine the carbonate sequence sedimentology 
by analyzing the microfacies of limestones in con-
junction with field observations and (3) to outline 
the origin and tectonic history of Costa Rica’s larg-
est carbonate platform sequence within the Tertiary 
arc, in particular what factors control the develop-
ment of carbonate platform sedimentation in the 
intraoceanic arc setting.

Tectonic Setting 

Costa Rica and Panama emerged from an 
intraoceanic island arc built on the western con-
vergent boundary of the Caribbean plate where 
the former oceanic Farallón plate (precursor 
of the actual Cocos plate) subducted since the 
Cretaceous (e.g. Lundberg, 1991; Calvo and 
Bolz, 1994). Today’s convergent structure off 
southern Costa Rica shows a buoyant subduct-
ing segment of the oceanic Cocos plate covered 
with ridges and seamounts (e.g. the Cocos ridge 
and Quepos plateau) that cause strong erosion 
along the inner wall of the MAT (Fig. 1) – where 
actually no accretion takes place (von Huene 
and Flüh, 1994; Hinz et al. 1996). The study 
area locates in the inner forearc coastal range of 
southern Costa Rica (also known as the Térraba 
trough), more precisely in the Río Grande de 
Térraba area (Fig. 1 and 2). 

RESUMEN: Las calizas de la Formación Fila de Cal constituyen la mayor secuencia de plataforma carbonatada de 
Costa Rica al extenderse por más de 180 km, desde el río Savegre hasta la región de David en Panamá. El análisis 
detallado de microfacies y micropaleontológico de las asociaciones de macroforaminíferos de 22 muestras de roca pro-
venientes de afloramientos representativos revelan tres facies carbonatadas principales: (1) espiculitas de Eoannularia 
eocenica del Eoceno Medio, (2) facies de grandes lepidociclinas y nummulites del Eoceno Superior caracterizada por 
Lepidocyclina chaperi-Lepidocyclina tobleri panamensis y (3) facies de Lepidocyclina yurnagunensis-Lepidocyclina 
undosa del Oligoceno Inferior (Rupeliense). Estas tres facies, bioestratigráficamente sucesivas, documentan alrededor 
de 14 a 19 M.a. de continua sedimentación carbonatada nerítica en la región frontal del arco. Durante este tiempo, 
grandes comunidades de organismos bentónicos: macroforaminíferos, algas calcáreas, corales, briozoos, moluscos y 
equinodermos crecieron en aguas tropicales cálidas para formar la plataforma más extensa y duradera de Costa Rica. La 
sedimentación carbonatada terminó de forma abrupta con la acumulación de depósitos volcaniclásticos de plataforma y 
talud de la Formación Térraba. Tectónicamente, el desarrollo de la plataforma coincidió con altas tasas de convergencia 
de la placa Farallón por debajo de América Central, que condujo a fuerte levantamiento del arco y extensas áreas nerí-
ticas. La correlación con secuencias carbonatadas contemporáneas indican que la proximidad de las plataformas al arco 
interno y la fuerte subsidencia en respuesta a la emersión de nuevos edificios volcánicos son probablemente los factores 
que determinaron el crecimiento y persistencia de ambientes carbonatados en arcos intraoceánicos.

Palabras clave: Costa Rica, plataforma carbonatada, macroforaminíferos, arco intraoceánico, Eoceno, Oligoceno.
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Fig. 1: Geologic and tectonic framework of the study area. The geologic map of southern Costa Rica is according to Mora (1979), 
Lew (1983), Berrangé (1989), Di Marco (1994) and compilation by Tournon and Alvarado (1995). Lithology modified after new 
findings. Inset map shows the tectonic framework of southern Costa Rica within the convergent plate margin of southern Central 
America (MPF–Motagua-Polochic Fault; MAT–Middle America Trench; ND–Nicaragua Depression; QP–Quepos Plateau; PFZ–
Panama Fracture Zone).
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The Tertiary sedimentary rock sequence ex-
posed there builds the NW-SE striking coastal 
range named the Fila Costeña (Fig. 1). This 
mountain range is about 20 km wide and 180 
km long, extending from the Savegre river val-
ley, located on the western Pacific coast of Costa 

Rica (Henningsen, 1966; Mora and Valdés, 1984), 
into the southwestern Panamanian border area of 
David (Fig. 1). The range borders NE to the intra-
mountain El General and Coto Brus valleys and 
the following intrusive Talamanca Cordillera and 
SW to the forearc basement area of Golfito, Osa 

Fig. 2: Geologic map of the study area in the Río Grande de Térraba region, southern Costa Rica. Modified after Mora (1979) and 
compilation by Tournon and Alvarado (1995). The map contains the rock sample locations of the study.
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and Burica peninsulas, known as the uplifted out-
er arc (e.g. Lew, 1983). The Fila Costeña exposes 
the largest shallow-marine carbonate platform se-
quence known in Costa Rica: the Fila de Cal lime-
stones – named the David Formation in Panama 
(Domínguez, 1978; Weyl, 1980). 

The structure of the coastal mountain range 
resulted from thrust fault tectonics (Mora, 1979; 
Rivier, 1985). The tectonic movement pushed 
the entire Paleogene sedimentary rock sequence 
southwestward to build three main parallel strik-
ing limestone ridges, called filas. On the lower 
SW flanks of the carbonate ridges, steep faults 
thrust the limestones over the younger siliciclastic 
sedimentary rocks of the Térraba Formation, while 
on the opposite NE ridge flanks, the younger rocks 
conformably overlie the limestones (Fig. 2). The 
rising of the Talamanca Cordillera in northeastern 
and the forearc deformation resulted from arriving 
of the Cocos ridge are both thought to have caused 
the Fila Costeña thrust mountain (Mora, 1979; 
Rivier, 1985; Heywood, 1984; Stichler et al. 2007).

Stratigraphic Framework

The Tertiary sedimentary deposits of the Fila 
Costeña in the Río Grande de Térraba area build a 
remarkable circa 5000 to 5800 m thick sequence of 
larger foraminiferal limestones, siliciclastic rocks, 
including marls, mudstones, siltstones and con-
glomerates as well as fossiliferous and volcanicla-
stic sandstones and conglomerates (e.g. Dengo, 
1960; Henningsen, 1966; Mora, 1979; Phillips, 
1983; Heywood, 1984; Yuan and Lowe, 1987). 
The sequence age ranges from the Eocene to the 
Quaternary. The oldest deposits are the platform 
limestones of the Fila de Cal Formation, followed 
by marine siliciclastic deposits of the Térraba and 
Curré Formations, continental deposits of the 
Paso Real Formation and Recent alluvial deposits. 
The study focuses on the Fila de Cal and Térraba 
Formations. The older Late Cretaceous-Tertiary 
basement rock suite and its sedimentary cover out-
crop southwest from the coastal range in the area of 
Río Sierpe, Golfito and Osa Peninsula (Fig. 1).

The Fila de Cal Formation

Dengo (1962) originally grouped the lime-
stones of the Fila Costeña within the stratigraphic 
unit El Cajón of the Térraba Formation. Later, 
Henningsen (1966) followed by Mora (1979), 
Phillips (1983), Heywood (1984) and Yuan and 
Lowe (1987) separate the El Cajón unit from the 
Térraba Formation to include it within the Brito 
Formation. Such approach is in our opinion an 
issue. The Brito Formation in the type locality 
of southern Nicaragua is a coarse-grained deep-
sea slope sequence where carbonate rocks only 
consist after our observations of small deposits 
of resedimented shallow-water limestones. In 
contrast, the Fila de Cal limestones do build a 
significant thick carbonate platform sequence. 
Considering its thickness and significance, Calvo 
(1987, p. 147-148, fig. 34) formally introduced 
the new stratigraphic unit Formación Fila de 
Cal, after the original name (calizas de Fila de 
Cal) used to mention the limestone sequence in 
the study area (e.g. Weyl, 1980). More recently 
stratigraphic schemes for Costa Rica incorpo-
rate this term into their stratigraphic charts and 
maps (e.g. Sprechmann et al., 1994). In terms of 
stratigraphic nomenclature, new biostratigraphic 
results and previous geologic mapping (Mora, 
1979) (Fig. 2) demonstrate the limestones of Fila 
Costeña build in fact a large long-term carbon-
ate platform sequence and a proper stratigraphic 
unit in southern Costa Rica that should not longer 
be considered part of the southwest Nicaraguan 
Brito Formation.

The Fila de Cal Formation is a bioclas-
tic carbonate sequence of circa 400 m thickness 
(Mora, 1979) we newly dated in this study from 
the Eocene to Oligocene and stratigraphically 
arranged in the El Cajón and Palmar Sur units, 
respectively. The bioclastic deposits build thick-
bedded to massive limestones and thin-bedded 
limestone strata, locally bearing marl and siltstone 
layers interbedded. The limestones show a well-
developed karst system of large caves, most of 
them still unexplored (e.g. Ulloa et al., 2011). The 
formation contains the oldest strata – from the 
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middle Eocene – within the Tertiary sedimentary 
sequence and is conformably overlain by the Térraba 
Formation. The youngest – lower Oligocene – strata 
of Fila Palmar section show a transitional contact 
to the Térraba Formation, marked by upward in-
creasing intercalations of marls and siltstones that 
turn into predominantly siliciclastic series (Fig. 3). 
Henningsen (1966) and Mora (1979, p. 46) have pre-
viously described a similar transitional contact be-
tween the limestone and the lower Zapote unit of the 
Térraba Formation at other localities. The Savegre 
river limestones located in the western coastal region 
of Costa Rica and the David Formation limestones 
in Panama both are stratigraphic equivalents of the 
Fila de Cal sequence outlining its north and southern 
terminus, respectively.

The Térraba Formation

The Térraba Formation is a large coarsening-
upward sequence of siliciclastic and volcanicla-
stic deposits of Oligocene to Miocene age. Its 
cumulative thickness ranges between 2400 and 
2700 m (Mora, 1979). The formation as Dengo 
(1960, 1962) originally defined it includes a het-
erogeneous sequence of carbonate platform and 
volcaniclastic slope deposits. The most suitable 
approach to the Térraba Formation reflecting the 
sequence coarsening- and shallowing-upward 
origin presents Mora (1979). Based on detailed 
mapping he outlined two successive units: the 
lower Oligocene Zapote Member, including mo-
notonous series of siliciclastic platform and slope 
deposits and the upper Oligocene-lower Miocene 
Lagarto Member of coarse-grained volcaniclastic 
sandstones and conglomerates building braided 
channel and fan-delta deposits. The shallow-
ing-upward deposits to the top of the Térraba 
Formation conformably pass over to the Miocene 
Curré Formation.

METHODS

The study includes detailed sedimentologic 
and stratigraphic field observations made on 
the most representative limestone exposures of 

the Fila de Cal Formation: El Cajón, Quebrada 
Cañablancal, Quebrada Coobó, Palmar Sur (on 
the south side of the Río Grande de Térraba) and 
Fila Cal (on the northern coast of Golfo Dulce) 
(Figs. 1 and 2). We have selected a total of 22 
limestone samples from the former exposures for 
further microfacies analysis (Flügel, 1982) and 
micropaleontologic dating. All samples age deter-
minations were made in thin sections (5 x 5 cm 
format) on the basis of their contained larger fora-
miniferal assemblages. The sample dating follows 
the biostratigraphy of larger foraminifera for the 
Gulf of Mexico, Caribbean and Central America 
regions by Butterlin (1981), Pécheux (1984) and 
others. The limestone textures are based on the 
combined classification of Dunham (1962) and 
Embry and Klovan (1971). The microfacies study 
also includes an additional petrologic analysis of 
accessory volcanic particles (rock fragments and 
crystals) contained within the limestone samples. 
The results are listed on Tables 1, 2 and 3 and il-
lustrated on Figures 4, 5 and 6.

RESULTS

The limestones sampled from the studied 
exposures of the Fila de Cal Formation show a 
total of eight different microfacies types (MF1 to 
8, Tables 1 and 2) and three biostratigraphically 
successive larger foraminiferal assemblages. 
Table 3 resumes the samples age determinations, 
larger foraminiferal assemblages and deposition-
al environments. The following microfacies de-
scription details the lithology and main biogenic 
grain composition, including the larger foramin-
ifera, calcareous algae and significant accessory 
biogenic and volcaniclastic grains found in the 
limestone samples. 

El Cajón

El Cajón, situated on the northwest riverside 
of the Río Grande de Térraba, is the most studied 
and visited limestone exposure of the Fila de Cal 
Formation – and therefore its type locality. The 
section directly exposed on the roadside consists 
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of massive and thick-bedded light grey to white 
limestone deposits bearing larger foraminifera, 
red-algal fragments and rhodolites. They build 
part of the El Cajón anticline, a NW-SE oriented 
asymmetrical drag fold which limbs fall 60-70°NE 
and 80°SW and linked to the Rio Grande de Térraba 
thrust fault (Mora, 1979) (Fig. 2). All samples ana-
lyzed from El Cajón type section show a larger fo-
raminiferal assemblage from the upper Eocene con-
firming previous dating by Malavassi (1961). 

Upper Eocene

Lepidocyclina tobleri panamensis-Lepidocyclina 
chaperi facies

All microfacies MF1 samples KB-2/1, KB-
2/2 and KB-2/3 build a compacted bioclastic 
packstone bearing mainly large lepidocyclinids, 
coralline algal fragments and rhodolites. The fa-
cies rich larger foraminifera assemblage com-
prises individuals of the species Lepidocyclina 
pustulosa pustulosa (Fig. 4D), Lepidocyclina 
tobleri panamensis, Lepidocyclina macdonaldi, 
Lepidocyclina ocalana, Lepidocyclina chaperi, 
Nummulites trinitatensis, Nummulites floriden-
sis, Asterocyclina minima and Helicostegina po-
lygyralis. In sample KB-2/3 A. minima and L. 
tobleri panamensis are dominant species. With 
exception of few tests of 2 cm length, most test 
dimensions lie below 1 cm in diameter.

The facies samples KB-2/1 and KB-2/2 also 
contain 0.5 to 3 cm thick composite rhodolites. 
The rhodolite form determines it core that usu-
ally consists of eroded or broken lepidocyclinid 
tests, thallus fragments of coralline algae or frag-
ments of corals (Fig. 6B, C). The tight algal lay-
ers mostly of Mesophyllum sp. and Lithoporella 
sp. overgrowing the core are only 1 to 2 mm 
thick and never exceed 5 mm. Some rhodolites 
show nodular algal thalli of Mesophyllum sp. and 
Archaeolithothamnium sp. Common rhodolite-
encrusting organisms are foraminifera (including 
Eorupertia, Fabiania and large agglutinated litu-
olids), bryozoan colonies and serpulid individuals 
or colonies. The rhodolites (up to 15 mm in diam-
eter) of sample KB-2/1 show abundant encrusting 

Fabiania cassis individuals. Often rhodolites are 
strongly bored by microorganisms and infiltrated 
with biomicrite and algal pellets. 

Further bioclastic grains are nodular algal 
thallus fragments, abundant coralline algal frag-
ments (including Archaeolithothamnium sp., 
Lithothamnium sp., Mesophyllum sp., Lithoporella 
sp. and Corallina sp.) (Fig. 6E) small robust 
Amphistegina individuals, Gypsina vesicularis 
cubensis, Gypsina sp., Sphaerogypsina sp., small 
rotaliids, Fabiania cassis, Eorupertia sp. Ostracods, 
miliolids, small benthic and planktonic foraminifera 
as well as fragments of codiacean (Halimeda sp.) 
and dascycladacean algae, equinoderms and mol-
lusks are common accessory grain constituents. 
Some biogenic grains display iron-hydroxide rinds 
and impregnations indicating weathering. Dolomite 
and saturated contacts also occur.

Quebrada Cañablancal

The Cañablancal creek, located on the north 
river side of the Rio Grande de Térraba (Fig. 2), 
exposes deformed carbonate platform-slope stra-
ta. The limestones build centimeter to decimeter 
thick beds bearing larger foraminifera from the 
upper Eocene. The strata exhibit relatively small 
plunging drag folds, including an overturned fold 
linked by a secondary inverse fault and an asym-
metrical fold showing chevron-like crest (Mora 
1979, figs. 76, 77), probably produced at the 
base of the décollement as the limestones moved 
southwestward over younger siliciclastic strata of 
the Térraba Formation (Fig. 2).

Upper Eocene

Lepidocyclina tobleri panamensis-Lepidocyclina 
chaperi facies

The larger foraminifera microfacies MF 2 
sample HST-6/4 (Tables 1 and 2) texturally com-
prises a compacted bioclastic grainstone bear-
ing flat and partially eroded, deformed, or bro-
ken larger foraminifera tests set parallel to each 
other to delineate lamination as well as tallus 
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Sequence Fila de Cal

Facies Bioclastic larger foraminiferal-calcareous algal packstone-grainstones 
and rhodolite-foraminiferal rudstones

Microfacies (MF) 1 2 3 4a 4b 5 6 7 8

KB-1 2/1-2/3 
1/1-1/4

HST-
6/4 3/9 3/5 3/5

3/4 
3/6 
3/8

3/7 3/2-3/3 
1/5

5/1
4/1-4/2 
1/6-1/7 

Foraminifera

Nummulites panamensis •

Nummulites trinitatensis • • •

Nummulites floridensis • • •

Helicostegina polygyralis • • •

Helicostegina polygyralis paucispera •

Amphistegina floridana •

Amphistegina sp. • • • • • • •

Asterocyclina sp. • • • •

Asterocyclina minima • •

Lepidocyclina (N.) macdonaldi • • •

Lepidocyclina (L.) yurnagunensis • • • •

Lepidocyclina (L.) yurnag. morganopsis • • • •

Lepidocyclina (E.) undosa • • • •

Lepidocyclina (N.) pustulosa pustulosa • •

Lepidocyclina (N.) tobleri panamensis • • •

Lepidocyclina (Nephr.) chaperi • • •

Lepidocyclina (Nephr.) vaughani •

Lepidocyclina (N) ocalana • •

Lepidocyclina sp. •

Fabiania cassis • • • •

Gypsina vesicularis cubensis •

Gypsina sp. • • • • •

Eoannularia eocenica •

Sphaerogypsina sp. • • • •

Neorotalia sp. • • • •

Eorupertia sp. • • • • • •

Victoriella sp. • • • • • •

Planorbulina sp. • • •

Planorbulinella sp.cf. rokae • • •

Table 1

Foraminifera contained in Middle Eocene, Upper Eocene and Lower Oligocene platform limestones 
from the Fila de Cal Formation, Costa Rica.
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Table 1

Foraminifera contained in Middle Eocene, Upper Eocene and Lower Oligocene platform limestones 
from the Fila de Cal Formation, Costa Rica.

Sequence Fila de Cal

Facies Bioclastic larger foraminiferal-calcareous algal packstone-grainstones 
and rhodolite-foraminiferal rudstones

Microfacies (MF) 1 2 3 4a 4b 5 6 7 8

Sample no. KB-1 2/1-2/3 
1/1-1/4

HST-
6/4 3/9 3/5 3/5

3/4 
3/6 
3/8

3/7 3/2-3/3 
1/5

5/1
4/1-4/2 
1/6-1/7 

Foraminifera

Small rotaliids • • • • • •

Miliolids • • • • • •

Brown altered miliolids •

Agglutinated foraminifera • • • • • •

Small benthic foraminifera • • • • • • • •

Planktonic foraminifera • • • • • • • •

• Occurrence determined in thin sections
1 Sample description and location in text and on Figures 1 and 2.

fragments of crustose coralline algae. Stylolites 
are common. The dominant larger foraminiferal 
assemblage species are Lepidocyclina tobleri pa-
namensis (Fig. 4F), Lepidocyclina macdonaldi, 
Lepidocyclina chaperi, Asterocyclina minima and 
Nummulites floridensis, followed by Nummulites 
trinitatensis, Asterocyclina sp., Helicostegina 
polygyralis and small robust individuals of 
Amphistegina and few planktonic foraminifera. 
The assemblage dates the deposit from the Upper 
Eocene. In addition the grainstone facies con-
tains abundant large algal thallus fragments of 
codiacean (Halimeda sp.) up to 6 mm long and 
melobesoidean (Archaeolithothamnium sp., 
Mesophyllum sp. and Lithothamnium sp.) (Fig. 
6F), composite rhodolite, equinoderm and bryo-
zoan fragments, miliolids, planktonic foramin-
ifera and angular, partially in calcite and kaolinite 
altered plagioclase crystals. Common algal thal-
lus- and rhodolite-encrusting organisms are bryo-
zoans and foraminifera: Gypsina sp., Eorupertia 
sp and Fabiania sp. Between 5 and 10 % of bio-
genic grains display red-browned iron-hydroxide 

grain outlines, pointing out to previous exposure 
to weathering conditions in source areas; that 
means the grains were altered under subaerial 
conditions before their resedimentation again into 
shallow-marine environment.

Quebrada Coobó (Fila Grisera)

The Coobó creek, an affluent flowing from the 
southeastern Grisera range into the Río Grande de 
Térraba, exposes the most complete biostratigraphic 
limestone record in the study area of Fila Costeña 
so far. The limestones consist of larger foraminif-
eral-algal deposits of light grey to beige color, con-
formably covered by centimeter to decimeter bed-
ded volcaniclastic strata of the Térraba Formation. 
The samples collected from Coobó creek contain 
three different successive larger foraminiferal as-
semblages from the middle Eocene, upper Eocene 
and lower Oligocene. Microfacies samples record 
wide range of shallow-marine and open-platform 
to platform-slope environments (Table 3).
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Sequence Fila de Cal

Facies Bioclastic larger foraminiferal-calcareous algal packstone-grainstones 
and rhodolite-foraminiferal rudstones

Microfacies (MF) 1 2 3 4a 4b 5 6 7 8

Sample no. KB-1 2/1-2/3 
1/1-1/4 HST-6/4 3/9 3/5 3/5

3/4 
3/6
3/8

3/7 3/2-3/3 
1/5

5/1
4/1-4/2
1/6-1/7

Calcareous Algae

Rhodolites • • •

Archaeolithothamnium sp. • • • • • • •

Lithothamnium sp. • • • •

Lithoporella sp. • • • • • •

Mesophyllum sp. • • • • • • • •

Corallina sp. • • • • •

Dascycladacean • •

Codiacean (Halimeda sp.) • • •

Other Biogenics

Red-brown weathered 
bioclastic grains • • • •

Coral fragments •

Neomorphic bivalve 
fragments •

Oyster shell fragments • • • •

Mollusk fragments, 
undfferentiated • •

Balanid fragments • • •

Equinoderm fragments • • • • • • • • •

Bryozoans • • • • • • •

Serpulids • • • • • •

Spicula •

Rock Fragments

Bioclastic limestone grains •

Basaltic fragments • •

Altered lava fragments • • • •

Differentiated lava 
fragments • • • •

Tuffaceous fragments • • • • •

Table 2

Calcareous algae and accessory biogenic and volcaniclastic grain constituents of Middle Eocene, Upper Eocene 
and Lower Oligocene platform limestones from the Fila de Cal Formation, Costa Rica.
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Sequence Fila de Cal

Facies Bioclastic larger foraminiferal-calcareous algal packstone-grainstones 
and rhodolite-foraminiferal rudstones

Microfacies (MF) 1 2 3 4a 4b 5 6 7 8

Sample no. KB-1 2/1-2/3 
1/1-1/4 HST-6/4 3/9 3/5 3/5

3/4 
3/6
3/8

3/7 3/2-3/3 
1/5

5/1
4/1-4/2
1/6-1/7

Volcanic Crystals

Pumice fragments • • •

Green clay particles • • •

Cherts • • •

Plagioclase feldspar • • • • • • •

Pyroxene •

Quartz • • •

• Occurrence determined in thin sections
1 Sample description and location in text and on Figures 1 and 2

Table 2

Calcareous algae and accessory biogenic and volcaniclastic grain constituents of Middle Eocene, Upper Eocene 
and Lower Oligocene platform limestones from the Fila de Cal Formation, Costa Rica.

Middle Eocene

Eoannularia eocenica facies

This particular microfacies MF3 sample KB-
3/9 (Table 1 and 2) consists of spicula-rich pack-
stone bearing abundant planktonic foraminifera 
and well-preserved individuals of the middle 
Eocene larger foraminifera Eoannularia eoceni-
ca Cole and Bermúdez (Fig. 4A, B). Contents of 
sponge spicula and planktonic foraminifera range 
between 20 and 40 % and 1 and 10 %, respec-
tively. Further accessory biogenic constituents 
are small larger foraminifera (Asterocyclina sp. 
and Lepidocyclina sp.), flat nummulitids (includ-
ing Nummulites trinitatensis), Amphistegina sp., 
Planorbitolina sp., small benthic foraminifera, in-
cluding small rotaliids, miliolids and fragments of 
bryozoan, dascycladacean thalli (e.g. Cymopolia 
sp.), as well as bivalve shell and equinoderm plate 
fragments. The rock shows a grain-supported texture 
bearing micrite groundmass. Micrite also infiltrated 

successively in millimeter open joints. Some feld-
spar fragments and small black vesicular basaltic 
lava (up to 1%) containing small plagioclase mi-
crolites are common accessory volcanic grains.

Upper Eocene

Lepidocyclina tobleri panamensis-Lepidocyclina 
chaperi facies

The sampled limestone rock KB-3/5 con-
sists of two different textured microfacies: (1) 
a coarse-grained larger foraminifera and coral-
line algae bearing packstone (MF4a) and (2) a 
fine-grained laminated packstone (MF4b; Tables 
1 and 2) bearing rip-up clasts and bioclasts from 
the former microfacies. The coarse-grained mi-
crofacies MF4a is clearly bimodal exhibiting 
larger foraminifera and coralline algae set in 
a fine-grained groundmass consisting of algal 
pellets, fragments of coralline algae and larger 
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Localities and Samples1 Microfacies 
(MF)2 Larger Foraminiferal Assemblages Carbonate Platform Environment

El Cajón

Upper Eocene
KB-2/1, -2/2, -2/3 1 L. tobleri panamensis – L. chaperi Shallow-marine shoal

Cañablancal creek

Upper Eocene
HST-6/4 2 L. tobleri panamensis – L. chaperi Platform slope

Coobó creek

Middle Eocene
KB-3/9 3 Eoannularia eocenica Open platform to platform slope

Upper Eocene
KB-3/5 4 L. tobleri panamensis – L. chaperi Open platform

Lower Oligocene
KB-3/4, -3/6, -3/8 5 L. yurnagunensis – L. undosa Shallow-marine shoals

KB-3/2, -3/3, -3/7 6, 7 L. yurnagunensis – L. undosa Open platform to platform slope

Palmar Sur

Lower Oligocene
KB-5/1 (bridge south side) 8 L. yurnagunensis – L. undosa Open platform to platform slope

KB-4/1, -4/2 (1.5km from the bridge) 8 L. yurnagunensis – L. undosa Open platform to platform slope

Fila Cal

Upper Eocene

KB-1/1, -1/2, -1/3, -1/4 1 L. tobleri panamensis – L. chaperi Shallow-marine shoals

Lower Oligocene

KB-1/5, -1/6, -1/7 7, 8 L. yurnagunensis – L. undosa Open platform to platform slope

1 Sample description is in text and location on Figures 1 and 2.
2 Microfacies constituents listed on Tables 1 and 2.

Table 3

Localities, sample ages, larger foraminiferal assemblages and depositional environments of platform limestones from the Fila de 
Cal Formation, southern Costa Rica.

foraminifera, small benthic foraminifera, miliol-
ids, equinoderms and few planktonic foraminifera. 
Few small lava fragments bearing feldspar micro-
lites occur. The main bioclastic constituents are 
partially eroded and broken tests of lepidocyclinids 
(including individuals of Lepidocyclina macdonal-
di, Lepidocyclina chaperi, Lepidocyclina pustulo-
sa pustulosa and Lepidocyclina tobleri panamen-
sis), asterocyclinids, nummulitids (Nummulites flo-
ridensis) and rests of Eorupertia sp. and Fabiania 
cassis as well as nodular coralline and codiacean 
thalli. The larger foraminifera assemblage be-
longs to the Upper Eocene. The coralline thalli 
build a bunch of algal branches consisting mainly 

of Archaeolithothamnium sp. often overgrown by 
Lithoporella sp., foraminifera (Gypsina sp. and 
large agglutinated lituolids) and serpulids. Locally 
the thalli are strongly bored by microorganisms.

The fine-grained packstone microfacies 
MF4b bears few eroded Lepidocyclina tests, 
coralline algal fragments and large limestone 
rock fragments derived from erosion of the for-
mer microfacies MF4a. The contact between 
both microfacies is very irregular, truncated 
and clearly erosive. The biogenic constituents 
similarly consist of abundant small benthic 
foraminifera, few rests of larger foraminifera 
and corallinacean algae, algal pellets, equinoderm 
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fragments, planktonic foraminifera and miliolids. 
Altered brown colored lava, angular tuff (bear-
ing plagioclase phenocrysts), felsic lava and 
plagioclase crystal fragments are common acces-
sory volcanic grains. The intergranular pore space 
shows micrite and clay groundmass.

Lower Oligocene

Lepidocyclina yurnagunensis-Lepidocyclina 
undosa facies

The limestone microfacies MF 5, 6 and 
7 (Tables 1 and 2) determined in samples from 
Coobó creek belong to the lower Oligocene. The 
microfacies MF 5 samples KB-3/4, KB-3/6 and 
KB-3/8 all mainly consist of crustose coralline 
algal and larger foraminiferal grainstones/pack-
stones and rudstones, locally bearing large algal 
framework fragments and rhodolites. Sample 
KB-3/4 contains Lepidocyclina-cored rhodolites 
of Mesophyllum and Lithoporella. The rhodolites 
are up to 3 cm in diameter and display nodu-
lar partially bored algal thalli. The thin section 
of sample KB-3/4 transversally cuts through a 
bunch of algal branches of Mesophyllum; similar 
algal branches appear in large fragments ranging 
in size between 5 and 10 mm in sample KB-3/6 
and 8 and 17 mm in sample KB-3/8. Often the 
crustose coralline algal frameworks, including the 
rhodolites, are deeply bored and infiltrated with 
biomicrite and secondary crystalline silts. Among 
the crustose algal layers appear competitive mis-
cellaneous rhodolite builders: serpulid, foramin-
ifera and bryozoan colonies (Fig. 6D). Some 
multispecific frameworks and framework frag-
ments consist of Mesophyllum layers followed 
by encrusting serpulids, foraminifera (Gypsina 
sp., Planorbulina. sp) and finally Lithoporella 
layers. In addition, sample KB-3/8 shows con-
spicuous large Eorupertia sp. individuals, while 
sample KB-3/8 contains larger serpulid colonies. 
The bioclastic grains including algal branches 
and rhodolites consist of crustose coralline algal 
thalli, eroded larger foraminiferal tests and test 
fragments (including Lepidocyclina yurnagu-
nensis, Lepidocyclina undosa, Amphistegina sp., 

Sphaerogypsina sp. and abundant Neorotalia sp., 
principally), equinoderms and rests of encrusting 
organisms (e.g. bryozoans, foraminifera). The vol-
canic grain content is low including few strongly 
weathered plagioclase crystal fragments only.

The microfacies MF 6 sample KB-3/7 (Tables 
1 and 2) is a compacted bioclastic packstone 
bearing remarkable contents between 10 and 20 
% of planktonic foraminifera (Fig. 5F), small ro-
taliids and larger foraminifera. The sample also 
bears angular to subangular fragments of resedi-
mented bioclastic packstone (5 %) and eroded 
oversized algal thallus fragments (3-5 mm) of 
Mesophyllum sp. and Archaeolithothamnium sp., 
often encrusted by foraminifera (Gypsina sp. and 
Eorupertia sp.), serpulids and bryozoans. The 
foraminiferal assemblage comprises Neorotalia 
sp., Lepidocyclina yurnagunensis, Lepidocyclina 
sp., Lepidocyclina undosa, Amphistegina sp., 
Victoriella sp. and planorbulinids (Fig. 5F). 
Angular quartz crystals and green clay particles 
are common accessory constituents. Many plank-
tonic foraminiferal tests are broken. Content of 
iron-hydroxide impregnated bioclasts ranges be-
tween 2 and 5 %.

The microfacies MF 7 samples KB-3/2 and 
KB-3/3 (Tables 1 and 2) are coarse-grained red 
algal-larger foraminiferal grainstone-rudstones 
bearing accessory green clay particles, volca-
nic grains and limestone fragments containing 
planktonic foraminifera. The biogenic grains 
comprise strongly bored melobesoidean thallus 
and rhodolite fragments, eroded lepidocyclinid 
tests and test fragments, including Lepidocyclina 
yurnagunensis, Lepidocyclina undosa (Fig. 
5C), Lepidocyclina sp., Amphistegina sp. and 
Neorotalia sp. individuals. Some tests show 
again iron-hydroxide impregnations. Large cor-
alline algal fragments of Mesophyllum sp. and 
Archaeolithothamnium sp., strongly bored and 
encrusted by foraminifera (e.g. Gypsina sp.), 
serpulids and bryozoan colonies range in size be-
tween 5 and 7 mm in sample KB-3/2 and 1-8 mm 
in sample KB-3/3. Locally biomicrite fills the 
bored pore spaces of algal thalli. Well-rounded 
green clay particles and impregnations are com-
mon. The volcanic grains consist of subangu-
lar lava, tuff and pumice fragments, few quartz 
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Fig. 3: Stratigraphic sections of the Lower Tertiary sedimentary rock sequence in the Río Grande de Térraba area of southern 
Costa Rica comprising the Fila de Cal and Térraba Formations. The Fila de Cal Formation sequence stratigraphically includes the 
Middle to Upper Eocene El Cajón unit and the newly dated Lower Oligocene Palmar Sur unit. Stratigraphic units of the Térraba 
Formation are from Mora (1979). Limestone age determinations based on their contained larger foraminiferal assemblages. Strata 
thickness is not at scale.
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Fig. 4: Middle and Upper Eocene larger foraminiferal assemblages and limestone microfacies from the Fila de Cal Formation. A Middle 
Eocene microfacies from Coobó creek showing specimens of Eoannularia eocenica Cole and Bermúdez (upper right and left of view), 
planktonic foraminifera and abundant sponge spicula from deep-slope platform environments. Sample KB-3/9. B Eoannularia eocenica 
Cole and Bermúdez in axial section. Coobó creek. Sample KB-3/9. C Lepidocyclina (Nephrolepidina) chaperi Lemoine and R. Douvillé 
in axial section. Fila Cal. Sample KB-1/3. D Lepidocyclina (Neolepidina) pustulosa H. Douvillé in axial section. El Cajón. Sample KB-
2/1. E Lepidocyclina tobleri (Douvillé) subsp. panamensis (Cushman) in equatorial section showing the large embryo bordered by a 
collar of small globular chambers. El Cajón. Sample KB-2/1. F Large individuals of Lepidocyclina tobleri (Douvillé) subsp. panamensis 
(Cushamn) in axial section exhibiting their characteristic large embryos. Cañablancal creek. Sample HST-6/4.
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Fig. 5: Lower Oligocene larger foraminiferal assemblages and limestone microfacies from the Fila de Cal Formation. A Lepidocyclina 
(Lepidocyclina) yurnagunensis Cushman subsp. morganopsis Vaughan in axial section in the middle. Left in view a bryo-
zoan colony fragment. Fila Cal. Sample KB-1/6.  B Lepidocyclina (Lepidocyclina) yurnagunensis Cushman in axial section 
showing pseudo-nephrolepidine embryo. Fila Palmar sur limestone. Sample KB-4/1. C Detail of large juvenarium fragment 
of Lepidocyclina (Eulepidina) undosa Cushman in equatorial section. Note the thick embryonic chamber wall enclosing completely 
the proloculus. Palmar sur. Sample KB-4/2. D Neorotalia sp. and coralline algae fragments in grainstone from Coobó creek. Sample 
KB-3/7. E Helicostegina polygyralis (Barker) subsp. paucispira Barker and Grimsdale in axial section. Fila Cal. Sample KB-1/5. 
F Amphistegina floridana Cushman and Ponton (left), Lepidocyclina sp. (upper left) and small rotaliids (right) set in a groundmass 
bearing planktonic foraminifera, algal fragments and biomicrite; bioclastic foraminiferal packstone. Coobó creek. Sample KB-3/7.
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Fig. 6: Calcareous algae and other biogenic constituents contained in limestones from the Fila de Cal Formation. A Nodular thallus 
of corallinacean red algae, Mesophyllum sp., showing relatively large conceptacles in rhodolite facies. Fila Cal. Sample KB-1/4. 
B Crustose coralline algae (Mesophyllum sp.) overgrowing a large Lepidocyclina test to build a rhodolite; further thin layers of 
Lithoporella sp. and serpulids subsequently overgrow the former algae to become a composite rhodolite. Fila Cal. Sample KB-1/4. 
C Bored coral colony appears overgrown by thin-layered coralline algae (Lithoporella sp.). Coral framework fragment. Fila 
Cal. Sample KB-1/1. D Frameworks built up of bryozoan and serpulid colonies overgrown by Lithoporella sp. Coobó creek. 
Sample KB-3/4. E Thallus fragment of articulated coralline algae (Corallina sp.) in grainstone facies. Coobó creek. Sample 
KB-3/4. F Codiacean algae, Halimeda sp., in upper and lower part of the view; the two long sections exhibit well-developed central 
medulla and peripheral cortex area. In the middle appears Lepidocyclina sp. Cañablancal creek. Sample HST-6/4.
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crystals and up to 5 % of angular to subangular, 
both weathered and fresh plagioclase crystals 
exhibiting twinning and zoning.

Palmar Sur (Southeast Side of the Río Grande 
de Térraba)

Directly behind the bridge over the Río 
Grande de Térraba on the Interamericana high-
way, the southwestern flank of the third limestone 
ridge of Palmar Sur exposes a circa 15 m thick 
section of carbonate deposits we newly date from 
the lower Oligocene (Fig. 2). The section con-
sists of centimeter to decimeter thick laminated 
larger foraminiferal limestone strata in alternation 
with centimeter thick marls. Upward section they 
turn into series of alternating marls and siltstones 
Mora (1979) previously grouped into the lower 
to middle Oligocene Zapote unit of the Térraba 
Formation. Further circa 1,5 km southeast from 
the bridge on the highway more at least 5 m thick 
platform limestones outcrop. They resemble the 
former limestone strata, contain however only 
few marl intercalations. This section builds the 
top of the Fila de Cal Formation and its concor-
dant boundary to the Térraba Formation.

Lower Oligocene

Lepidocyclina yurnagunensis-Lepidocyclina 
undosa facies

The microfacies MF 8 sample KB-5/1 from 
the bridge exposure is a bioclastic grainstone 
bearing small corallinacean fragments, larger 
foraminifera, volcanic grains and few marl-mud-
stone intercalations (Tables 1 and 2). The algae 
consist of fragments of Archaeolithothamnium 
sp., Mesophyllum sp. and Lithoporella sp. and mi-
nor Corallina sp. as well as rhodolite fragments. 
Lepidocyclina undosa, Lepidocyclina yurnagu-
nensis, Neorotalia sp., Sphaerogypsina sp. and 
Amphistegina (e.g. Amphistegina floridana) are 

common foraminifera. The microfacies bears also 
accessory planktonic foraminifera. The volcanic 
grains made up to 10 % of angular to subangu-
lar, weathered rather than fresh plagioclase crys-
tals (exhibiting twinning and zoning), tuff, felsic 
lava and altered pumice fragments and few quartz 
and pyroxene crystals. Trace green clay grains are 
also present. The intercalated millimeter to cen-
timeter thick marl-mudstone laminae bear plank-
tonic foraminifera.

The limestone samples KB-4/1 and KB-4/2 
from the exposure 1,5 km further east from the 
bridge on the Interamericana highway show a 
similar grainstone textured microfacies (Tables 1 
and 2) consisting of larger foraminifera, rhodolite 
and melobesoidean thallus fragments. Common 
accessory constituents are planktonic foramin-
ifera and volcanic grains. The benthic foramin-
ifera comprise tests and test fragments, partially 
eroded, of Lepidocyclina yurnagunensis (Fig. 
5A), Lepidocyclina vaughani and Neorotalia sp. 
(Fig. 5D). The non-carbonate grain assemblage 
consists of strongly weathered plagioclase crys-
tals (1-2 %), dark lava, tuff, well-rounded cherts 
and sedimentary green clay particles bearing 
planktonic foraminifera. The microfacies shows 
similarly thin hemipelagic marl-mudstone lami-
nae interbedded.

Fila Cal (Northern Coast of Golfo Dulce)

The limestones from Fila Cal lie outside 
from the proper carbonate mountain area of Fila 
Costeña, on the flanks of the Fila Cal hill, di-
rectly on the northern coast of Golfo Dulce. The 
sampled exposure locates directly on the road 
from Piedras Blancas to Puerto Jiménez (Fig. 
1). All seven samples studied show similar mi-
crofacies types and larger foraminiferal assem-
blages to those of limestones from the Fila de 
Cal Formation sequence; therefore we consider 
them stratigraphically belonging to the same 
formation. The larger foraminiferal assemblages 
record two different ages.
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Upper Eocene

Lepidocyclina tobleri panamensis-Lepidocyclina 
chaperi facies

Most samples collected from the Fila Cal ex-
posure (KB-1/1 to KB-1/4) belong to the microfa-
cies type MF1 (Table 1 and 2). They all consist 
of rhodolite, algal and larger foraminiferal pack-
stone-grainstone facies. The larger foraminiferal 
assemblage includes individuals mostly from the 
upper Eocene: Lepidocyclina tobleri panamensis, 
Lepidocyclina (Nephrolepidina) chaperi (Fig. 
4C), Lepidocyclina macdonaldi, Nummulites tri-
nitatensis, Asterocyclina sp., Fabiania cassis, 
Eorupertia sp. and Gypsina vesicularis cuben-
sis. In samples KB-1/1 and 1/3 L. macdonaldi 
is abundant, while in sample KB-1/2 L. tobleri 
panamensis is very common. The rhodolites ex-
hibit lepidocyclinid cores (Fig. 6B). Sample KB-
1/4 contains composite rhodolites build of algal 
layers showing irregular thalli of Mesophyllum 
and Lithoporella, often incrusted by Gypsina sp., 
Eorupertia sp., large lituolids and serpulids (Fig. 
6B). In addition sample KB-1/2 bears algal thal-
lus fragments of Archaeolithothamnium sp. and 
Halimeda sp. The coral colonies, often strongly 
bored by microorganisms, are overgrown by me-
lobesoidean algae (e.g. Lithoporella sp., Fig. 6C). 
Biomicrite infiltrated the porosity resulting from 
boring organism activity.

Lower Oligocene

Lepidocyclina yurnagunensis-Lepidocyclina 
undosa facies

The lower Oligocene samples from Fila Cal 
(KB-1/5, KB-1/7 and KB-1/6) correspond to mi-
crofacies types MF 7 and 8, respectively.

The microfacies MF7 sample KB-1/5 
(Tables 1 and 2) is a coarse-grained red algal-
larger foraminiferal grainstone-rudstone bear-
ing abundant melobesoidean algal thallus 

fragments, partially eroded and broken tests 
of larger foraminifera, equinoderm and bryo-
zoan fragments and small rotaliids. The algal 
fragments are the main microfacies constitu-
ents, including abundant partially bored thal-
lus fragments of Archaeolithothamnium sp., 
Mesophyllum sp., Lithoporella sp. and, minor 
thalli of Corallina sp. The foraminifera consist 
of individuals of Lepidocyclina yurnagunen-
sis, few of Lepidocyclina (Eulepidina) undo-
sa and Lepidocyclina sp., as well as accessory 
Planorbulinella sp. cf. rokae, Sphaerogypsina 
sp., Eorupertia sp., Reussella sp. and planktonic 
forms. The foraminiferal assemblage moreover 
contains resedimented well-preserved individu-
als of Helicostegina polygyralis (Barker) (Fig. 
5E) which occurrence we address later. Grain 
sizes of most biogenic fragments range between 
2 and 7 mm. The rock sample shows high po-
rosity partially caused by boring activity of mi-
croorganisms, fracturing and dissolution of bio-
genic grains. In the open pore spaces infiltrated 
biomicrite and microcrystalline silts.

The microfacies MF8 sample KB-1/7 (Table 
1 and 2) from Fila Cal is very similar to sam-
ples from Fila Palmar Sur exposures, consist-
ing of bioclastic grainstone made up of abun-
dant algal and equinoderm fragments as well as 
foraminifera and bryozoans. The foraminiferal 
assemblage comprises both tests and test frag-
ments of small rotaliids, Lepidocyclina yur-
nagunensis, Lepidocyclina sp., Amphistegina 
sp., Planorbulinella sp. cf. rokae (detached 
individuals) and planktonic foraminifera. The 
abundant algal fragments include predomi-
nantly Archaeolithothamnium sp. and minor 
Lithoporella sp.; some fragments show bryozoan 
completely overgrown by algae and Gypsina sp. 
incrusting algae. The limestone texture is grain-
supported without groundmass. The microfa-
cies MF8 sample KB-1/6 (Table 1 and 2) shows 
nearly the same bioclastic composition of for-
mer sample, however its grain texture is coarser 
grained and clearly more compacted bearing lo-
cally micrite matrix.
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Larger Foraminiferal Assemblages and Ages

All larger foraminifera individuals con-
tained in the Fila de Cal Formation samples, 
including those of the Fila Cal limestones, be-
long to American species known from the Gulf 
of Mexico, Central America, the Caribbean and 
northern South America. The taxonomic study re-
veals three different and successive assemblages 
within the 22 limestone samples from the main 
exposures we have analyzed in detail (Table 3).

Eoannularia eocenica assemblage

The Coobó creek sample KB-3/9 contains the 
oldest assemblage from the middle Eocene lead-
ing by the species Eoannularia eocenica Cole 
and Bermúdez. The well-preserved specimens, 
illustrated in Figure 4 A-B, show characteristic 
discoidal and flat tests; the early conch stage is 
thick lamellar. Annular chambers arranged in a 
single layer follow the bilocular embryo. They 
become slightly inflated towards the periphery; in 
some individuals the chambers of the last whorl 
become in axial cut slightly subangular. E. eoce-
nica appears together with Nummulites trinitaten-
sis (Nuttall), Lepidocyclina sp., Asterocyclina sp., 
small rotaliids and abundant sponge spicula and 
planktonic foraminifera. E. eocenica is a well-
established marker species of the middle Eocene 
known originally from Cuba (personal remark 
L. Hottinger) (Cushman, 1948; Loeblich and 
Tappan, 1964; BouDagher-Fadel, 2008). 

Lepidocyclina chaperi-Lepidocyclina tobleri 
panamensis assemblage

Lepidocyclina chaperi and Lepidocyclina 
tobleri panamensis build together with fur-
ther common species (Asterocyclina minima, 
Helicostegina polygyralis, Nummulites flori-
densis and Lepidocyclina (Neolepidina) mac-
donaldi) the most common larger foraminiferal 

assemblage found in the Fila de Cal Formation 
(Table 3). Malavassi (1961) previously dated 
the assemblage at El Cajón site on the basis of 
the marker species Asterocyclina minima and 
Heterostegina ocalana. In our samples, A. minima 
and H. ocalana appear but not as often as L. cha-
peri and L. tobleri panamensis do; both are char-
acteristic species in most upper Eocene samples 
analyzed.

Lepidocyclina (Nephrolepidina) chaperi 
Lemoine and R. Douvillé individuals are typically 
megalospheric; in equatorial section they show 
nephrolepidine embryo where the deuteroconch 
partially embraced the protoconch. In axial section, 
some particularly large megalospheric forms only 
exhibit few rows of lateral chambers (Fig. 4C).

Lepidocyclina (Pliolepidina) tobleri 
(Douvillé) subsp. panamensis Cushman – Eames 
et al. (1968) also quoted as Pliolepidina tobleri 
(Duovillé) subsp. panamensis (Cushman) – is a 
common lepidocyclinid foraminifera among the 
assemblages found in southern Central America 
and northern South America. The megalospheric 
pliolepidine specimens studied in limestone sam-
ples from the Fila de Cal Formation show in axial 
section inflated lepidocyclinid tests exhibiting a 
prominent large nucleoconch (Fig. 4F); in some 
axial sections the large embryo encloses few of 
the small embryonic chambers. In equatorial sec-
tion the mostly large irregular pliolepidine em-
bryo displays a series of as many as 6 to 10 small 
oval chambers arranged along its border building 
a collar; the embryo chamber wall is relatively 
thin (Fig. 4E). Sample KB-2/1 contains large 
specimens exhibiting 1.8 mm long nucleoconch.

Eames et al. (1968) considered some equatorial 
sections of specimens from samples 2 miles north 
of David (Panama) that Cole (1960, pl. 3, fig.1) 
previously illustrated to probably belonging to the 
subspecies panamensis rather than L. (Pliolepidina) 
tobleri (s.s.). As authors stated, L. tobleri subsp. 
panamensis Cushman differs from L. tobleri s.s. in 
having a more inflated test and a large pliolepidine 
embryo showing a thinner wall. These deposits be-
long to the David Formation (Domínguez, 1978).
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Lepidocyclina yurnagunensis-Lepidocyclina 
undosa assemblage

Lepidocyclina (Lepidocyclina) yurnagu-
nensis Cushman is the leading species within 
the lower Oligocene assemblage followed by 
Lepidocyclina (Eulepidina) undosa Cushman. 
The assemblage is the second most often as-
semblage among the larger foraminifera of the 
Fila de Cal Formation (Table 3). We have also 
found specimens of L. yurnagunensis illustrated 
in Mora (1979, fig. 20, p. 50) as typical orbitoid 
foraminifera of El Cajón unit. In Palmar Sur 
samples they appear together with Lepidocyclina 
(Nephrolepidina) vaughani Cushman. The ana-
lyzed individuals of Lepidocyclina yurnagunensis 
exhibit in axial section lenticular test and well-
developed low, broad and slightly arched lateral 
chambers. The embryo is bilocular mostly isolep-
idine (Fig. 5A) to pseudo-nephrolepidine in some 
cases (Fig. 5B) – forms we consider transitional to 
the true Lepidocyclina (Nephrolepidina) vaugha-
ni Cushman determined in the assemblage too. 
The specimens exhibiting short broad pillars (Fig. 
5A) resemble the individuals of Lepidocyclina 
yurnagunensis from Ecuadorean samples Eames 
et al. (1968) assigned to Lepidocyclina yurnagu-
nensis subsp. morganopsis Vaughan. These pil-
lared forms often appear in grainstone and pack-
stone facies, suggesting that the pillars contribut-
ing to a more stable conch could be resulted from 
the species adaptative strategy to survive in high 
energetic shallow-water environments. 

In comparison to L. yurnagunensis, 
Lepidocyclina (Eulepidina) undosa Cushman is the 
less abundant species of the assemblage in the Fila 
de Cal limestones. Often their tests appear broken. 
All specimens of Lepidocyclina (Eulepidina) undo-
sa show a large prominent megalospheric embryo, 
where the deuteroconch completely encloses the 
protoconch. In equatorial section the protoconch ap-
pears tangentially attached to the thick embryonic 
chamber (Fig. 5C). In axial section, the large mega-
lospheric embryo shows a thick wall and a conspicu-
ously large nearly rectangular shape.

 In terms of biostratigraphic zones, the 
Oligocene assemblages determined in the Fila 
de Cal Formation limestones properly match 
the Lepidocyclina (Eulepidina)-Lepidocyclina 
(Lepidocyclina) subzone of Butterlin (1981) for 
the lower Oligocene (planktonic foraminiferal 
zones P18-P19, 33.7-30.3 Ma after Berggren et 
al. in Hardenbol et al. 1998). The exclusively ap-
pearance of these two genera together in absence 
of the genera Miogypsinoides and Heterostegina 
is a distinctive feature of lower Oligocene 
American assemblages (Butterlin, 1981) the Fila 
de Cal limestone samples also record – confirm-
ing Pécheux’s early remark on the Oligocene fo-
raminiferal assemblage.

Helicostegina polygyralis (Barker) paucispira 
Barker and Grimsdale 

The occurrence of this species in lower 
Oligocene Fila Cal limestones is an issue we 
need to address in detail. In two thin sections of 
sample KB-1/5 we found 14 specimens with a 
preservation as good as the other lower Oligocene 
foraminifera species. Both thin sections exhibit 
representative axial cuts (Fig. 5E) of forms re-
sembling Helicolepidina paucispira Barker and 
Grimsdale, in particular, those illustrated by 
Barker and Grimsdale (1936, plate 33, figs 4-6). 
The abundant specimens found in sample KB-1/5 
show robust lenticular tests with prominent pil-
lars; the early conch stage is small and clearly eo-
conuloid; the lateral chambers are well developed 
(Fig. 5E). H. paucispira is an upper Eocene mark-
er species Cole (1960) considered synonym of 
Helicostegina polygyralis Barker – a similar spe-
cies but with wider range from the upper middle 
to the upper Eocene (Butterlin, 1981). Cole’s ap-
proach is in our opinion right, however, we retain 
the form paucispira (Barker) because of its strati-
graphic value. Considering the fact H. polygyralis 
paucispira appears together with the character-
istic lower Oligocene Lepidocyclina yurnagu-
nensis-Lepidocyclina undosa assemblage, in the 
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first instance it should be reworked from former 
upper Eocene deposits. Surprisingly, Eames et al. 
(1968) had previously made the same observation 
in samples from Ecuador, finding H. paucispira 
within a lower Oligocene larger foraminiferal 
assemblage containing even Lepidocyclina yur-
nagunensis subsp. morganopsis. Waiting for fur-
ther evidence at that time, Eames et al. (1968, p. 
302) kept back of extending the range of H. pau-
cispira up into the early Oligocene, as authors ex-
plicitly stated. These two independent and coinci-
dent observations in Ecuador and now in southern 
Costa Rica open indeed the possibility that H. 
polygyralis paucispira did may have survived the 
Eocene-Oligocene boundary to continue into the 
early Oligocene in the tropical American realm 
and therefore it would not be restricted to the up-
per Eocene or middle-upper Eocene. In fact, the 
abundance of well-preserved H. polygyralis pau-
cispira individuals within a lower Oligocene larger 
foraminiferal assemblage of the Fila Cal – where 
they belong together with L. yurnagunensis to the 
dominant species – in conjunction with Eames et 
al. (1968) previous observations are arguments 
enough for extending the species stratigraphic 
range into the lower Oligocene in the region.

Sedimentology

The microfacies study of the Fila de Cal 
Formation reveals predominantly bioclastic de-
posits that originally accumulated in marine car-
bonate platform environments. Paleoecologically, 
the bioclastic accumulations consist of thanato-
coenoses of resedimented benthic carbonate or-
ganisms: larger foraminifera, calcareous algae, 
corals, bryozoans, mollusks and equinoderms. In 
conjunction with field observations the limestone 
microfacies record two dominant sedimentary 
environments: shallow-marine shoal and open-
platform to platform-slope environments. The 
corresponding microfacies age determinations 
indicate both environments mostly took place 
contemporaneously during the Eocene and early 
Oligocene time to probably build part of a com-
mon large carbonate platform structure.

Shallow-marine shoal environments

The limestones thought to have accumulated 
in shoal environments consist of large thick-bed-
ded packstone, grainstone and rudstone deposits 
that outcrop at El Cajón site, Coobó creek and Fila 
Cal hill. They made up of large and robust tests 
and fragments of larger foraminifera, calcareous 
algae fragments (mainly crustose coralline and 
minor articulated coralline and codiacean algae), 
corals, bryozoans, serpulids, mollusks and equi-
noderms; high accessory contents of encrusting 
detached and attached organisms recording clear 
and fresh marine water conditions are common. 
In particular, the rudstone microfacies types MF1 
and MF5 (e.g. samples KB-1/1 and KB-3/4, Fig. 
6C, D) bearing fragments of coral and bryozoan-
serpulid colonies both overgrown by crustose 
corallines point out to coral-algal and bryozoan-
serpulid-algal built-ups growing in shallow-ma-
rine environments linked to the bioclastic shoals. 
These carbonate bioconstructions were an im-
portant source of bioclastic debris found in those 
shoals. According to the Upper Eocene L. tobleri 
panamensis-L. chaperi microfacies (MF1) and 
the lower Oligocene Lepidocyclina yurnagunen-
sis-Lepidocyclina undosa microfacies (MF1, 5), 
the shoal environments occurred in the Eocene 
and early Oligocene, coexisting with deeper plat-
form environments (Table 3). 

Open-platform to platform-slope environments

The predominantly centimeter- to decime-
ter-bedded limestone deposits of Palmar sur and 
Cañablancal and Coobó creeks show common 
microfacies types characteristic of deeper marine 
deposits accumulated in open marine platform 
and platform slope environments. The limestone 
microfacies consist of similar resedimented bio-
clastic material as the shoal deposits; they show 
however in addition higher amounts of smaller 
benthic foraminifera (e.g. Neorotalia and Rotalia) 
and accessory contents of planktonic foramin-
ifera, sponge spicula and rip-up clasts. Such bio-
genic constituent assemblage means a longer and 
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stronger transport of benthic bioclastic material 
up into deeper platform-slope environments. In 
detail the oldest, Middle Eocene, Eoannularia 
eocenica microfacies (MF3, Table 3) records 
mainly deeper open platform or platform slope 
environments as its significant contents of plank-
tonic foraminifera and spicula indicate. Similar 
environments reveal the Upper Eocene L. tobleri 
panamensis-L. chaperi microfacies (MF2; Table 
3) of Cañablancal creek and the lower Oligocene 
Lepidocyclina yurnagunensis-Lepidocyclina un-
dosa microfacies (MF8, 9) both from Palmar Sur 
and Fila Cal hill (MF7, 8, 9; Table 3).

Resedimentation of bioclastic materials

Reworking or resedimentation of bioclastic 
materials is the most common sedimentary process 
the limestone microfacies of the Fila de Cal depos-
its record. Dominant larger-foraminifera accumu-
lations are particularly susceptible to it, because of 
the postmortem higher hydrodynamic potential of 
flat, lenticular or discoidal foraminifera-test forms 
to be transported by water currents. The property of 
larger foraminifera to be easily displaced from their 
habitat makes the application of depositional mod-
els based on foraminifera test forms (e.g. Hallock 
and Glenn, 1986) to interpret larger-foraminiferal 
limestone very difficult if not unrealistic, as we 
have experienced in our study.

There are two types of sediment reworking 
observed: (1) reworking of clastic (bioclastic and 
minor volcaniclastic) materials from exposed ar-
eas into shallow-marine bioclastic shoal environ-
ments and (2) resedimentation of shallow-marine 
bioclastic debris into deeper outer platform and 
platform slope environments. In the first case, the 
microfacies shows accessory biogenic grains ex-
hibiting iron-hydroxide outlines and intensively 
eroded and bored rhodolites, algal fragments and 
larger foraminifera tests and even weathered vol-
canic grains mixed within unaltered fresh bio-
clastic shoal material. Such accessory weathered 
biogenic grains also appear in deeper marine 
microfacies recording resedimentation of older 
carbonate debris into younger platform-slope 

environments. In the second case the microfacies 
shows commonly grainstone textures, lacking of 
groundmass, graded bedding in conjunction with 
rip-up clasts and significant contents of plankton-
ic foraminifera pointing to strong resedimentation 
of shallow-marine bioclastic carbonate grains into 
deeper marine environments (e.g. outer platform 
and platform slope) by gravity transport mecha-
nism, mainly grain flows and turbidity currents.

Stratigraphic Units

The detailed biostratigraphic and microfacies ap-
proach in conjunction with field observations reveal 
two main stratigraphic units within the Fila de Cal 
Formation sequence in the study area: the Eocene El 
Cajón unit and the Oligocene Palmar Sur unit (Fig. 3).

El Cajón unit

We redefine the El Cajón unit of Mora (1979) 
by including the two different successive Eocene 
bioclastic facies studied: a minor Middle Eocene 
Eoannularia eocenica-bearing spiculite facies 
and the dominant larger foraminifera facies of the 
Lepidocyclina tobleri panamensis-Lepidocycli-
na chaperi assemblage from the Upper Eocene 
(Priabonian). The unit mainly consists of massive 
to decimeter thick-bedded limestones accumu-
lated in shallow-marine shoal and deeper open-
marine to platform-slope environments as well. 
Bioclastic lepidocyclinid-nummilitid foramin-
ifera and algal bearing limestones are the domi-
nant lithology, comprising more than 90% of the 
Eocene deposits studied. The most representative 
unit exposure is the homonymous formation’s 
type locality of the El Cajón site (Figs. 2 and 3). 

Palmar Sur unit

The new defined Palmar Sur unit consists of 
decimeter thick-bedded bioclastic deposits of the 
Lepidocyclina yurnagunensis-Lepidocyclina un-
dosa facies from the Lower Oligocene – Rupelian. 
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The limestone unit series outcrop along the Fila 
Palmar (Figs. 2 and 3); the previously described ex-
posures directly behind the Río Grande de Térraba 
Bridge build the type locality. Individual centimeter 
thick layers of marls and siltstones interbedded are 
common in this unit, especially in the top series they 
increase to conformably pass over to the Térraba 
Formation. Although deeper open platform and plat-
form slope deposits dominate, the unit also includes 
shallow-marine shoal deposits (Table 3).

DISCUSION

Origin and Tectonic History of the Fila de Cal 
Carbonate Platform

The tectonic inner-forearc framework of the 
coastal thrust range suggests the Fila de Cal plat-
form built along the Pacific frontal arc area (Fig. 
1). The carbonate platform growing in the Middle 
Eocene to early Oligocene time coincides with 
rapid Farallón plate convergence under equatorial 
America between 48 and 37 Ma (Daly, 1989) and 
fast convergence rates (greater than 100 km/m.y.) 
of the Farallón plate under North America between 
75 and 40 Ma (Engebretson et al. 1985). This long-
term plate convergence led to strong uplift of the 
Costa Rican-Panamanian arc and consequently to 
the origin of new broader and extended neritic areas 
where the Fila de Cal platform evolved (Fig. 8A-B).

Climax episode of carbonate sedimentation

In marked contrast to further contemporane-
ous neritic arc areas where mostly restricted rela-
tively small carbonate platforms and ramps devel-
oped (Calvo, 1987; Bolz and Calvo, 2002), the Fila 
de Cal sequence records indeed remarkable vast 
marine carbonate environments. Considering de-
tailed limestone mapping (Mora, 1979) and time 
space of carbonate sedimentation, the platform 
sequence of Fila de Cal is the longest-lasting and 
largest carbonate platform in southern Central 
America. The three newly determined bio-stratig-
raphycally successive foraminiferal assemblages 
from the middle Eocene, upper Eocene and lower 

Oligocene (Rupelian) mean circa 14 to 19 m.y. 
(Ogg et al. 2016) of continuous carbonate sedimen-
tation along the Pacific frontal arc areas (Fig. 8B). 
Relatively stable and long-term marine carbonate 
conditions in warm tropical waters prevailed at that 
time to reach a climax of platform development no 
other limestone sequences in the region record.

Drowned carbonate platform

The carbonate platform growth declined in the 
early Oligocene with a dramatic change of sedi-
mentary conditions from a carbonate to a true si-
liciclastic/volcaniclastic depositional environment, 
marked by accumulation of thick marine platform 
to slope deposits of the Térraba Formation (Fig. 
8C). The Palmar Sur section of top of the Fila de Cal 
Formation documents the onset of siliciclastic con-
ditions through intercalations of marls and siltstone 
layers within limestone strata, which turned up-
ward into dominant siltstones series of the Térraba 
Formation. This section points to a drowned car-
bonate platform. In terms of sequence stratigraphy, 
the thick siliciclastic series following the drowned 
platform record a significant increase of accom-
modation space caused by strong subsidence (Fig. 
8C). The dominant andesitic sediment composition 
and coarsening- and thickening-upward sequence 
trend (e.g. Henningsen, 1966; Mora, 1979) point to 
increasing subsidence rates probably in response to 
emerging volcanic arc areas.

The shallow-marine carbonate conditions 
disappear nearly completely in the Río Grande 
de Térraba area in the course of the early 
Oligocene. However, they apparently persisted 
in the southern region of Fila Zapote (Fig. 1) un-
til the late Oligocene with further fossiliferous 
sandstones and larger foraminiferal limestones 
(calizas de río Claro) accumulating on former 
Eocene limestone deposits (Yuan, 1984).

Stratigraphic Correlations

The positive correlation of the Fila de Cal car-
bonate sequence with contemporaneous arc plat-
form sequences of the Parritilla and Las Ánimas 
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Formations in particular (Fig. 7) argue against the 
basement block tectonics Yuan and Lowe (1987) 
have proposed to explain the Tertiary sequence 
evolution in southern Costa Rica. In contrast, 
these three common drowned carbonate platform 
series conformably overlapped by thick siliciclas-
tic and volcaniclastic deposits reveal an arc-wide 
tectonic history, probably caused by new emerg-
ing active volcanic areas. Such tectonic arc sce-
nario could be resulted as we mentioned before 
from higher convergence rates of the Farallón 
plate under the Costa Rican arc during Eocene 
and Oligocene times.

Control of volcaniclastic sedimentation on arc 
carbonate platform development

In terms of carbonate sedimentation, the 
stratigraphic correlation of Figure 7 makes also 
clear the strong and determinant influence vol-
canic arc activity has had on carbonate platform 
growth and development within the Tertiary in-
traoceanic arc setting. In all sequences the ac-
cumulation of thick volcaniclastic deposits com-
pletely terminates the carbonate platform envi-
ronments. Moreover, the carbonate sequences 
age comparison indicates their proximity to the 
volcanic inner arc areas – where volcaniclastic 
input dominates the sedimentary environment 
– likely controlled extension and persistence of 
carbonate environments (Fig. 7). The closer to 
the volcanic areas, the earlier the carbonate sedi-
mentation declines: so in the Parritilla Formation 
sequence, located within the inner arc, the car-
bonate development was restricted to the Middle 
Eocene (Bolz and Calvo, 2002), while Las 
Ánimas limestone sequence, situated on the east-
ern inner arc, reached the Upper Eocene (Rivier, 
1973; Fernández, 1987) (Fig. 7). In the Pacific 
frontal arc of southern Costa Rica (Fig. 8D), 
in contrast, the Fila de Cal carbonate platform 
lasted much longer, from Middle Eocene up into 
the Lower Oligocene (Rupelian), and also it 
could extend the most to build a vast frontal arc 
platform over 180 km along the Pacific arc area. 
During this time favorable shallow-marine con-
ditions disengaged from strong volcaniclastic 

input from inner volcanic arc areas established 
Costa Rica’s largest carbonate platform environ-
ment.

Nature of the Fila de Cal Platform Substrate

On which substrate did the Fila de Cal plat-
form evolve? The basement in the frontal arc area 
of Costa Rica is predominantly of basaltic com-
position. Although it is not directly exposed in the 
study area, it crops out just 10 km south of it on the 
southern side of Río Sierpe (Fig. 2). Insights on 
its basaltic nature provide the rock fragments con-
tained in the oldest, Middle Eocene, Eoannularia 
eocenica facies. The limestone bears accessory 
but significant content of juvenile basaltic lava 
fragments probably derived from basaltic base-
ment (Fig. 8A). On such a basement used to accu-
mulate similar Eocene and even older arc platform 
sequences, e.g., the Lutetian carbonate sequence 
of the Parritilla Formation (Bolz and Calvo, 2002) 
(Fig. 7). The same is true for the Upper Paleocene 
Ranikothalia limestones overlaying basaltic rocks 
and sedimentary cover strata in Cerro Espíritu 
Santo and Fila Chonta, in NW and central Costa 
Rica, respectively (Calvo and Bolz, 1991).

CONCLUSIONS

The microfacies analysis and larger fo-
raminiferal assemblages from the Fila de Cal 
Formation reveal three different and biostrati-
graphically successive carbonate platform 
facies within the limestone sequence: (1) 
Eoannularia eocenica facies from the middle 
Eocene, (2) Lepidocyclina tobleri panamensis-
Lepidocyclina chaperi facies from the upper 
Eocene and (3) Lepidocyclina yurnagunensis-
Lepidocyclina undosa facies from the lower 
Oligocene. Altogether record continuous car-
bonate sedimentation in the neritic arc area 
over 14 to 19 m.y., representing the most re-
markable climax episode the sedimentary re-
cord documents in southern Central America 
so far. The carbonate platform origin coincides 
with fast convergence rates of the Farallón 
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Fig. 7: Stratigraphic correlations among representative Eocene carbonate sequences of Costa Rica. The proximity to the active volcanic arc 
areas that the sequences volcaniclastic deposits record seem to have strongly controlled growing and persistence of sedimentary carbonate 
platform environments. Inset tectonic map shows location of carbonate sequences within the volcanic arc. MAT: Middle America Trench. 
The Parritilla sequence is after Rivier and Calvo (1988), Denyer and Arias (1991) and Bolz and Calvo (2002); Las Ánimas sequence after 
Rivier (1973) and Fernández (1987). Larger foraminiferal assemblages and limestone ages are from Bolz and Calvo (2002) and newly 
determinations in this study, including own observations on Las Ánimas limestone samples from the Formation’s type locality. Previous 
age determination of Las Ánimas and Fila de Cal limestones are from Cole (1953) and Malavassi (1961). Strata thickness is not at scale.
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Fig. 8: Cartoon depicting the origin and tectonic history of the Fila de Cal carbonate platform (A-C). The carbonate platform grew 
in the Pacific frontal arc area to build the arcward boundary of the forearc trough (D). Inset map shows the study area and tectonic 
setting of southern Costa Rica. See text for discussion. 

plate beneath southern Central America. The 
correlation with further contemporaneous car-
bonate arc sequences indicates the Fila de Cal 
platform decline in the Oligocene responds to 
tectonic arc-wide history rather than local ba-
sin tectonics. Primarily the strong subsidence 

caused by new emerging volcanic edifices and 
the proximity to the active volcanic inner arc 
areas were probably the main factors control-
ling growing and persistence of marine carbon-
ate environments within the intraoceanic arc 
setting.
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