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ABTRACT: More than one century of studies were done on the radiolarite-igneous (“ophiolitic”) complexes in Costa 
Rica that range from Jurassic to Eocene. These studies can be grouped in four main stages of knowledge: 1) from 1904 
to 1957 were recognized the cherts, and the mafic and ultramafic igneous complexes, the first regional maps were done, 
and the first time were recognized ellipsoidal basalts, now widely known as pillow lavas. 2) From 1958 to 1978, the 
complexes were seen under the concept of the association of ophiolites (serpentine, gabbro, diabase, basalts, and related 
rocks), and interpreted the radiolarites as deep-sea sediments. This stage is characterized by the seminal work of Ga-
briel Dengo and by the first geochemical analyses in the framework of the plate tectonics. 3) From 1979 to 1994, a huge 
amount of geochemical data, paleontological and K/Ar ages were published and it was the stage of more controversial 
papers. Their interpretation varied for the same locality (i.e. Nicoya Peninsula) from a relative simple stratigraphic 
model to a very complex nappe slices, and from a simple tectonic evolution (in situ and formed by a mid-oceanic ridge 
volcanism) to a multistage evolution (terrains, and mid-oceanic ridge, aseismic ridge, intraplate and island arc volca-
nism). The situation was similar in the other Costa Rican oceanic complexes. 4) From 1995 to present, the panorama 
and mutual agreement between the different groups was clearer. This stage is characterized by joint collaboration, the 
use of modern laboratory techniques as Sr, Nd, and Pb isotopes, major, trace and complete rare earth elements, 40Ar/39Ar 
dating, and volcanological criteria, together with detailed field mapping. The main new result of these studies was that 
the radiolarites (164-84 Ma) in the Nicoya Peninsula were significatively older than the basic igneous rocks (140-84 
Ma), indicating a complex magmatic event intruding and erupting into the thick sedimentary sequence. For other areas, 
like Santa Elena Peninsula, Tortugal, Herradura and Quepos, the picture on these oceanic complexes are more or less 
clear. In the case of Osa-Golfito-Burica area, more studies are necessary. In general, the detailed field mapping is a 
powerful tool in combination with the modern techniques. The similarity in age, petrology, geochemistry and tectonic 
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INTRODUCTION

Looking into the geotectonic panorama of 
the Caribbean and its geological significance, the 
Nicoya Complex sensus latus has occupied a spe-
cial place in Caribbean geology since its original 
description by Dengo (1962a). In the 1970’s and 
early 1980’s the Nicoya Complex was the focus 
of extensive research; corresponding with a his-
torical moment in which the ophiolites studies 
took relevance into the geosciences carpet (e.g. 
Coleman, 1977). These first studies constituted 
an effort to understand a very complex picture but 
with traditional tools, leading to misinterpretation 
and confusion. Today, the endeavor of more than 

four decades of research have produced a pile of 
work, which were done using different methodolo-
gies and generate diverse hypotheses and models. 
In spite of this efforts and the use of the updated 
technology, nowadays the status of knowledge is 
still obscure. Thus, many new questions are ari-
sing and the oceanic complexes of Costa Rica are 
still an open field of research.

The oceanic complexes of the Nicoya 
Peninsula were first mentioned by Sapper (1905) 
and Romanes (1912a,b) who recognized a gree-
nish igneous sequence. About half a century la-
ter this complexes were mapped as a unique unit 
known as the Nicoya Complex (Dengo, 1962a, 
b). After that, the Nicoya Complex was for many 

context for other oceanic complexes in Guatemala, Antilles and the northern part of South America, is more than a 
coincidence, they have a similar evolution. Therefore, a multidisciplinary study of the chrono- and bio-stratigraphic 
relations, together with modern petrology, geochemical and micropaleontology approach is necessary to provide a solid 
base for a robust plate tectonic reconstruction and geologic history. The aim of this paper is to summarize the historical 
ideas and data available of the oceanic complexes of Costa Rica, to clarify the evolution of the interpretations and evi-
dences in the frame of the paradigms and the state of the art of knowledge at different moments.
Keywords: Nicoya Complex, ophiolites, oceanic complexes, radiolarites, basalts.

RESUMEN: Por más de un siglo se han realizado estudios sobre los complejos ígneos-radiolaríticos (“ofiolíticos”) en 
Costa Rica, cuyas edades varían del Jurásico al Eoceno. Estos trabajos pueden ser agrupados en cuatro etapas del co-
nocimiento: 1) de 1904 a 1957 se reconocieron los complejos de pedernales, y rocas máficas y ultramáficas, se hicieron 
los primeros mapas regionales y por primera vez se describieron los basaltos elipsoidales, actualmente conocidos como 
lavas en almohadilla, 2) Desde 1958 a 1978, los complejos fueron vistos bajo el concepto de ofiolitas (serpentinita, 
gabro, diabasa, basalto y rocas relacionadas) y se interpretaron las radiolaritas como sedimentos de mar profundo. Esta 
etapa está caracterizada por el trabajo seminal de Gabriel Dengo y por los primeros análisis geoquímicos en el marco de 
la tectónica de placas. 3) De 1979 a 1994 se publicó una gran cantidad de análisis geoquímicos, dataciones paleontoló-
gicas y radiométricas K/Ar y esa fue la etapa de los artículos más controversiales ya que su interpretacion variaba para 
la misma localidad (i.e. Península de Nicoya) entre un modelo estratigráfico sencillo a un complejo modelo de varias 
tajadas de nappes, y desde una evolución tectónica sencilla (in situ y formada por un vulcanismo de la dorsal) a una 
evolución diversa (terrenos, dorsal, dorsal asísmica, intraplaca y vulcanismo de arco de isla). La situación fue similar 
en los otros complejos oceánicos de Costa Rica. 4) De 1995 al presente, se ha aclarado el panorama y se ha llegado a 
un consenso entre los diferentes grupos de investigadores. Esta etapa se caracteriza por la ejecución de proyectos de 
colaboración entre grupos, el uso de técnicas nuevas de laboratorio como isotópos (Sr, Nd, y Pb), elementos mayores, 
traza y tierras raras, dataciones de 40Ar/39Ar y criterios vulcanologicos, junto con mapeo detallado en el campo. Uno de 
los principales resultados fue el hallazgo de que las radiolaritas (164-84 Ma) en la península de Nicoya fueron signifi-
cativamente más antiguas que las las rocas ígneas básicas (140-84 Ma), lo que indica un evento magmático complejo 
de intrusión y erupción en la secuencia sedimentaria. El panorama es más o menos claro para otros complejos oceánicos 
como Santa Elena, Tortugal, Herradura y Quepos. En el caso del área de Osa-Golfito-Burica, se necesitan más estudios. 
En general, el mapeo de campo detallado representa una herramienta poderosa en combinación con las técnicas mo-
dernas. La similitud en edad, petrología, geoquímica y contexto tectónico de otros complejos oceánicos en Guatemala, 
Antillas y la parte norte de Sur América, resulta más que una coincidencia, ya que presentan una evolución similar. Por 
lo tanto, un estudio multidisciplinario de relaciones crono- y bio-estratigraficas, junto con un enfoque moderno petro-
lógico y geoquímico es fundamental para proporcionar una base sólida para la reconstrucción geotectónica y la historia 
geológica. El objetivo de este artículo es sintetizar las ideas y datos que se han dado históricamente en el estudio de los 
complejos oceánicos de Costa Rica, a la luz de los paradigmas y la evolución del estado del conocimiento.
Palabras clave: Complejo de Nicoya Complex, ofiolitas, complejos oceánicos, radiolaritas, basaltos.
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years, generally accepted as a generic name for the 
oceanic complexes exposed in the Pacific coast of 
Costa Rica and Panama (Dengo, 1985). Following 
researches suggested that there were differences in 
stratigraphy, lithology, age and geochemistry (e.g. 
Schmidt-Effing, 1980; Berrangé et al., 1989). Also, 
the ophiolitic model has been commonly applied 
in relation to the Nicoya Complex outcropping at 
the Nicoya Peninsula, but in several cases in asso-
ciation to the ultramafics of Santa Elena Peninsula 
(e.g. De Boer, 1979; Kuijpers, 1980; Berrangé & 
Thorpe, 1989; Frisch et al., 1992: Beccaaluva et 
al., 1999). Now, most of the recent studies on the 
Costa Rican ophiolites (see reviewers and sum-
mary in Denyer et al., 2006; Hauff et al., 1997, 
2000; and Hoernle & Hauff, 2007, and references 
therein) show that the Nicoya Complex must be 
restricted only to the Nicoya Peninsula and the 
southern part of Herradura. Thus, the oceanic 
complexes and related lithologies at the moment, 
can be divided into several units of different ages, 
geotectonic origin and geochemistry, ranging from 
Middle Jurassic to Miocene.

According to the ‘Ophiolite-Manifesto’ 
(Anonymous, 1972), an ophiolitic suite corres-
ponds to a distinctive assemblage of mafic to ultra-
mafic rocks, from botton to top: ultramafic com-
plex, gabbroic complex, mafic sheeted dike com-
plex, mafic volcanic complex and associated rock 
types, including overlying sedimentary section. 
An ophiolite may be incomplete, dismembered, 
or metamorphosed. Although ophiolite generally 
is interpreted to be oceanic crust (i.e., Coleman, 
1977; Le Maitre, 1989) and upper mantle, the use 
of the term should be independent of its supposed 
origin (Anonymous, 1972; Wilson, 1989). 

According to the Central America literature 
and the previous definition, the term ophiolite has 
been commonly used for rocks making up local 
oceanic basement, including normal and anomalo-
us oceanic lithosphere, which sequence and origin 
in most of the cases is not well established. The 
sections include anomalous relationships (not the 
same as a typical layered structure of the ocean 
crust), such as basalts, diabases and gabbros that 
are intruding radiolarites, and the absence of shee-
ted dikes, or clear relationships between the laye-
red mafic rocks and the other sequences. Most of 
the sequences have a tectonic contact and/or an 

intrusive contact, in which the ages of the radio-
larites, in most of the cases, are much older than 
the well-constrained 40Ar/39Ar ages of the mafic 
rocks. In spite of that, we recur to the term oce-
anic igneous complexes in order to include related 
lithologic associations that have been accreted the 
ophiolitic more massif sequences. 

Although extensive studies were made in 
the last 30 years in the Costa Rican oceanic com-
plexes, most of them were restricted to the coast, 
along the Pacific margin; consequently, a pau-
city of data prevail for compositional variatio-
ns within individual flow sequence and detailed 
stratigraphic-volcanological studies everywhere. 
Therefore future findings could change the con-
ceptual geologic panorama. 

	 The aim of this paper is to summarize the 
historical ideas and data available of the oceanic 
complexes of Costa Rica, in order to clarify the 
evolution of the interpretations and evidences in 
the frame of the paradigms and the state of the art 
of knowledge at different moments. We hope that 
this historical summary could contribute to the 
understanding of similar problems in ophiolites 
along South America and the Caribbean region. 

	

GEOTECTONIC FRAMEWORK

Today the Middle American Trench sepa-
rates the Cocos and Caribbean plates, and the 
Panama Fracture Zone separates the Cocos from 
the Nazca plates. Convergence rates of nearly 
10 cm y-1 have been measured across the Costa 
Rican segment of the trench (DeMets et al., 
1990), and several subduction processes have 
been proposed that range from smooth subduc-
tion off the Nicoya Peninsula to collision, whe-
re the Cocos Ridge meets the Middle American 
Trench (Gardner et al., 1992). The subduction of 
Cocos Plate underneath the Caribbean Plate is 
clogged by the Cocos Ridge generated from the 
Galápagos hotspot, which colides with southern 
Costa Rica (Fig. 1). The subduction of seafloor 
roughness generates tectonic erosion and subsi-
dence of the offshore margin wedge (Ranero & 
von Huene, 2000; von Huene et al., 1995). 

Some controversy exists about the geotecto-
nic setting and the formation and emplacement of 
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the oceanic complexes, which are directly related 
to the regional models involved in the formation 
of the Caribbean Plate. Malfait & Dinkelman 
(1972), Donnelly et al. (1973), Donnelly (1973) 
and later Burke et al. (1978) hypothesized that a 
large part of the present Caribbean Plate was for-
med in the Pacific as anomalously thick, buoyant 
crust that later was displaced northeast, between 

the Americas. Duncan & Hargraves (1984) su-
ggested that the Galápagos mantle plume was 
responsible for the thickened Caribbean crust. In 
opposition to the above models of a general alloc-
thony of the Caribbean, Frisch et al. (1992) and 
Meschede & Frisch (1998) proposed an in situ 
model for the formation of the Caribbean Plateau 
by the separation of North and South America (for 

Fig.1: Tectonic setting of the Costa Rican oceanic complexes, and other similar occurrences in Guatemala, Antilles and South America.
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discussion see Bundschuh & Alvarado, 2007, and 
references therein). 

The Caribbean Large Igneous Province 
(CLIP), also known as the “Great Caribbean 
Flood Basalt Event” or the “Caribbean Sill Event” 
(Duncan & Hargraves, 1984; Donnelly et al., 

1990) represents a period of extensive volcanism 
and intrusive activity between 95 and 72 Ma (with 
a peak at ~90Ma). This magmatic event thickened 
parts of the present day Caribbean Plate into an 
oceanic plateau (Sinton et al., 1997; Hoernle et 
al., 2002). 

	  

Fig. 2:  Comparison of stratigraphy of Costa Rican oceanic complexes with the stratrigraphy of oceanic crust and mantle. Based 
in Moores (1982) and Wilson (1989).
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COSTA RICAN OCEANIC COMPLEXES

The Costa Rican oceanic complexes from 
NW to SE are (1) Santa Elena, (2) Nicoya, (3) 
Tortugal, (4) Herradura, (5) Quepos, (6) Osa-
Burica (see Fig. 2). We present an historical 
summary of conceptual evolution and different 
models presented thru the last three decades of 
extensive research (Fig. 1). 

Santa Elena

The Santa Elena peninsula, North Costa 
Rica, is 30 km long with hilly terrain and an E-
W orientation oblique in relation to other Costa 
Rican orogenic systems (Fig. 1). 

Harrison (1953) first noticed extensive out-
crops of peridotites intruded by mafic rocks and 
overlain by an Upper Cretaceous sedimentary 
cover. Dengo (1962a, b) pointed out the pre-
sence of harzburgite and described radiolarites 
and diabases regarded as lateral equivalents of 
the Nicoya Complex and suggested that the em-
placement of the ultramafic massif was linked to 
the Clipperton Fracture Zone. The Santa Elena 
Peninsula comprises ultramafic rocks, generally 
regarded as a segment of the uppermost mant-
le forming the basal part of the oceanic crust 
(Dengo, 1962a, b). 

Tournon (1970, 1979) found that most of the 
periodotite of Santa Elena is partially or totally 
serpentinized lherzolite cut by amphibole-bearing 
dikes. De Boer (1979) interpreted the peridotitic 
massif as the lowest unit of a “Nicoya Ophiolitic 
Complex”. Radiolarites are outcropping in lower 
areas of the peninsula originally interpreted as 
the upper unit of an ophiolitic pile collapsed by 
normal faulting (Schmidt-Effing, 1979). Azéma 
& Tournon (1980, 1982) and Frisch et al. (1982) 
proposed an alternative interpretation, a nappe 
emplacement of the ultramafic massif onto a re-
lative autochthonous unit made up of sedimentary 
and volcanic rock. The vergence of folds in the 
autochthonous unit indicates that the emplace-
ment of Santa Elena nappe occurred from north 
to south relative to the autochthonous undernea-
th unit (Azéma et al., 1985). Frisch et al. (1992), 
through fabrics studies indicate a south to west-

southwest emplacement direction as well. The 
rudist reef limestone on top of the exhumed peri-
dotites suggests that overthrusting occurred in the 
pre-late Campanian (Schmidt-Effing 1980). The 
nappe was emplaced after Cenomanian, the age 
of the youngest dated radiolarite in the underlying 
sediments (DeWever et al., 1985). 

Geochemistry and petrological studies su-
ggest mid-ocean rift, hotspot, and primitive is-
land arc tectonic affinities (Appel et al., 1994; 
Meschede & Frisch, 1994; Sinton et al., 1997; 
Beccaluva et al., 1999, Hauff et al., 2000). 
Hauff et al. (2000) and Gazel et al. (2006) pre-
sented a new integrated interpretation of the 
geochemistry and geotectonic significance of 
the Santa Elena Peninsula. It is divided in three 
units: 1) an overthrusted allochthonous unit 
composed by ultramafic and mafic rocks, the 
Santa Elena Nappe; 2) an autochthonous basal-
tic sedimentary suite, resting immediately be-
low the overthrust, the Santa Rosa Accretionary 
Complex (Baumgartner & Denyer, 2006); and 
3) Murciélago Islands basalts.

Beccaluva et al. (1999) consider the basalts 
and gabbros at the Santa Rosa Accretionary 
Complex and the Santa Elena Nappe as typical 
N-MORB. Hauff et al. (2000) found two diffe-
rent geochemical affinities, first as oceanic is-
land basalt (OIB), with strong light rare earth 
elements (LREE) enrichment in the Santa Rosa 
Accretionary Complex, Carrizal-Respingue 
section and Potrero Grande tectonic window, 
and second as primitive island arc basalts in 
the southeastern peninsula shoreline cliffs. 

The serpentinized mantle peridotites of the 
Santa Elena Nappe have been correlated to ser-
pentinized peridotites cropping out at both sides 
of the Costa Rican-Nicaraguan border (Fig. 1) 
and also, at the base of the Tonjibe 1 petroleum 
exploration drill hole (Fig. 1) (Astorga, 1992; 
Vargas & Alfaro, 1992; Pizarro, 1993; Tournon 
et al., 1995). All of these ultramafic suites have 
been interpreted as part of an east-west suture 
zone between the southern oceanic-type crust 
of the Chorotega Block and the northern conti-
nental-type crust of the Chortis Block (Dengo, 
1985; Tournon et al., 1995) in alignment with 
the Hess Escarpment (Holcombe et al., 1990). 
Serpentinized mantle peridotites have been 
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found in Siuna Nicaragua (Venable, 1994; 
Rogers, 2003; Baumgartner et al., 2008) and 
in the DSDP (Deep Sea Drilling Project) sites 
494 and 567 in the forearc of Central America 
(Geldmacher et al., 2008). 

 Nicoya

The rocks that form the Nicoya Complex 
were first described by Sapper (1905, 1937) and 
Romanes (1912a, b), and firstly considered Eocene 
in age by Sapper (1905, 1937). Sears (1919), 
Webber (1942) and Roberts (1944) made studies 
related to manganese deposits and they roughly 
described the surroundings lithologies. This litho-
logic assemblage was called Nicoya Complex by 
geologists of Union Oil Co. of California (first 
described in a internal draft in 1958 and then pu-
blished in 1962), and included several sedimenta-
ry and igneous rocks their relationships were not 
completely established at that time. Dengo (1960, 
1962a, b) and then Lloyd (1963) and Weyl (1965) 
established for the first time the oceanic crust ori-
gin of these lithologies, and interpreted them to 
represent a deep origin of the nowadays uplifted 
slice of the Pacific Ocean (Henningsen & Weyl, 
1967; Pichler & Weyl, 1973). The first chemical 
analyses of magmatites of the Nicoya Complex 
were made by Dengo (1962a) and Weyl (1969), 
concluding oceanic tholeiites. 

Henningsen & Weyl (1967) previously sug-
gested that the Nicoya Complex is probably ob-
ducted oceanic crust. Seely et al. (1974), Galli-
Olivier (1979), and Seely (1979) interpreted the 
Nicoya Complex as an accretionary prism cha-
racterized by thrust faults along a convergent 
and shortened plate margin. Other hypothesis 
suggests that the Nicoya Complex corresponds 
to an uplifted segment of the trench-slope break 
(Lundberg, 1982). Shipley et al. (1982) believe 
this complex as an “outer fore arc” portion that 
was accreted and uplifted due to the subdution 
of Cocos ridge. In similar way, De Boer (1979) 
interpreted the Nicoya Complex as emplaced 
by obduction, but with a few evidences that 
supported their interpretation. A much more 
imaginative model supported without any evi-
dence or scientific data was presented by Nur 

& Ben-Avraham (1977); they interpreted the 
Nicoya Complex as a Precambriam piece of a 
lost continent called “Pacifica”.

Schmidt-Effing (1979, 1980) utilized paleon-
tology to produce one of the first stratigraphic 
subdivisions of the Nicoya Complex. He consi-
dered that the occurrences of radiolarites and si-
licic limestones were associated with the basaltic 
rocks. He also considered the concept of several 
igneous inclusions (xenoliths) within basalts (Fig. 
3), and so, the xenoliths represent the maximum 
age of the lavas/intrusions, but not the age of 
the magmatism. He named the oldest complex 
(Jurassic-early Cretaceous) the Brasilito, and the 
successively younger complexes the Junquillal 
(Cenomanian), Murcielago (Campanian), Golfito 
(Maastrichtian); Garza (Maastrichtian); and 
Quepos (a mainland correlative of the Nicoya 
Complex at that time of Paleocene age). His com-
plex subdivision, however, was not widely used.

De Boer (1979) also published a stratigra-
phy, which appears to commingle diverse litho-
logic units into two major divisions that are quite 
different from those of subsequent workers. His 
stratigraphy consisted of a “basement old com-
plex” or the “Nicoya sensu stricto” including 
the Santa Elena peridotites, pillow lavas (the 
Coyote-Junquillal unit), and the pelagic radiola-
rites (Sardinal Formation). His “basement young 
complex” contained a plutonic portion (Bahía 
Culebra) and pillow basalts, and volcanic breccias 
(Montezuma type).

The majority of the authors assumed that the 
age of the radiolarites were closer to the age of mag-
matism, putting away the clear magmatic and tec-
tonic contacts or sub-estimated their role. Thus, in 
general, those authors have subdivided the Nicoya 
Peninsula igneous rocks into two or three general 
units, although no contact between those units was 
well defined. The dominantly plutonic unit, was 
called the Lower Nicoya Complex (Wildberg et 
al., 1981; Gursky et al., 1984; Wildberg, 1984), the 
Matapalo unit (Kuijpers, 1980), and the Coco unit 
(Sick, 1988; Frisch et al., 1992). The dominantly 
volcanic-sedimentary part of the Nicoya Complex 
was called the Upper Nicoya Complex (Wildberg et 
al., 1981; Gursky et al.,. 1982, 1984), the Esperanza 
unit (Kuijpers, 1980), and the Tambor unit (Sick, 
1989, Frisch et al., 1992) (Fig. 3). 
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Wildberg (1984) made the first systematic 
analysis of igneous geochemistry in the Nicoya 
Peninsula. He concluded that both MORB and 
primitive island arc rocks were present in the 
Peninsula. Meschede & Frisch (1994) published 
one of the major databases of geochemical analy-
ses from various basaltic units along the Costa 
Rican Pacific coast. They reported mid-ocean 
ridge basalts, island arc tholeiites, within-plate 
tholeiites and alkali basalts. Gursky et al. (1982) 
and Wildberg (1984) based in “Pearce diagrams” 
(eg. Fig. 4) assumed that the Lower Nicoya was 
formed in a Pacific spreading ridge and represents 

oceanic crust or mid-ocean ridge basalts (MORB), 
usually with slight affinities to island-arc tholeii-
tes and of within basaltic tholeiites (WPT) of 
probably Lower Jurassic age. The Upper Nicoya 
Complex instead was described as composed of 
basaltic rocks of different affinity, corresponding 
to an island arc evolving on oceanic crust and 
faulted by horst and graben tectonics (Wildberg 
et al., 1981; Wildberg, 1984; Frisch et al., 1992). 
Those studies based on chemical data proposed 
that the ophiolite bodies are the result of a com-
plex evolutionary history from ocean floor over-
laid by a primitive island-arc stage and a major 

Fig.3: Different structural and stratigraphic models of the Nicoya Complex in the Nicoya Peninsula. a) Kuipers (1979, 1980); b) 
De Boer (1979); c) Grusky and co-workers (1982-94), d) Schmidt-Effing (1979, 1980), e) Baumgartner (1984, 1987); f) Frisch et 
al. (1982); g) Azema et al. (1985); and h) Denyer & Baumgartner (2006).
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intra-plate event (correlated with the “sill event” 
of the Caribbean; Donnelly et al., 1973, 1990). 

Based on observations, Kuijpers (1980) and 
Tournon & Azéma (1980), Bourgois et al. (1984) 
presented a tectonic model with three nappes in 
the Nicoya peninsula (Fig. 3). Both, the lower 
Esperanza and the higher Matapalo Nappe contain 

basaltic rocks and radiolarian chert (”volcanic-
sedimentary unit” of Tournon, 1984). These 
authors interpreted the Santa Elena Nappe as the 
tectonically highest unit, mainly consisting of 
ultramafic rocks. They also, interpreted the Santa 
Elena and Matapalo Nappe essentially made up of 
rocks from the Lower Nicoya Complex, and the 
Esperanza Nappe containing the sequence of the 
Upper Nicoya Complex.

Only scarce paleomagnetic data from Costa 
Rica and Panama have been published. De Boer 
(1979) presented data for 87 samples from ba-
saltic rocks of the Nicoya peninsula without in-
formation on the number of sample sites or loca-
tions. He inferred gradual clockwise rotation from 
an east-west-trending aeromagnetic pattern in 
the northern Nicoya Peninsula, although the pa-
leomagnetic data do not support such an interpre-
tation. Gose (1983) carried out a paleomagnetic 
study on post-Campanian sedimentary rocks. His 
results, obtained from 324 samples of 14 sites, re-
veal the formation of these rocks in an equatorial 
position and post-Eocene northward translation 
with no rotation. Sick (1989) and Frisch et al. 
(1992) concluded that the ophiolites formed in a 
position which is similar to the present one re-
lative to South America. Crosscutting dikes are 
paleomagnetically included in the neoautochtho-
nous sequence by Frisch et al. (1992). Case et al. 
(1984) and Howell et al. (1985) summarized the 
Central American ophiolites as the Nicoya terra-
ne assuming a place of origin on the Farrallon 
plate in the Jurassic. 

The radiolarites have ages of Early Jurassic 
(Callovian) to Late Cretaceous (early Santonian) 
(Galli-Olivier, 1979; Bourgois et al., 1984; 
Baumgartner et al., 1984). However, because they 
occur as inclusions (mega- to mesoxenoliths) within 
the igneous rocks throughout the peninsula, the 
fossil ages provide only a maximum crystalliza-
tion age of the igneous rocks. The late Campanian 
(~75-70 Ma) Sabana Grande sediments confor-
mably overlie the igneous rocks (Bourgois et al., 
1984), placing a minimum age on the eruption 
and crystallization of the magmas. This formation 
corresponds to a deep-water assemblage of a se-
dimentary basalt/radiolarian breccias overlain by 
thin siliceous mudstones grading into limestone 
(Bourgois et al., 1984). 

Fig.4: Comparison of old and recent petrogenetic diagrams 
as examples.
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K/Ar radiometric ages of the Nicoya 
Peninsula rocks have not been useful in cons-
training their magmatic history. Alvarado et al. 
(1992) compiled from the literature 40Ar/39Ar ages 
that range from 30 to 73 Ma, reflecting the effects 
of alteration and 40Ar loss and not the actual time 
span of volcanism. Recent geochemical data and 
40Ar/39Ar dating by Sinton et al. (1997), Hauff 
et al. (1997), Hauff et al. (2000) and Hoernle et 
al. (2004), however, have largely confirmed that 
the Nicoya Peninsula constitute a portion of the 
Caribbean Plateau. The Late Cretaceous 40Ar/39Ar 
data are in contradiction to previous radiolarian 
biochronology of the northern Nicoya Peninsula 
(cf. Baumgartner, 1984a; 1987; Baumgartner 
et al. 1995) that yields Middle Jurassic to Late 
Cretaceous ages, indicating that in effect the ra-
diolarites were megaxenoliths. However, it was 
not until the work of Denyer & Baumgartner 
(2006) which explained the radiolarites as large 
disrupted pieces of the original basaltic basement 
by a multi-magmatic process (Fig. 3), producing 
enormous blocks of radiolarites of different ages. 

Tortugal

Alvarado et al. (1997) and Alvarado & 
Denyer (1998) published detailed petrographic, 
petrological, stratigrafic and structural data on a 
relative small area of ca. 50 km2, which contribute 
significantly to a new view of the origin of part 
of the ophiolitic complexes. Their work focused 
on the northern part of the Nicoya Gulf, where 
a large ultramafic volcanic unit was for the first 
time well identified within the Nicoya Complex. 
These rich olivine-phyric (25-50%) volcanic ro-
cks are restricted to a N60ºW trend, 14 km long 
and up to 1.5 km wide, located between Tortugal 
and Pueblo Nuevo towns (Fig. 1). 

Romanes (1912b) firstly report a limbur-
gite. Latter, Aguilar (1977) also found isolated 
basalts (60% modal olivine) near Pueblo Nuevo 
town, which Galli (1979) interpreted as harzbur-
gite. Tournon (1984) reported for the same area 
an isolated block of picrite instead, and Calero 
(1987) reported in the Tortugal area a similar 
ultramafic rock but classified it as lamprophyre 

(monchiquite). These rocks were mapped, dated 
and interpreted as picrites with geochemical affi-
nity to komatiites (Alvarado & Denyer, 1998). 

The ultramafic unit is intruded by thin (a 
few meters to less than 2 cm wide) trachybasalts 
and surrounded and overlain by massive basalts, 
trachybasalts and basaltic trachy-andesite flows 
and breccias. Subvolcanic rocks (diabase) are of 
similar geochemical compositions. The geoche-
mistry of these basaltic rocks, follows an alkali-
ne tendency, in general they are not similar to the 
volcanic rocks from the typical Nicoya Complex 
(Alvarado & Denyer, 1998).

Herradura

The Herradura Block is a large area, big-
ger than 1000 km2, with altitudes up to 1500 m. 
The Herradura complex is made up by two ma-
jor units. The lower one is a lateral equivalent to 
Nicoya Complex and the upper one is known as 
the Tulín Formation (Arias, 2003). The Nicoya 
Complex outcrops in the south-eastern edge of 
the Herradura Block, geochemically consistent 
with the Caribbean Ocean Plateau (Hauff et al., 
2000; Arias, 2003). Two 40Ar/39Ar ages have been 
reported as 83.2 ± 1.8 Ma (Sinton et al., 1997) 
and 86.0 ± 2.0 Ma (Hauff et al., 2000). The Tulín 
Formation was defined by Malavassi (1967) and 
then by MIEM (1982). It was redefined by Arias 
(2003) as a Maastrichtian to Lower Eocene ba-
saltic sequence, based on micropaleontological 
data of interbedded sediments. Tulín overlies the 
Nicoya Complex, which is dominated by vesicu-
lar pillow basalts with microdoleritic texture. 

Quepos

Quepos was classified as a mélange of 
Paleocene age by Schmidt-Effing (1980). Vesicle-
rich basaltic rocks from Quepos display typical cha-
racteristics of intraplate tholeiites, and do not support 
their interpretation by Baumgartner et al. (1984) as 
an island-arc fragment of Eocene to Miocene age. 
In fact, Meschede & Frisch (1991) interpreted this 
exotic block as a seamount accreted to the Central 
American during the Lower to Middle Tertiary.
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The volcanic rocks at Quepos provide clear 
evidence of the emergence of a submarine volca-
nic edifice above sea level and the formation of 
an ocean island (Hauff et al., 1997). Radiometric 
(Sinton et al., 1997; Hauff et al., 2000) and biostra-
tigraphic ages (Azema et al., 1979; Baumgartner 
et al., 1984) suggest that the seamount/ocean is-
land volcano was active between 59 and 65 Ma.

Osa-Burica

The Osa-Burica region includes the area for-
med by the Osa and Burica peninsula including 
the inland Golfito area and Caño Island subject 
of only limited studies. The first published geolo-
gical observations were made by Dengo (1962a) 
who drew a schematic cross-section through 
southwest Costa Rica in which he showed the 
Osa Peninsula and Golfito as part of the outer arc 
of the Southern Central America Orogen, whi-
ch consists of undifferentiated Nicoya Complex 
(including basalt, gabbro and limestone) cove-
red by Upper Cretaceous and Tertiary sediments. 
Based on micropaleontological dating of forami-
nifera in limestones associated with the basalts, 
Henningsen (1966) assigned a Campanian age 
to the Basal (e.g. Nicoya) Complex of the Osa-
Golfito region and suggested that its sedimen-
ts were derived from “volcanic islands” in the 
Pacific Ocean. Based on the foraminifera content 
of samples collected along the south coast of the 
Osa Peninsula, Azéma et al. (1981, 1982) demons-
trated a Paleocene age for the Nicoya Complex in 
this area, and Azéma et al. (1983) similarly identi-
fied volcano-sedimentary rocks of Middle Eocene 
age in the vicinity of Drake Bay on the west coast 
of the peninsula. Lew (1983a, b) mapped and des-
cribed a sequence of pelagic cherts and limestones 
of the Late Mesozoic to Early Tertiary age along 
the southern coast of the peninsula, which he in-
ferred to be deposited on oceanic crust and were 
intruded and covered by Lower Eocene basalts. 

Late Campanian through middle Maastrichian 
limestones in the Golfito area and interbedded se-
diments of similar age of Burica suggest that the 
formation of the igneous rocks started before 74 
Ma (Di Marco, 1994). K/Ar ages of basaltic rocks 

give a mean value of Late Cretaceous (Berrangé 
et al., 1989), in agreement with a few 40Ar/39Ar 
results of 70-74 Ma (Hauff et al., 2000).

The geologic conception of this area has 
changed considerably through time. The earlier 
authors (e.g. Berrangé et al., 1989) conceptually 
mapped all the Osa peninsula and Caño island as 
belonging to Nicoya Complex. Later, Di Marco 
(1994) restricted the igneous sequence to the in-
ner part of Osa peninsula, and most of this penin-
sula corresponds to the Osa-Caño Accretionary 
Complex (Fig. 1). Finally, the oceanic assembla-
ge was divided into five tectonic units (Di Marco, 
1994; Di Marco et al., 1995; Buchs & Stucki, 
2001; Buchs & Baumgartner, 2003), with di-
fferent origins. The outer Osa peninsula and the 
Caño Island have been mapped as igneous assem-
blages, but actually are composed by sedimenta-
ry mega-breccias (Di Marco et al., 1995) that are 
now named the Osa-Caño Accretionary prism. 
The Golfito Terrane (Upper Cretaceous) and the 
Burica Terrane (Upper Cretaceous-Paleogene) re-
present segments of oceanic plateau assemblages. 
The Rincón Block is an Upper-Cretaceous-Eocene 
seamount and oceanic plateau sequences (Hauff 
et al., 2000; Buchs & Baumgartner, 2003).

The Osa-Caño Accretionary Complex was 
also referred as the Osa Mélange by Vannucchi 
et al. (2006) and Buchs & Baumgartner (2007) 
and described as a variably disrupted unit descri-
bed as well as a block-in-matrix fabric mélange. 
Baumgartner (1986) documented the presence of 
a similar mélange in the Caño Island. 

Geochemical analyses (Berrangé & Thorpe, 
1988; Hauff et al., 2000) from different blocks of 
the mélange show plateau signature and in fewer 
proportion depleted LREE patterns, and OIB af-
finities. This variability is congruent with an ac-
cretionary prism.

	

DISCUSSION

The proliferation of research in the Costa 
Rican ophiolites (particularly in the Nicoya 
Complex s.s.) has led to considerable confusion 
about the stratigraphy of this complex, and its re-
lation to the other oceanic complexes. Geologic 



60 REVISTA GEOLÓGICA DE AMÉRICA CENTRAL

Revista Geológica de América Central, 40: 49-73, 2009 / ISSN: 0256-7024

sketch maps published by several authors show 
only a crude correspondence to each other, reflec-
ting the commonly poor outcrop and lithologic 
complexity of these units.	

The historical significance of the geological 
ideas about the ophiolites in Costa Rica is full of 
paradigmatic ideas (models-on-fashion from the 
literature) that have confused the whole geolo-
gical panorama. The history of the Costa Rican 
ophiolitic complexes could be divided in four 
major stages of advances, confusing and clarified 
ideas, and most of them in the framework of the 
paradigms (“state of the art”) or fashion of the his-
torical glance. 

Discovery and first petrography descriptions 
(1904-1957) 

This period corresponds to the first recog-
nition of the mafic and ultramafic igneous com-
plexes (Sapper, 1905, Romanes, 1912a, b; Sears, 
1919; Webber, 1942; Harrison, 1953), first regio-
nal maps (Sapper, 1905, 1937), and petrographic 
descriptions. Roberts & Irving (1957) were proba-
bly the first ones to recognize ellipsoidal basalts, 
now widely known as pillow lavas. All this period 
is developed almost at the margin of the recent 
continental drifting and plate tectonic model, but 
under the precept of the association of ophiolites 
(serpentine, gabbro, diabase, spilite, and related 
rocks), and interpreted the radiolarites as deep-sea 
conditions (Steinmann, 1905, 1927).

Recognized as an ophiolite suite in the frame-
work of the plate tectonics (1958-1978) 

This stage is characterized by the seminal 
work of Gabriel Dengo (Fig. 5) and by the first 
geochemical analyses in the framework of the re-
cent plate tectonics. The development of the pla-
te tectonic theory and the marine geology in the 
60’s and 70’s has led to enormous changes in the 
geologic ideas, and new solutions to the previous 
petro-tectonic misunderstandings. 

Dengo (1962a, b) and other colleges of the 
oil company firstly interpreted the basement as 
an assemblage of different rocks with intricate 
structural relations, deserving the category of 

“complex”, years before that this term was 
adopted as part of the formal stratigraphic 
nomenclature and as a name for the Franciscan 
Complex of North America (Galli-Oliver, 1979). 
Henningsen & Weyl (1967) suggested that the 
Nicoya Complex probably represents obducted 
oceanic crust and Seely et al. (1974) interpreted it 
as an accretionary prism.	

Using the geochemical data as a tool and 
the plate tectonics as a model, the ophiolite com-
plexes lined up along the Pacific coast of Costa 
Rica, Panama, and Colombia were studied under 
this framework. They appear to have a complex 
history from Jurassic through Paleocene time and 
they probably derived from an originally coherent 
body (Pichler et al., 1974; Goossens et al., 1977). 
The increased geochemical and geological data 
confirmed at that time the correlation of similar 
rocks from the northwestern South America and 
the South part of Central America. Although the 
geochemical data supported an ocean-floor tho-
leiite association, however, the higher concentra-
tions of K2O and Sr, and the relative prominence 
of andesites are features that were suspicious for a 
“youthful” island arc (Goossens et al., 1977). 

The Escuela Centroamericana de Geología, 
University of Costa Rica, since its earliest days 
(1977) started mapping in detail the Nicoya 
Peninsula, which represents a solid base for the 
future research on the oceanic complexes.

The nappe versus normal emplaced model, 
petrologic studies and its geotectonic interpre-
tations (1979-1994)

The publication of the textbook of Coleman 
(1977), the beginning of mobilistic models (tecto-
nic nappes, obduction, terranes, accretion) the use 
of a considerable amount of geochemical analy-
ses (including Sr isotopes and tectono-magmatic 
diagrams) of igneous rocks (Fig, 4), together with 
sedimentology of the radiolarites, and extensive 
mapping dominated this stage of scientific re-
search.

The scientists recognized that the so called 
“Steinmann’s trinity” (Hess, 1938, 1955) that 
means uplifted segments of ancient oceanic crust 
(ophiolite: peridotite/serpentine-basalts-radiolari-
tes), was related to oceanic crust, a typical four 
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layer succession model (i.e. Brown & Mussett, 
1981), and their allochthony significance from 
an environment distinctly different from where 
they occur today (Coleman, 1977). Galli-Olivier 
(1979) was one of the first who used in Costa Rica 
the correlation between the oceanic crust and the 
ophiolitic outcrops: peridotite (level 3 or level 4 
sensu Brown & Mussett, 1981), basalts (level 2) 
and pelagic sediments (level 1). He interpreted 
the Nicoya Complex as an accretionary prism and 
the sedimentary covertures as miogeosyclinal, 

based on Karig & Sharman (1975). Galli-Olivier 
(1979) and Seely (1979) interpreted the Nicoya 
Complex as an accretionary prism characterized 
by thrust faults along a convergent and shortened 
plate margin. In similar way, De Boer (1979) in-
terpreted that the Nicoya Complex was emplaced 
by obduction.

Schmidt-Effing (1979, 1980) found nume-
rous occurrences of radiolarites and siliceous-li-
mestones associated with the basaltic rocks, but 
mostly as inclusions (xenoliths). Even though 

Fig. 5: Historical photograph of Gabriel Dengo, who wrote the seminal papers between 1960 and 1985 about the Nicoya Complex 
and other occurrences along Costa Rica, Guatemala and South America. This photograph is part of the historical collection of the 
Escuela Centroamericana de Geología, it was given by G.E. Alvarado. Unknown photographer.
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several scientists described tectonic and/or mag-
matic contacts between the radiolarites and ig-
neous rocks, the majority of these scientists at 
that time assumed that the age of the radiolarites 
was close to the age of magmatism (i.e. Kuipers, 
1980; Azéma et al., 1984; Gurshy & Gursky, 
1988), and they paid less attentions to the rele-
vant geological observation of Schmidt-Effing. 
The main reason was funded on the previously 
mentioned “Steinmann’s trinity”, in which a ra-
diolarite is deposited on a basaltic basement, and 
therefore, the radiolarites must be younger than 
the magmatic rocks.

Based on that, the Nicoya Complex, cropping 
out in the Nicoya Peninsula, was divided in seve-
ral major units, depending of the researchers: 

	 a) The Brasilito, Junquillal and 
Murciélago Sub-Complexes (Schmidt-Effing, 
1979, 1980), the Matapalo unit (Kuijpers, 1979, 
1980), the Lower Nicoya Complex (Wilberg et 
al., 1981; Gursky et al., 1984), or and the Coco 
unit (Sick, 1988; Frisch et al., 1992). 

	 b) The most recent unit was named in 
Garza Sub-Complex (Schmidt-Effing, 1979, 
1980), Esperanza unit (Kuijpers, 1979, 1980), 
Upper Nicoya Complex (Wildberg et al., 1981; 
Gursky et al., 1984), or Tambor unit (Sick, 1989, 
Frisch et al., 1992). 

There are several conceptual differences 
among these authors. For some research groups 
the major responsible mechanisms of emplace-
ment is the tectonic overlapping by large nap-
pes (Kuipers, 1979, 1980; Baumgartner, 1984, 
1987; Bourgoeis et al. 1984; Azema et al., 1985). 
However, for others there is a normal stratigraphic 
development by different volcanic successions 
(Wilberg et al., 1981; Gursky et al., 1981). 

Within the “nappe-in-favor group”, there are 
great contradictions. a) Kuijpers (1979, 1980) be-
lieved that younger rocks (Esperanza unit) over-
thurst the older ones (Matapalo), against the com-
mon model of a nappe. b) For other authors, the 
older rocks overthrusted the younger ones. Thus, 
for Bourgois et al. (1984), Azema et al. (1985), 
and Baumgartner (1984, 1987), the Esperanza 
unit is overthrusted by Matapalo, an older unit. In 
the same way, the Santa Elena nappe in the Santa 
Elena Peninsula is the oldest overthrusting unit. 

Using tectono-magmatic diagrams (e.g, Fig. 
5) and Sr isotopic analyses, Wildberg (1982) 
concluded the Lower Nicoya Complex showed 
a typically ophiolitic association that represents 
oceanic crust of probably Upper Jurassic age. In 
contrast, the Upper Nicoya Complex consists of 
two geochemically distinct subunits: and oce-
anic series and an island arc series (low potas-
sium tholeiites and calcalkaline trend plutonites). 
Meschede & Frisch (1994) published one of the 
major petrochemical databases from the Costa 
Rican ophiolitic units at that time. 

Anyway, none of these terms is consistently 
defined and none has a type section and they are 
not all strictly stratigraphic, because “Matapalo” 
and “Esperanza” are also used in a structural sen-
se. “Matapalo” as defined includes the radiolarites, 
which De Boer (1979) called Sardinal Formation, 
Sick (1989) as Sardinal unit, and Gursky et al. 
(1984) called the Punta Conchal Formation. In 
general, the authors after Frisch et al. (1992) did 
not put their new data in stratigraphical detailed 
columns, but these further authors used other me-
thodologies, more techonologically supported.

In addition, there are no observed depo-
sitional contacts between the radiolarian chert 
and the igneous rocks. This observation as well 
as considerable differences in the interpreta-
tion of the stratigraphy and origin of the rocks 
led Donnelly (1994) to suggest that the Nicoya 
Peninsula igneous rocks may be a single unit.	
Contemporaneously, the Nicoya Complex was 
interpreted as an uplifted segment of the trench-
slope break (Lundberg, 1982), or as an “outer fore 
arc” portion that was accreted and uplifted due 
to the subdution of Cocos ridge (Shipley et al., 
1982), or as the product of an uplift of Caribbean 
oceanic plateau crust (Duncan & Hargraves, 1984; 
Donnelly et al.,1990)

Finally, an interesting conclusion was pre-
sented by Flüeh (1983) based on the geographi-
cal distribution of the Basic Igneous Complex in 
the northern part of South America, he considered 
that probably the aseismic ridges were formed on 
the Farallón Plate, overriding the Galápagos hot 
spot, which is similar to the formation of the pre-
sent Cocos and Carnegie Ridges. It implies that 
the Galápagos hot spot had been active since the 
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Jurassic. Therefore, the different oceanic com-
plexes represent accretion of the Galápagos paleo-
hotspot tracks. Denyer & Arias (1993) did a similar 
conclusion. 

The modern isotope petrology and volcanol-
ogy (1995 to present)

As we commented above, most of the pre-
vious works are in favor of a multistage geody-
namic evolution, beginning with oceanic crust 
formation at a mid-ocean ridge, followed by in-
traplate, island arc, and back arc basin volcanism. 
The controversy for almost two decades mainly 
results from the lack of reliable data on the age 
and geochemistry of the igneous complexes. In 
most of the papers, it was assumed that to date 
the magmatism must be primarily a sedimentary 
contact based in the “Steinmann’s trinity”, even 
though most of the contacts between sedimentary 
(radiolarites) and igneous rocks are predominant-
ly tectonic or intrusive. 

Until 1994, the radiometric dating studies were 
conducted on complete rocks using the K/Ar analy-
ses methods, which application is problematic for 
low-K altered rocks, affected also by a low-grade 
metamorphism (see Alvarado et al., 1992 and Appel 
et al., 1994 for a summary). Since 1995, different 
joint German-Costa Rican-USA groups, using new 
petrological studies in fresh rocks (e.g., basaltic 
glasses), Pb, Nb, Sr, Hf isotopes, major, trace, and 
complete rare earth elements, 40Ar/39Ar dating and 
volcanological criteria provided new and challen-
ging conclusions (e.g. Hauff et al., 1997, 2000; 
Sinton et al., 1997; Alvarado et al., 1997; Alvarado 
& Denyer, 1998; Arias, 2003; Hoernle et al., 2002, 
2004). These investigations showed that most of 
the basic igenous complexes were formed between 
142 and 40 Ma from a plume-type mantle source, 
possibly the Galápagos hot spot. According to the-
se authors, the Nicoya and lower part of Herradura 
complexes mark the westernmost edge of the 
Caribbean Large Igneous Province (CLIP), while 
the younger Herradura, Quepos terrane represents 
an accreted seamount/ocean island complex of the 
early Galápagos hotspot track. However, the age 
and origin of the other igneous complexes (i.e. 
Osa-Golfito, Burica) are still poorly constrained. 

The “Steinmann’s trinity” concept and its 
normal stratigraphy do not match in the majority 
of the cases of the Costa Rican ophiolites. In fact, 
it was, perhaps, one of the more difficult obstacles 
to began to understand the stratigraphic and tecto-
nic relationships of the Costa Rican oceanic com-
plexes. It was not only until the use of 40Ar/39Ar 
isotopic ages that it was clear that there are in-
consistencies between the basaltic event ages and 
radiolarian dates, aspect that was recognized by 
Hauff et al. (1997) and Sinton et al. (1997), but no 
explanation was given. Both group of authors con-
cluded that the radiolarites ages do not represent 
the formation age of the igneous neighbor rocks. 
Thus, Denyer & Baumgartner (2006) present a 
new model, in which multiple magmatic events 
that occurred during different pulses of the CLIP, 
detached and disrupted the radiolarites (164-84 
Ma) from the original basaltic basement. 

Currently, there is a general agreement to 
use the term of Nicoya Complex restricted to ro-
cks older than Lower Campanian-Santonian, and 
most of the previous works have largely confir-
med the view of these rocks as a portion of the 
CLIP or as a plateau, geochemically similar to the 
Galápagos hotspot.

CONCLUSIONS

The oceanic crust outcrops are one of the 
most important records for the understanding of 
the origin and geotectonic history of the Middle 
American convergent margin. The oceanic as-
semblages cropping out in the Pacific of Costa 
Rica have been relatively well studied, espe-
cially in the northwestern part of Costa Rica. 
Micropaleontological, geochemical, and petrolo-
gical techniques have been applied to these units 
in the 60’s of the last century. However, the his-
tory of oceanic assemblages of the pacific mar-
gin of southern Central America is still very in-
complete. It seems that they consist of portions of 
material already subducted during Mesozoic and 
Cenozoic. The presence of enormous volumes of 
oceanic related rocks means that the accretion 
process has been very important in the emplace-
ment of these oceanic complexes. 
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Concerning to the petrological, geochemical, 
and isotopic studies, the comparison of the diffe-
rent authors is very difficult because of the great 
progress and rapid changes in geochemical analy-
ses technology (see Table 1).

Several authors have considered an ophiolitic 
model, mostly in relation to the Nicoya Complex 
outcropping in the Nicoya Peninsula together with 
the ultramafics of Santa Elena Peninsula (e.g. De 
Boer, 1979; Kuijpers, 1980; Berrange & Thorpe, 
1989; Beccaaluva et al., 1999). Other authors (e.g. 
Berrangé et al., 1988) extended the name of Nicoya 
Complex to refer to other oceanic occurrences of the 
Pacific side of Costa Rica, despite of their different 
ages and origin. However, there is a general consen-
sus inthe use of the term Nicoya Complex restricted 
to the sequences older than Lower Campanian-
Santonian, and restricted to Nicoya Peninsula and 
the base of the Herradura block. However, there are 
several other oceanic basic and ultrabasic igneous 
complexes of different ages, origin and mode of 
emplacement that require further work.

Most of the igneous Mesozoic-Cenozoic as-
semblages have a geochemical signature similar 
to the Galápagos mantle plume, as suggested by 
the last results (Sinton et al., 1997; Beccaluva et 
al., 1999; Hauff et al., 2000; Hoernle et al., 2002; 
Hoernle et al., 2004). If so, the Galápagos hots-
pot must have been during the Caribbean Basalt 
Event larger than today or there were several ther-
mal spots occurring at the same time and distri-
buted widely enough, to thicken the crust of the 
newborn Caribbean plate. The interpretation of 
several pulses of this thermal source happening 
during 140 Ma (Hoernle et. al., 2002; Hoernle et 
al., 2004) is also difficult to imagine in the ac-
tual geotectonic framework. Therefore, Denyer 
et al. (2006) consider premature the presumption 
that all oceanic assemblages came from the same 
source. The geotectonic history of this area could 
be more complicated, and there could be several 
plateaus with similar signatures piled up along the 
eastern side of the active margin.

The serpentinized mantle peridotites of Santa 
Elena Peninsula, Río San Juan, and Tonjibe drill 
hole are one of the most intriguing pieces of the 
southern Central America oceanic occurrences. 
Only the Santa Elena Peninsula has been studied 

in detail. They could easily be interpreted as sutu-
re zones, but the genetic relationships are not clear 
and the trends are not known, although an E-W 
suture zone have been suggested between Santa 
Elena Peninsula and Río San Juan occurrences. 
More research and mapping must be done in order 
to understand the significance of all these occu-
rrences in the oceanic plateau model. In addition, 
the mechanism of emplacement of the seamounts 
and the volcanic edifices is not well understood. 
Tulín Formation and Quepos Block appear to be 
mega-structures reaching today altitudes up to 
1500 meters above sea level.

Detailed mapping is still a very useful tool 
to understand the original oceanic structure and 
the emplacement form. For example, Denyer & 
Arias (1991) demonstrated from their geological 
maps that the radiolarian occurrences are not con-
tinuous (in contrast to Gursky and co-wokers), 
and are mostly dismembered radiolarite sequen-
ces ranging from Callovian to Santonian (164-84 
Ma; Schmidt-Effing, 1979; Baumgartner, 1984, 
1987). Di Marco et al. (1995) by detailed map-
ping of Osa and Golfito, demonstrated not only 
the existence of terranes, but also the presence 
of a large mélange area, not previously recog-
nized. In the same way, the detailed mapping of 
the Tortugal area (only 50 km2) by Alvarado et 
al. (1997) and Alvarado & Denyer (1998), con-
tributed significantly to a new view of the ori-
gin of part of the ophiolitic complexes, where 
for the first time a 14 km long and up to 1.5 km 
wide ultramafic volcanic rocks was identified. 
Therefore, we are in favor that more detailed 
mapping and volcanologic stratigraphic columns 
are necessary to make a complete picture of the 
oceanic basic complexes. 

The terranes that have been identified by Di 
Marco (1994), following by the works of Di Marco 
et al. (1995); Buchs & Stucki (2001), Buchs & 
Baumgartner, (2003) represent a first step in the 
study of the different terranes that have been pi-
led to form the pacific ophiolitic occurrences. We 
consider that the further research will confirm 
the existence of more exotic terranes. It seems to 
be obvious from stratigraphic differences in the 
Cretaceous sedimentary sequences, which are in-
compatible with a single place of formation. For 
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example, looking the magnetic map of Ranero 
et al. (2007) it is possible to recognize two large 
blocks in the Nicoya Peninsula. Previously, De 
Boer (1979) proposed the Belén Fracture Zone to 
divide both blocks.

All the different oceanic occurrences have so 
strong grade of tectonism, sinsedimentary defor-
mation and intrusion that could be visualized as 
sedimentary, tectonic and magmatic megabrec-
cias or true mélanges.

Finally, a similar historical evolution in the 
ideas of the ophiolites in the Greater Antilles 
(Iturralde-Vinent, 1996; Iturralde-Vinent & 
MacPhee, 1999), South America (Goossens et al., 
1977), and Central America (Hoernle & Hauff, 
2007, and references therein) is more than a co-
incidence. A multidisciplinary study of the chro-
no- and bio-stratigraphic relations, together with 
petrology, geochemical and micropaleontology 
approach could be appropriate to correlate and 
understand the Caribbean region. This would lead 
to understand the evolution of the Americas, and 
all these elements would provide a solid basis for 
a more realistic plate tectonic reconstruction, stra-
tigraphical correlations, and geologic history. 
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