
INTRODUCTION

The Santa Elena Peninsula, located in northwestern Cos-
ta Rica, is 8 to 16 km wide and protrudes about 40 km west-
wards into the Pacific Ocean (Fig. 1). During the last fifty
years, several geological studies have been carried out,
showing that much of the peninsula is made up of serpen-
tinized peridotites, cut locally by mafic dykes (Azéma and
Turnon, 1980). The large serpentinite unit is thrust on top of
a relative autochthonous unit, which crops out along the
south coast of the peninsula and is formed by red and brown
radiolarian cherts associated with massive and pillow
basalts, but also with volcanic sandstones and breccias. Ra-
diolarites are in places cut by sills of potassic alkaline
basalts (e.g., Harrison, 1953; Dengo, 1962; Azéma and
Turnon, 1980; De Wever et al., 1985; Donnelly, 1994;
Meschede and Frisch, 1994).

Initially, the Santa Elena Peninsula rock units were con-
sidered as part of a single ophiolitic suite with the volcano-
sedimentary sequence being the upper part of this suite lo-
cally preserved in grabens and related to the oceanic assem-
blage that composes the Nicoya Peninsula (Dengo, 1962;
Kuijpers, 1980; Schmidt-Effing, 1980). Subsequently Azé-

ma and Turnon (1980) observed an important fault interpret-
ed as a major overthrust separating two composite tectonic
units of different origin (Azéma and Tournon, 1980;
Tournon, 1984; Bourgois et al., 1984; Baumgartner, 1984;
Azéma et al., 1985). According to this hypothesis, the ultra-
mafic peridotites form the allochthonous upper unit, which
corresponds to a south-directed nappe emplaced during the
Late Cretaceous and called herein the Santa Elena Nappe.
The relative autochthonous unit constitutes the underlying
tectonic unit, which was correlated with the Nicoya Com-
plex (Bourgois et al., 1984; Baumgartner, 1984; Azéma et
al., 1985). Tournon (1980) provided a drawing of the coastal
section at Santa Rosa indicating a complex interlayering of
sedimentary and igneous lithologies. Astorga (1992) and
Tournon (1994), based on the distribution of radiolarian
ages by De Wever et al. (1985), interpreted the outcrops of
the Santa Rosa area as a single stratigraphic sequence rang-
ing in age form the late Early Jurassic to the Late Creta-
ceous, set in a simple anticline. However, more recent field-
work indicates that this relative autochthonous unit is not a
continuous sequence, but a stack of tectonic units piled-up
in an accretionary complex called the Santa Rosa Accre-
tionary Complex (Baumgartner and Denyer, 2006).

Ofioliti, 2011, 36 (1), 1-35 1

EARLY JURASSIC TO EARLY LATE CRETACEOUS RADIOLARIANS
FROM THE SANTAROSAACCRETIONARYCOMPLEX

(NORTHWESTERN COSTARICA)

Alexandre Nicolas Bandini°,*,��, Peter Oliver Baumgartner°, Kennet Flores°,**, Paulian Dumitrica° 
and Sarah-Jane Jackett***

° Institut de Géologie et de Paléontologie, Université de Lausanne, Switzerland.
* School of Earth and Environment, The University of Western Australia, Crawley, Australia.
** American Museum of Natural History, New York, USA.
*** Integrated Ocean Drilling Program, Texas A&M University, College Station, USA.

�� Corresponding author, email: alexandre.bandini@uwa.edu.au

Keywords: Radiolaria, radiolarites, basalts, Mesozoic, Jurassic, Cretaceous, Caribbean Plate, Santa Rosa Accretionary
Complex. Santa Elena Peninsula, Costa Rica.

ABSTRACT

In the circum-Pacific ophiolitic belts, when no other biogenic constituents are found, radiolarians have the potential to provide significant biostratigraph-
ic information. The Santa Rosa Accretionary Complex, which crops out in several half-windows (Carrizal, Sitio Santa Rosa, Bahia Nancite, Playa Naranjo)
along the south shores of the Santa Elena Peninsula in northwestern Costa Rica, is one of these little-known ophiolitic mélanges. It contains various oceanic
assemblages of alkaline basalt, radiolarite and polymictic breccias. The radiolarian biochronology presented in this work is mainly based by correlation on
the biozonations of Carter et al. (2010), Baumgartner et al. (1995b), and O’Dogherty (1994) and indicate an Early Jurassic to early Late Cretaceous (early
Pliensbachian to earliest Turonian) age for the sediments associated with oceanic basalts or recovered from blocks in breccias or megabreccias. The 19 illus-
trated assemblages from the Carrizal tectonic window and Sitio Santa Rosa contain in total 162 species belonging to 65 genera. The nomenclature of tecton-
ic units is the one presented by (Baumgartner and Denyer, 2006). This study brings to light the Early Jurassic age of a succession of radiolarite, which was
previously thought to be of Cretaceous age, intruded by alkaline basalts sills (Unit 3). The presence of Early Jurassic large reworked blocks in a polymictic
megabreccia, firstly reported by De Wever et al. (1985) is confirmed (Unit 4). Therefore, the alkaline basalt associated with the radiolarites of these two
units (and maybe also Units 5 and 8) could be of Jurassic age. In the Carrizal tectonic window, Middle to early Late Jurassic radiolarian chert blocks associ-
ated with massive tholeitic basalts and Early Cretaceous brick-red ribbon cherts overlying pillow basalts are interpreted as fragments of a Middle Jurassic
oceanic basement accreted to an Early Cretaceous oceanic Plate, in an intra-oceanic subduction context. Whereas, the knobby radiolarites and black shales
of Playa Carrizal are indicative of a shallower middle Cretaceous paleoenvironment. Other remnants of this oceanic basin are found in Units 2, 6, and 7,
which documented the rapid approach of the depocentre to a subduction trench during the late Early Cretaceous (Albian-Cenomanian), to possibly early
Late Cretaceous (Turonian).
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This study aims at providing new micropaleontological
data and discussing the preliminary radiolarian biochronolo-
gy published in two previous publications (Schmidt-Effing,
1980; De Wever et al., 1985). Radiolaria are the only fossils
that are abundant throughout the accretionary complex and
their biochronology is critical to the understanding of the
origin of the remnants of oceanic and trench fill units of the
Santa Rosa Accretionary Complex and more generally the
paleogeography of the trailing edge of the Caribbean Plate.

GEOLOGICAL SETTING

We distinguish from bottom to top three tectonic units in
the area of the Santa Elena Peninsula (Fig. 2): 1) the Islas
Murciélagos pillow and massive basalts; 2) the relative au-
tochthonous of the Santa Elena Nappe composed of the San-
ta Rosa Accretionary Complex and the Nancite Complex; 3)
the Santa Elena Nappe composed of ultramafics.

The Islas Murciélagos
The Islas Murciélagos pillow and massive basalts show

no clear structural relationship with the following two units.
Their geochemistry suggests a primitive island arc origin
similar to the dolerites of the Santa Elena Nappe. A pillow
basalt from Islas Murciélagos yields a 40Ar/39Ar date of
109.0±2.0 Ma (Hauff et al., 2000). No fossil-bearing sedi-
ments are known from this unit.

The relative autochtonous
The relative autochthonous of the Santa Elena Nappe is

composed of the Santa Rosa Accretionary Complex (SRAC)
and the Nancite Complex, which comprises layered gab-
bros, plagiogranites and associated basaltic dykes.
The Santa Rosa Accretionary Complex

Baumgartner and Denyer (2006) named the SRAC after
Sitio Santa Rosa, where the most complete sequence is ex-
posed. They describe it as a tectonic pile of sedimentary and
volcanic packages. Polarity indicators in all sedimentary
packages show younging to the east. Sedimentary environ-
ments within individual stratigraphic packages range from
oceanic (radiolarites with alkaline basalt sills) to trench fill
(arc-derived turbidites and collapse megabreccias). Bedded
radiolarites are of middle Cretaceous ages whereas re-
worked blocks of highly deformed radiolarite in breccias are
of Jurassic ages.

The SRAC is exposed in a few isolated outcrops, be-
cause the Santa Elena overthrust undulates and is offset by
local faults. In many places its intersection with the surface
is below the actual sea level. Megabreccias with pluri-deca-
metric blocks, which are contemporaneous of the emplace-
ment of the Santa Elena Nappe, are associated with this
roughly horizontal thrust (e.g., outcrops in western Playa
Carrizal, Isla Pelada and northern Playa Naranjo, Baumgart-
ner and Denyer, 2006).

Overall, basaltic units dominate the SRAC. From west to
east, several tectonic half-windows occur along the southern
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Fig. 1 - Circum-Caribbean region map modified from Mann et al. (1991), Baumgartner et al. (2008), and Pindell and Kennan (2009) with Plate-boundaries
and morphology, showing main tectonic features and radiolarite localities discussed in text. From west to east, ETGO: El Tambor Group Ophiolites, SRAC:
Santa Rosa Accretionary Complex (studied area), NC: Nicoya Complex, SSM: Siuna Serpentinite Mélange, ECM: El Castillo Mélange, DC: Duarte Complex,
BC: Bermeja Complex, and LDBC: La Désirade Basement Complex of Guadeloupe.
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coast of the peninsula: the Carrizal tectonic window, located
west and east of Playa Guarumo and extending through to
Playa Carrizal; the Sitio Santa Rosa, where a stack of tec-
tonic units including alkaline pillow basalts, basaltic brec-
cias, red and brown radiolarites, radiolarite-basalt breccias,
tuffs and sills of alkaline basalts (Tournon, 1984; 1994;
Frisch et al., 1992) crop out. Basalt and radiolarite associat-
ed with the SRAC also crop out in the Potrero Grande tec-
tonic window. The easternmost exposures include outcrops
at Bahia Nancite, Playa Tule and the cliffs north of Playa
Naranjo. The samples described in this study are from out-
crops located in the Carrizal tectonic window (area between
Playa Guarumo and Playa Carrizal) and Sitio Santa Rosa
(between Playa Danta and Punta El Respinge) (see Fig. 2).

The area both west and east of Playa Guarumo is domi-
nated by steeply dipping massive and pillowed basalt flows
with rare and thin interpillow sediments that are hydrother-
mally altered and did not provide radiolarian assemblages.
Between Playa Guarumo and Playa Carizal, several hun-
dreds of meters of mostly massive tholeitic basalt organized
in flows show some interlayered radiolarite successions.
Most of the thinly bedded radiolarites occur as 1-3 m thick
and 10-20 m long lenses set in a tectonized basaltic matrix.
Also, sill-like basalt lenses occur within the thicker radiolar-
ite sequences and show chilled margins. The first radiolarite
occurrence east of Playa Guarumo seems to be floored by
red chert interbedded with volcanic breccias and hyalo-
clastites that would indicate a stratigraphic contact on the
Playa Guarumo basalt. Dark grey basalt in pillows, excep-
tionally vesicular, is rather rare and our geochemical raw
data indicate no common origin with the alkaline basalts of
Santa Rosa. At Playa Carrizal, a 30 m long and 6 m thick
outcrop shows a distinctly wavy bedded radiolarite se-

quence (“knobby”) that contains a black shale interval. One
radiolarian assemblage from this area was previously de-
scribed by De Wever et al. (1985, SE50) and provided a late
Aptian-Albian age.

Baumgartner and Denyer (2006) described 8 tectonic
units at Sitio Santa Rosa forming the Santa Rosa Accre-
tionary Complex. They observed decimeter to meter wide
intensive and roughly shear zones separating each unit from
the other, and interpreted these units as being tectonically
stacked and constituting part of an accretionary complex.
Unit 1. It is 100 m thick and includes at its base pillow

basalts with minor basaltic breccias overlaid by ribbon-
bedded radiolarite with soft sediment deformation.

Unit 2. It is a 300 m thick disorganized and poorly stratified
polymictic breccias to megabreccias that include radio-
laritic blocks of up to 10 m in size. De Wever et al.
(1985) reported a radiolarian assemblage (SE 83) in radi-
olarite microbreccias of early Albian age, with older re-
worked specimens of Late Jurassic and Early Cretaceous
age.

Unit 3. It is a 300 m thick unit dominated by thin-bedded ra-
diolarite with interlayered alkaline basaltic sills with
chilled margins, which overlies basaltic breccias and
tuffaceous mudstone.

Unit 4. This is a 125 m thick chaotic breccia including
among other decametric blocks of folded radiolarite and
alkaline basalts. De Wever et al. (1985) dated one of
these blocks (SE 85) yielding an Early Jurassic to early
Middle Jurassic radiolarian assemblage.

Unit 5. It is a 100 m thick unit entirely composed of massive
alkaline basalts.

Unit 6. This unit is 150 m thick and begins with centimeter
bedded volcaniclastic turbidites interbedded with brown

3

Fig. 2 - Geological map of the Santa Elena Peninsula, modified from Tournon (1994). Rectangles indicate the two sampled areas (see Figs. 3 and 4). CTW:
Carrizal tectonic window.
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siliceous mudstones and forming an upward coarsening
sequence. It ends with metric to decametric strata of de-
bris flows.

Unit 7. It is a 300 m thick unit with a base of radiolarites
that grade upsection into grey tuffaceous mudstones and
ending with decimetric debris flows truncated at its top
by a megabreccia (decametric radiolaritic blocks in a
polymictic boulder breccia). A radiolarite microbreccia
from this unit yielded a radiolarian assemblage described
by De Wever et al. (1985, SE 113). It provided a Bar-
remian-Cenomanian age with several reworked speci-
mens of Late Jurassic and Early Cretaceous age.

Unit 8. It is over 1 km thick and composed of a pile of lay-
ered flows of pillowed and massive alkaline basalts.

The Nancite Complex
The Nancite Complex consists of layered gabbros. It has

been erroneously included with the Santa Elena Ultramafics
by Gazel et al. (2006). According to Arias (2002) and our
own field examination in 2007, the Nancite Complex is
clearly exposed in a tectonic window beneath the main over-
thrust of the Santa Elena Nappe. Therefore, geochemical
affinities between these two units cannot be regarded as evi-
dence for a common geodynamic origin. Low TiO2 contentsand high LREE depletion suggest a primitive island arc ori-
gin for the Nancite Complex (Arias, 2002). Hauff et al.
(2000) report a 40Ar/39Ar date of 124.0±4.0 Ma from the lay-
ered gabbros. Both the Nancite Complex and the Islas Mur-
cielagos basalts have an age range that makes them approxi-
mately contemporaneous with the formation of the SRAC,
suggesting a genetic relationship between these units. On-go-
ing geochemical analyses of arc-derived clasts sampled from
SRAC breccias will confirm or invalidate this hypothesis.

The Santa Elena Nappe
The Santa Elena Ultramafics form a regional southwest-

vergent overthrust, the Santa Elena Nappe, over the units
discussed previously. It consists of depleted (MORB-like)
serpentinized mantle peridiotites, with very low TiO2 andhigh Ni and Cr contents. Crosscutting doleritic dykes repre-
sent a later phase with a geochemistry that suggests a primi-
tive island arc origin (Gazel et al., 2006). Again, these dykes
show geochemical similarities (Gazel et al., 2006) with the
basaltic dykes cutting through the Nancite Complex located
in the relative autochthonous beneath the Santa Elena
Nappe, but this does not warrant for a genetic relationship
between the two units. Moreover, the Santa Elena Ultra-
mafics and the crosscutting dolerites are, so far, undated. Sr,
Nd, and Pb isotopic ratios of the Santa Elena Nappe and the
Santa Rosa Accretionary Complex samples do not corre-
spond to the Galapagos Mantle array, and suggest different
mantle reservoirs and geochemical characteristics than the
CLIP and the Nicoya Complex. Of the above units, only the
SRAC contains radiolarian-bearing sedimentary sequences
further discussed below.

RADIOLARIAN BIOCHRONOLOGY

The dominant radiolarian-bearing lithologies of the stud-
ied samples are ribbon chert and siliceous mudstone. The
procedure described by Bandini et al. (2008, p. 8) was used
for radiolarian extractions. Apart from radiolarians, no oth-

er biogenic constituents were found in the residues. The
following samples descriptions are given with coordinates
(WGS 84, degrees) and are ordered from west to east, ac-
cording to the distribution of tectonic units. They include
descriptions of the outcrops, faunal content and biochrono-
logical ages. The remaining material and SEM stubs are
stored in the collection of the Musée de Géologie de Lau-
sanne, Université de Lausanne, Switzerland (MGL no.
97024-97042).

More than 50 samples were collected for radiolarian dat-
ing in the Santa Elena Peninsula, of which 19 yielded identi-
fiable radiolarians (Figs. 3 and 4). The supraspecies taxono-
my used in this study follows De Wever et al. (2001) and
O’Dogherty et al. (2009a; 2009b). The radiolarian bios-
tratigraphy is mainly based on the Early-early Middle Juras-
sic radiolarian zonation of Carter et al. (2010), the Middle
Jurassic-Early Cretaceous zonation of the InterRad Jurassic-
Cretaceous Working Group (Baumgartner et al., 1995b) and
the middle Cretaceous zonation of O’Dogherty (1994).
These zonations have been established using the Unitary
Association method (Guex 1991). In total, 162 species, be-
longing to 65 genera were present in these samples, ranging
in age from middle Early Jurassic to early Late Cretaceous
(early Pliensbachian to earliest Turonian).

Carrizal tectonic window
This tectonic window comprises at least two separate se-

quences, each including a different facies of radiolarite:
decimeter thick beds of radiolarite (samples CR-SE04, CR-
SE05, CR-SE06, CR-SE07, CR-SE09, CR-SE10, and CR-
SE11, Fig. 3) associated with tholeitic basalts between Playa
Guarumo and Playa Carrizal; and a sequence of knobby ra-
diolarite (samples POCR07-28, POCR07-31, POCR07-35,
and POCR07-36, Fig. 3).

CR-SE10 and CR-SE11
Samples CR-SE10 and CR-SE11 (Fig. 5a) were collected

in a 10 m sequence of ribbon cherts, which at their base
seem to be interbedded with basaltic breccia and hyalo-
clastites that form the top of a thick sequence of basalt flows
cropping out from Playa Guarumo to this locality. The se-
quence is topped by a sharp contact with the following
basalt flow.

CR-SE10 (Table 1 and Plate 3) - In this radiolarian as-
semblage 3 species included in the zonations of Baumgart-
ner et al. (1995b) and O’Dogherty (1994) were found. Tha-
narla pulchra (Squinabol) and Acaeniotyle umbilicata
(Rüst) assign this assemblage to the late Berriasian to late
Aptian interval.

CR-SE11 (Table 1 and Plate 4) - The species Hiscocapsa
uterculus (Parona), Pseudodictyomitra carpatica gr. (Lozy-
niak), and Thanarla brouweri (Tan) are present in the zona-
tion of O’Dogherty (1994) and indicate a range from UA 1
to 5 (latest Barremian to early Aptian).

CR-SE09
The sample CR-SE09 (Fig. 5b) is from near the base of a

10 to 15 m thick highly deformed radiolarite sequence.
Chert ribbons are centimeter thick, mostly dark brown with
brick-red (hydrothermally altered) intervals. Radiolarite is
in irregular, probably intrusive contact with the surrounding
basalt outcrops.

CR-SE09 (Table 2 and Plate 3) - Both species Svinitzium
kamoensis (Mizutani and Kido) and Zhamoidellum ventricosum
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Fig. 3 - Position of the samples from the Car-
rizal tectonic window (Santa Rosa Accre-
tionary Complex).

Table 1 - List of Early Cretaceous radiolarian species from samples CR-SE10 and CR-SE11 from the Carrizal tectonic win-
dow of the Santa Rosa Accretionary Complex with ranges from diagnostic species (see chapter on radiolarian biochronology).

Thin lines are used for first and last appearance intervals. Geographic coordinates are provided (WGS 84, degrees) (see also Figs. 2, 3, and 5a). The numbers
correspond to those from Plates 3 and 4.

5
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Table 2 - List of Middle to Late Jurassic radiolarian species from sample CR-SE09 from the Carrizal tectonic window of the
Santa Rosa Accretionary Complex with ranges from diagnostic species (see chapter on radiolarian biochronology).

Thin lines are used for first and last appearance intervals. Geographic coordinates are provided (WGS 84, degrees) (see also Figs. 2, 3 and 5b). The numbers
correspond to those from Plate 3.

Fig. 4 - Units of the Santa Rosa Accretionary Complex (Baumgartner and Denyer, 2006) and position of the samples from the Sitio Santa Rosa tectonic window.
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Dumitrica are present in the zonation proposed by Baum-
gartner et al. (1995b). Svinitzium kamoensis (Mizutani and
Kido) (= Dictyomitrella (?) kamoensis, in Baumgartner et
al., 1985) last appears in UAZ 7 (late Bathonian-early
Callovian), and Zhamoidellum ventricosum Dumitrica first
appears in UAZ 8 (middle Callovian-early Oxfordian). This
assemblage could correspond to an interval ranging from
UAZ 7 to 8 (late Bathonian-early Callovian to middle
Callovian-early Oxfordian).

CR-SE06 and CR-SE07
Samples CR-SE06 and CR-SE07 are from an elongated,

2 m by 20 m size lense of red radiolarite embedded in
sheared basalt.

CR-SE06 (Table 3 and Plate 2) - Xitus spicularius
(Aliev) sensu O’Dogherty (1994) and Svinitzium puga
(Schaaf) are present in the mid-Cretaceous zonation of
O’Dogherty (1994) and corresponds to UA 6 to 14 of mid-
dle Aptian to late Albian age.

7

Fig. 5 - Outcrop photographs of the Santa Rosa Accretionary Complex (northwestern Costa Rica). Carrizal tectonic window: a) Ribbon cherts (late Berriasian
to late Aptian interval), which seem to be interbedded with basaltic breccia (CR-SE10 and 11, N10°53’49.6’’ W85°54’43.1’’); b) Middle-early Late Jurassic
(late Bathonian-early Callovian to middle Callovian-early Oxfordian) highly deformed radiolarite beds with centimeter thick ribbons, mostly dark brown with
brick-red (hydrothermally altered) intervals (CR-SE09, N10°53’49.7’’ W85°54’39.8’’); c) Early Valanginian to late Aptian Knobby radiolarite (POCR07-31,
35, and 36, for localisation see Fig. 3); d) Late middle to late Aptian anoxic event (POCR07-28, for localisation see Fig. 3); e) Tight chevron folding at the top
of the section of knobby radiolarites (for localisation see Fig. 3); Sitio Santa Rosa: f) Top of Unit 3 of Baumgartner and Denyer (2006), Pliensbachian to early
Toarcian parallel-bedded ribbon chert with meter-thick sills (POB 96.14 and 96.15, for localisation see Fig. 4).
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CR-SE07 (Table 3 and Plate 3) - The species Hiscocapsa
uterculus (Parona) is present in the zonation of Baumgartner
et al. (1995b) and ranges from UAZ 11 to 22 (late Kim-
meridgian-early Tithonian to late Barremian-early Aptian).
It is also present in the middle Cretaceous zonation pro-
posed by O’Dogherty (1994) where it ranges from UA 1
(latest Barremian) to 5 (late early Aptian). The species Sti-
chomitra (?) japonica (Nakaseko and Nishimura) is present
in the zonation proposed by O’Dogherty (1994) and ranges
from UA 1 (latest Barremian) to 11 (middle Albian). The il-
lustrated assemblage could correspond to a latest Barremi-
an-early Aptian interval. However, the first appearance of
Stichomitra (?) japonica (Nakaseko and Nishimura) coin-
cides with the lower limit of the O’Dogherty’s zonation and
thus, could be a little bit older.

CR-SE04 and CR-SE05
Samples CR-SE04 and CR-SE05 are from the same 2 m

by 10 m radiolarite lens cropping out at low tide on the
shore immediately below the megabreccia of the Santa Ele-
na thrust and associated with blocks of massive basalt. Mid-
dle Jurassic radiolarite clasts (or blocks) seem to be re-
worked into late Early Cretaceous radiolarite.

CR-SE04 (Table 4 and Plate 1) - According to Baumgart-
ner et al. (1995b), the presence of Emiluvia nana Baumgart-
ner and Tethysetta dhimenaensis ssp. A sensu Baumgartner
et al. (1995a) correspond to UAZ 6 to 8 of middle Bathon-
ian-early Oxfordian age.

CR-SE05 (Table 4 and Plate 1 and 2) - According to
O’Dogherty (1994), the co-occurence of Pseudodictyomitra
carpatica gr. (Lozyniak) and Stichomitra (?) communis
Squinabol corresponds to UA 5 of late early Aptian age.

Knobby radiolarite
Samples POCR07-28, POCR07-31, POCR07-35, and

POCR07-36 (Fig. 5c-e) are from a 30 m long and 6 m high
outcrop of mostly knobby radiolarite. The base of the out-
crop above the beach gravel is characterized by 1 m of par-
allel-bedded cherts of greenish-greyish color, in the center
of which a 30 cm thick black shale horizon with a central 10
cm thick black chert layer (POCR07-28, Fig. 5d) is visible.
This interval could be related to an anoxic event. Brick red
knobby cherts (POCR07- 31, 35 and 36, Fig. 5c) start about
1 m above the green chert. Since the whole outcrop is af-
fected by isoclinal chevron folds (Fig. 5e), neither the polar-
ity nor the stratigraphic sequence of the studied samples is
clear.

The age of the radiolarian assemblages of this section co-
incide approximately with the upper limit of the zonation of
Baumgartner et al. (1995b) and the lower limit of the zona-
tion of O’Dogherty (1994) (late Barremian-early Aptian).
Therefore we consider herein only the range of species that
doesn’t have their last appearance in the UAZ 22 of Baum-
gartner et al. (1995b) or their first appearance in the UA 1 of
O’Dogherty (1994).

POCR07-28 (Table 5, Plate 5) - In this assemblage, sev-
en species included in the zonation of O’Dogherty (1994)
were found. The co-occurrence of Hiscocapsa grutterinki
(Tan) and Becus horridus (Squinabol) assigns the assem-
blage to UA 7-9. The corresponding time interval ranges
from late middle to late Aptian.

POCR07-31 (Table 5, Plate 6) - According to O’Dogher-
ty (1994), the presence of Archaeodictyomitra lacrimula
(Foreman) and Stichomitra (?) communis Squinabol corre-
sponds to UA 5-6 of late early to early middle Aptian age.

POCR07-35 (Table 5, Plate 6) - The species Pseudodic-
tyomitra lanceloti Schaaf assigns the lower limit of this as-
semblage to the UAZ 20 of Baumgartner et al. (1995b).
The species Thanarla pacifica Nakaseko and Nishimura
assigns the upper limit of this assemblage to the UA 6 of

8

Table 3 - List of Early Cretaceous radiolarian species from samples CR-SE06 and CR-SE07 from the Carrizal tectonic window
of the Santa Rosa Accretionary Complex with ranges from the diagnostic species (see chapter on radiolarian biochronology).

Thin lines are used for first and last appearance intervals. Geographic coordinates are provided (WGS 84, degrees) (see also Figs. 2 and 3). The numbers cor-
respond to those from Plates 2 and 3.

01Bandini 1_COLORE:Layout 1  29-07-2011  9:27  Pagina 8



O’Dogherty (1994). The corresponding time interval ranges
from late Hauterivian to early middle Aptian.

POCR07-36 (Table 5, Plate 7) - The presences of Hisco-
capsa uterculus (Parona), Pseudodictyomitra carpatica gr.
(Lozyniak), and Crucella bossoensis Jud assign this assem-
blage to the UAZ 16 of Baumgartner et al. (1995b) to UAZ
5 of O’Dogherty (1994) of early Valanginian to early Apt-
ian age.

Sitio Santa Rosa Tectonic window
This tectonic window comprises 8 units described by

Baumgartner and Denyer (2006, see Geological Setting,
Figs. 4 and 5).

Unit 3 (POB96.14 and POB96.15)
Samples POB96.14 and POB96.15 (Fig. 5f) were collect-

ed near the top of Unit 3 (Baumgartner and Denyer, 2006),
in a thinly parallel-bedded ribbon chert between two meter-
thick alkaline sills. Geopetal infills in radiolarians show that
the stratigraphic top of the vertically dipping section is con-
stantly to the east. This can be confirmed by the ages found
in the two studied samples separated by 5.5 m, which come
from the topmost 20 m of a radiolarite section that was more
than 100 m thick even before the intrusion of the sills. The
base of this sedimentary sequence could be considerably
older than the late Early Jurassic ages determined at its top.

POB96.14 (Table 6 and Plate 8) - In this assemblage,
seven species included in the zonation of Carter et al. (2010)
assign the assemblage to the UA 5 to 21, Pliensbachian in
age.

POB96.15 (Table 6 and Plate 9) - In this assemblage, six
species are included in the zonation of Carter et al. (2010).
Eucyrtidiellum disparile gr. Nagai and Mizutani and Katro-
ma bicornus De Wever assign the assemblage to the UA 24
to 26, of early Toarcian age.

Unit 4 (CR-SE19)
Sample CR-SE 19 (Fig. 6a) was collected in Unit 4 car-

acterized by chaotic mélange of radiolarite and alkaline
basalt blocks set in a polymictic green breccia including arc-
derived basalts. The studied sample is from the same block
as the Early Jurassic sample SE85 of De Wever et al.
(1985).

CR-SE19 (Table 7 and Plate 10) - In this assemblage,
four species included in the zonation of Carter et al. (2010)
were found. Cyclastrum asuncionense Whalen and Carter
and Paleosaturnalis tetraradiatus (Kozur and Mostler) as-
sign the assemblage to the UA 2 to 4, early-middle Pliens-
bachian in age.

Unit 6 (CR-SE22)
The sample CR-SE22 comes from the base of the trench

fill Unit 6.

9

Table 4 - List of Middle Jurassic to Early Cretaceous radiolarian species from samples CR-SE04 and CR-SE05 from the Car-
rizal tectonic window of the Santa Rosa Accretionary Complex with ranges from diagnostic species (see chapter on radiolarian
biochronology).

Thin lines are used for first and last appearance intervals and dashed lines for ranges of uncertain determination species (“cf.”). Geographic coordinates are
provided (WGS 84, degrees) (see also Figs. 2 and 3). The numbers correspond to those from Plates 1 and 2.

01Bandini 1_COLORE:Layout 1  29-07-2011  9:27  Pagina 9



10

Table 5 - List of Middle Jurassic to Late Cretaceous radiolarian species from samples POCR07-28, 31, 35, and 36 from the
Carrizal tectonic window (see also Figs. 2, 3, and 5c-e) of the Santa Rosa Accretionary Complex with ranges from diagnostic
species (see chapter on radiolarian biochronology).

Thin lines are used for first and last appearance intervals and dashed lines for ranges of uncertain determination species (“cf.”). The numbers correspond to
those from Plates 5, 6, and 7.
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CR-SE22 (Table 8 and Plate 11) - The presence of Sti-
chomitra (?) tosaensis (Nakaseko and Nishimura), Archaeo-
dictyomitra montisserei (Squinabol), Rhopalosyringium
mosquense (Smirnova and Aliev), Pseudodictyomitra
pseudomacrocephala (Squinabol), and Archaeodictyomitra
undata (Squinabol) are present in the zonation of O’Dogher-
ty (1994) and assign this assemblage to the UA 10 to 21 in-
terval of late early Albian to late early Turonian age.

Unit 7 (CR-SE18.00, CR-SE18.10, CR-SE18.25, 
and CR-SE18.45)

Unit 7 of Baumgartner and Denyer (2006) is an intact
stratigraphic sequence that documents the drift of the sedi-
mentation site from a pelagic open ocean paleoenvironment
into the trench (Fig. 6b - f). The lowermost (western) 40 m of
the vertically dipping section are made of red ribbon radiolar-
ites (Fig. 6b) that grade upsection into less and less bedded

11

Table 6 - List of Early Jurassic radiolarian species from samples POB96.14 and .15 from the Sitio Santa Rosa tectonic window
(see also Figs. 2, 4, and 5f) of the Santa Rosa Accretionary Complex with ranges from diagnostic species (see chapter on radi-
olarian biochronology). 

Thin lines are used for first and last appearance intervals and dashed lines for ranges of uncertain determination species (“cf.”). The numbers correspond to
those from Plates 8 and 9.
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brown siliceous mudstones. At 45 m above the base, the
first dm-thick sandy to muddy turbidites are interbedded
with the siliceous mudstone (Fig. 6c) that gradually change
color to greenish gray due to the increase of volcanic (arc-
derived?) mud. Sandy turbidites (Fig. 6d) grade upsection to
metric pebble to cobble beds interpreted as debris flows
(Fig. 6e). At about 125 m above the base, an erosional un-
conformity separates the stratified section from a megabrec-

cia that contains blocks of up to 10-20 m size of radiolarites
set in a matrix of green radiolarite-basalt breccia (Fig. 6f).
The studied samples are from the first 34 m of pelagic to
hemipelagic section that includes the first turbidites.

CR-SE18.00 (base of the section, Table 9 and Plate 12) -
The occurrence of Crolanium spineum (Pessagno), also pre-
sent in the zonation of O’Dogherty (1994), indicates a late
early Albian to early Cenomanian (UA 10 to 15) age without

12

Fig. 6 - Outcrop photographs of the Santa Rosa Accretionary Complex (northwestern Costa Rica). Sitio Santa Rosa: a) Unit 4 of Baumgartner and Denyer
(2006), early-middle Pliensbachian thin bedded and deformed cherts block in a chaotic mélange of radiolarite and alkaline basalt blocks set in a polymictic
green breccia including arc-derived basalts (CR-SE19, N10°52’53.4’’ W85°52’39.3’’); Unit 7 (see also Fig. 7): b) Late early to early middle Albian radiolar-
ites at Punta Roja (samples CR-SE18.00, 18.10, 18.25, and 18.45, N10°52’42.2’’ W85°52’29.1’’); c) Overlying the radiolarites the first dm-thick sandy to
muddy turbidites beds interbedded with siliceous mudstone; d) Sandy turbidites; e) Metric pebble to cobble beds interpreted as debris flows; f) Megabreccia
containing blocks of up to 10-20 m size of radiolarites set in a matrix of green radiolarite-basalt breccia.
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further precision. However, it seems to be restricted to the
late early to early middle Albian interval by stratigraphic su-
perposition with sample CR-SE18.45 (see below).

CR-SE18.10 (10 m above base, Table 9 and Plate 12) -
The species Pseudodictyomitra pentacolaensis Pessagno
and Pseudodictyomitra pseudomacrocephala (Squinabol)
are present in the middle Cretaceous zonation proposed by
O’Dogherty (1994) and are correlative of UA 10 (late early
Albian) to 19 (late Cenomanian). However, this interval
seems to be restricted to the late early to early middle Al-
bian by stratigraphic superposition with sample CR-
SE18.45 (see below).

CR-SE18.25 (25 m above base, Table 9 and Plate 12) -
The co-occurrence of Xitus spicularius (Aliev) sensu
O’Dogherty (1994) and Pseudodictyomitra pseudomacro-
cephala (Squinabol), also present in the zonation of
O’Dogherty (1994), indicates a late early Albian to late
Cenomanian (UA 10 to 19) age without further precision.
However, the age of this sample seems to be restricted to the
late early to early middle Albian interval by stratigraphic su-
perposition with sample CR-SE18.45 (see below).

CR-SE18.45 (45 m above base, Table 9 and Plate 13) - In
this assemblage, three species are included in the zonation

of O’Dogherty (1994). Thanarla brouweri (Tan) and Pseu-
dodictyomitra paronai (Aliev) assign the assemblage to the
late early Albian to early middle Albian age (UA 10 to 11).

DISCUSSION OF RESULTS
Carrizal tectonic window

Radiolarite associated with tholeitic basalts
Two different age groups could be determined from radi-

olarites located between Playa Guarumo and Playa Carrizal
(Table 10):

1. Middle to early Late Jurassic ages (middle Bathonian
to middle Callovian-early Oxfordian) were found in meter
to decameter-sited blocks that are in tectonic and/or intru-
sive contact with massive, tholeitic basalts.

2. Early Cretaceous ages (total possible range is late
Berriasian-earliest Valanginian to late Albian, but more
probably Barremian-Albian) were recovered from radiolar-
ite sequences that seem to be, at least in some places, in sed-
imentary contact with underlying flows.

In contrast with the Santa Rosa units, no detrital sediments
were found in the Carrizal tectonic window. We interpret this

13

Table 7 - List of Early Jurassic radiolarian species from sample CR-SE19 from the Sitio Santa Rosa tectonic window (see also
Figs. 2, 4, and 6a) of the Santa Rosa Accretionary Complex with ranges from diagnostic species (see chapter on radiolarian
biochronology).

Thin lines are used for first and last appearance intervals and dashed lines for ranges of uncertain determination species (“cf.”). The numbers correspond to
those from Plate 10.
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assemblage as a tectonized remnant of an Early Cretaceous
ocean floor on which Jurassic radiolarites were present or
became gravitationally emplaced onto as blocks.

Knobby radiolarites
At Playa Carrizal, we confirm preliminary radiolarian data

from De Wever et al. (1985). Our radiolarian ages may range
form early Valanginian to latest Aptian in age for the section
of knobby radiolarites studied at this locality (Table 10). A
black shale horizon is clearly dated as middle Aptian by a ra-
diolarian assemblage from a black chert interbedded with
siliceous black shale. We recovered a big chunk of lignite
from one of the black shales that is under study. The apparent
down-section younging may be an indication for an inverted
polarity of the block, or the result of duplications in the section
due to tight chevron folding that affected the whole block.

The radiolarite facies of this outcrop is distinct from all
other localities as it presents thicker planar-bedded green
cherts around the black shale interval and distinctly wavy-
bedded brick red radiolarites in the remainder of the outcrop.
Apart from the black shale and thick shaly partings between
chert beds, no detrital material has been detected. The knobby
bedding has been well described from Mediterranean sections

(e.g., Winterer and Bosellini, 1981). The knobby bedding is
generally interpreted as the result of diagenetic dissolution
and compaction of a calcareous sequence originally contain-
ing porcellanite nodules and layers (e.g., Bosellini and Win-
terer, 1975). This chert facies has never been found in other
oceanic units of Northern Costa Rica nor the Mesquito Com-
posite Terrane (Baumgartner et al., 2008). This facies, togeth-
er with the wood-bearing black shale would argue for a shal-
lower, and/or near-continent or island environment for this
sequence. Sheared, very altered basalts are found in the adja-
cent outcrops around this block, but no stratigraphic relation-
ship can be established. All these outcrops are immediately
beneath the tectonic thrust contact with the overlying
megabreccia and the serpentinite of the Santa Elena Nappe.

Sitio Santa Rosa tectonic window
Unit 3

The Unit 3 of Baumgartner and Denyer (2006) is an ex-
clusively oceanic unit made of very evenly bedded centi-
metric ribbon radiolarite that was intruded by many metric
to plurimetric alkaline sills that followed bedding planes
(Fig. 7). Baumgartner and Denyer considered this unit to be

14

Table 8 - List of Early to Late Cretaceous radiolarian species from sample CR-SE22 from the Sitio Santa Rosa tectonic win-
dow of the Santa Rosa Accretionary Complex with ranges from diagnostic species (see chapter on radiolarian biochronology).

Geographic coordinates are provided (WGS 84, degrees) (see also Figs. 2 and 4). Thin lines are used for first and last appearance intervals and dashed lines
for ranges of uncertain determination species (“cf.”). The numbers correspond to those from Plate 11.
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of Cretaceous age but so far it is undated. The age of both
studied radiolarian assemblages are clearly of Early Jurassic
age (Pliensbachian and early Toarcian, Table 10). It means
that this whole unit must be compared to the other locality
yielding Early Jurassic radiolarians in Unit 4 (see below).
Unit 3 and the late Early Jurassic block in Unit 4 must rep-
resent remnants of an older oceanic setting than the one
hosting the Cretaceous radiolarite sequences.

Unit 4
The studied reworked radiolarite block yielded an Early

Jurassic radiolarian assemblage (early-middle Pliensbachian,
Table 10), confirming the Early-early Middle Jurassic

(Pliensbachian-Aalenian, Fig. 7) age of De Wever (1985,
emended by Baumgartner and Denyer 2006). It is set in a
mélange that includes decametric blocks of alkaline basalts
as well as green conglomerates containing alkaline basalts
and a possibly arc-derived matrix. The sequence comprising
Units 3 (oceanic), 4 (mélange) and 5 (alkaline basalt) repre-
sents a tectonic stack containing the same alkaline basalts
and their erosion products that may represent a much older
episode than the rest of the SRAC. While the oceanic radio-
larites hosting the sills are late Early Jurassic in age, the sills
are so far undated (Ar/Ar dating of amphiboles is underway).
The breccia of Unit 4 has not been dated, but it is obviously
younger than the age of the reworked blocks (Fig. 7).

15

Table 9 - List of Early to Late Cretaceous radiolarian species from sample CR-SE18.00, 18.10, 18.25, and 18.45 from the Sitio
Santa Rosa tectonic window of the Santa Rosa Accretionary Complex with ranges from diagnostic species (see chapter on ra-
diolarian biochronology).

Geographic coordinates are provided (WGS 84, degrees) (see also Figs. 2, 4, 6b). Thin lines are used for first and last appearance intervals and dashed lines
for ranges of uncertain determination species (“cf.”). The numbers correspond to those from Plates 12 and 13.
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Table 10 - Synthesis of biochronologic ages from the Santa Rosa Accretionary Complex.

Unit 6
The studied sample is from the base of the Unit 6 where

red to brown siliceous mudstones are grading into coarse
turbidites and debris flows containing angular basalt-radio-
larite breccias (Fig. 7). The late Early-early Late Cretaceous
(late early Albian to earliest Turonian, Table 10) radiolarian
assemblage dates the onset of proximal sedimentation. This
section is interpreted as a rapid approach of the depocentre
to the trench area (Baumgartner and Denyer, 2006). Our
sample age would correspond to the beginning of this de-
scent in the trench.

Unit 7
The first 45 m of section that yielded radiolarians are in

pelagic to hemipelagic facies, with the first turbidites above
the topmost sample (Fig. 7). The ages (late early Albian to ear-
ly middle Albian, Table 10) of the section from the base of
Unit 7 date the onset of distal detrital sedimentation and are
consistent with the age established in Unit 6 (see above). From
the top of Unit 7, De Wever et al. (1985) obtained an Early-
early Late Cretaceous radiolarian assemblage (Barremian-
Cenomanian) with Late Jurassic reworked specimens (Fig. 7).

CONCLUSION

The new radiolarian ages (Table 10) described in this
study confirm the general structure of the SRAC. However,
the late Early Jurassic minimum age of the over 100 m thick
radiolarite sequence of Unit 3, previously thought to be of
Cretaceous age, sheds new light on the history of the accret-
ed material. Although the alkaline sills that intruded the Ear-
ly Jurassic radiolarites are still undated, they could well be
of Jurassic age and by analogy, most of the geochemically

similar alkaline basalts (most likely OIB) of the SRAC
(Units 3, 4, 5, and possibly 8) could therefore be of Jurassic
age. Two alternate hypotheses may account for the presence
of important volumes of Jurassic (?) oceanic island basalt
that originally formed on an Early Jurassic oceanic floor:

1. In accordance with Baumgartner et al. (2008), this ma-
terial became accreted to the western American margin and
became part of the Mesquito Composite Terrane (possibly
during the latest Jurassic-Early Cretaceous times). During
the middle Cretaceous accretion of the SRAC, this material
became tectonically eroded from the upper Plate and incor-
porated into the Santa Rosa accretionary prism.

2. The Early Jurassic radiolarites, associated alkaline sills
and basalts formed part of the Jurassic crust of an oceanic
basin, of which some remnants (Units 3, 4, 5, and possibly
8) were accreted to the Early Cretaceous crust of a younger
oceanic basin in an intra-oceanic subduction context. During
the late Early-early Late Cretaceous fragments of this Early
Cretaceous oceanic crust and the Jurassic remnants were ac-
creted together to the western American margin forming the
SRAC.

The important volumes of tholeitic basalt present in the
Carrizal tectonic window are tentatively dated by overlying
radiolarites as Early Cretaceous (Valanginian to Albian),
and correspond to the lowest (westernmost) tectonic units of
the SRAC. We interpret these outcrops as remnants of a
Cretaceous oceanic floor on which Middle to Late Jurassic
radiolarite material was present as blocks or clasts. A vari-
ety of paleotectonic settings are conceivable from this evi-
dences such as an Early Cretaceous back-arc opening out-
board of a Jurassic intra-oceanic subduction. The knobby ra-
diolarites and black shales of Playa Carrizal are indicative
of a shallower, perhaps oceanic island, middle Cretaceous
paleoenvironment.
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The intact stratigraphic sequences (Units 2, 6, and 7)
document the approach of a Cretaceous seafloor from a
pelagic paleoenvironment into a proximal trench position
during Albian-Cenomanian, possibly Turonian times.
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Fig. 7 - Stratigraphic columns and paleoenvironment interpretation of Units of Baumgartner and Denyer (2006) with age and position of samples. SE83,
SE85, and SE113 are from De Wever et al. (1985).
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APPENDIX

A. SPECIES LIST BY LOCALITIES
A.1. Carrizal tectonic window
A.1.1. CR-SE10 and CR-SE11

CR-SE10 (N10°53’49.6’’ W85°54’43.1’’, Table 1 and
Plate 3) - This sample yielded a radiolarian association com-
prising Acaeniotyle umbilicata (Rüst), Archaeodictyomitra
cf. mitra Dumitrica, Archaeodictyomitra sp., Cryptam-
phorella cf. conara (Foreman), Cryptamphorella sp., Ar-
chaeodictyomitra cf. coniforma Dumitrica, Dictyomitra sp.,
Nassellaria gen. et sp. indet., Stichomitra (?) sp., Svinitzium
puga (Schaaf), Thanarla pulchra (Squinabol), Thanarla sp.,
Xitus cf. normalis (Wu and Li).

CR-SE11 (N10°53’49.6’’ W85°54’43.1’’, Table 1 and
Plate 4) - This sample yielded a radiolarian association com-
prising Archaeocenosphaera sp., Archaeodictyomitra tu-
mandae Dumitrica, Cana (?) sp., Cryptamphorella conara
(Foreman) gr., Archaeodictyomitra aff. coniforma Dumitri-
ca, Hiscocapsa uterculus (Parona), Holocryptocanium sp.,
Pantanellium masirahense Dumitrica, Pantanellium sp.,
Pseudodictyomitra carpatica gr. (Lozyniak), Pseudodicty-
omitra cf. leptoconica (Foreman), Thanarla brouweri (Tan),
Thanarla sp., Xitus robustusWu.

A.1.2. CR-SE09
CR-SE09 (N10°53’49.7’’ W85°54’39.8’’, Table 2 and

Plate 3) - This sample includes the following radiolarian as-
sociation: Archaeodictyomitra aff. excellens (Tan), Hsuum
sp., Nassellaria gen. et sp. indet., Praewilliriedellum con-
vexum (Yao), Svinitzium kamoensis (Mizutani and Kido),
Transhsuum sp., Zhamoidellum aff. ovum Dumitrica,
Zhamoidellum ventricosum Dumitrica.

A.1.3. CR-SE06 and CR-SE07
CR-SE06 (N10°53’50.4’’ W85°54’36.3’’, Table 3 and

Plate 2) - This sample yielded a radiolarian association com-
prising Archaeodictyomitra immenhauseri Dumitrica, Ar-
chaeodictyomitra spp., Hemicryptocapsa sp., Hiscocapsa cf.
pseudouterculus (Aita and Okada), Hiscocapsa spp.,
Svinitzium mizutanii Dumitrica, Svinitzium puga (Schaaf),
Svinitzium sp., Thanarla sp., Xitus spicularius (Aliev) sensu
O’Dogherty (1994).

CR-SE07 (N10°53’50.2’’ W85°54’37.2’’, Table 3 and
Plate 3) - This sample yielded a radiolarian association com-
prising Archaeodictyomitra mitra Dumitrica gr., Hiscocapsa
sp., Hiscocapsa uterculus (Parona), Pseudodictyomitra sp.,
Stichomitra (?) japonica (Nakaseko and Nishimura).

A.1.4. CR-SE04 and CR-SE05
CR-SE04 (N10°53’42.0’’ W85°54’23.0’’, Table 4 and

Plate 1) - This sample yielded a radiolarian association com-
prising Acaeniotyle sp., Archaeodictyomitra patricki
Kocher, Archaeospongoprunum cf. imlayi Pessagno, Emilu-
via nana Baumgartner, Parahsuum sp., Spinosicapsa cf.
rosea (Hull), Tethysetta dhimenaensis ssp. A sensu Baum-
gartner et al. (1995a), Spumellaria gen. et sp. indet., Sti-
chomitra (?) sp., Transhsuum maxwelli gr. (Pessagno),
Triversus sp., Zhamoidellum cf. ovum Dumitrica,
Zhamoidellum sp..

CR-SE05 (N10°53’42.0’’ W85°54’23.0’’, Table 4 and
Plates 1 and 2) - This sample includes the following radio-
larian association: Acaeniotyle diaphorogona gr. Foreman,
Amphipternis spp., Archaeodictyomitra cf. montisserei

(Squinabol), Archaeodictyomitra lipmanae (Aliev), Ar-
chaeodictyomitra cf. coniforma Dumitrica, Hiscocapsa as-
seni (Tan), Obesacapsula sp., Hiscocapsa sp., Obesacapsu-
la sp., Nassellaria gen. et sp. indet., Pantanellium masira-
hense Dumitrica, Praeconosphaera sphaeroconus (Rüst),
Pseudodictyomitra carpatica gr. (Lozyniak), Pseudodicty-
omitra cf. lanceloti Schaaf, Spumellaria or cryptothoracic
Nassellaria gen. et sp. indet., Stichomitra (?) aff. communis
Squinabol, Stichomitra (?) communis Squinabol, Thanarla
brouweri (Tan), Thanarla sp., Triactoma sp., Xitus sp., Xi-
tus vermiculatus (Renz).

A.1.5. Knobby radiolarite (POCR07-28, POCR07-31,
POCR07-35, and POCR07-36)

POCR07-28 (Table 5, Plate 5) - 5cm bed of black chert
collected between two layers of siliceous black shales. This
radiolarian assemblage contains the following species and
morphotypes: Archaeodictyomitra leptocostata (Wu and
Li), Archaeodictyomitra mitra Dumitrica, Archaeodictyomi-
tra sp., Becus horridus (Squinabol), Dictyomitra sp., Hisco-
capsa grutterinki (Tan), Holocryptocanium sp., Pantanelli-
um cf. masirahense Dumitrica, Praeconocaryomma sp.,
Praeconosphaera sp., Praexitus cf. verrucosus Dumitrica,
Pseudodictyomitra cf. leptoconica (Foreman), Pseudodicty-
omitra lodogaensis Pessagno, Stichomitra (?) cf. stocki
(Campbell and Clark), Stichomitra (?) japonica (Nakaseko
and Nishimura), Stichomitra (?) sp., Svinitzium aff. mizu-
tanii Dumitrica, Svinitzium puga (Schaaf), Thanarla brouw-
eri (Tan), Thanarla cf. brouweri (Tan), Xitus spicularius
(Aliev) sensu O’Dogherty (1994).

POCR07-31 (Table 5, Plate 6) - This sample yielded an
assemblage comprising Acaeniotyle umbilicata (Rüst), Ar-
chaeodictyomitra lacrimula (Foreman), Crucella sp., Godia
coronata (Tumanda), Hiscocapsa cf. asseni (Tan), Pan-
tanellium sp., Pantanellium squinaboli (Tan), Prae-
conosphaera sphaeroconus (Rüst), Pseudodictyomitra cf.
nodocostata Dumitrica, Pseudodictyomitra lanceloti Schaaf,
Stichomitra (?) communis Squinabol, Svinitzium puga
(Schaaf), Thanarla brouweri (Tan), Xitus sp.

POCR07-35 (Table 5, Plate 6) - The following radiolari-
an assemblage have been extracted from this sample:
Cryptamphorella conara (Foreman) gr., Pantanellium
squinaboli (Tan), Spinosicapsa sp., Spinosicapsa typica
(Rüst), Pseudodictyomitra aff. carpatica gr. (Lozyniak),
Pseudodictyomitra lanceloti Schaaf, Thanarla brouweri
(Tan), Thanarla pacifica Nakaseko and Nishimura.

POCR07-36 (Table 5, Plate 7) - This sample yielded a ra-
diolarian association including Alievium regulare (Wu and
Li), Archaeodictyomitra lacrimula (Foreman), Ar-
chaeospongoprunum sp., Crucella bossoensis Jud, Dicroa
sp., Hiscocapsa grutterinki (Tan), Hiscocapsa uterculus
(Parona), Pantanellium masirahense Dumitrica, Pantanelli-
um squinaboli (Tan), Spinosicapsa (?) sp., Prae-
conosphaera sphaeroconus (Rüst), Pseudodictyomitra
carpatica gr. (Lozyniak), Pseudodictyomitra sp., Stichomi-
tra (?) sp., Thanarla brouweri (Tan).

A.2. Sitio Santa Rosa Tectonic window
A.2.1. Unit 3 (POB96.14 and POB96.15)

POB96.14 (Table 6 and Plate 8) - This sample yielded a
radiolarian association comprising Anaticapitula anati-
formis (De Wever), Archaeospongoprunum sp., Canoptum
artum Yeh, Canoptum dixoni Pessagno and Whalen, Canop-
tum sp., Spumellaria gen. et sp. indet., Homeoparonaella
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sp., Homeoparonaella sp., Katroma bicornus De Wever,
Katroma cf. ninstintsi Carter, Katroma sp., Napora (?) sp.,
Nassellaria gen et sp. indet., Pantanellium cumshewaense
Pessagno, Parahsuum aff. grande Hori and Yao, Parahsu-
um aff. stanleyense (Pessagno), Parahsuum ovale Hori and
Yao, Parahsuum snowshoense (Pessagno), Parahsuum sp.,
Paronella sp., Praeconocaryomma sp., Pseudoristola cf.
megaglobosa Yeh, Pseudoristola megaglobosa Yeh,
Williriedellum (?) sp.

POB96.15 (Table 6 and Plate 9) - This sample includes
the following radiolarian association: Archaeodictyomitra
(?) sp., Orbiculiforma (?) sp., Eucyrtidiellum disparile gr.
Nagai and Mizutani, Katroma bicornus De Wever, Katroma
cf. clara Yeh, Parahsuum aff. stanleyense (Pessagno),
Parahsuum aff. grande Hori and Yao, Parahsuum ovale
Hori and Yao, Parasaturnalis diplocyclis (Yao), Praecono-
caryomma bajaensis Whalen, Trillus cf. elkhornensis Pes-
sagno and Blome, Zartus mostleri Pessagno and Blome.

A.2.2. Unit 4 (CR-SE19)
CR-SE19 (N10°52’53.4’’ W85°52’39.3’’, Table 7 and

Plate 10) - This sample yielded a radiolarian association in-
cluding Acaeniotylopsis aff. triacanthus Kito and De Wever,
Bipedis fannini Carter, Canoptum columbiaense Whalen and
Carter, Canoptum sp., Charlottea (?) sp. C Gorican et al.
(2006), Cyclastrum asuncionense Whalen and Carter, Katro-
ma cf. ninstintsi Carter, Napora sp., Nassellaria gen. et sp. in-
det., Pantanellium cf. inornatum Pessagno and Poisson, Pan-
tanellium sp., Parahsuum cf. longiconicum Sashida, Pale-
osaturnalis tetraradiatus (Kozur and Mostler), Pseudoeucyr-
tis sp., Spumellaria gen. et sp. indet., Thurstonia (?) gibsoni
Whalen and Carter, Triactoma (?) sp., Triactoma (?) sp.

A.2.3. Unit 6 (CR-SE22)
CR-SE22 (N10°52’44.8’’ W85°52’31.4’’, Table 8 and

Plate 11) - This sample includes the following radiolarian
association: Acaeniotyle (?) cf. glebulosa (Foreman), Dicty-
omitra aff. formosa (Squinabol) sensu O’Dogherty (1994),
Archaeodictyomitra montisserei (Squinabol), Archaeodicty-
omitra sp., Archaeodictyomitra undata (Squinabol), Ar-
chaeospongoprunum sp., Archaeotritrabs sp., Diacantho-
capsa (?) sp., Dictyomitra spp., Nassellaria gen. et sp. in-
det., Pantanellium sp., Cryptamhorella sp., Pseudodictyomi-
tra pseudomacrocephala (Squinabol), Pseudodictyomitra
sp., Rhopalosyringium mosquense (Smirnova and Aliev),
Rhopalosyringium sp., Acaeniotyle sp., Spumellaria gen. et
sp. indet., Stichomitra (?) cf. japonica (Nakaseko and
Nishimura), Stichomitra (?) sp., Stichomitra (?) tosaensis
(Nakaseko and Nishimura), Thanarla aff. brouweri (Tan),
Triactoma sp., Xitus aff. vermiculatus (Renz), Xitus sp.

A.2.4. Unit 7 (CR-SE18.00, CR-SE18.10, CR-SE18.25, 
and CR-SE18.45)

CR-SE18.00 (base of the section, N10°52’42.2’’
W85°52’29.1’’, Table 9 and Plate 12) - This sample yielded
a radiolarian association including Archaeocenosphaera sp.,
Crolanium spineum (Pessagno), Hiscocapsa sp., Nassellaria
gen. et sp. indet., Stichomitra (?) spp..

CR-SE18.10 (10m above base, N10°52’42.2’’
W85°52’29.1’’, Table 9 and Plate 12) - This sample in-
cludes the following radiolarian association: Alievium (?)
sp., Archaeodictyomitra aff. montisserei (Squinabol), Ar-
chaeodictyomitra sp., Cryptamphorella conara (Foreman)
gr., Praeconocaryomma universa Pessagno, Pseudodicty-
omitra pentacolaensis Pessagno, Pseudodictyomitra

pseudomacrocephala (Squinabol), Spumellaria gen. et sp.
indet., Thanarla (?) sp., Thanarla sp.

CR-SE18.25 (25 m above base, N10°52’42.2’’
W85°52’29.1’’, Table 9 and Plate 12) - This sample yielded
a radiolarian association including Acanthocircus aff. hueyi
(Pessagno), Archaeodictyomitra spp., Loopus aff. nudus
(Schaaf), Pseudodictyomitra pseudomacrocephala (Squin-
abol), Pseudodictyomitra sp., Pseudodictyomitra sp.,
Spumellaria gen. et sp. indet., Stichomitra (?) sp., Xitus
spicularius (Aliev) sensu O’Dogherty (1994).

CR-SE18.45 (45 m above base, N10°52’44.1’’
W85°52’28.0’’, Table 9 and Plate 13) - This sample yielded
a radiolarian association comprising Archaeodictyomitra
aff. montisserei (Squinabol), Archaeodictyomitra sp., Dia-
canthocapsa fossilis (Squinabol), Orbiculiforma railensis
Pessagno, Pseudodictyomitra paronai (Aliev), Pseudodicty-
omitra sp., Pseudodictyomitra sp., Thanarla brouweri
(Tan), Trimulus (?) cf. parmatus O’Dogherty.

B. SPECIES LIST

Acaeniotyle (?) glebulosa (Foreman): CR-SE22 (Plate
11, Fig. 28); Acaeniotyle diaphorogona gr. Foreman: CR-
SE05 (Plate 2, Fig. 7); Acaeniotyle spp.: CR-SE04 (Plate 1,
Fig. 12), CR-SE22 (Plate 11, Fig. 29); Acaeniotyle umbili-
cata (Rüst): CR-SE10 (Plate 3, Fig. 38), POCR07-31 (Plate
6, Fig. 11); Acaeniotylopsis aff. triacanthus Kito and De
Wever: CR-SE19 (Plate 10, Fig. 15); Acanthocircus aff.
hueyi (Pessagno): CR-SE18.25 (Plate 12, Fig. 26); Alievium
(?) sp.: CR-SE18.10 (Plate 12, Fig. 15); Alievium regulare
(Wu and Li): POCR07-36 (Plate 7, Figs. 10-12); Amphipter-
nis spp.: CR-SE05 (Plate 1, Figs. 25-28); Anaticapitula
anatiformis (De Wever): POB96.14 (Plate 8, Fig. 26); Ar-
chaeocenosphaera spp.: CR-SE18.00 (Plate 12, Fig. 6), CR-
SE11 (Plate 4, Fig. 21); Archaeodictyomitra (?) sp.:
POB96.15 (Plate 9, Fig. 1); Archaeodictyomitra aff. coni-
forma Dumitrica: CR-SE11 (Plate 4, Fig. 8); Archaeodicty-
omitra aff. excellens (Tan): CR-SE09 (Plate 3, Fig. 8); Ar-
chaeodictyomitra aff. montisserei (Squinabol): CR-SE18.10
(Plate 12, Fig. 7), CR-SE18.45 (Plate 13, Fig. 3); Archaeod-
ictyomitra cf. coniforma Dumitrica: CR-SE05 (Plate 1, Fig.
22), CR-SE10 (Plate 3, Fig. 27); Archaeodictyomitra cf. mi-
tra Dumitrica: CR-SE10 (Plate 3, Figs. 22-24); Archaeodic-
tyomitra cf. montisserei (Squinabol): CR-SE05 (Plate 1,
Figs. 20 and 21); Archaeodictyomitra immenhauseri Du-
mitrica: CR-SE06 (Plate 2, Fig. 19); Archaeodictyomitra
lacrimula (Foreman): POCR07-31 (Plate 6, Fig. 9),
POCR07-36 (Plate 7, Fig. 3); Archaeodictyomitra lepto-
costata (Wu and Li): POCR07-28 (Plate 5, Fig. 7); Ar-
chaeodictyomitra lipmanae (Aliev): CR-SE05 (Plate 1, Fig.
23); Archaeodictyomitra mitra Dumitrica gr.: CR-SE07
(Plate 3, Figs. 1-3), POCR07-28 (Plate 5, Fig. 5); Archaeod-
ictyomitra montisserei (Squinabol): CR-SE22 (Plate 11, Fig.
2); Archaeodictyomitra patricki Kocher: CR-SE04 (Plate 1,
Fig. 4); Archaeodictyomitra spp.: CR-SE06 (Plate 2, Figs.
16-18, and 20), CR-SE10 (Plate 3, Fig. 28), CR-SE18.10
(Plate 12, Fig. 9), CR-SE18.45 (Plate 13, Fig. 1), CR-SE22
(Plate 11, Fig. 4), POCR07-28 (Plate 5, Fig. 1), CR-SE18.25
(Plate 12, Figs. 17 and 18); Archaeodictyomitra tumandae
Dumitrica: CR-SE11 (Plate 4, Fig. 7); Archaeodictyomitra
undata (Squinabol): CR-SE22 (Plate 11, Fig. 1); Ar-
chaeospongoprunum cf. imlayi Pessagno: CR-SE04 (Plate
1, Fig. 10); Archaeospongoprunum spp.: CR-SE22 (Plate
11, Fig. 25), POB96.14 (Plate 8, Fig. 32), POCR07-36
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(Plate 7, Fig. 20); Archaeotritrabs sp.: CR-SE22 (Plate 11,
Fig. 31); Becus horridus (Squinabol): POCR07-28 (Plate 5,
Fig. 23); Bipedis fannini Carter: CR-SE19 (Plate 10, Fig. 4);
Cana (?) sp.: CR-SE11 (Plate 4, Fig. 18); Canoptum artum
Yeh: POB96.14 (Plate 8, Figs. 8, 11 and 12); Canoptum
columbiaense Whalen and Carter: CR-SE19 (Plate 10, Fig.
9); Canoptum dixoni Pessagno and Whalen: POB96.14
(Plate 8, Figs. 9, 10 and 13); Canoptum spp.: CR-SE19
(Plate 10, Fig. 8), POB96.14 (Plate 8, Fig. 14); Charlottea
(?) sp. C Gorican et al. (2006): CR-SE19 (Plate 10, Fig. 20);
Crolanium spineum (Pessagno): CR-SE18.00 (Plate 12, Fig.
4); Crucella bossoensis Jud: POCR07-36 (Plate 7, Fig. 18);
Crucella sp.: POCR07-31 (Plate 6, Fig. 14); Cryptamhorella
sp.: CR-SE22 (Plate 11, Fig. 27); Cryptamphorella cf.
conara (Foreman): CR-SE10 (Plate 3, Fig. 37); Cryptam-
phorella conara (Foreman) gr.: CR-SE11 (Plate 4, Fig. 16),
CR-SE18.10 (Plate 12, Fig. 13), POCR07-35 (Plate 6, Fig.
23); Cryptamphorella sp.: CR-SE10 (Plate 3, Fig. 36); Cy-
clastrum cf. asuncionense Whalen and Carter: CR-SE19
(Plate 10, Figs. 12 and 16); Diacanthocapsa (?) sp.: CR-
SE22 (Plate 11, Fig. 15); Diacanthocapsa cf. fossilis
(Squinabol): CR-SE18.45 (Plate 13, Fig. 5); Dicroa sp.:
POCR07-36 (Plate 7, Fig. 13); Dictyomitra aff. formosa
(Squinabol) sensu O’Dogherty (1994): CR-SE22 (Plate 11,
Fig. 5); Dictyomitra spp.: CR-SE10 (Plate 3, Fig. 26), CR-
SE22 (Plate 11, Figs. 6 and 7), POCR07-28 (Plate 5, Fig. 6);
Emiluvia nana Baumgartner: CR-SE04 (Plate 1, Fig. 13);
Eucyrtidiellum disparile gr. Nagai and Mizutani: POB96.15
(Plate 9, Fig. 9); Godia coronata (Tumanda): POCR07-31
(Plate 6, Fig. 16); Hemicryptocapsa sp.: CR-SE06 (Plate 2,
Fig. 28); Hiscocapsa asseni (Tan): CR-SE05 (Plate 2, Figs.
3 and 4); Hiscocapsa cf. asseni (Tan): POCR07-31 (Plate 6,
Fig. 8); Hiscocapsa cf. pseudouterculus (Aita and Okada):
CR-SE06 (Plate 2, Fig. 27); Hiscocapsa grutterinki (Tan):
POCR07-28 (Plate 5, Fig. 21), POCR07-36 (Plate 7, Fig. 9);
Hiscocapsa spp.: CR-SE05 (Plate 2, Fig. 5), CR-SE06
(Plate 2, Figs. 25 and 26), CR-SE07 (Plate 3, Fig. 6), CR-
SE18.00 (Plate 12, Fig. 5); Hiscocapsa uterculus (Parona):
CR-SE07 (Plate 3, Fig. 7), CR-SE11 (Plate 4, Figs. 14 and
15), POCR07-36 (Plate 7, Fig. 8); Holocryptocanium spp.:
CR-SE11 (Plate 4, Fig. 17), POCR07-28 (Plate 5, Fig. 22);
Homeoparonaella spp.: POB96.14 (Plate 8, Figs. 29 and
30); Hsuum sp.: CR-SE09 (Plate 3, Fig. 11); Katroma bicor-
nus De Wever: POB96.14 (Plate 8, Fig. 15), POB96.15
(Plate 9, Fig. 8); Katroma cf. clara Yeh: POB96.15 (Plate 9,
Figs. 10-12); Katroma cf. ninstintsi Carter: CR-SE19 (Plate
10, Fig. 6), POB96.14 (Plate 8, Fig. 19); Katroma sp.:
POB96.14 (Plate 8, Figs. 16-18); Loopus aff. nudus
(Schaaf): CR-SE18.25 (Plate 12, Fig. 20); Napora (?) sp.:
POB96.14 (Plate 8, Fig. 24); Napora sp.: CR-SE19 (Plate
10, Fig. 1); Nassellaria gen et sp. indet.: CR-SE05 (Plate 1,
Fig. 34), CR-SE09 (Plate 3, Fig. 9), CR-SE10 (Plate 3, Fig.
32), CR-SE18.00 (Plate 12, Fig. 1), CR-SE19 (Plate 10,
Figs. 2, 5, and 7), CR-SE22 (Plate 11, Figs. 12, 13, and 16-
18), POB96.14 (Plate 8, Fig. 22); Obesacapsula spp.: CR-
SE05 (Plate 2, Figs. 2 and 6); Orbiculiforma (?) sp.:
POB96.15 (Plate 9, Fig. 16); Orbiculiforma railensis Pes-
sagno: CR-SE18.45 (Plate 13, Fig. 9); Paleosaturnalis
tetraradiatus (Kozur and Mostler): CR-SE19 (Plate 10, Fig.
23); Pantanellium cf. inornatum Pessagno and Poisson: CR-
SE19 (Plate 10, Fig. 21); Pantanellium cf. masirahense Du-
mitrica: POCR07-28 (Plate 5, Figs. 24-26); Pantanellium
cumshewaense Pessagno: POB96.14 (Plate 8, Fig. 27); Pan-
tanellium masirahense Dumitrica: CR-SE05 (Plate 2, Figs.
9-12), CR-SE11 (Plate 4, Fig. 20), POCR07-36 (Plate 7,

Fig. 17), Pantanellium spp.: CR-SE11 (Plate 4, Fig. 19),
CR-SE19 (Plate 10, Fig. 22), CR-SE22 (Plate 11, Fig. 26),
POCR07-31 (Plate 6, Fig. 13); Pantanellium squinaboli
(Tan): POCR07-31 (Plate 6, Fig. 12), POCR07-35 (Plate 6,
Fig. 24), POCR07-36 (Plate 7, Figs. 14-16); Parahsuum aff.
grande Hori and Yao: POB96.14 (Plate 8, Figs. 3 and 4),
POB96.15 (Plate 9, Figs. 2, 3 and 5); Parahsuum aff.
stanleyense (Pessagno): POB96.14 (Plate 8, Fig. 7),
POB96.15 (Plate 9, Fig. 4); Parahsuum cf. longiconicum
Sashida: CR-SE19 (Plate 10, Fig. 3); Parahsuum ovale Hori
and Yao: POB96.14 (Plate 8, Fig. 2), POB96.15 (Plate 9,
Figs. 6 and 7); Parahsuum snowshoense (Pessagno):
POB96.14 (Plate 8, Fig. 6); Parahsuum spp.: CR-SE04
(Plate 1, Fig. 3), POB96.14 (Plate 8, Figs. 1 and 5);
Parasaturnalis diplocyclis (Yao): POB96.15 (Plate 9, Figs.
17 and 18); Paronella sp.: POB96.14 (Plate 8, Fig. 28);
Praeconocaryomma bajaensis Whalen: POB96.15 (Plate 9,
Fig. 19); Praeconocaryomma sp.: POB96.14 (Plate 8, Fig.
31), POCR07-28 (Plate 5, Fig. 27); Praeconocaryomma uni-
versa Pessagno: CR-SE18.10 (Plate 12, Fig. 14); Prae-
conosphaera sp.: POCR07-28 (Plate 5, Figs. 28 and 29);
Praeconosphaera sphaeroconus (Rüst): CR-SE05 (Plate 2,
Fig. 13), POCR07-31 (Plate 6, Fig. 15), POCR07-36 (Plate
7, Fig. 19); Praewilliriedellum convexum (Yao): CR-SE09
(Plate 3, Figs. 15-18); Praexitus cf. verrucosus Dumitrica:
POCR07-28 (Plate 5, Fig. 19); Pseudodictyomitra aff.
carpatica gr. (Lozyniak): POCR07-35 (Plate 6, Fig. 19);
Pseudodictyomitra carpatica gr. (Lozyniak): CR-SE05
(Plate 1, Figs. 30 and 31), CR-SE11 (Plate 4, Figs. 9-11),
POCR07-36 (Plate 7, Fig. 6); Pseudodictyomitra cf.
lanceloti Schaaf: CR-SE05 (Plate 1, Fig. 29); Pseudodicty-
omitra cf. leptoconica (Foreman): CR-SE11 (Plate 4, Fig.
12), POCR07-28 (Plate 5, Figs. 8 and 10); Pseudodictyomi-
tra cf. nodocostata Dumitrica: POCR07-31 (Plate 6, Fig. 5);
Pseudodictyomitra lanceloti Schaaf: POCR07-31 (Plate 6,
Fig. 6), POCR07-35 (Plate 6, Fig. 20); Pseudodictyomitra
lodogaensis Pessagno: POCR07-28 (Plate 5, Fig. 11); Pseu-
dodictyomitra paronai (Aliev): CR-SE18.45 (Plate 13, Fig.
8); Pseudodictyomitra pentacolaensis Pessagno: CR-
SE18.10 (Plate 12, Fig. 11); Pseudodictyomitra pseudo-
macrocephala (Squinabol): CR-SE18.10 (Plate 12, Fig. 12),
CR-SE18.25 (Plate 12, Fig. 23), CR-SE22 (Plate 11, Fig. 9);
Pseudodictyomitra spp.: CR-SE07 (Plate 3, Fig. 5), CR-
SE18.25 (Plate 12, Figs. 21 and 22), CR-SE18.45 (Plate 13,
Figs. 6 and 7), CR-SE22 (Plate 11, Fig. 8), POCR07-36
(Plate 7, Fig. 5); Pseudoeucyrtis sp.: CR-SE19 (Plate 10,
Fig. 10); Pseudoristola cf. megaglobosa Yeh: POB96.14
(Plate 8, Fig. 21); Pseudoristola megaglobosa Yeh:
POB96.14 (Plate 8, Fig. 20); Rhopalosyringium mosquense
(Smirnova and Aliev): CR-SE22 (Plate 11, Figs. 21-23);
Rhopalosyringium sp.: CR-SE22 (Plate 11, Fig. 24); Spinos-
icapsa (?) sp.: POCR07-36 (Plate 7, Fig. 7); Spinosicapsa
cf. rosea (Hull): CR-SE04 (Plate 1, Fig. 9); Spinosicapsa
sp.: POCR07-35 (Plate 6, Fig. 22); Spinosicapsa typica
(Rüst): POCR07-35 (Plate 6, Fig. 21); Spumellaria gen. et
sp. indet.: CR-SE04 (Plate 1, Fig. 11), CR-SE19 (Plate 10,
Figs. 11 and 13), CR-SE18.10 (Plate 12, Fig. 16), CR-
SE18.25 (Plate 12, Fig. 25), CR-SE22 (Plate 11, Fig. 30, 33,
and 34), POB96.14 (Plate 8, Fig. 25); Spumellaria or cryp-
tothoracic Nassellaria gen. et sp. indet.: CR-SE05 (Plate 2,
Fig. 14); Stichomitra (?) aff. communis Squinabol: CR-
SE05 (Plate 1, Fig. 32); Stichomitra (?) cf. japonica
(Nakaseko and Nishimura): CR-SE22 (Plate 11, Fig. 11);
Stichomitra (?) cf. stocki (Campbell and Clark): POCR07-
28 (Plate 5, Fig. 14); Stichomitra (?) communis Squinabol:
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CR-SE05 (Plate 1, Fig. 24), POCR07-31 (Plate 6, Figs. 3
and 4); Stichomitra (?) japonica (Nakaseko and Nishimura):
CR-SE07 (Plate 3, Fig. 4), POCR07-28 (Plate 5, Fig. 13);
Stichomitra (?) spp.: CR-SE04 (Plate 1, Fig. 1), CR-SE10
(Plate 3, Figs. 29, 30, and 31), CR-SE18.00 (Plate 12, Figs.
2 and 3), CR-SE18.25 (Plate 12, Fig. 19), CR-SE22 (Plate
11, Fig. 10), POCR07-28 (Plate 5, Figs. 12 and 15),
POCR07-36 (Plate 7, Fig. 4); Stichomitra (?) tosaensis
(Nakaseko and Nishimura): CR-SE22 (Plate 11, Fig. 14);
Svinitzium aff. mizutanii Dumitrica: POCR07-28 (Plate 5,
Fig. 20); Svinitzium kamoensis (Mizutani and Kido): CR-
SE09 (Plate 3, Fig. 10); Svinitzium mizutanii Dumitrica:
CR-SE06 (Plate 2, Fig. 22); Svinitzium puga (Schaaf): CR-
SE06 (Plate 2, Fig. 23), CR-SE10 (Plate 3, Figs. 34 and 35),
POCR07-28 (Plate 5, Fig. 9), POCR07-31 (Plate 6, Fig. 7);
Svinitzium sp.: CR-SE06 (Plate 2, Fig. 21); Tethysetta dhi-
menaensis ssp. A sensu Baumgartner et al. (1995a): CR-
SE04 (Plate 1, Fig. 6); Thanarla (?) sp.: CR-SE18.10 (Plate
12, Fig. 8); Thanarla aff. brouweri (Tan): CR-SE22 (Plate
11, Fig. 3); Thanarla brouweri (Tan): CR-SE05 (Plate 1,
Figs. 14-17), CR-SE11 (Plate 4, Figs. 1-3, 5 and 6), CR-
SE18.45 (Plate 13, Fig. 2), POCR07-28 (Plate 5, Figs. 2 and
4), POCR07-31 (Plate 6, Figs. 1 and 2), POCR07-35 (Plate
6, Fig. 17), POCR07-36 (Plate 7, Figs. 1 and 2); Thanarla
cf. brouweri (Tan): POCR07-28 (Plate 5, Fig. 3); Thanarla
pacifica Nakaseko and Nishimura: POCR07-35 (Plate 6,
Fig. 18); Thanarla pulchra (Squinabol): CR-SE10 (Plate 3,

Fig. 25); Thanarla spp.: CR-SE05 (Plate 1, Figs. 18 and 19),
CR-SE06 (Plate 2, Fig. 15), CR-SE10 (Plate 3, Figs. 19-21),
CR-SE11 (Plate 4, Fig. 4), CR-SE18.10 (Plate 12, Fig. 10);
Thurstonia (?) gibsoni Whalen and Carter: CR-SE19 (Plate
10, Figs. 17 and 19); Transhsuum maxwelli gr. (Pessagno):
CR-SE04 (Plate 1, Fig. 5); Transhsuum sp.: CR-SE09 (Plate
3, Fig. 12); Triactoma (?) spp.: CR-SE19 (Plate 10, Figs. 14
and 18); Triactoma sp.: CR-SE05 (Plate 2, Fig. 8), CR-
SE22 (Plate 11, Fig. 32); Trillus cf. elkhornensis Pessagno
and Blome: POB96.15 (Plate 9, Fig. 15); Trimulus (?) cf.
parmatus O’Dogherty: CR-SE18.45 (Plate 13, Fig. 4);
Triversus sp.: CR-SE04 (Plate 1, Fig. 2); Williriedellum (?)
sp.: POB96.14 (Plate 8, Fig. 23); Xitus aff. vermiculatus
(Renz): CR-SE22 (Plate 11, Fig. 19); Xitus cf. normalis (Wu
and Li): CR-SE10 (Plate 3, Fig. 33); Xitus robustus Wu:
CR-SE11 (Plate 4, Fig. 13); Xitus spicularius (Aliev) sensu
O’Dogherty (1994): CR-SE06 (Plate 2, Fig. 24), CR-
SE18.25 (Plate 12, Fig. 24), POCR07-28 (Plate 5, Figs. 16-
18); Xitus spp.: CR-SE05 (Plate 1, Fig. 33, Plate 2, Fig. 1),
CR-SE22 (Plate 11, Fig. 20), POCR07-31 (Plate 6, Fig. 10);
Xitus vermiculatus (Renz): CR-SE05 (Plate 1, Fig. 35); Zar-
tus mostleri Pessagno and Blome: POB96.15 (Plate 9, Figs.
13 and 14); Zhamoidellum aff. ovum Dumitrica: CR-SE09
(Plate 3, Fig. 14); Zhamoidellum cf. ovum Dumitrica: CR-
SE04 (Plate 1, Fig. 8); Zhamoidellum sp.: CR-SE04 (Plate
1, Fig. 7); Zhamoidellum ventricosum Dumitrica: CR-SE09
(Plate 3, Fig. 13).
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Plate 1 - Scanning Electron Microscope pictures of radiolarians from the Carrizal tectonic window of the Santa Rosa Accretionary Complex, Santa
Elena Peninsula, northwestern Costa Rica. Sample CR-SE04 (middle Bathonian-early Oxfordian): 1- Stichomitra (?) sp.; 2- Triversus sp.; 3-
Parahsuum sp.; 4- Archaeodictyomitra patricki Kocher; 5- Transhsuum maxwelli gr. (Pessagno); 6- Tethysetta dhimenaensis ssp. A sensu Baum-
gartner et al. (1995a); 7- Zhamoidellum sp.; 8- Zhamoidellum cf. ovum Dumitrica; 9- Spinosicapsa cf. rosea (Hull); 10- Archaeospongoprunum cf.
imlayi Pessagno; 11- Spumellaria gen. et sp. indet.; 12- Acaeniotyle sp.; 13- Emiluvia nana Baumgartner. Sample CR-SE05 (late early Aptian, see
also Plate 2): 14-17- Thanarla brouweri (Tan); 18 and 19- Thanarla sp.; 20 and 21- Archaeodictyomitra cf. montisserei (Squinabol); 22- Archaeo-
dictyomitra cf. coniforma Dumitrica; 23- Archaeodictyomitra lipmanae (Aliev); 24- Stichomitra (?) communis Squinabol; 25-28- Amphipternis
spp.; 29- Pseudodictyomitra cf. lanceloti Schaaf; 30 and 31- Pseudodictyomitra carpatica gr. (Lozyniak); 32- Stichomitra (?) aff. communis Squin-
abol; 33- Xitus sp.; 34- Nassellaria gen. et sp. indet.; 35- Xitus vermiculatus (Renz).
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Plate 2 - Scanning Electron Microscope pictures of radiolarians from the Carrizal tectonic window of the Santa Rosa Accretionary Complex, Santa
Elena Peninsula, northwestern Costa Rica. Sample CR-SE05 (late early Aptian, see also Plate 1): 1- Xitus sp.; 2 and 6- Obesacapsula spp.; 3 and 4-
Hiscocapsa asseni (Tan); 5- Hiscocapsa sp.; 7- Acaeniotyle diaphorogona gr. Foreman; 8- Triactoma sp.; 9-12- Pantanellium masirahense Dumitrica;
13- Praeconosphaera sphaeroconus (Rüst); 14- Spumellaria or cryptothoracic Nassellaria gen. et sp. indet. Sample CR-SE06 (middle Aptian-late Al-
bian): 15- Thanarla sp.; 16-18, and 20- Archaeodictyomitra spp.; 19- Archaeodictyomitra immenhauseri Dumitrica; 21- Svinitzium sp.; 22- Svinitzium
mizutanii Dumitrica; 23- Svinitzium puga (Schaaf); 24- Xitus spicularius (Aliev) sensu O’Dogherty (1994); 25 and 26- Hiscocapsa spp.; 27- Hisco-
capsa cf. pseudouterculus (Aita and Okada); 28- Hemicryptocapsa sp.
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Plate 3 - Scanning Electron Microscope pictures of radiolarians from the Carrizal tectonic window of the Santa Rosa Accretionary Complex, San-
ta Elena Peninsula, northwestern Costa Rica. Sample CR-SE07 (latest Barremian-early Aptian): 1-3- Archaeodictyomitra mitra Dumitrica gr.; 4-
Stichomitra (?) japonica (Nakaseko and Nishimura); 5- Pseudodictyomitra sp.; 6- Hiscocapsa sp.; 7- Hiscocapsa uterculus (Parona). Sample CR-
SE09 (late Bathonian-early Oxfordian): 8- Archaeodictyomitra aff. excellens (Tan); 9- Nassellaria gen. et sp. indet.; 10.- Svinitzium kamoensis
(Mizutani and Kido); 11- Hsuum sp.; 12- Transhsuum sp.; 13- Zhamoidellum ventricosum Dumitrica; 14- Zhamoidellum aff. ovum Dumitrica; 15-
18- Praewilliriedellum convexum (Yao). Sample CR-SE10 (late Berriasian-late Aptian): 19-21- Thanarla sp.; 22-24- Archaeodictyomitra cf. mi-
tra Dumitrica; 25- Thanarla pulchra (Squinabol); 26- Dictyomitra sp.; 27- Archaeodictyomitra cf. coniforma Dumitrica; 28- Archaeodictyomitra
sp.; 29-31- Stichomitra (?) spp.; 32- Nassellaria gen. et sp. indet.; 33- Xitus cf. normalis (Wu and Li); 34 and 35- Svinitzium puga (Schaaf); 36-
Cryptamphorella sp.; 37- Cryptamphorella cf. conara (Foreman); 38- Acaeniotyle umbilicata (Rüst).
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Plate 4 - Scanning Electron Microscope pictures of radiolarians from the Carrizal tectonic window of the Santa Rosa Accretionary Complex, Santa Elena
Peninsula, northwestern Costa Rica. Sample CR-SE11 (latest Barremian-early Aptian): 1-3, 5 and 6- Thanarla brouweri (Tan); 4- Thanarla sp.; 7- Ar-
chaeodictyomitra tumandae Dumitrica; 8- Archaeodictyomitra aff. coniforma Dumitrica; 9-11- Pseudodictyomitra carpatica gr. (Lozyniak); 12- Pseudod-
ictyomitra cf. leptoconica (Foreman); 13- Xitus robustus Wu; 14 and 15- Hiscocapsa uterculus (Parona); 16- Cryptamphorella conara (Foreman) gr.; 17-
Holocryptocanium sp.; 18- Cana (?) sp.; 19- Pantanellium sp.; 20- Pantanellium masirahense Dumitrica; 21- Archaeocenosphaera sp.
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Plate 5 - Scanning Electron Microscope pictures of radiolarians from the Unit 2 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula, north-
western Costa Rica. Sample POCR07-28 (late middle-late Aptian): 1- Archaeodictyomitra sp.; 2 and 4- Thanarla brouweri (Tan); 3- Thanarla cf.
brouweri (Tan); 5- Archaeodictyomitra mitra Dumitrica; 6- Dictyomitra sp.; 7- Archaeodictyomitra leptocostata (Wu and Li); 8 and 10-.Pseudodicty-
omitra cf. leptoconica (Foreman); 9- Svinitzium puga (Schaaf); 11- Pseudodictyomitra lodogaensis Pessagno; 12 and 15- Stichomitra (?) sp.; 13- Sti-
chomitra (?) japonica (Nakaseko and Nishimura); 14- Stichomitra (?) cf. stocki (Campbell and Clark); 16-18- Xitus spicularius (Aliev) sensu O’Dogher-
ty (1994); 19- Praexitus cf. verrucosus Dumitrica; 20- Svinitzium aff. mizutanii Dumitrica; 21- Hiscocapsa grutterinki (Tan); 22- Holocryptocanium sp.;
23- Becus horridus (Squinabol); 24-26- Pantanellium cf. masirahense Dumitrica; 27- Praeconocaryomma sp.; 28 and 29- Praeconosphaera sp.
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Plate 6 - Scanning Electron Microscope pictures of radiolarians from the Unit 2 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula,
northwestern Costa Rica. Sample POCR07-31 (late early to early middle Aptian): 1 and 2- Thanarla brouweri (Tan); 3 and 4- Stichomitra (?) com-
munis Squinabol; 5- Pseudodictyomitra cf. nodocostata Dumitrica; 6- Pseudodictyomitra lanceloti Schaaf; 7- Svinitzium puga (Schaaf); 8- Hisco-
capsa cf. asseni (Tan); 9- Archaeodictyomitra lacrimula (Foreman); 10- Xitus sp.; 11- Acaeniotyle umbilicata (RÜST); 12- Pantanellium squinaboli
(Tan); 13- Pantanellium sp.; 14- Crucella sp.; 15- Praeconosphaera sphaeroconus (Rüst); 16- Godia coronata (Tumanda). Sample POCR07-35
(late Hauterivian-early middle Aptian): 17- Thanarla brouweri (Tan); 18- Thanarla pacifica Nakaseko and Nishimura; 19- Pseudodictyomitra aff.
carpatica gr. (Lozyniak); 20- Pseudodictyomitra lanceloti Schaaf; 21- Spinosicapsa typica (Rüst); 22- Spinosicapsa sp.; 23- Cryptamphorella
conara (Foreman) gr.; 24- Pantanellium squinaboli (Tan).
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Plate 7 - Scanning Electron Microscope pictures of radiolarians from the Unit 2 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula, north-
western Costa Rica. Sample POCR07-36 (early Valanginian-early Aptian): 1 and 2- Thanarla brouweri (Tan); 3- Archaeodictyomitra lacrimula (Fore-
man); 4- Stichomitra (?) sp.; 5- Pseudodictyomitra sp.; 6- Pseudodictyomitra carpatica gr. (Lozyniak); 7- Spinosicapsa (?) sp.; 8- Hiscocapsa uterculus
(Parona); 9- Hiscocapsa grutterinki (Tan); 10-12- Alievium regulare (Wu and Li); 13- Dicroa sp.; 14-16- Pantanellium squinaboli (Tan); 17- Pantanelli-
um masirahense Dumitrica; 18- Crucella bossoensis Jud; 19- Praeconosphaera sphaeroconus (Rüst); 20- Archaeospongoprunum sp.
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Plate 8 - Scanning Electron Microscope pictures of radiolarians from the Unit 3 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula,
northwestern Costa Rica. Sample POB96.14 (Pliensbachian): 1 and 5- Parahsuum spp.; 2- Parahsuum ovale Hori and Yao; 3 and 4- Parahsuum aff.
grande Hori and Yao; 6- Parahsuum snowshoense (Pessagno); 7- Parahsuum aff. stanleyense (Pessagno); 8, 11 and 12- Canoptum artum Yeh; 9, 10
and 13- Canoptum dixoni Pessagno and Whalen; 14- Canoptum sp.; 15- Katroma bicornus De Wever; 16-18- Katroma sp.; 19- Katroma cf. ninstintsi
Carter; 20- Pseudoristola megaglobosa Yeh; 21- Pseudoristola cf. megaglobosa Yeh; 22- Nassellaria gen et sp. indet.; 23- Williriedellum (?) sp.; 24-
Napora (?) sp.; 25- Spumellaria gen. et sp. indet.; 26- Anaticapitula anatiformis (De Wever); 27- Pantanellium cumshewaense Pessagno; 28-
Paronella sp.; 29 and 30- Homeoparonaella spp.; 31- Praeconocaryomma sp.; 32- Archaeospongoprunum sp.
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Plate 9 - Scanning Electron Microscope pictures of radiolarians from the Unit 3 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula, north-
western Costa Rica. Sample POB96.15 (early Toarcian): 1- Archaeodictyomitra (?) sp.; 2, 3 and 5- Parahsuum aff. grande Hori and Yao; 4- Parahsuum
aff. stanleyense (Pessagno); 6 and 7- Parahsuum ovale Hori and Yao; 8- Katroma bicornus De Wever; 9- Eucyrtidiellum disparile gr. Nagai and Mizutani;
10-12- Katroma cf. clara Yeh; 13 and 14- Zartus mostleri Pessagno and Blome; 15- Trillus cf. elkhornensis Pessagno and Blome; 16- Orbiculiforma (?)
sp.; 17 and 18- Parasaturnalis diplocyclis (Yao); 19- Praeconocaryomma bajaensis Whalen.
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Plate 10 - Scanning Electron Microscope pictures of radiolarians from the Unit 4 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula, north-
western Costa Rica. Sample CR-SE19 (early-middle Pliensbachian): 1- Napora sp.; 2, 5, and 7- Nassellaria gen. et sp. indet.; 3- Parahsuum cf. longicon-
icum Sashida; 4- Bipedis fannini Carter; 6- Katroma cf. ninstintsi Carter; 8- Canoptum sp.; 9- Canoptum columbiaense Whalen and Carter; 10- Pseu-
doeucyrtis sp.; 11 and 13- Spumellaria gen. et sp. indet.; 12 and 16- Cyclastrum asuncionense Whalen and Carter; 14 and 18- Triactoma (?) sp.; 15-
Acaeniotylopsis aff. triacanthus Kito and De Wever; 17 and 19- Thurstonia (?) gibsoni Whalen and Carter; 20- Charlottea (?) sp. C Gorican et al.
(2006); 21- Pantanellium cf. inornatum Pessagno and Poisson; 22- Pantanellium sp.; 23- Paleosaturnalis tetraradiatus (Kozur and Mostler).
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Plate 11 - Scanning Electron Microscope pictures of radiolarians from the Unit 6 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula,
northwestern Costa Rica. Sample CR-SE22 (late early Albian-early Turonian): 1- Archaeodictyomitra undata (Squinabol); 2- Archaeodictyomitra
montisserei (Squinabol); 3- Thanarla aff. brouweri (Tan); 4- Archaeodictyomitra sp.; 5- Dictyomitra aff. formosa (Squinabol) sensu O’Dogherty
(1994); 6 and 7- Dictyomitra spp.; 8- Pseudodictyomitra sp.; 9- Pseudodictyomitra pseudomacrocephala (Squinabol); 10- Stichomitra (?) sp.; 11-
Stichomitra (?) cf. japonica (Nakaseko and Nishimura); 12, 13, and 16-18- Nassellaria gen. et sp. indet.; 14- Stichomitra (?) tosaensis (Nakaseko
and Nishimura); 15- Diacanthocapsa (?) sp.; 19- Xitus aff. vermiculatus (Renz); 20- Xitus sp.; 21-23- Rhopalosyringium mosquense (Smirnova and
Aliev); 24- Rhopalosyringium sp.; 25- Archaeospongoprunum sp.; 26- Pantanellium sp.; 27- Cryptamhorella sp.; 28- Acaeniotyle (?) cf. glebulosa
(Foreman); 29- Acaeniotyle sp.; 30, 33, and 34- Spumellaria gen. et sp. indet.; 31- Archaeotritrabs sp.; 32- Triactoma sp.
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Plate 12 - Scanning Electron Microscope pictures of radiolarians from the Unit 7 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula,
northwestern Costa Rica. Sample CR-SE18.00 (late early Albian-early middle Albian): 1- Nassellaria gen. et sp. indet.; 2 and 3- Stichomitra (?) spp.; 4-
Crolanium spineum (Pessagno); 5- Hiscocapsa sp.; 6- Archaeocenosphaera sp. Sample CR-SE18.10 (late early Albian-early middle Albian): 7- Ar-
chaeodictyomitra aff. montisserei (Squinabol); 8- Thanarla (?) sp.; 9- Archaeodictyomitra sp.; 10- Thanarla sp.; 11- Pseudodictyomitra pentacolaensis
Pessagno; 12- Pseudodictyomitra pseudomacrocephala (Squinabol); 13- Cryptamphorella conara (Foreman) gr.; 14- Praeconocaryomma universa
Pessagno; 15- Alievium (?) sp.; 16- Spumellaria gen. et sp. indet. Sample CR-SE18.25 (late early Albian-early middle Albian): 17 and 18- Archaeodic-
tyomitra spp.; 19- Stichomitra (?) sp.; 20- Loopus aff. nudus (Schaaf); 21 and 22- Pseudodictyomitra spp.; 23- Pseudodictyomitra pseudomacrocephala
(Squinabol); 24- Xitus spicularius (Aliev) sensu O’Dogherty (1994); 25- Spumellaria gen. et sp. indet.; 26- Acanthocircus aff. hueyi (Pessagno).
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Plate 13 - Scanning Electron Microscope pictures of radiolarians from the Unit 7 of the Santa Rosa Accretionary Complex, Santa Elena Peninsula, northwest-
ern Costa Rica. Sample CR-SE18.45 (late early Albian-early middle Albian): 1- Archaeodictyomitra sp.; 2- Thanarla brouweri (Tan); 3- Archaeodictyomitra
aff. montisserei (Squinabol); 4- Trimulus (?) cf. parmatus O’Dogherty; 5- Diacanthocapsa fossilis (Squinabol); 6 and 7- Pseudodictyomitra spp.; 8- Pseudod-
ictyomitra paronai (Aliev); 9- Orbiculiforma railensis Pessagno.
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