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Abstract The paper presents the results of the calcareous nannofossil investigation of samples 
collected from known Cretaceous localities in Catanduanes Island, eastern Philippines. The study 
was conducted in order to verify and refine the ages of Yop and Codon Formations, the oldest 
lithostratigraphic units in the island. Based on the analysis of samples collected from exposures of 
Codon Formation in the southeast and southwest parts of the island, two distinct nannofossil 
assemblages (and, therefore, ages) were established. In Nagumbuaya Point (southeast Catan-
duanes), the limestones were assigned to the UC10–UC12 zones (Coniacian–Santonian) based on 
the occurrence of Eprolithus moratus and Micula staurophora. The limestones in southwestern 
Catanduanes (Bonag-bonag and Codon Points), on the other hand, were dated Campanian–Maas-
trichtian based on the occurrence of Micula spp. (M. cubiformis, M. praemurus, M. staurophora 
and M. swastica). Two samples from Codon Point were specifically assigned to the UC20b sub-
zone (late Maastrichtian) due to the presence of Micula murus.  A previously unmapped black 
mudstone-fine-grained sandstone outcrop in Bagamanoc, northern Catanduanes is proposed to be 
included in the Yop Formation. Based on the occurrence of Quadrum intermedium and Helenea 
chiastia, the UC5c subzone, which is within the Cenomanian–Turonian boundary interval, is rec-
ognized. The results of the study necessitate the revision of the age of Codon Formation, which 
was previously identified to be late late Cretaceous in age. With the new nannofossil data available 
in Nagumbuaya Point, the age of the formation is proposed in the present study to be refined and 
extended to the Coniacian–Santonian. The recognition of the UC5c subzone in the black mud-
stone-fine-grained sandstone interbeds in northern Catanduanes is also significant as this may rep-
resent the possible occurrence of the oceanic anoxic event 2 (OAE2), which is within the Cenoma-
nian-Turonian boundary interval. An ongoing detailed biostratigraphic work is being done in the 
area to confirm the assumption, which if proven, will represent one of the very few OAE2 sections 
in the western Pacific region.
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Introduction

The Western Pacific Region is a complex sys-
tem of subduction zones, collision zones and 
marginal seas. Within this region lies the Philip-
pines, an island arc system straddling the bound-
aries of the Eurasian and the Philippine Sea 
Plates, and an assemblage of allochthonous arcs, 
ophiolite complexes, continental rocks and oce-

anic materials welded together (Karig, 1983; 
Hall, 1997; David et al., 1997; Galgana et al., 
2007; Yumul et al., 2008; Fang et al., 2011). The 
Cretaceous rocks in the Philippines are exposed 
in the form of metamorphic basement rocks, 
crust-mantle sequences, magmatic/volcanic arcs 
and their associated sedimentary carapace (Mili-
tante-Matias et al., 1994; MGB, 2010). Con-
firmed Cretaceous localities in the Philippines 
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include the Provinces of Rizal, Quezon, Cama-
rines Norte and Sur, Marinduque, Samar, Leyte, 
Cebu, Palawan, Davao Oriental and Catanduanes 
(Fig. 1). The Cretaceous units in these areas were 
studied using ammonites, radiolarians, foramin-
ifera, palynomorphs and, to a lesser extent, cal-

careous nannofossils.
The present study is part of an ongoing project 

in refining the ages of Cretaceous sedimentary 
units in the Philippines. Initial phase of the proj-
ect included the Provinces of Palawan, Rizal and 
Catanduanes, which will be main focus of this 

Fig. 1. Map showing the location of selected Cretaceous localities in the Philippines. The Cretaceous units 
include metamorphic basement rocks, crust-mantle sequences, magmatic/volcanic arcs and their associated 
sedimentary carapace. Map adapted and modified from Militante-Matias et al. (1994).



Calcareous nannofossils from Cretaceous units in Catanduanes Island, Philippines 37

paper. A recent field mapping in Catanduanes 
done by the Geology 215 (Advanced Field Geol-
ogy) Class of the National Institute of Geological 
Sciences, University of the Philippines (UP 
NIGS) confirmed the distribution of the Creta-
ceous units in the study area: Yop Formation and 
Codon Formation. Preliminary calcareous nanno-
fossil analysis of the samples also confirmed the 
age of the Cretaceous units and, at the same time, 
reported previously unmapped Cretaceous rocks 
in the northeastern part of the island, which is 
tentatively included in the Yop Formation (Fer-
nando et al., 2014; Guballa et al., 2015; Magtoto 
et al., 2015).

The paper will discuss and present the calcare-
ous nannofossil assemblages observed in the Yop 
and Codon Formations, and discuss their impli-
cations with regards to the ages of the units and 
the geologic history of Catanduanes during the 
Cretaceous.

Study Area

Catanduanes Island lies at the eastern end of 
the northwest-trending Eastern Luzon Metamor-
phic Belt (Karig, 1983). It is considered as a 
sliver of a continental margin or older arc crust 
that rifted away during the late Cretaceous due to 
back-arc spreading. The stratigraphy of the island 
consists of late Cretaceous volcanic, volcaniclas-
tic rocks and limestones, overlain by Paleogene 
to Quaternary sedimentary sequences. The Bata-
lay Diorite intruded the older units in the island 
during the Oligocene (MGB, 2010). Paleontolog-
ical studies of Cretaceous sedimentary forma-
tions in the island include the foraminifera stud-
ies of Tan (1986), Fernandez et al. (1994) and 
Militante-Matias et al. (1994); the ammonite 
studies of Miranda and Vargas (1967) and Matsu-
kawa et al. (2012); and the nannofossil studies of 
Militante-Matias et al. (1994) and Tangunan et 
al. (2013).

A number of field mapping activities in the 
island have already been conducted by BS and 
MS Geology students of UP NIGS. The most 
recent was in 2014, when the Geology 215 Class 

mapped exposures in accessible areas around the 
island. This mapping led to the confirmation of 
the Cretaceous age (based on calcareous nanno-
fossils) of the exposures of Codon Formation in 
the southeast (Nagumbuaya Point; Fernando et 
al., 2014; Guballa et al., 2015; Magtoto et al., 
2015), and the recognition of previously unre-
ported Cretaceous sedimentary sequences in the 
northern part of the island (Guballa et al., 2015; 
Magtoto et al., 2015). Figure 2 shows the revised 
geologic map and stratigraphic column of Catan-
duanes Island by the 2014 Geology 215 Class of 
UP NIGS.

General Geology and Stratigraphy  
of the Study Area

The basement of Catanduanes Island was pre-
viously identified as the pre-Cretaceous Catan-
duanes Formation (Miranda and Vargas, 1967), 
which was disregarded by David (1994) based on 
its observed intercalation with the Cretaceous 
Yop Formation, which is now widely accepted as 
the basement of the island. The Yop Formation 
consists of basalts, andesites, volcaniclastic 
rocks, limestones and pyroclastic breccias (Peña, 
2008; MGB, 2010). The chaotic limestone units 
in the southern part of Catanduanes, dated Creta-
ceous, were designated by David (1994) as part 
of the Codon Formation, which are olistostrome 
sequences consisting of volcanic blocks and 
reworked limestones in a volcaniclastic matrix 
and showing synsedimentary faulting and defor-
mation features. The Codon Formation is uncon-
formably overlain by the Eocene Payo Forma-
tion, which consists of the (a) Manamrag 
volcanic and volcaniclastic facies consisting of 
sandstones, conglomerates, siltstones and volca-
nic flows and the (b) Hilawan Limestone (Peña, 
2008; MGB, 2010).

The Yop and Codon Formations are intruded 
by the Oligocene Batalay Diorite (previously 
referred to as the Batalay Intrusives; Miranda 
and Vargas [1967]; MGB [2010]). Based on the 
recent mapping by UP NIGS, the diorites and 
andesites that were mapped as part of the Batalay 
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Diorite were also observed to intrude the sand-
stones of Payo Formation (Guballa et al., 2014). 
The Yop Formation is unconformably overlain in 
the southeastern part of the island by Bote Lime-
stone, which consists of fossiliferous neritic 
limestones and calcarenites (David, 1994). Based 
on foraminifera, the Bote Limestone was dated 
as late Oligocene to early Miocene (Peña, 2008; 

MGB, 2010). The middle Miocene San Vicente 
Conglomerate and the middle to late Miocene 
Sto. Domingo Limestone were not observed in 
the area mapped by UP NIGS, although both 
units were observed in previous studies to uncon-
formably overlie the Codon Formation and other 
older units (Miranda and Vargas, 1967; MGB, 
2010). The youngest formation in Catanduanes 

Fig. 2. Geologic map and stratigraphy of the area mapped by the Geology 215 Class 2014 in Catanduanes (Gub-
alla et al., 2014). The red boxes correspond to the areas where the samples investigated for calcareous nanno-
fossils were collected: Bonagbonag, Codon and Sialat Points in the southwest, Nagumbuaya Point in the 
southeast, Yop Point in the northern and Bagamanoc in the northeastern part of the island. The red star in 
Bagamanoc indicates the locality of the previously unmapped interbedded black mudstone-fine-grained sand-
stone outcrop.
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Island is the Viga Conglomerate, which is widely 
distributed in the northeastern part of the island. 
The conglomerates are polymictic and range 
from clast- to matrix-supported. Based on its 
stratigraphic position, Miranda and Vargas 
(1967) and JICA-MMAJ (1996) suggested that it 
is late Pleistocene to Recent in age. A Pliocene-
Pleistocene age, on the other hand, was sug-
gested by Peña (2008) and MGB (2010).

Micro- and Macropaleontological Studies  
in Catanduanes

Paleontological investigation of carbonate 
rocks in Catanduanes revealed micro- and mac-
rofossil assemblages indicative of Cretaceous 
age. Foraminifera studies include the works of 
Tan (1986), Fernandez et al. (1994) and Mili-
tante-Matias et al. (1994; in Okada and Mateer, 
2000), while Tumanda (1986) and Matsukawa et 
al. (2012) reported the occurrence of ammonites 
in the Yop Formation. Prior to this paper, there 
were very few studies on calcareous nannofossils 
in the island: Militante-Matias et al. (1994), 
David et al. (1997) and more recently Tangunan 
et al. (2013) who reported late Maastrichtian 
nannofossils in the olistostromic Codon Forma-
tion in its type locality in Codon Point (south-
west Catanduanes Island). The chaotic (olistos-
tromic) nature of the Codon Formation has 
prevented earlier studies from conducting bio-
stratigraphic studies due to the rarity of fossils 

(David, 1994 as cited in MGB, 2010).
The present paper reports the results of calcar-

eous nannofossil analysis of samples collected 
from Bonagbonag, Codon and Sialat Points in 
southwest Catanduanes, Nagumbuaya Point in 
the southeast, and Bagamanoc and Pandan in the 
north (Fig. 2). The preliminary results have been 
reported in Fernando et al. (2014), Guballa et al. 
(2015) and Magtoto et al. (2015).

Materials and Methods

A total of 37 samples were collected from the 
different exposures of Yop and Codon Forma-
tions in the island (Table 1). Smear slides from 
the samples were prepared following standard 
sample preparation techniques (Bown and 
Young, 1998). The slides were examined under 
an Olympus BX51 polarizing microscope at 
1000× magnification. Calcareous nannofossil 
taxa, particularly the index markers, were tallied 
and photo-documented. Relative abundances of 
calcareous nannofossil taxa were estimated using 
the following categories: abundant (A)—≥25 
coccoliths/field of view (FOV); very common 
(VC)—2–24 coccoliths/FOV; common (C)—1 
coccolith/1–5 FOVs; few (F)—1 coccolith/6–10 
FOVs; rare (R)—1 coccolith/10–24 FOVs; very 
rare (VR)—1 coccolith/≥25 FOVs.

The zonation scheme used in this study is the 
UC zonation scheme of Burnett et al. (1998). 
Identification of nannofossils and biostrati-

Table 1. Number of samples collected from the Cretaceous units in Catanduanes Island. The possible formational 
unit where the samples belong to are also indicated (see Fig. 2 for location).

Locality GPS 
data

# of  
samples

# of  
barren  

samples

Formational 
assignment Age Nannofossil Zone

Bagamanoc, northeast 
Catanduanes

N 13.960,  
E 124.268

 4 2 Unknown Unknown Unknown

Pandan, northern  
Catanduanes

N 14.094,  
E 124.198

 1 0 Yop  
Formation

late Cretaceous, probably 
Turonian (David, 1994)

Unknown

Nagumbuaya Point, 
southeast Catanduanes

N 13.548,  
E 124.336

15 4 Codon  
Formation

late Maastrichtian UC20d Nannofossil Zone; 
Tangunan et al. (2013)

Bonagbonag Point, 
southwest Catanduanes

N 13.676,  
E 124.046

 5 0 Codon  
Formation

late Maastrichtian UC20d Nannofossil Zone; 
Tangunan et al. (2013)

Codon Point, southwest 
Catanduanes

N 13.665,  
E 124.036

12 7 Codon  
Formation

late Maastrichtian UC20d Nannofossil Zone; 
Tangunan et al. (2013)



A. G. S. Fernando et al.40

graphic ranges of the marker taxa were based on 
Perch-Nielsen (1985), Bown (1998) and more 
recent works on Cretaceous nannofossil taxa. 
Rock samples, smear slides and original micro-
photographs are stored at the Nannoworks Labo-
ratory of the National Institute of Geological Sci-
ences, University of the Philippines, Diliman, 
Quezon City (UP NIGS) and the Micropaleontol-
ogy Section, the National Museum of Nature and 
Science, Tsukuba.

Results and Discussion

Table 2 lists all calcareous nannofossil taxa 
observed in the samples. A total of 41 species 
belonging to 21 genera were observed in the 
samples. Preservation of calcareous nannofossils 
range from poor to moderate, with better preser-
vation in mudstone/fine-grained sandstones and 
poor to moderate preservation in limestones. 
Species richness (# of species) is generally ＜25, 
although several samples were observed to be 
barren of nannofossils (Table 1). The most com-
mon taxa in the samples belong to the genus 
Watznaueria (W. barnesiae, W. fossacincta, W. 
ovata). Marker taxa used for determining the age 
of the samples include Micula spp. (M. cubifor-
mis, M. murus, M. praemurus, M. swastica and 
M. staurophora), Eprolithus spp. (E. moratus and 
E. floralis), Quadrum spp. (Q. intermedium and 
Q. gartneri) and Helenea chiastia. Selected cal-
careous nannofossil taxa are illustrated in Fig. 3. 
The calcareous nannofossil assemblages, abun-
dance and preservation per locality are discussed 
below.

Northern Catanduanes

Samples collected in northern Catanduanes 
include samples from Bagamanoc and Pandan 
(Tables 1 and 2). The sample from Pandan was 
collected from mudstones intercalated with pil-
low basalts previously mapped as part of the Yop 
Formation. The samples from Bagamanoc, on the 
other hand, were collected from a previously 
unmapped interbedded black mudstone-fine-

grained sandstone outcrop (Fig. 4; Table 1).
The sample collected in Pandan yielded 

poorly-preserved specimens of long ranging taxa 
belonging to Watznaueria and Zeugrhabdotus 
and, therefore, cannot be used to determine the 
age of the sample. An earlier study by David 
(1994), however, revealed the presence of Micula 
staurophora and Eprolithus floralis, suggesting a 
late early to late Cretaceous age (Turonian) for 
the Yop Formation. Fernandez et al. (1994) also 
suggested an Aptian to Albian age based on the 
presence of Orbitolina.

The two samples collected from the black 
mudstone-fine-grained sandstone interbeds in 
Bagamanoc were found to contain calcareous 
nannofossils. Sample CAT-G14-OL-009A con-
tains moderate to well-preserved specimens and 
the highest species richness (25 species in 19 
genera) among all the samples investigated in 
Catanduanes (Table 2). Based on the occurrence 
of Quadrum intermedium (first occurrence [FO] 
within the UC5c subzone; Burnet et al., 1998) 
and Helenea chiastia (last occurrence [LO] at the 
top of the UC5c subzone; Burnett et al., 1998), 
the sample can be assigned to the UC5c subzone 
which straddles the Cenomanian-Turonian 
boundary. Another taxon, Rhagodiscus asper, 
also occurs within the sample. In Burnett et al. 
(1998), the LO of R. asper was placed within the 
UC5b subzone. In the Vocontian Basin (southeast 
France; Fernando et al., 2010) and northern 
Spain (Lamolda et al., 1997), however, the LO of 
R. asper occurs within the Turonian.

Based on the age of the samples from Baga-
manoc, the black mudstone-fine grained sand-
stone interbeds were tentatively assigned to the 
Yop Formation (Guballa et al., 2015; Magtoto et 
al., 2015). The age of the sample, in addition to 
the dominant lithology (i.e., black mudstones), 
suggests the possible occurrence of the Cenoma-
nian-Turonian oceanic anoxic event 2 (OAE2), 
which is characterized by the worldwide deposi-
tion of black shales during the middle Cretaceous 
(Tsikos et al., 2004; Bowman and Bralower, 
2005; Takashima et al., 2006; Wagreich et al., 
2008; Damste et al., 2010; El-Sabbagh et al., 
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2011; Takashima et al., 2011). A more detailed 
nannofossil analysis of the section is currently 
being undertaken by AGS Fernando.

Southeast Catanduanes

Of the fifteen (15) samples collected from 
exposures of Codon Formation in Nagumbuaya 

Point, 4 were barren of nannofossils. Species 
richness is low (＜10 species) and preservation is 
poor to moderate. Due to the olistostromic (i.e., 
chaotic) nature of the outcrops in southeast Cat-
anduanes (Fig. 5), the stratigraphic relationships 
of the sections investigated were not established. 
Commonly-occurring taxa in the samples include 
Calculites sp., Eprolithus spp., Watznaueria spp. 

Fig. 3. Selected photomicrographs of calcareous nannofossils observed from Yop and Codon Formations in Cat-
anduanes Island. All images are cross-polarized images (scale bar＝2 μm). a, b, Assipetra terebrodentarius; c, 
Cribrosphaerella ehrenbergii; d, Eprolithus floralis; e–i, Eprolithus moratus; j, Eprolithus rarus; k, Hayesites 
irregularis; l, m, Helenea chiastia; n, Manivitella pemmatoidea; o, p, Micula praemurus; q, Micula stauro-
phora; r, s, Micula swastika; t, Quadrum sp.; u, Rhagodiscus asper; v, w, Uniplanarius trifidus; x, Watznaue-
ria barnesiae; y, Watznaueria fossacincta.
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and Zeugrhabdotus spp. (Table 2).
Based on the occurrence of Eprolithus mora-

tus (UC6b to UC12 [Turonian–Santonian]; Bur-
nett et al., 1998) and Micula staurophora (UC10 
[Coniacian] to Late Maastrichtian; Burnett et al., 
1998) in one sample (CAT-G14-QFIC-004c; 
Table 2), the exposures of Codon Formation in 
southeast Catanduanes can be assigned to the 

UC10–UC12 zones (Coniacian–Santonian). This 
age is different from the currently accepted age 
of Codon Formation (mostly in southwest Catan-
duanes) determined in earlier studies using either 
foraminifera or calcareous nannofossils: (a) late 
late Cretaceous (MGB, 2010), (b) late Creta-
ceous and Aptian to Albian (based on foramin-
ifera; Fernandez et al., 1994), (c) late Campanian 

Fig. 4. Black mudstone-fine-grained sandstone interbeds in Bagamanoc, northeastern Catanduanes (4a, left). 
Detail of the section enclosed in Fig. 4a showing the steeply-dipping interbeds (4b, right).

Fig. 5. Exposures of Codon Formation in Nagumbuaya Point, southeast Catanduanes. Folded limestone beds 
where the samples for nannofossil analysis were collected (left). An outcrop of Codon Formation showing the 
olistostromic nature of the limestone units (right). Evidence of slump features/folds associated with synsedi-
mentary gravity mass transport attributed to gravity slide and slump depositions can be observed in outcrops 
along the coast of Nagumbuaya Point (Nogot et al., 2015).



A. G. S. Fernando et al.44

to early Maastrichtian (based on calcareous nan-
nofossils; Militante-Matias et al., 1994) and (d) 
late Maastrichtian (based on calcareous nanno-
fossils; Tangunan et al., 2013). Fernandez et al. 
(1994) also collected samples from Nagumbuaya 
Point but unfortunately no dates were given for 
the samples. The present study, therefore, repre-
sents the first report of nannofossils from the 
southeastern part of Catanduanes (Nagumbuaya 
Point), the implications of which will be dis-
cussed in the next section.

Southwest Catanduanes

The samples from Bonag-bonag and Codon 
Points contain poor to moderately-preserved cal-
careous nannofossils. Similar to southeast Catan-
duanes, species richness is low (＜10 species) 
but the assemblage is dominated by polycyclo-
liths (i.e., Micula, Quadrum and Uniplanarius). 
Of the 17 samples collected from southwest Cat-
anduanes, seven samples are barren of nannofos-
sils (Table 1). Due to the olistostromic nature of 
the outcrops in southwest Catanduanes (although 
not as chaotic as the outcrops in southeast Catan-
duanes; Fig. 6), the stratigraphic relationships of 
the sections investigated were also not estab-

lished.
The samples from Bonag-bonag Point contain 

the marker taxa Micula cubiformis (Coniacian to 
Maastrichtian), Micula praemurus (Campanian 
to Maastrichtian), Micula staurophora, Micula 
swastica (Coniacian to Late Maastrichtian) and 
Quadrum gartneri (Turonian to Maastrichtian). 
Based on the stratigraphic ranges of the marker 
taxa (Burnett et al., 1998), therefore, the lime-
stones from Bonag-bonag Point are Campanian 
to Maastrichtian in age. The samples from Codon 
Point, on the other hand, contain the same assem-
blage as Bonag-bonag Point, with the addition of 
Micula murus (UC20b subzone to late Maas-
trichtian; Burnett et al., 1998) and Uniplanarius 
trifidus (Campanian to Maastrichtian; Burnett et 
al., 1998). The samples, therefore, can be 
assigned to the UC20b subzone (late Maastrich-
tian).

The age of the limestones in southwest Catan-
duanes (i.e., Campanian to Maastrichtian and late 
Maastrichtian [UC20b subzone]) is comparable 
to the results of earlier studies in the area (Fer-
nandez et al., 1994; Militante-Matias et al., 
1994; Tangunan et al., 2013). Militante-Matias et 
al. (1994) reported late Campanian to early 
Maastrichtian nannofossils in Bonag-bonag Point 

Fig. 6. Exposures of Codon Formation in southwest Catanduanes: Bonag-bonag Point (left and middle) and 
Codon Point (right). The outcrops in southwest Catanduanes show steeply dipping and slightly folded lime-
stones (marly/calcilutite) interbedded with red siltstone/mudstone units. In some places, the limestones contain 
chert nodules.
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but a list of the observed taxa was not provided. 
Tangunan et al. (2013) recognized the UC20d 
subzone (late Maastrichtian) in Codon Point 
based on the occurrence of Micula prinsii.

Conclusions

1. The results of the present study represent 
the first report of calcareous nannofossils in the 
southeastern part of Catanduanes, represented by 
sections investigated in Nagumbuaya Point. 
Based on the occurrence of the marker taxa E. 
moratus and M. staurophora, the UC10-UC12 
zones are recognized, suggesting a Coniacian to 
Santonian age for the Codon Formation in this 
part of the island. This result implies the neces-
sary revision of the currently accepted late late 
Cretaceous age of Codon Formation (MGB, 
2010).

2. The late Cretaceous age of the Codon For-
mation in southwest Catanduanes is confirmed in 
the present study. The nannofossil assemblage in 
Bonag-bonag and Codon Points are distinct from 
the Nagumbuaya Point nannofossil assemblage, 
with the former containing several marker taxa 
from the genus Micula, which were used to 
establish the Campanian to Maastrichtian age of 
limestones in Bonag-bonag Point and late Maas-
trichtian age for the Codon Point exposures.

3. The previously unmapped black mudstone-
fine grained sandstone outcrop in Bagamanoc is 
assigned to the UC5c subzone which is within 
the Cenomanian–Turonian boundary interval. 
The outcrop is, therefore, tentatively included in 
the Yop Formation (Table 1). The age of the sec-
tion, along with lithological characteristics, sug-
gest the possible occurrence of the oceanic 
anoxic event 2 (OAE2) in Catanduanes. If this 
will be proven in succeeding studies (i.e., 
detailed biostratigraphic work), the section will 
represent one of the very few OAE2 sections in 
the western Pacific region, along with the 
Oyubari, Tappu, Mikasa and Obira Sections in 
Hokkaido, Japan (Hasegawa et al., 2010; 
Nemoto and Hasegawa, 2011; Takashima et al., 
2011; Kurihara et al., 2012).
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