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Abstract This study aims to establish the calcareous nannofossil biostratigraphy of the mud-
stone-limestone interbeds inside the property of Northern Cement Corporation (NCC) in Sison,
Pangasinan, northern Luzon of the Philippines. The interbeds are part of the Illocos-Central Luzon
Basin, which have been the subject of earlier nannofossil biostratigraphic studies. Analysis of 135
mudstone samples shows generally moderately- to well-preserved nannofossil assemblages. Based
on the presence of the marker taxa Discoaster berggrenii, Discoaster quinqueramus, Discoaster
surculus, Amaurolithus primus, Reticulofenestra rotaria, and Discoaster loeblichii, Nannofossil
Zones NN11A to NN11B were recognized, suggesting an age of late Miocene (Tortonian to Mes-
sinian) for the mudstone-limestone interbeds. Lithologic and biostratigraphic comparisons with
previously mapped lithologic units in the study area suggest that the interbeds belong to the

Amlang Formation and its upper age limit may be extended to late late Miocene.

Key words:
mation, Philippines

Introduction

The province of Pangasinan (Luzon Island,
Philippines) is located within the Ilocos-Central
Luzon Basin, a north-south oriented basin run-
ning from Ilocos Norte southwards to Metro
Manila (Fig. 1). The basin is filled with up to
8,000 m-thick sedimentary sequence composed
of Oligocene to Pleistocene sediments derived
from the Luzon Central Cordillera Range (to the
east) and Zambales Mountain Range (to the
west), and deposited in a wide range of marine
environments (Saldivar-Sali (1978), Maleterre
(1989) and Pinet and Stephan (1990) in Mines
and Geosciences Burecau (MGB), 2010).

Previous studies recognize Zigzag Formation,
Kennon Limestone, Klondyke Formation,
Amlang Formation, Labayug Limestone, Mira-
dor Limestone, Cataguintingan Formation, and
Damortis Formation in the vicinity of Pangasinan

Calcareous nannofossil, biostratigraphy, Ilocos-Central Luzon Basin, Amlang For-

(Lorentz, 1984; Fernandez, 1996; Pena, 2008;
MGB, 2010; Fig. 2). Detailed calcareous nanno-
fossil Dbiostratigraphic studies along Marcos
Highway (Benguet Province) by De Leon and
Militante-Matias (1992) and De Leon er al.
(1998) assigned an age of late middle Miocene to
early late Miocene (Nannofossil Zones NNS5—
NN10) for the Klondyke Formation. Likewise,
Guballa and Fernando (2015) studied a section
along Pugo River and assigned an age of middle
late Miocene (Nannofossil Zone NNI11A) for
Amlang Formation. Fernandez (1996), on the
other hand, used planktonic foraminifera biostra-
tigraphy on samples from Labayug Limestone
and assigned an age of late Miocene (Foraminif-
eral Zone N17).

Despite these studies, the sedimentary units in
the Ilocos-Central Luzon Basin have not yet been
subjected to detailed biostratigraphic studies.
This is now being addressed by recent fieldworks
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Fig. 1.
Island demarcates the Ilocos-Central Luzon Basin.

in the area by members of the Nannoworks Lab-
oratory of the National Institute of Geological
Sciences, University of the Philippines (UP
NIGS). One of the areas currently being investi-
gated is the mudstone-limestone interbeds
(locally known as “shale quarry”) inside the
Northern Cement Corporation (NCC) property in

Location map of the study area (Sison, Pangasinan). The black outline along the western coast of Luzon

Sison, Pangasinan. Fernandez (1996) previously
mapped the mudstone-limestone interbeds as part
of the late Miocene Amlang Formation due to its
gradational contact with the underlying Labayug
Limestone. This study reports the results of the
calcareous nannofossil biostratigraphic analysis
of samples taken from the mudstone-limestone
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Fig. 2. Generalized stratigraphic column of the Ilocos-Central Luzon Basin at the vicinity of Sison, Pangasinan.
The mudstone-limestone interbeds of NCC were previously assigned to the Amlang Formation based on litho-
logical characteristics and depositional setting (Fernandez, 1996). Figure modified from Pefa (2008).

interbeds of the NCC.

Study Area

The NCC Quarry area is located in the central
part of the Ilocos-Central Luzon Basin (Fig. 1).
The basin is tectonically controlled by the strike-
slip Vigan-Aggao Fault (the northern segment of
the Philippine Fault) in the east, and the Manila
Trench in the west (Pinet and Stephan, 1990;
MGB, 2010; Arfai et al., 2011). The Ilocos-Cen-
tral Luzon Basin is dominated by marine sedi-
mentary sequences (MGB, 2010; Arfai et al.,
2011). Provenance studies suggest that the late
Oligocene-middle Miocene sediments in the

northern part of the basin originated from the
Central Cordillera Range (Lorentz, 1984; Pinet
and Stephan, 1990; Faustino-Eslava et al., 2013).
These are overlain by late Miocene-Pliocene sed-
imentary sequences consisting mainly of sand-
stones, shales, carbonates and tuffaceous depos-
its. In the southern part of the basin, middle
Miocene turbidites overlie sediments that origi-
nated from the Zambales Ophiolite Complex at
the western side, while volcanic sediments and
carbonates were deposited at the eastern side
(MGB, 2010; Arfai et al., 2011).

As mentioned previously, the NCC mudstone-
limestone interbeds were previously mapped as
part of the Amlang Formation, which consists of
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Fig. 3.
gasinan showing Sections 4 and 5.

thinly-bedded shales interbedded with medium-
to fine-grained sandstones with some pebbly
sandstones, pyroclastics, and conglomerates
deposited in a deep marine setting. The upper
member of the formation, on the other hand,
exhibit higher proportions of siltstones, sand-
stones, and pebble conglomerates which may
indicate a transition to shallow marine settings
(Lorentz, 1984; De Leon et al., 1998; Peiia,
2008; MGB, 2010).

The mudstone-limestone interbeds consist of
mudstones, calcarenites, calcirudites, and poly-
mictic conglomerates. Conglomerates dominate
the bottom half of the section, while calcarenites
and mudstones dominate the upper half (Figs. 3,
4). The beds strike NW and dip 10-45° NE. Sedi-
mentary structures observed include normal and
reverse-graded bedding, load casts, planar and
wavy laminations, and horizontal and vertical
burrows. Gastropod, bivalve, coral and leaf fos-
sils were also observed.

Exposure of the mudstone-limestone interbeds of the Northern Cement Corporation Quarry in Sison, Pan-

Materials and Methods

A total of 135 mudstone samples were col-
lected from several sections to establish the cal-
careous nannofossil biostratigraphy of the mud-
stone-limestone interbeds (Fig. 4). The standard
method outlined by Bown (1998) was used to
prepare smear slides from the mudstone samples.
The smear slides were observed under a polariz-
ing microscope at 1000 X magnification with at
least 400 fields of view (FOV) observed per sam-
ple. Specimens were identified down to the spe-
cies level as much as possible using images illus-
trated and described in Bolli and Saunders
(1985), Bown (1998) and Young et al. (2017,
Nannotax, http://www.mikrotax.org/Nannotax3/).
The relative abundances of the species observed
were recorded using the following categories:
abundant (A), 225 specimen/FOV; very common
(VC), 2-24 specimens/FOV; common (C), 1/1-5
FOVs; few (F), 1/6-10 FOVs; rare (R), 1/11-24
FOVs, and; very rare (VR), 1/<25 FOVs (see
Appendix).
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Fig. 4. Calcareous nannofossil biostratigraphic zonation and distribution of calcareous nannofossil zonal markers
and other selected taxa in the mudstone-limestone interbeds of NCC Quarry area, Sison, Pangasinan. Thin
horizontal bars at right side of the lithologic column indicate relative stratigraphic positions of the samples
analyzed in this study (see also Appendix).

The nannofossil zones were established using  (2012), Clemens et al. (2016), Raffi et al. (2016)
the NN Zones of Martini (1971), supplemented and Rosenthal ef al. (2017). Figure 5 shows com-
by nannofossil events from Okada and Bukry parison of the nannofossil zonation schemes by
(1980), and the recent studies of Backman ef al.  the aforementioned authors. Specimens of taxa
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Fig. 5. Selected microphotographs of some taxa observed in the mudstone-limestone interbeds of Northern
Cement Corporation (NCC) Quarry in Sison, Pangasinan, with XPL for cross-polarized images and PC for
phase contrast images (scale bar = 5um). A, Amaurolithus delicatus, PPL; B, Amaurolithus primus, PPL; C,
Braarudosphaera bigelowii, XPL; D, Calcidiscus leptoporus, XPL; E, Calcidiscus tropicus, XPL; F, Calcidis-
cus macintyrei, XPL; G-H, Coccolithus pelagicus, XPL (G), PPL (H) ; I, Discoaster bellus, PPL; J, Dis-
coaster berggrenii, PPL; K, Discoaster challenger, PPL; L, Discoaster loeblichii, PPL; M, Discoaster penta-
radiatus, XPL; N, Discoaster quinqueramus, PPL; O, Discoaster surculus, PPL; P, Discoaster triradiatus,
PPL; Q, Florisphaera profunda, XPL; R-S, Helicosphaera carteri, XPL; T, Helicosphaera intermedia, XPL;
U, Pontosphaera discopora, XPL; V, Pontosphaera japonica, XPL; W, Pontosphaera multipora, XPL; X,
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Biohorizons
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Fig. 6. Comparison of the calcareous nannofossil zonation schemes by Martini (1971), Okada and Bukry (1980),
and Backman et al. (2012). Figure modified from Raffi et al. (2016).

observed, particularly the marker taxa used for
age determination, were photographed using the
software Image-Pro Plus 7.0 attached to the
Olympus BX51 polarizing microscope. Samples,
smear slides and original nannofossil images are
stored at the Nannoworks Laboratory of UP
NIGS and the Macropaleontology Laboratory of
the National Museum of Nature and Sciences,
Tsukuba.

Results and Discussion

The calcareous nannofossil assemblages are
generally moderately- to well-preserved. A total
of 54 species divided into 14 genera were
observed in the samples (Appendix). Most of the
species observed belong to the following genera:
Calcidiscus, Coccolithus, Discoaster, Flori-
sphaera, Helicosphaera, Reticulofenestra, Pon-
tosphaera, Scyphosphaera, Sphenolithus and
Umbilicosphaera. Figure 4 shows the occurrence
trends of marker taxa and some more commonly
occurring taxa observed in the samples analyzed.
Figure 5 shows the images of marker and com-

monly occurring taxa along with the images of
rarer taxa observed in the samples used.

Based on the recognition of the first occur-
rence (FO) of Amaurolithus primus, Nannofossil
Zones NNI11A and NNI11B were recognized.
Secondary nannofossil markers, in addition, were
used to establish informal subdivisions (i.e.,
lower, middle, upper) and will be discussed later.
The zones identified are: (1) lower NN11A (Dis-
coaster  berggrenii/Discoaster —quinqueramus-
Discoaster surculus base zone); (2) Upper
NNI11A (Discoaster surculus-Amaurolithus pri-
mus base zone); (3) lower NN11B (Amaurolithus
primus-Reticulofenestra rotaria base zone); (4)
middle NNI11B (Reticulofenestra rotaria-Dis-
coaster loeblichii concurrent range zone, and (5)
upper NN11B (Reticulofenestra rotaria-Amauro-
lithus primus top zone (Fig. 6). The zones are
discussed in detail below.

Lower NN11A (middle late Miocene)

The interval is defined by the FOs of Dis-
coaster berggrenii, Discoaster quinqueramus in
the lower part of section 8 and the FO of Dis-

Reticulofenestra haqii, XPL; Y, Reticulofenestra minuta, XPL; Z, Reticulofenestra minutula, XPL. AA, Retic-
ulofenestra pseudoumbilicus <7um, XPL; AB, Reticulofenestra pseudoumbilicus >7um, XPL; AC, Reticu-
lofenestra rotaria, XPL; AD, Rhabdosphaera clavigera, XPL; AE, Scyphosphaera apsteinii, XPL; AF, Scy-

phosphaera lagena, XPL; AG, Scyphosphaera XPL.
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coaster surculus in the middle part of section 8
(Fig. 4). The FO of D. surculus is a supplemen-
tary datum within the Nannofossil Zone NN11A
(Young, 1998), and is also a secondary datum
within CNM16 (Backman et al, 2012). This
zone partially corresponds to the lower CN9a of
Okada and Bukry (1980) and lower CNM16 of
Backman et al. (2012) (Fig. 6). In Aubry (2015),
however, the FO of D. surculus is synchronous
with the FOs of D. quinqueramus and D. berg-
grenii.

Upper NN11A (middle late Miocene)

The interval is defined by the FO of Dis-
coaster surculus and the FO of Amaurolithus pri-
mus in the upper part of section 8 (Fig. 4). The
FO of A. primus is a primary marker separating
Nannofossil Zones NN11A and NN11B (Young,
1998; Aubry, 2015), as well as a primary marker
for the top of CNM16/base of CNM17 (Backman
et al., 2012). This zone corresponds to the upper
CNO9a of Okada and Bukry (1980) and upper
CNM16 of Backman et al. (2012) (Fig. 6).

Lower NN11B (late late Miocene)

The interval is bounded by the FO of Amauro-
lithus primus and the FO of Reticulofenestra
rotaria in the upper portion of section 6 (Fig. 4).
The FO of R. rotaria is a supplemental marker
within Nannofossil Zone NN11B (Young, 1998),
but is considered as a primary marker in Clemens
et al. (2016). In Backman et al. (2012), the top of
CNM17 is defined by the FO of Nicklithus
amplificus, which was not observed in the sam-
ples. The FO of R. rotaria (6.91 Ma), however, is
close to the FO of Nicklithus amplificus (6.82
Ma) and, therefore, can be used to approximate
the top of CNM17 (Clemens et al., 2016; Raffi et
al., 2016). This zone partially corresponds to the
lower CN9b of Okada and Bukry (1980) and
CNM17 of Backman et al. (2012) (Fig. 6).

Middle NN11B (late late Miocene)

This interval can be further subdivided into:
(a) a lower part which is bounded by the FO of
R. rotaria and LO of Discoaster loeblichii in the

upper portion of section 7; and (b) an upper part
bounded by the LO of D. loeblichii and LO of R.
rotaria in the upper portion of section 2 (Fig. 4).
Similar to the FO, the LO of R. rotaria is a sup-
plemental marker for the upper portion of Nan-
nofossil Zone NNI11B in Young (1998), but is
used as a primary marker in Clemens et al.
(2016) for the same interval.

The LO of D. loeblichii was shown to occur
within Nannofossil Zone NN11B (Young, 1998).
In Rosenthal ef al. (2017), on the other hand, the
LO of D. loeblichii occurs below the FO of A.
primus, which is the marker for the boundary
between Nannofossil Zones NN11A and NN11B,
CNM16 and CNM17, and CN9a and CNO9b. This
discrepancy could be due to variations in taxo-
nomic concept or reworking which prompted
Young et al. (2017) to caution about using the
LO of D. loeblichii as marker. In the present
study, the moderately-preserved state of D. loe-
blichii (Fig. 5) suggests that reworking is
unlikely. The LO of R. rotaria (5.94 Ma) is close
to the LO of N. amplificus (5.98 Ma) and, there-
fore, can be used to approximate the base of
CNM19 (Clemens et al., 2016; Raffi et al.,
2016). It should be noted that the LOs of R.
rotaria and D. loeblichii are not used either as
primary or secondary markers in Backman et al.
(2012), Aubry (2015), and Raffi et al. (2016).
The middle NN11B zone, therefore, corresponds
to the middle CN9b of Okada and Bukry (1980)
and CNM18 Backman et al. (2012) (Fig. 6).

Upper NN11B (late late Miocene)

This interval is bounded by the LO of R.
rotaria and the uppermost occurence of D. quin-
queramus at the top of the section 1 (Fig. 4). In
Young (1998), Backman et al. (2012), Aubry
(2015), Clemens et al. (2016), Raffi et al. (2016),
and Rosenthal et al. (2017), the LO of D. quin-
queramus is considered as a primary marker for
the boundary of Nannofossil Zones NN11B and
NN12, CNM19 and CNM20, and CN9b and
CN10. Amaurolithus primus was also observed
near the top of section 1, but because the LO of
A. primus occurs at higher biostratigraphic zones
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(NN14), it was not used in this study. This zone,
therefore, corresponds to the upper CN9b of
Okada and Bukry (1980) and CNM19 of Back-
man et al. (2012) (Fig. 6).

Comparison with Previous Studies

The age of the mudstone-limestone interbeds
established in the present study correlates well
with results of previous biostratigraphic studies
near the study area. De Leon and Militante-
Matias (1992) assigned the Klondyke Formation
to the Nannofossil Zones NN5-NN10 (late mid-
dle Miocene to middle late Miocene), while De
Leon et al. (1998) assigned an age of NN11 to
exposures of the Amlang Formation in Benguet
and La Union. Another section of the Amlang
Formation along Pugo River in La Union was
assigned by Guballa and Fernando (2015) to
NNI11A (middle late Miocene). These results
supports the gradational contact between the
Klondyke Formation and the Amlang Formation
reported in previous studies (De Leon and Mili-
tante-Matias, 1992; Fernandez, 1996; De Leon et
al., 1998).

This study suggests that the basal portion of
the mudstone—limestone interbeds of NCC could
be partially contemporaneous with the Pugo
River section studied by Guballa and Fernando
(2015), implying continuous deposition during
the late Miocene (NN11A to NN11B). The age is
also consistent with the age of the Labayug
Limestone, which is reported to be contempora-
neous with the lower portion of the Amlang For-
mation (Fernandez, 1996; De Leon ef al., 1998).
The Labayug Limestone was dated by Fernandez
(1996) to planktonic foraminifera zone N17 (late
Miocene).

The Labayug Limestone is considered reefal
(Fernandez, 1996), while the limestones in the
mudstone—limestone interbeds were interpreted
as allodapic. The latter is supported by sedimen-
tary structures supporting transport (i.e., soft sed-
imentary deformation structures and normal
grading), as well as the fragmentary nature of
reef-derived bioclasts mixed with lithic frag-
ments and detrital minerals. Therefore, the mud-

stone-limestone interbeds in the NCC Quarry
Area cannot be assigned to the Labayug Lime-
stone. Rather, as recognized by Fernandez (1996)
and De Leon et al. (1998), the mudstone-lime-
stone interbeds can be assigned to the Amlang
Formation (Fig. 2) based on similarities in gen-
eral lithology (thinly-bedded shales interbedded
with medium to fine-grained sandstones with
some pebbly sandstones, pyroclastics, and con-
glomerates) and depositional setting (deep
marine setting).

Fernandez (1996) hypothesized that the Laba-
yug Limestone drowned during the late Miocene
and contributed to the deposition of the mud-
stone-limestone interbeds. This supports the con-
clusions of earlier studies about the depositional
setting of the Amlang Formation, which is in a
bathyal environment (Lorentz, 1984; De Leon
and Militante-Matias, 1992). The observed
occurrence of fossilized leaves and carbonized
stems in some mudstones and calcarenites sug-
gests that there could be also be a significant ter-
restrial influence at the time of deposition.

Conclusions

1. The present study assigns the mudstone-
limestone interbeds in the NCC Quarry (Sison,
Pangasinan) to the Nannofossil Zones NNIIA
and NN1B (middle to late late Miocene). This is
based on the presence of the marker taxa Dis-
coaster berggrenii, Discoaster quinqueramus,
Discoaster surculus, Amaurolithus primus, Retic-
ulofenestra rotaria, and Discoaster loeblichii.
Based on the lithological characteristics and the
inferred deep marine depositional setting, the
mudstone-limestone interbeds can be included as
part of the Amlang Formation;

2. The established nannofossil zones for the
mudstone-limestone interbeds is consistent with
the earlier assigned nannofossil zones for the
Amlang Formation (De Leon and Militante-
Matias, 1992; De Leon et al., 1998; Guballa and
Fernando, 2015). The Nannofossil Zone NN11A
(middle late Miocene) age assignment to the
basal portion of the mudstone-limestone inter-
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beds suggests that it is partially contemporaneous
with the Pugo River section investigated by Gub-
alla and Fernando (2015).

3. The allodapic characteristics of the lime-
stones in the study area suggest that the carbon-
ate source for the sediment was probably the
adjacent Labayug Limestone. The presence of
fossilized plant remains in the mudstone and
limestone beds suggests significant terrestrial
influence in the depositional area despite its deep
marine setting.
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Appendix. Calcareous nannofossil assemblages and abundance in samples from the mudstone-limestone interbeds
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inside the property of Northern Cement Corporation (NCC) in Sison, Pangasinan, northern Luzon of the Philippines.
common; VC, very common in abundance. Species in bold font indicate marker taxa.
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