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Abstract

Proxapertites have become one of the most significant indicators of ancient rock in Indonesia. Walat Formation is one of the
oldest rocks exposed in Sukabumi, West Java, Indonesia. These Proxapertites have not been described in detail about their
characteristics in previous studies, especially on Walat Formation. Therefore, knowing the characteristics of Proxapertites
becomes interesting, especially in Walat Formation, which can be a reference for the characteristics of the late Eocene
Proxapertites (37.8 - 33.9 million) in Indonesia. Acetolysis method was carried out for the preparation of pollen and spores;
description and determination were carried out to see the characteristics of Proxapertites that present in Walat Formation.
Result, there are three types of Proxapertites. Proxapertites operculatus have sizes 23 - 86 p with average 40.5 (P) and 51.1 (E)
1, index PE 0,43 - 1, Peroblate — Subspheroidal - Oblate Spheroidal, Fine-Reticulate ornamentation, and Asymmetric Monosulcate
aperture. Proxapertites cursus have sizes 23 - 86 p with average 39.8 (P) and 49.8 (E) p, index PE 0.51 - 1, Oblate - Subspheroidal
- Oblate Spheroidal, Reticulate ornamentation, and Asymmetric Monosulcate aperture. Whereas Proxapertites psilatus have
sizes 29 - 75 p with average 42.3 (P) and 52.5 (E) p, index PE 0.58 - 1, Oblate - Subspheroidal - Oblate Spheroidal, Psilate
ornamentation, and Asymmetric Monosulcate aperture. These three Proxapertites can be distinguished by their type of
ornamentation. Meanwhile, other aspects have similar characteristics and are affected by the appearance of individual pollen on

the slide during preparation.
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1. Introduction

Indonesia is a tropical climate country that has a
very high diversity of fauna (Stuijts, 1993). The wealth
of this fauna has continued to increase since the last ice
age in the Pleistocene (Stuijts, Newsome and Flenley,
1988; Kaars and Dam, 1997; Kaars et al, 2001;
Hartmann et al., 2013). During ice age, montane forest
plants dominated and extended to the northern region
of Australia and Indonesia, while during the Holocene
the vegetation from the Lowland Forest extended
again, indicating a warmer and humid climate. (Hope
and Tulip, 1994; Kaars et al, 2000). However, the
richness of this fauna is affected by human activities
that tend to damage the ecosystem in an area in
Holocene (Smiet, 1992; Kaars and Bergh, 2004). In
general, the vegetation on the surface will produce
pollen and spores as an effort to reproduce these plants.
Many pollens and spores that are distributed will fall to
the ground and are preserved as fossils in the rock
(Gray and Boucot, 1975; Hall, 1981; Retallack, 1984;
Refsnider et al., 2014). Pollen and spores are preserved
in soil and rock, which shows the condition of
vegetation at time the pollen and spores are deposited
(Clapperton et al, 1989; Vermoere et al, 1999;
Puspitasari, Suedy and Haryanti, 2018). In the forest

areas, the pollen produced will come from tall trees
such as canopy tree species, while non-forest areas that
tend to be open have pollen from ferns and grasses.
(Stuijts, 1993).

Walat Formation is one of the rock formations in
the Bogor Basin, which has preservation of pollens and
spores or is known as palynomorphs (Kusumahbrata,
1994). Walat Formation is the upper part of Bayah
Formation which is one of the oldest rocks in West Java
exposed in the Sukabumi area (Martodjojo, 2003;
Sunardi and Adhiperdana, 2013) (Fig. 1). Walat
Formation has rocks with a range of Eocene - Oligocene
ages with a predominant age tendency in the late
Eocene (37.8 - 33.9 Ma) with rocks deposited in a fluvial
environment. (Effendi, Kusnama and Hermanto, 1998;
Martodjojo, 2003; Sunardi and Adhiperdana, 2013;
Wibowo and Kapid, 2014). Pollen and spores in this
formation are found to be very well preserved,
particularly in the coal. Pollen and spores in Walat
Formation are very diverse, but Proxapertites are
fascinating plant fossils (pollen) because they are
important palynomorph for rocks that have ancient age
in Indonesia (Zetter, Hesse and Frosch-Radivo, 2001;
Lelono, 2007b, 2007¢, 2007a; Lelono and Morley, 2011).
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Fig. 1. Location of research area; Left, Research location in relation to West Java, Indonesia; Right, Location of rock formations
to all Formations in southern part of Bogor Basin (Modified from Martodjojo, 2003)

Research in Indonesia has been mostly carried out
on age and environmental range of Proxapertites,
where the Proxapertites have Paleocene - Eocene age
range (66 - 33.9 million) and grow in areas around
rivers which are called fluvial (Hammen, 1956; Rull,
1999; Zetter, Hesse and Frosch-Radivo, 2001; Hesse
and Zetter, 2007). However, the previous researchers
have not been described the description of the
Proxapertites. Therefore, knowing the characteristics of
Proxapertites is interesting to be able to become a
reference for how Proxapertites characteristics in the
late Eocene age (37.8 - 33.9 Ma) in Indonesia. This
research is located in the quartz sandstone mine in
Sukadamai Village, Sukabumi Regency, West Java.

2. Method

The research was carried out in several stages,
started from fieldwork, pollen and spores preparation,
and laboratory analysis. Fieldwork was carried out
using the measured section method to obtain the
stratigraphic lithology sequence of the rocks. After that,
the samples were taken at particular intervals in the
Walat Formation rocks (Fauzi, 2017; Tania, 2019).
Furthermore, the samples were prepared using the acid
treatment method to separate the pollen and spores
from other impurities (Fig. 2). The acid treatment
method was carried out by immersing rock samples
with various chemicals, both HF, HCI, KOH, alcohol, and
HNO; (Setijadi and Suedi, 2011; Feagri and Iversen in
Lestari, 2018).

Dried &

Pounded AR

m (o 101
9 HNO; 10% KOH 10%
o ot

Sieving by

Palynology

STide Analysis

& 200p

Fig. 2 The acid treatment method for palynological analysis
(Modified from Setijadi and Suedi, 2011; Feagri and Iversen
in Lestari, 2018)

Laboratory analysis was carried out to identify
the presence of fossil pollen and spores in the sample.
Then, the pollen and spores slide preparations are
described, identified, and determined to see how
changes in the content of pollen and spores, especially
Proxapertites species in Walat Formation. The pollen
and spore descriptions include size, shape (index PE),
ornamentation, and aperture (Reitsma, 1970; Noraini
et al., 2017). Identification and determination were
carried out using the Olympus CX-22 binocular
microscope (Sarah, Suedy and Hastuti, 2017). After the
Proxapertites were identified, detailed description with
basic mathematical analysis was carried out to see how
the morphology of Proxapertites in Walat Formation at
the late Eocene age.

3. Result

This research is located at 06°56'28.83"S -
06°56'51.52" S and 106°51'12.96" E - 106°50'57.93" E in
Quartz Sandstone mine, Sukadamai Village, which is an
area where part of the Walat Formation is exposed. The
rocks found in this Formation are claystone, quartz
sandstones, quartz conglomerates, and coals as an
insert in some parts of this Formation (Fig. 3). In
general, claystone, sandstone, and coal have an older
position stratigraphically in the northern part of the
research study (Zone 1). Meanwhile, sandstones and
conglomerates are found in a younger stratigraphic
position in the southern part of the research area (Zone
2).

The rock characteristics found in this study are
stratigraphically varied. In zone 1, the sandstones are
found to have very fine - medium sand grain-size with
yellow - gray colors accompanied by sedimentary
structure in the form of graded bedding towards
claystone and coal. Claystone was found to have gray
colors and clay grain-size with parallel lamination
sedimentary structures found in several parts. Finally,
coal has black colors and clay grain-size, including a
large amount of organic material left over from past
plant remains. In zone 2, massive yellow sandstones
were found to have medium sand grain-sized. While
the conglomerates in this zone have granule - pebble
grain-size with a graded bedding structure.
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Coordinate : 106 51° 12,96" E - 106” 50° 57,93" E
6° 56" 51,52°S - 6°56°28,83"S

Location : Quartz Sanstone Mine,
Sukadamai Village, Sukabumi
District, West Java
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Fig. 3. The research track shows the lithology and the presence of proxapertites in the research area

individual Proxapertites consisted of 676 fossils of
Proxapertites operculatus, 48 fossils of Proxapertites
psilatus, and 111 fossils of Proxapertites cursus. All of
the Proxapertites were randomly distributed within
the rock sample from the oldest position to the younger
stratigraphically (Fig. 4).

32 rock samples prepared to see the content of
pollen and spores. 12 samples from all prepared
samples had the presence of Proxapertites pollen in the
Walat Formation rocks (Fig. 3). Proxapertites present in
Walat Formation were identified from 3 main types,
namely Proxapertites operculatus, Proxapertites
psilatus, and Proxapertites cursus. At least 835
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Fig. 4. Proxapertites in the study sample; a. Comparison of the number of Proxapertites operculatus, Proxapertites psilatus, and
Proxapertites cursus; b. The age range of Proxapertites in previous studies was associated with the Walat Formation (Edet and
Nyong, 1994; Umeji, 2003)
seen that the Proxapertites cursus is increasingly
developing in the middle of Walat Formation (Fig. 4).
The presence of Proxapertites in Walat Formation

From this figure, it can be seen that there is no
significant change in the presence of the three types of
Proxapertites in the study area. Changes can only be
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should not have undergone significant changes
considering that these three types of Proxapertites are
indeed present in Eocene age rocks and have not
experienced either extinction or emergence of these
three types of Proxapertites (Rull, 1999; Zetter, Hesse
and Frosch-Radivo, 2001; Lelono, 2007b, 2007c, 2007a;
Lelono and Morley, 2011).

4. Discussion

In Fig. 4, Proxapertites operculatus is more
dominant when compared to Proxapertites psilatus
and Proxapertites cursus. The dominance of
Proxapertites operculatus in Walat Formation can be
explained from previous studies. Essentially P.
operculatus was present earlier than P. cursus and P.
psilatus. P. operculatus was present in the Cretaceous -
Early Paleocene range, P. psilatus was present in the
Early Eocene, whereas P. cursus was present in
Indonesia at the Late Paleocene age. These three
Proxapertites continued to grow until they reached
their peak at Paleocene - Eocene boundary age and then
decreased to become extinct in Late Eocene.
Accordingly, it can be seen that the P. operculatus
development time was longer than that of P. cursus and
P. psilatus, so that P. operculatus was more dominant in
Late Eocene before these three Proxapertites became
extinct (Fig. 4b). Proxapertites psilatus in this study is
an initial finding of the presence of P. psilatus in
Indonesia. The previous studies have not identified the
presence of P. psilatus yet, because there was very little
difference between Proxapertites operculatus and
Proxapertites psilatus. Therefore, several studies have
identified Proxapertites psilatus to be Proxapertites
operculatus.

Based on the types found in this research, the
characteristics of Proxapertites that present in the
Walat Formation are divided into 3 (Fig. 5).
Proxapertites operculatus has an individual size of 23 -
86 11, according to Reitsma (1970), included in small -
large category with an average size 40.5 (P); 51.1 (E).
Index PE of P. operculatus ranges from 0.43 - 1.
Therefore, this form of Proxapertites operculatus has
Peroblate - Subspheroidal - Oblate Spheroidal type.
Moreover, P. operculatus has ornamentation displaying
fine-webs, which are called Fine-Reticulate.
Proxapertites operculatus has one aperture, and it is
located randomly on the individual surface of the fossil,
and also has an irregular width. Therefore, the aperture
type is Asymmetric Monosulcate. Proxapertites cursus
has an individual size of 23 - 86 11, according to Reitsma
(1970), included in small - large category with an
average size 39.8 (P); 49.8 (E) and index PE ranges from
0.51 - 1. Therefore, this form of Proxapertites cursus
has Oblate - Subspheroidal - Oblate Spheroidal type.
This P. cursus has rougher overall ornamentation
compared to P. operculatus, so it has Reticulate
ornamentation type, but P. cursus has the same
aperture as P. operculatus, namely Asymmetric
Monosulcate. Last, P. psilatus has pollen size ranging
from 29 - 75 p which included in small - large category
(Reitsma, 1970) with an average size 42.3 (P); 52.5 (E)
and index PE ranges from 0.58 - 1, classified as Oblate -
Subspheroidal - Oblate Spheroidal. Moreover, P.
psilatus has a very fine ornamentation called Psilate
ornamentation with same aperture as P. operculatus
and P. cursus, namely Asymmetric Monosulcate.

Index PE=Po/E

Index PE

< 0,5 = Peroblate

0,5-0,75 = Oblate

0,75 - 0,875 = Subspheroidal - Suboblate
0,875 - 1 = Subspheroidal - Oblate Spheroidal

Fig. 5. Proxapertites of Study Area; a - f. Proxapertites operculatus; g - i. Proxapertites psilatus; j - 1. Proxapertites cursus; P.
Psilate; FR. Fine-Reticulate; R. Reticulate; M. Monosulcate; E. Ekuatorial axis; Po. Polar axis
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In general, Proxapertites operculatus,
Proxapertites psilatus, and Proxapertites cursus are
examined from the size and index PE produced by these
three types of Proxapertites showed no difference at all
(Fig. 6). When observed from the polar axis, P.
operculatus, P. psilatus, and P. cursus have almost the
same individual size, the peak of individual dominance
size for these three Proxapertites species are in the
range of 30-50 p. When observed from its equatorial
axis, P. operculatus, P. psilatus, and P. cursus have the
same individual size again. The dominance peak of
these three types of Proxapertites is in the range of 40
- 60 . On the other hand, on this equatorial axis P.
cursus had a slightly smaller tendency than P.
operculatus and P. psilatus. This is indicated by the P.
cursus line in Fig. 6b, which has a higher predominance
of size 40 - 50 p than P. operculatus and P. psilatus is
balanced between sizes 40 - 50 g and 50 - 60 .

Index PE of the three types of Proxapertites are
very similar. Only a few or none of them have peroblate
index PE. Whereas for other forms of index PE (Oblate,

Subspheroidal - Suboblate, and Subspheroidal - Oblate
Spheroidal) has uniform distribution in the range of 30-
40%, but tend to show that P. psilatus has index PE of
the Subspheroidal - Suboblate type with a total of 50%.

Statistically, comparative test wusing Mann-
Whitney Test was carried out to see the significance of
differences in the polar axis, equatorial axis, and index
PE. Result, the polar axis obtained a significance of 0.17
(Operculatus & Psilatus), 0.09 (Cursus & Psilatus), and
0.42 (Operculatus & Cursus). For the equatorial axis, the
significance was 0.37 (Operculatus & Psilatus), 0.11
(Cursus & Psilatus), and 0.13 (Operculatus & Cursus).
Last, the index PE obtained a significance of 0.64
(Operculatus & Psilatus), 0.87 (Cursus & Psilatus), and
0.57 (Operculatus & Cursus). The overall statistical
results have a value greater than 0.05 (5% error rate and
95% confidence level). Therefore, it can be concluded
that P. operculatus, P. psilatus and P. cursus do not have
significant difference either seen from the polar axis,
equatorial axis, and index PE.
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Until now, the size and index PE of pollen and
spores have become the basis for identifying some
pollen and spores present in a sample (Reitsma, 1970).
If we look further, the index PE is obtained from the
calculation of the length of the polar and equatorial axis
individual pollen and spores, but the directions of
individual pollen and spores in the preparation cannot
be determined. It indicated that index PE produced
depends on the appearance of pollen and spores
obtained from the results of preparation. If it is found
that the pollen and spores in an individual have an
oblique appearance, it can be ascertained that index PE
will have small value due to far difference in measured
axis length, both polar and equatorial. Therefore, index
PE basically cannot be used as a basis for identifying
pollen and spores due to the results are dependent on
the individual appearance. Index PE can be the basis if
pollen and spores can be seen in 3 dimensions, so that
index PE is calculated based on the correct polar and
equatorial axis of an individual pollen and spores.

These three Proxapertites have Asymmetric
Monosulcate aperture type. Similar to the index PE, this
aperture is also influenced by appearance direction of
individual pollen and spores, so that not all identified
pollen and spores individuals have an Asymmetric
Monosulcate aperture appearance. P. operculatus
aperture was identified in 44% of individuals, while 56%
P. operculatus were not at position where the aperture

was visible. For P. cursus, the aperture was identified in
39% of pollen individuals while the rest did not show
the presence of the Asymmetric Monosulcate aperture.
P. psilatus, aperture asymmetric monosulcate was seen
in 58% of all identified individuals. Therefore, the pollen
and spores position on the preparation is greatly
influenced the aperture appearance of the individual
pollen and spores, where the identification of aperture
will affect the identification of the pollen and spores in
a sample.

Compared to the previous studies, several studies
stated that Proxapertites has a size range between 20 -
70 1 with the predominance being in 40 - 60 . Also,
these three Proxapertites are oval to perfectly round in
shape with Psilate ornamentation in P. psilatus species,
Fine-Reticulate in P. operculatus, and Reticulate in P.
cursus with Asymmetric Monosulcate aperture type
(Germeraad, Hoping and Muller, 1968; Singh and
Tripathi, 1986; Harley and Baker, 2001; Zetter, Hesse
and Frosch-Radivo, 2001; Hesse and Zetter, 2007;
Trujillo and Roche, 2009; Huang et al., 2020). So it can
be said that Proxapertites in this study have similar
characteristics with Proxapertites in previous studies.
This is indicated by the same size range (20 - 70 n
versus 23 - 86 1) with a predominance of the size (40 -
60 p) shown in Fig. 6. The similarities are also shown
from the aperture and ornamentation.

Table 1. Description Proxapertites operculatus, Proxapertites psilatus, and Proxapertites cursus

Index

Proxapertites Size (p) Average (1) PE Shape Ornamentation Aperture
23-86 . Peroblate - .
P. Operculatus (Small - 40.5 (P); 043-1 Subspheroidal - Oblate Fine Reticulate Asymmetric
51.1(E) . Monosulcate
Large) Spheroidal
23-86 . Oblate - .
P. Cursus (Small - 39.8 (P); 0.51-1 Subspheroidal - Oblate Reticulate Asymmetric
49.8 (E) . Monosulcate
Large) Spheroidal
29-75 . Oblate - .
P. Psilatus (Small - 42.3 (P); 0.58-1 Subspheroidal - Oblate Psilate Asymmetric
52.5 (E) . Monosulcate
Large) Spheroidal
These three Proxapertites identified in this Reticulate ornamentation, and Asymmetric

research prevail some similarities and differences
characteristics of the individual pollen and spores
(Table 1). Proxapertites are both operculatus, psilatus,
and cursus had no significant difference in size and
index PE. Moreover, the aperture of these three types of
Proxapertites has the same type, namely Asymmetric
Monosulcate. The only fundamental difference
between these three Proxapertites can only be seen
from the surface ornamentation of individual pollen. P.
operculatus has fine-web ornamentation type (Fine-
Reticulate), P. psilatus has very fine ornamentation
type (Psilate), while P. cursus has coarser-web
ornamentation type (Reticulate).

5. Conclusion

Walat Formation contains Proxapertites divided
into three types, namely Proxapertites operculatus,
Proxapertites psilatus, and Proxapertites cursus.
Proxapertites operculatus has size 23 - 86 p (small -
large), average 40.5 (P); 51.1 (E), index PE 043 - 1,
Peroblate - Subspheroidal - Oblate Spheroidal, Fine-

Monosulcate Aperture. Proxapertites psilatus has size
29 - 75 p (small - large), average 42.3 (P); 52.5 (E),
index PE 0.58 - 1, Oblate — Subspheroidal - Oblate
Spheroidal, Psilate ornamentation, and Asymmetric
Monosulcate Aperture. While Proxapertites cursus has
size 23 - 86 p (small - large), average 39.8 (P); 49.8 (E),
index PE 0.51 - 1, Oblate - Subspheroidal - Oblate
Spheroidal, Reticulate ornamentation, and Asymmetric
Monosulcate Aperture.

The three Proxapertites can be distinguished by
their type of ornamentation. This occurs because other
aspects have similar characteristics and are affected by
the appearance of individual pollen in the slide during
preparation.
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