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Abstract

Palynomorph is dust-sized material that is resistant to acids and can be preserved as fossils in
sedimentary rocks. Fossil content in rocks is very diverse which is influenced by various factors, one
of this factors is the texture of rock in form of grain size. The Walat and Batuasih Formations are
sedimentary rock formations that have variety of grain sizes. This research aims to examine relationship
or correlation between grain size and palynomorph preservation in rocks with case studies in the Walat
and Batuasih Formations. 42 samples were taken from measured stratigraphic section and analyzed both
grain size and palynomorph content. Statistical analysis with Normality Test using Shapiro Wilk and
Liliefors; Homogeneity Test using Levene Test; and Non-Parametric Associative Test using Spearman
Rank was conducted to see the relationship of these variables. Result, the Walat and Batuasih
Formations have conglomerate, sandstone, mudstone and coal lithologies with quite variety of
palynomorphs. Statistical results show that all variables have data that are not normally distributed with
tendency to be non-homogeneous. Moreover, it was found that the grain size of rock had significant
effect on the preservation of palynomorphs in the rock. Clay grains has positive correlation of 0.613
and sand grains has negative correlation of -0.653. This shows that the finer the grain size, the more
effective the preservation of palynomorphs is.
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Introduction

Palynomorph is dust-sized material that is
resistant to acids (Dutta et al., 2013; Vernal,
2015). These materials include pollen,
spores, dinocyst, foraminifera lining test,
acritarch, and chitinozoa (Traverse, 2007).
Basically, these materials can be deposited
and preserved in rocks and turned into
fossils (Suedy et al., 2011; Setijadi et al.,
2011). Sedimentary rock is one of the rocks
that  stores  fossil  content  both
palynomorphs and other materials.
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However, these fossils are not preserved
evenly in the rock (Mander & Punyasena,
2018). The number of preserved
palynomorph fossils in the rock is
influenced by various aspects, one of these
factors is the texture of sedimentary rock
(Havinga, 1967; Li et al., 2005; Delcourt &
Delcourt, 1980).

Several previous studies stated that the
texture of rock grain size does affect the
preservation of fossil in the rock
(Schoeninger et al., 1989; Dashtgard et al.,
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2008; Gardner et al., 2016; Evans et al.,
2020). The finer the grain size of
sedimentary rock, the better the rock will
store fossil content (Evans et al., 2020).
Previous research has been carried out on
macrofossils and some have also discussed
them from microfossil aspect (Schopf,
1975; Holland, 2016). However, the level

between rock grain size and palynomorph
preservation has not become the study of
previous research. Therefore, this research
is aimed to see how strong the effect of
sedimentary rocks texture in form of grain
size on the preservation of palynomorphs in
the rock. This study took the Walat
Formation and Batuasih Formation as a

of significance of influence or relationship case study.
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Figure 1. Location and Stratigraphy of the Study Area; a. Research Locations Relation to Indonesia; b.
Research Location Relation to West Java; c. Stratigraphy of Study Area and Rock Sampling Points
(Modification from Rachman et al., 2021).
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The Walat and Batuasih Formations are
rock formations exposed in Sukabumi area,
West Java (Effendi et al., 1998;
Martodjodjo, 2003). Rocks in the Walat and
Batuasih Formations are very diverse,
ranging from mudstone, sandstone,
conglomerate, to coal as insert in several
parts (Praptisih et al., 2009; Irawan, 2019).
At least, Walat and Batuasih Formations
have layer thickness up to 1400 m with Late
Eocene - Late Oligocene age and terrestrial
depositional environments to be precise in
the fluvial to transition sections. (Schiller,
1991; Clements, 2007; Hendrizan et al.,
2012; Wibowo & Kapid, 2014; Kurniawan
et al., 2016). Seeing that these rock
characteristics of Walat and Batuasih
Formations are quite diverse. It is
interesting to see how the relationship
between different sedimentary rock types
based on grain size and the preservation of
palynomorph content in these formations
(Martodjodjo, 2003).

Method

This research is divided into four basic
steps, from field activities to laboratory
analysis. The research sample was taken
from the Walat and Batuasih Formation
outcrops in Pasir Pogor mining area and
Cibatu River in Sukadamai Village,
Cicantayan, Sukabumi, West Java (Figure
1).

Sampling

Fieldwork was carried out to collect
research samples along with general
characteristics of the Walat and Batuasih
Formations. Rock samples were taken
using measured stratigraphic section
method and taken for each lithology to
obtain the diversity of rock lithology
(Bellian et al., 2005; Yasin et al., 2017).
There were 42 rock samples of various
types from the Walat and Batuasih
Formations. The sample was then prepared
for rock and palynomorph preparation in
the laboratory.
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Palynomorph and Grain Size Preparation

Palynomorph preparation is carried out
using basic method, which is the acid
treatment method by reacting rock samples
with various chemicals (HF, HCI, KOH,
HNO3, and Alcohol) then filtered with a
size of 5-200 microns (Dutta et al., 2013;
Traverse, 2007). Residual results for each
sample then identified its palynomorph
content. The rock grain size preparation
was carried out by homogeneous crushing
method so that the sedimentary rock could
decompose in each sediment grain. This is
done to identify the grain size in the next
step (Israwaty, 2013).

Palynomorph and Grain Size Identification

Palynomorph identification was carried out
using binocular microscope CX-22 with
1000x magnification. The names and
abundance of palynomorph fossils were
identified in each rock formation sample
(Winantris et al., 2012). The abundance of
palynomorphs was obtained by dividing
between the number of identified
palynomorphs (P) and the number of
residues in the palynomorph preparations
(ml). Grain size identification was analyzed
by Beckman Coulter LS 13320 Dry Powder
System and Universal Liquid Module
method to identify how the grain size
distribution of rock samples from very fine
(0.1 p) to very coarse (1000 p) grain size
(Blott & Pye, 2006; Suckow, 2013; Schulte
et al., 2018). The grain size was further
classified according to the sedimentary
rock grain size classification (Wentworth,
1922).

Palynomorph and Grain Size Statistical
Analysis

Statistical analysis was carried out to see
the relationship between palynomorph
preservation in rock and grain size of
sedimentary rocks from the Walat and
Batuasih Formations. Statistical tests were
carried out including several tests with their
respective statistical test formulas and
flows (Figure 2). Statistical analysis was
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performed using several tests: Normality
Test using Shapiro Wilk and Liliefors;
Homogeneity Test using Levene Test;
Parametric Associative Test using Product
Moment Correlation; and Non-Parametric
Associative Test using Spearman Rank.
Normality Test and Homogeneity Test
were carried out to determine the
Associative Test used in this research.
From the results of this statistical test,
research conclusions can be drawn to see
the relationship between these two
variables (Sugiyono, 2019).

Start

- Palynomorph Abundance
- Grain Size

Normality Test

Normal
Data

Yes No

Homogeneity Test
g N\

Homogeneous
Data

Yes No

Associative
Non-Parametric Test
Pearson Product
Moment Correlation

Associative
Non-Parametric Test
Spearman Rank

I

Result

Figure 2. Flow of Research Statistical Analysis
(Sugiyono, 2019).

Result and Discussion

Result

Results from measured stratigraphic
sections show that in the Walat Formation,
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lithology is found in form of alternating
among sandstones, mudstones and coal
with several conglomerates found at the top
section. While the Batuasih Formation
lithology is dominated by mudstone and
few sandstones. The Batuasih Formation is
stratigraphically located above the Walat
Formation (Figure 1c & 3).

Palynomorphs from study area were quite
diverse, as found pollen from the
Proxapertites  group,  Spores  from
Verrucatosporites, and in some samples
other palynomorphs from dinocyst and
foraminifera lining test were found (Figure
3). Palynomorph content in the study
samples varied widely, many of study
samples did not show the presence of
palynomorphs. However, several samples
contain very abundant palynomorphs. From
this diversity results, the abundance of
palynomorphs was calculated in each study
sample. The abundance of palynomorphs in
this study ranged from O P/ml in some
samples to 70 P/ml in sample W.2 (Table
1).

Results from individual palynomorphs and
grain size were subjected to statistical tests
to see if there was relationship between
these two aspects. First statistical test
carried out with Normality Test using
Shapiro Wilk and Liliefors. Result, all
variables analysed, both abundance, clay,
silt, and sand, has data types that were not
normally distributed. This can be seen from
the significance value of 0 (<0.05), it means
that the analysed data has an abnormal
distribution (Table 2). This causes
associative statistical analysis to be carried
out with the non-parametric associative
analysis.
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Figure 3. Left; Palynomorph of Research Sample; a. Proxapertites operculatus; b. Eucalyptus type; c.
Lycopodium cernuum type; d. Dicolpopollis sp; e. Verrucatosporites usmensis; f. Dynocyst, Right; Rock
Outcrop of Research Area; g. Conglomerate from Walat Formation; h. Alternating among sandstones,
mudstones and coal from Walat Formation; i. Mudstone from Batuasih Formation.

Table 1. Grain size and abundance of palynomorphs.

Sample Number of Residue Abundance Clay Silt Sand
Code Palynomorphs Amount (P/ml) (%) (%) (%)
w.1 31 15 2.07 100 0.00 0.00
W.2 210 3 70.00 100 0.00 0.00
wW.3 50 9 5.56 100 0.00 0.00
w.4 1 9 0.11 4.68 18.23 77.09
W.5 8 9 0.89 100 0.00 0.00
W.6 0 9 0.00 3.06 10.37 86.57
W.7 205 6 34.17 100 0.00 0.00
W.8 3 9 0.33 53.01 46.99 0.00
W.9 0 9 0.00 2.73 11.24 86.03
W.10 0 9 0.00 100 0.00 0.00
W.11 0 9 0.00 3.60 15.84 80.56
W.12 55 9 6.11 100 0.00 0.00
W.13 0 9 0.00 49.77 50.23 0.00
W.14 0 9 0.00 2.61 10.15 87.24
W.15 0 9 0.00 100 0.00 0.00
W.16 0 9 0.00 3.67 12.96 83.37
W.17 0 9 0.00 100 0.00 0.00
W.18 203 6 33.83 6.45 26.96 66.59
W.19 222 6 37.00 47.63 52.37 0.00
W.20 41 15 2.73 100 0.00 0.00
w.21 20 9 2.22 100 0.00 0.00
W.22 0 9 0.00 4.99 11.75 83.26
W.23 0 9 0.00 4.56 15.65 79.79
W.24 0 9 0.00 0.93 7.82 91.25
W.25 0 9 0.00 3.84 8.26 87.90
W.26 0 9 0.00 3.8 10.78 85.44
W.27 0 9 0.00 3.53 9.72 86.75
W.28 0 9 0.00 4.07 24.47 71.45
W.29 0 9 0.00 2.59 8.04 89.37
W.30 0 9 0.00 2.86 9.42 87.72
W.31 0 9 0.00 5.55 13.64 80.81
W.32 0 9 0.00 1.95 10.97 87.08
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B.1 1 9 0.11 100 0.00 0.00
B.2 3 9 0.33 4.59 21.08 74.33
B.3 0 9 0.00 100 0.00 0.00
B.4 30 9 3.33 100 0.00 0.00
B.5 0 9 0.00 7.63 29.91 62.46
B.6 43 9 4.78 100 0.00 0.00
B.7 50 9 5.56 27.23 72.77 0.00
B.8 10 9 111 100 0.00 0.00
B.9 34 9 3.78 100 0.00 0.00
B.10 2 9 0.22 100 0.00 0.00
Table 2. Normality test results with Shapiro Wilk and Liliefors.
Variable Significance Conclusion

Abundance (A) 0 Distribution data is Not Normal

Clay (C) 0 Distribution data is Not Normal

Silt (Si) 0 Distribution data is Not Normal

Sand (Sa) 0 Distribution data is Not Normal

Next, statistical analysis was the Last, statistical analysis is the Associative

homogeneity test using the Levene Test.
Results were mixed, non-homogeneous
data were obtained in comparison of
Abundance and Clay; Abundance and
Sand; Clay and Silt; Silt and Sand.
Meanwhile, homogeneous data were
obtained in the comparison of Abundance
and Silt; Clay and Sand. This can be seen
from the significance value of 0.15 and 0.19
(>0.05), which means that the data is
homogeneous data (Table 3). Although
some data show homogeneous data, the
normality test conducted previously
showed that all data were not normally
distributed. This causes associative
statistical analysis to be carried out with the
non-parametric associative analysis and is
not affected by the homogeneity of data.

Table 3. Homogeneity test results with the Levene

Test

Variable  Significance Conclusion
Abundance 0 Non-

and Clay Homogeneous data
AgllqjgdSaithe 0.15 Homogeneous data
Abundance 0 Non-

and Sand Homogeneous data

Clay and 0 Non-

Silt Homogeneous data
Clgzn%nd 0.19 Homogeneous data
Silt and 0 Non-

Sand Homogeneous data
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Test wusing Spearman Rank. Result,
palynomorph preservation (abundance) has
a significant relationship or correlation with
clay and sand. This can be seen from the
significance value of 0 (<0.05), which
means the two variables have relationship
with certain level of correlation (Table 4).
Abundance and clay obtained positive
correlation of 0.613 which is classified as
strong correlation based on Sugiyono
(2019). This means that palynomorph
preservation in rock will be more effective
when there is more clay grain size content
in the rock. Abundance and sand obtained
negative correlation of -0.653 which is
classified as a strong correlation based on
Sugiyono (2019). This means that
palynomorph preservation in rock will be
less effective when there is more sand grain
size content in the rock. Whereas
Abundance and Silt did not have significant
correlation. This means that the amount of
silt grain size in the rock does not affect
abundance of palynomorph preservation in
the rock.

Table 4. Associative test results with Spearman

Rank
Variable  Significance R Conclusion
Abundance 0 0.613  Correlated
and Clay
Abundance 0.097 0.26  Uncorrelated
and Silt
Abundance 0 -0.653  Correlated
and Sand
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Discussion

Results from associative test show the effect
of grain size on preservation of
palynomorphs in the rock (Table 4).
Palynomorphs are more dominant in fine-
grained sedimentary rocks, both in clay and
coal. However, some rock samples with
sand grain size can still contain
palynomorph. Palynomorphs that are
present in mudstone and coal come from all
species with various distributions that have
size range of 10 — 99 p. Whereas in the
sandstones, palynomorphs that are present
only come from certain species which have
size range of 10 — 89 .

In the Table 5, the lithology of coal,
mudstone and  sandstones  contains
palynomorphs that range from small to large
species  sizes. But in  sandstones,
palynomorphs  come  from  species

Crassoretitriletes vanraadshoveni,
Dipterocarpus intricatus,
Laevigatosporites, Lycopodiumsporites
semimuris, Malvacipollis diversus,

Palmaepollenites kutchensis, Proxapertites
cursus, and Proxapertites operculatus.
These palynomorphs have large species size
which is higher when compared to other
species. Thus, in sandstones, palynomorphs
can be preserved in small amounts. But, this
palynomorph must have sufficiently large
species size. Batten (1974) suggests that
small and medium sized palynomorphs
increase in silt-clay grain size and decrease
closer to the sand grain size. Meanwhile,
large palynomorphs increased closer to the
silt-sand grain size and then decreased to
grain size, which is larger than sand. The
result is consistent with this study, large
palynomorphs tend to be preserved in
sandstone lithology in several species.

Table 5. Palynomorph relations and grain size.

Fossil Name Quantity  Size (u)  Lithology
Acritarchs 4 20-49 L, MS
Acrostichum type 84 20-69 L, MS
Apocynaceae type 1 30-49 L
Cicatricosisporites dorogensis 2 40 -89 L, MS
Chepalomappa malloticarpa 7 30-59 MS
Clavifera triplex 1 20-29 MS
Crassoretitriletes vanraadshoveni 2 40 - 69 MS, SS
Dicolpopollis sp 16 10-89 L, MS
Dipterocarpus intricatus 3 40 - 69 SS
Distaeverrusporites simplex 1 30-39 MS
Eucalyptus type 1 40 - 49 L
Foraminifera Test Lining 2 30-69 MS
Indeterminate 4 10-39 MS
Laevigatosporites 29 30-69 L, MS, SS
Ligaria cuneifolia 1 10-29 L
Lycopodium cernuum type 2 20-39 L, MS
Lycopodiumsporites semimuris 47 20 -69 L, MS, SS
Malvacipollis diversus 12 20-89 L, SS
Palmaepollenites kutchensis 8 10-89 L, MS, SS
Podocarpidites marwickii 2 30-99 MS
Podocarpidites otagoensis 1 30-49 L
Polyadopollenites microreticulatus 1 30-39 L
Proxapertites cursus 116 20-89 L, MS, SS
Proxapertites operculatus 780 20 -89 L, MS, SS
Proxapertites psilatus 61 20-89 L, MS
Spiniferites pseudofurcatus 1 70 -89 MS
Spiniferites ramosus 1 20-39 MS
Trichotomosulcites subgranulatus 1 20-39 MS
Tricolpites confessus 2 30-49 MS
Tricolpites reticulatus 4 30-59 L, MS
Verrucatosporites usmensis 24 20 - 69 L, MS
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Figure 4, shows that the whole rock sample
(coal, mudstone, and sandstone) dominated
by individual palynomorphs of 30 - 59 u
size. Palynomorphs with 10 - 59 p size have
higher content in coal and claystone than
sandstones. However, larger individuals (60
- 89 W) palynomorphs are higher preserved
in sandstones than in coal and mudstones.
From Figure 4, it can also be seen that
lithology of coal and claystone has plot
points that are always higher than
sandstones for small individual sizes (10 - 59
K. Whereas at the transition size 59 - 60 J,
the crossover occurs so that sandstone
lithology has a higher plot point than coal
and claystone for large individual sizes (60 -
89 ). From this description, palynomorph
fossils can be preserved in sandstones but
with lower abundance compared to coal and
claystone. As for sandstones, larger
individual palynomorph sizes are easier to
preserve than for coal and claystones. So that
large palynomorphs such as Proxapertites
group can be well preserved in sand grain
size (Hesse & Zetter, 2007). Due to its
abundance and large species size,
Proxapertites became the most dominant
palynomorph from this study.

g 1
215 ]
o 10 } ‘
2 _h:hﬂi H ) :Jf':l-_

10-19 20-29 30-39 40-49 50-589 60-69 70-89 >90
Palynomorph Size (p)

mLignite =Mudstone = Sandstone

Figure 4. Bar diagram showing percentage of each
palynomorph size from rock sample

Results showed that palynomorphs were
more abundant in rocks with fine grain size
(clay) and less in rocks with coarse grain size
(sand). It happens because the sand grain
size tends to have pores that have potential
to flow air into the rock. So that the rocks are
not in anoxic conditions (no oxygen) which
is one of conditions for fossils to be formed.
When air enters the rock, palynomorphs are
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immediately destroyed. Whereas in clay
grain size, air tends not to enter the pores of
rock and can better preserve fossils.
Consistent with the literature, this research
found that the preservation of fossils in rocks
is greatly influenced by the texture of the
rock itself so that fossils can avoid
destructive factors such as oxygen.

Several studies of palynomorphs suggest
that the condition of rock grain size affects
the level of palynomorph preservation in
these rocks. Delcourt & Delcourt (1980)
states that palynomorphs tend not to be
preserved at coarse grain size for two
reasons. First, it is caused by oxidation of
palynomorphs due to rock pores that are
large enough for oxygen to enter, second is
the possibility that palynomorphs in the
coarse grain size area have high enough
energy level so that the palynomorphs are
not deposited in that area and are carried
away to areas with lower energy. This is
what causes the rock grain size in this study
to affect palynomorphs. Rock samples that
have coarse grain size tend to be very little
and do not even show palynomorph in them.
Li et al. (2005) states that depth, age, and
depositional environment affect
preservation of palynomorphs in the rock. In
this research, age and environment are
interpreted in same condition because these
samples are taken in the same formation and
are similar both in terms of age and
depositional environment. So that the effect
of grain size on palynomorph preservation
here is not influenced by changes in age and
depositional environment.

Results of this study are also in line with
Schoeninger et al. (1989) dan Evans et al.
(2020) who found that fossils in rocks are
greatly affected by the rock grain size.
Fossils are more effective for preservation in
rocks with finer grain sizes. It happens
because the grain size of rock can protect the
fossil from environmental influences that
can destroy the fossil. While Batten (1974)
states that palynomorphs are very sensitive
to changes in rock grain size, many
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palynomorphs are preserved in rocks with
fine grain sizes, so that fossils can be
preserved in anoxic conditions.

Several studies have found that the
preservation of palynomorphs is also
influenced by the composition and

characteristics of palynomorphs themselves.
Campbell (1999) found that the preservation
of palynomorphs in rocks is influenced by
the exine composition of each palynomorph.
Basically, the exine of each palynomorph
has different thickness and sporopollenin
content. In this study, the effect of
sporopollenin was not significant because
the same palynomorphs were present and
randomly distributed in the rock samples.
There is no grouping as particular genus is
present only in fine grain size and another
genus is present at coarse grain size
indicating that sporopollenin composition
does not affect palynomorph preservation in
this study. Therefore, palynomorph
preservation in this study is strongly
influenced by grain size distribution
compared to other influences. However, the
effects described in previous studies still
influence the preservation of palynomorphs
with their respective aspects.

From the description above, rock grain size
is one of the significant influences in
palynomorph preservation of rock from
certain formation. Palynomorphs are more
effectively preserved in finer grain sizes than
coarse grain sizes. As for coarse grain size,
palynomorphs with large sizes tend to be
better preserved than those with fine grain
sizes. Therefore, in palynomorph analysis,
the research sample used as best as possible
has fine grain size so that interpretation can
be carried out properly because of enough
palynomorphs.

Conclusion

The Walat and Batuasih Formations have
various  lithologies in  form  of
conglomerates, sandstones, mudstone, and
coal. Palynomorph of research sample was

© 2023 Dept. of Geophysics Hasanuddin University

25

quite diverse with the discovery of pollen in
form of Proxapertites groups, Spores from
Verrucatosporites, as well as dinocysts and
foraminifera lining tests. The abundance of
palynomorphs in this study ranged from O P
/ ml in some samples to 70 P / ml in sample
W.2.

The statistical results show that all variables
have data that are not normally distributed
with a tendency not to be homogeneous. In
addition, it was found that the rock grain
size had significant effect on palynomorph
preservation. The clay grain size has
positive correlation of 0.613 and the sand
grain size has negative correlation of -
0.653. This indicates that the finer the grain
size, the more effective palynomorph
preservation will be. In addition, lithology
with coarse grain size (sandstone) contains
palynomorphs with large individual sizes
higher than fine grain sizes (coal and
claystone).

Acknowledgements

Thank you to the Chancellor of Padjadjaran
University for funding research through the
HIU-RKDU  program,  Paleontology
laboratory team of the Faculty of
Geological Engineering UNPAD, and all
parties who have helped and provided
encouragement in this research.

Author Contribution

The author is a researcher who carries out
activities from sampling to completing
paper writing with guidance from the
author's lecturer.

Conflict of Interest

No potential conflict of interest was
reported by the authors. This research was
carried out entirely by the author under the
guidance of author’s lecturer. The research
fee was provided by author’s lecturer
through research fees from the university.


http://journal.unhas.ac.id/index.php/geocelebes

The Significance Relationship between Palynomorph Fossil Preservation ...

Refere

Batten,

nces

D.J. (1974). Wealden
Palaeoecology from the
Distribution of Plant Fossils.

Proceedings of the Geologists'
Association, 85(4), 433-458.
https://doi.org/10.1016/S0016-
7878(74)80068-4

Bellian, J.A., Kerans, C., & Jennette, D.C.

(2005). Digital Outcorp Models:
Applications of Terrestrial
Scanning Lidar Technology in
Stratigraphic Modeling. Journal of
Sedimentary Research, 75(2), 166—
176.
https://doi.org/10.2110/jsr.2005.01
3

Blott, S.J. & Pye, K. (2006). Particle size

Campb

distribution analysis of sand-sized
particles by laser diffraction: an
experimental  investigation  of
instrument  sensitivity and the
effects of  particle  shape.
Sedimentology, 53(3), 671-685.

https://doi.org/10.1111/.1365-

3091.2006.00786.x

ell, 1.D. (1999). Quaternary pollen
taphonomy: examples of
differential redeposition  and

differential
Palaeogeography,
Palaeoclimatology, Palaeoecology,
149(1-4), 245-256.
https://doi.org/10.1016/S0031-
0182(98)00204-1

preservation.

Clements, B. (2007). Cretaceous to Late

Dashtgard,

Miocene Stratigraphic and Tectonic
Evolution of  West Java.
Proceedings Indonesian Petroleum
Association  Thirty-First  Annual
Convention and Exhibition (pp.1-
18). American Association of
Petroleum Geologists.

S.E., Gingras, MK. &
Pemberton, S.G. (2008). Grain-size
controls on the occurrence of
bioturbation. Palaesogeography,
Palaeoclimatology, Palaeoecology,
257(1-2), 224-243.

© 2023 Dept. of Geophysics Hasanuddin University

26

https://doi.org/10.1016/}.palaeo.200
7.10.024

Delcourt, P.A. & Delcourt, H.R. (1980).

Pollen preservation and quaternary
environmental history in the
Southeastern United States.
Palynology, 4(1), 215-231.
https://doi.org/10.1080/01916122.1
980.9989209

Dutta, S., Hartkopf-Froder, C., Witte, K.,

Brocke, R., & Mann, U. (2013).
Molecular characterization of fossil
palynomorphs by transmission
micro-FTIR spectroscopy:
Implications  for  hydrocarbon
source evaluation. International
Journal of Coal Geology, 115, 13—
23.
https://doi.org/10.1016/j.coal.2013.
04.003

Effendi, K. & Hermantos. (1998). Peta

Geologi Lembar Bogor, Jawa skala
1:100.000. Pusat Penelitian dan
Pengembangan Geologi, Bandung.

Evans, S.D., Dzaugis, P.W., Droser, M.L.,

& Gehling, J.G. (2020). You can get
anything you want from Alice's
Restaurant  Bed: exceptional
preservation and an unusual fossil
assemblage from a newly excavated
bed (Ediacara Member, Nilpena,
South  Australia).  Australian
Journal of Earth Sciences, 67(6),
873-883.
https://doi.org/10.1080/08120099.2
018.1470110

Gardner, E.E., Walker, S.E., & Gardner,

L.I. (2016). Palaeoclimate,
environmental factors, and bird
body size: a multivariable analysis
of avian fossil preservation. Earth
Science Review, 162, 177-197.
https://doi.org/10.1016/j.earscirev.2
016.07.001

Havinga, A.J. (1967). Palynology and

Pollen Preservation. Review of
Palaeobotany and Palynology. 2(1-
4), 81-98.
https://doi.org/10.1016/0034-
6667(67)90138-8



http://journal.unhas.ac.id/index.php/geocelebes
https://doi.org/10.1016/S0016-7878(74)80068-4
https://doi.org/10.1016/S0016-7878(74)80068-4
https://doi.org/10.2110/jsr.2005.013
https://doi.org/10.2110/jsr.2005.013
https://doi.org/10.1111/j.1365-3091.2006.00786.x
https://doi.org/10.1111/j.1365-3091.2006.00786.x
https://doi.org/10.1016/S0031-0182(98)00204-1
https://doi.org/10.1016/S0031-0182(98)00204-1
https://doi.org/10.1016/j.palaeo.2007.10.024
https://doi.org/10.1016/j.palaeo.2007.10.024
https://doi.org/10.1080/01916122.1980.9989209
https://doi.org/10.1080/01916122.1980.9989209
https://doi.org/10.1016/j.coal.2013.04.003
https://doi.org/10.1016/j.coal.2013.04.003
https://doi.org/10.1080/08120099.2018.1470110
https://doi.org/10.1080/08120099.2018.1470110
https://doi.org/10.1016/j.earscirev.2016.07.001
https://doi.org/10.1016/j.earscirev.2016.07.001
https://doi.org/10.1016/0034-6667(67)90138-8
https://doi.org/10.1016/0034-6667(67)90138-8

Rachman and Winantris / Jurnal Geocelebes Vol. 7 No. 1, April 2023, 17-28

Hendrizan, M., Praptisih., & Putra, P.S.
(2012). Depositional Environment
of the Batuasih Formation on the
Basis of Foraminifera Content: A
Case Study in Sukabumi Region,
West Java Province, Indonesia.
Indonesian Journal of Geology,
7(2), 101-112.
https://doi.org/10.17014/ijog.v7i2.1
39

Hesse, M. and Zetter, R. (2007). The fossil
pollen record of Araceae. Plant
Systematics and Evolution, 263(1),
93-115.
https://doi.org/10.1007/s00606-
006-0468-z

Holland, S.M. (2016). The non-uniformity
of fossil preservation. Philosophical
Transactions of the Royal Society B:
Biological Sciences, 371, 1-11.
https://doi.org/10.1098/rstb.2015.0
130

Irawan, P. (2019). Eksplorasi Air Tanah di
Kampung Tajur Desa Pemagasari

Kecamatan Parung Kabupaten
Bogor. Jurnal Siliwangi, 5(1), 14—
25.

Israwaty, 1. (2013). The Separation Study
of Poboya Ore Gold (Central
Sulawesi) with Flotation and Sink
Tehniques with TBE
(Tetrabromoethane) as a Media.
Jurnal Chemica, 14, 84-90.

Kurniawan, E., Syahrulyati, T., & Syaiful,

M. (2016). Geologi Dan
Sumberdaya Batubara  Daerah
Lebaktipar Dan Sekitarnya

Kecamatan Cilograng Kabupaten
Lebak Provinsi Banten. Jurnal
Online Mahasiswa (JOM) Bidang
Teknik Geologi, 1(1), 1-14.

Li, Y.C., Xu, Q.H., Yang, X.L., Chen, H.,
& Lu, X.M. (2005). Pollen-
vegetation relationship and pollen
preservation on the Northeastern

Qinghai-Tibetan Plateau. Grana,
44,160-171.
https://doi.org/10.1080/001731305
00230608

© 2023 Dept. of Geophysics Hasanuddin University

27

Mander, L. & Punyasena, S.W. (2018).
Fossil Pollen and Spores in
Paleoecology. In: Croft D., Su D.,

Simpson S. (eds) Methods in
Paleoecology. Vertebrate
Paleobiology and

Paleoanthropology (pp.215-234).
Springer International Publishing,
Cham.
https://doi.org/10.1007/978-3-319-
94265-0 11

Martodjojo, S. (2003). Evolusi Cekungan
Bogor, Jawa Barat. Bandung:
Institut Teknologi Bandung.

Praptisih, P., Kamtono, K., Putra, P., &
Hendrizan, M. (2014). Karakteristik
Batuan Sumber (Source Rock)
Hidrokarbon pada Formasi Batuasih
di daerah Sukabumi, Jawa Barat.
Indonesian Journal on Geoscience,
4(3), 167-175.
http://dx.doi.org/10.17014/ijog.vol
4n03.20092

Rachman, R.S., Winantris., & Muljana, B.
(2021). Age and Depositional
Environment of Walat Formation
Based on Palynological Analysis in
Sukabumi Regency, West Java,
Indonesia. Pakistan Journal of
Geology, 5(1), 1-7.
https://doi.org/10.2478/pjg-2021-
0001

Schiller, D.M. (1991). Eocene Submarine
Fan Sedimentation in Southwest
Java.  Proceedings Indonesian
Petroleum Association 20" Annual
Convention and Exhibition, 125-
181. American Association of
Petroleum Geologists.

Schoeninger, M.J., Moore, K.M., Murray,
M.L., & Kingston, J.D. (1989).
Detection of bone preservation in
archaeological and fossil samples.
Applied Geochemistry, 4, 281-292.
https://doi.org/10.1016/0883-
2927(89)90030-9

Schopf, J.M. (1975). Modes of Fossil
Preservation. Review of
Palaeobotany and Palynology, 20,
27-53.



http://journal.unhas.ac.id/index.php/geocelebes
https://doi.org/10.17014/ijog.v7i2.139
https://doi.org/10.17014/ijog.v7i2.139
https://doi.org/10.1007/s00606-006-0468-z
https://doi.org/10.1007/s00606-006-0468-z
https://doi.org/10.1098/rstb.2015.0130
https://doi.org/10.1098/rstb.2015.0130
https://doi.org/10.1080/00173130500230608
https://doi.org/10.1080/00173130500230608
https://doi.org/10.1007/978-3-319-94265-0_11
https://doi.org/10.1007/978-3-319-94265-0_11
http://dx.doi.org/10.17014/ijog.vol4no3.20092
http://dx.doi.org/10.17014/ijog.vol4no3.20092
https://doi.org/10.2478/pjg-2021-0001
https://doi.org/10.2478/pjg-2021-0001
https://doi.org/10.1016/0883-2927(89)90030-9
https://doi.org/10.1016/0883-2927(89)90030-9

The Significance Relationship between Palynomorph Fossil Preservation ...

https://doi.org/10.1016/0034-
6667(75)90005-6

Schulte, P., Sprafke, T., Rodrigues, L., &
Fitzsimmons, K.E. (2018). Are
fixed grain size ratios useful proxies
for loess sedimentation dynamics?
Experiences from Remizovka,
Kazakhstan. Aeolian Research, 31,
131-140.
https://doi.org/10.1016/j.aeolia.201
7.09.002

Setijadi, R., Widagdo, A., & Suedy, S.W.A.
(2011). Climate Change
Bioprediction Method used Pollen
and Spore Fossil at Pliocene Age in
Banyumas. Dinamika Rekayasa,
7(1), 14-16.
http://dx.doi.org/10.20884/1.dr.201
1.7.1.42

Suckow, A. (2013). A new database sub-
system for grain-size analysis. EGU
General Assembly  Conference
Abstracts, 14026.

Suedy, S.W.A., Qayim, M.Il., Sabiham, S.,
& Setijadi, R. (2011). Biodiversitas
Paleoflora Banyumas Kala Pliosen
Berdasarkan ~ Bukti  Palinologi.
Berkala Penelitian Hayati, 7A, 69—
73.

Sugiyono.  (2019). Statistika  Untuk
Penelitian. Bandung: Alfabeta.

Traverse, A. (2007). Paleopalynology 2"
edition. Netherlands: Springer.

Vernal, A.D. (2015). Palynology (Pollen,
Spore, etc.). Encyclopedia of
Marine Geosciences, 1-9.
https://doi.org/10.1007/978-94-
007-6644-0_87-1

Wentworth, C.K. (1922). A scale of grade
and class terms for clastic
sediments. The Journal of Geology,
30(5), 377-392.
https://doi.org/10.1086/622910

Wibowo, U.P. & Kapid, R. (2014).
Biostratigrafi Nannoplankton
Daerah  Rajamandala.  Jurnal
Geologi Sumber Daya Mineral,
15(4), 185-194.
https://doi.org/10.33332/jgsm.geol
0Qi.v15i4.57

© 2023 Dept. of Geophysics Hasanuddin University

Winantris., Syafri, 1., & Rahardjo, A.T.
(2012). Oncosperma Tigillarium
Merupakan Bagian Palino Karakter
Delta Plain di Delta Mahakam,
Kalimantan. Bionatura, 14(3), 228-
236.

Yasin, M., Shahzad, A., Abbasi, N., ljaz,
U., & Khattak, Z. (2017). The Use
of  Stratigraphic  Section in
Recording Quagmire of Information
for the Fluvial Depositional
Environment - A Worked Example
in District Poonch, Azad Jammu
and Kashmir, Pakistan. Pakistan
Journal of Geology, 1(2), 1-2.
http://doi.org/10.26480/pjg.02.2017
.01.02



http://journal.unhas.ac.id/index.php/geocelebes
https://doi.org/10.1016/0034-6667(75)90005-6
https://doi.org/10.1016/0034-6667(75)90005-6
https://doi.org/10.1016/j.aeolia.2017.09.002
https://doi.org/10.1016/j.aeolia.2017.09.002
http://dx.doi.org/10.20884/1.dr.2011.7.1.42
http://dx.doi.org/10.20884/1.dr.2011.7.1.42
https://doi.org/10.1007/978-94-007-6644-0_87-1
https://doi.org/10.1007/978-94-007-6644-0_87-1
https://doi.org/10.1086/622910
https://doi.org/10.33332/jgsm.geologi.v15i4.57
https://doi.org/10.33332/jgsm.geologi.v15i4.57
http://doi.org/10.26480/pjg.02.2017.01.02
http://doi.org/10.26480/pjg.02.2017.01.02

