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Preface

To end the year 2021, we proudly present Vol. 36, No. 2 of the Bulletin of Marine Geology
(BoMG). Our honourable authors have kindly shared their knowledge, enriching further the
development of marine science in Indonesia. Starting with the successful story of the
rejuvenation of a mature oil field in the Asri Basin to increase oil production significantly
again, then moving to a lesson from the UK on building a database of metal resources in
Indonesia, and finally some topics regarding sedimentology for identifying paleotsunami
deposits, interpreting depositional environments using ichnofacies, and assessing
hydrodynamic processes between river and coastal areas based on grain size analysis.

With a variety of research scopes, we hope their results can be used as a driving force in

determining national policies in terms of energy, mineral resources, or even those related to
geohazard mitigation and society. Happy reading!

The Editorial Team of BoMG
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A SUCCESS CASE OF WIDURI AREA REJUVENATION, ASRI
BASIN, OFFSHORE SE SUMATRA BLOCK, INDONESIA

PEMUTAKHIRAN KONSEP PENGEMBANGAN AREA WIDURI,
CEKUNGAN ASRI, LEPASPANTAI BLOK TENGGARA SUMATRA,
INDONESIA

Dwandari Ralanarkol’z, Ildrem Syafriz, Abdurrokhimz, Andi Agus Nur?
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ABSTRACT : INTA/B Field is one of the most producing mature fields in Widuri Area, Asri Basin,
Offshore SE Sumatera, Indonesia, therefore it is subjected to rejuvenation to enhance hydrocarbon
production. INTA/B Field is distinguished from other fields from its featured anticlinal structures that have
the northeast-southwest trending. This structure is heavily faulted mainly in the up-thrown south side of a
major normal fault. Two structural configurations with various oil-water contact have successfully been
identified within the field. The most of oil reserves are preserved in the western lobe in which Intan-1 sands.
One of the most important reservoirs in this field is Talangakar (TAF) sand deposited as a meandering river
system that streamed from the northwest to the southeast within the basin. Two main reservoirs, Gita-34A
and Gita-34B are correlated throughout the field and interpreted as Miocene fluvio-channel sands. These
two channels are thickened moderately from southwest to northeast which has descriptions as follows: fine-
to-coarse grains, unconsolidated to friable, and low cementing materials.

INTA/B Field has been produced for 25 years and currently undergoing a watered-out phase. Therefore, an
integrated study is subjected to overcome this issue for mature field rejuvenation. The integrated study
ranged from geology (e.g., depositional environment and facies analysis), geophysics (e.g., revisiting and
reprocessing of seismic attributes), petrophysical calculation, and reservoir engineering (e.g., water
conformance plot and volumetric calculation).

This integrated study has successfully rejuvenated a mature field resulting and added a significant number in
oil production with an average of 300 BPOD/well. The extended project is estimated to have a similar result
to the forward pilot.

Keywords: mature field rejuvenation, integrated study, offshore SE Sumatra, water out phase

ABSTRAK: Lapangan INTA/B merupakan salah satu diantara lapangan tua yang masih produktif di Area
Widuri, Cekungan Asri, Lepas Pantai Tenggara Sumatra, Indonesia, yang tentunya memerlukan
peremajaan konsep pengembangan untuk terus memproduksi hidrokarbon. Lapangan INTA/B dapat
dipisahkan dari lapangan lainnya dari keberadaan struktur antiklin berarah Timurlaut - Tenggara. Struktur
ini terpatahkan sangat kuat terutama pada sisi naik bagian Selatan dari Sesar Normal utama. Dua
konfigurasi struktur dengan beberapa variasi kontak minyak dengan air sudah berhasil diidentifikasi di
lapangan ini. Cadangan minyak tersisa sebagian besar berada pada area Barat dimana lokasi
pengendapan Intan-1 terjadi.

Salah satu reservoir utama di lapangan ini adalah Batupasir Formasi Talangakar (TAF) yang diendapkan
sebagai sistem sungai bermeander yang mengalir dari arah baratlaut menuju bagian tenggara dari
cekungan. Dua reservoir utama, yaitu Gita-34A dan Gita-34B berkorelasi pada lapangan ini dan
diinterpretasikan sebagai fluvial-channel sands yang terendapkan kala Miosen. Kedua interval tersebut
menebal secara moderat dari baratdaya kearah timurlaut yang memiliki karakteristik fine - coarse grains,
unconsolidated - friable, dan low cementing materials.

Lapangan INTA/B sudah diproduksikan selama 25 tahun dan saat ini sudah memasuki fase watered-out.
Studi terintegrasi mutlak diperlukan untuk mengatasi permasalahan ini dengan peremajaan dan
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pemutakhiran lapangan tua. Studi ini melingkupi aspek geologi (lingkungan pengendapan dan analisis
fasies), geofisika (semisal memproses ulang atribut seismic), perhitungan petrofisika, dan reservoir
engineering (semisal water conformance plot dan perhitungan volumetrik)

Studi terintegrasi ini telah berhasil meremajakan dan memutakhirkan konsep pengembangan lapangan tua.
Kelanjutan dari proyek ini tentunya perlu terus dilakukan dan diharapkan dapat juga memberikan hasil
yang signifikan.

Kata Kunci: peremajaan lapangan tua, studi terintegrasi, lepas pantai Tenggara Sumatra, watered out
phase
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INTRODUCTION

Southeast Sumatra production sharing contract is
located in Offshore Sumatra, operated by Pertamina Hulu
Energi OSES. Three basins of Sunda, Asri, and Hera lie in
an area of 11,046 sq. km of concession. Asri Basin was
once thought to have low maturity of source rocks resulted
in a low interest to be explored, during the early stage,
from 1983 to 1987 (Wight et. al., 1997). Approximately
9.7 km north of WIDA platform, INTA/B Field lies
between VITA and NEIA field. The discovery well Intan-

from Paleocene to Pleistocene up to 16,000 ft thickness. It
is bordered by a downthrown to the west, N-S trending
faults to the East, and an NW-SE trending wrench system
to the south (Ralanarko et. al., 2020).

Three major tectonics are recognized: pre-rift, syn-
rift, post-rift, which affected the structural style and
depositional systems in the Asri Basin (Ralanarko et. al.,
2020). The basin acknowledged oil fields have a
stratigraphic aspect that is influenced by moderate intra-
basinal faulting and folding. Structural control on major

ASRI BASIN STRATIGRAPHY
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Figure 1.  Asri Basin Regional Stratigraphy (modified after Sukanto, 1998)

01 was drilled in 1987, up to 42 ft and 34.5 ft net oil pay
from two sandstone units (namely Gita-34A and Gita-34B
sand) from Early Miocene TAF. Oil-bearing sands in the
Intan-1 well are stratigraphically similar to Gita-34
interval sandstone in surrounding structures, according to
a correlation with the INDA and WIDA fields, which is
well-defined by 3D seismic mapping. This extensive study
in developing this reservoir type suggests no further
delineation wells are necessary.

Asri Basin Regional Context

A Cenozoic extensional back-arc and half-graben rift
of Asri Basin (Young and Atkinson, 1993) is situated in
Offshore Sumatra, Indonesia, and covers an area of
approximately 3500 sq. km. It comprises thick sediment

axial drainage systems would exert tremendous influence
on sand supply to any particular basin at any given time.
Basin integration and its control on axial fluvial systems
play an important role to fluvial deposition during basin
evolution and fill.

The Lower Zelda and Upper Gita Members are the
main components of the Oligocene TAF (Armon et. al.,
1995). In INTA/B Field, the Gita-33 series sand comprises
the top sequence of Gita Member. One of those series is the
Gita-33A sand consisting of sinuous meandering fluvial
channel sandstones with northwest-southeast trending
(Ralanarko et. al., 2020). A fault with a throw of around
150 ft in the northwest juxtaposes sand against shale. It
was collected in the same channel system as VITA field
Gita-33 sand during a similar time.

Bulletin of the Marine Geology 59
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METHODS

Earlier in 2015, review and analyses were conducted
on all producer wells in the Asri Basin. After data
gathered, it can be seen that watered out-wells potency
from production well test before watered out reached
about 1800 BPOD from 17 wells, where four wells of them

are from INTA/B Field. This study covers various subjects
including completion history and well perforation,
production performance plot of the well, well-cased hole
logging, seismic attribute analysis, a structural cross-
section with offset well, facies distribution map,
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production surveillance, and current recovery factor, and
risk analysis.

One of the wells which successfully reactivated is
INTB-X drilled in June 1995, encountered 21 ft net pay of
Gita-35A sand, 52 ft net pay of Gita-34A sand, and 9.5 ft
netay of Gita-33A sand (Figure 2).

INTB-X was completed in June 1995 in Gita-35A
sand with interval perforation 7344’ — 7370’ MD using
production casing 9-5/8” production casing (Figure 3).
The initial pressure of this well from Gita-35A sand is

Figure 4. RMS Amplitude of Gita-34

1336 psi meanwhile initial production is 1200 BPOD. Due
to production decline, the Gita-35A sand was closed in
December 1995 using a seal locator. INTB-X continues to
produce from Gita-34A sand, with interval perforation
7056°—7116° MD.

A seismic attribute used to observe Gita-34 series
sand continuity in the INTA/B field is a root mean square
(RMS) amplitude (Figure 4), one of the most common and
powerful statistical measures of the magnitude of variation
over a dataset. In particular, the RMS is constructive if
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positive and negative values such as sinusoids and seismic
tracks are crossed. As a result, the RMS attribute
emphasizes acoustic impedance variations over a given
sample interval (Epgeology Website, 2015). This
attribute's amplitude ranges from 0 to 1500000.

RESULTS

Intan - Widuri platform area forms the western flank
of the Asri Basin which is cut by several series of NE-SW
trending faults. This area became the focus of exploration
after the Intan and Widuri discoveries in 1987 and 1988
(Young et. al., 1991). The structure on this platform is
generally a three-way dip closure bounded by down-to
basin-margin series of en-echelon faults i.e., Intan closure,
and a four-way dip closure as seen in the Widuri (Widuri is
3 way — fault bounded to NW) and Indri closure (Young et.
al., 1995).

The only productive area found to date in the Asri
Basin is the Intan and Widuri platform on the NW flank of
the basin (Primadani ez. al, 2018). All oilfields are
currently producing from the syn-rift sandstones (Zelda
Member) and early sag sandstones (Gita Member)

reservoirs. The trapping mechanism in these fields is a
large three-way dip-faulted closure (Intan and NE Intan)
and four-way dip closures (Indri) except for the Widuri oil
accumulation, which is a combination structural-
stratigraphic trap (Ralanarko ez. al., 2020).

Reservoir distributions and properties in the Gita-34
sands has not been optimally defined and determined in
previous field development campaigns. The Gita-34A and
Gita-34B updated facies distribution maps are established
using the RMS amplitude, combined with log and core
data (Figure 5). The depositional environment of this Gita-
34 series sand is interpreted as a meandering river system
deposit, where some areas are associated with a crevasse
splay deposit.

Structurally, the Gita-34A sand in INTB-X is 40 ft
higher than INTA-S (248 m from INTB-X) and 55 ft
higher INTB-E (397 m from INTB-X) (Figure 6).

DISCUSSION

The Initial production of the Gita-34A sand in INTB-
X is 2873 BOPD, 4719 BFPD, 39% water cut with initial
pressure 1357 psi. On June 7, 2004, INTB-X was watered
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out (Figure 7). INTB-X cumulative production as of June
2004 is 811 MBO. In early 2015, INTA-S still produces
107 BPOD, 7667 BFPD with 98.6% water cut. INTB-E,
another offset well of INTB-X, produces 101 BPOD,
20235 BFPD, and 99.5% water cut.

INTB-X reactivation is also analysed using MMRA
development well chance success. Source components
(quantity, quality, and maturation) have already been
proven as the well has been already drilled and produced.
Various factors including timing/ migration components
(e.g., timing of the closure, timing of expulsion, and
effective migration pathway), reservoir components (e.g.,
the reservoir presence, quality, and performance), and
closure components (e.g., map reliability, presence, and

CONCLUSIONS

Among the many challenges of managing a mature
oil field is the need to obtain as accurate as possible an
understanding of its remaining recovery potential. Greater
accuracy in assessing characteristics that influence
recovery—geologic changes, rate of saturation, water cut;
will enabling subsurface teams to make better decisions
regarding mature field production optimization. With the
right methods that take advantage of the wealth of
reservoir data, geoscientists and reservoir engineers can
more easily determine when, where, and how to improve
well performance.

Mature fields have the inherent benefit of a long
history of geologic and operational data, complemented by

Table 1. INTB-X Reactivation Chance Success

DEVELOPMENT WELL(S) Chance Success Ratings (0.01-1.00)
SOURCE COMPONENTS Confidence of P39 Reserves: 118.13 MBO
Quantity/Volume (include Monetizable Product) 1.00
Quality/Richness 1.00
Maturation 1.00
MINIMUM FACTOR| 1.00
TIMING/ MIGRATION COMPONENTS Confidence of P99 Reserves: 118.13 MBO
Timing of Closure / Trap 1.00
Timing of Expulsion 1.00
Effective Migration Pathway 1.00
0
MINIMUM FACTOR| 1.00
RESERVOIR coMPONENTs Confidence of P99 Reserves: 118.13 MBO
Presence 1.00
Quality 1.00
Reservoir Performance 1.00
MINIMUM FACTOR 1.00
CLOSURE COMPONENTS Confidence of P99 Reserves: 118.13 MBO
Map Reliability & Control 1.00
Presence 1.00
Data Quality 1.00
MINIMUM FACTOR| 1.00
CONTAINMENT COMPONENTS Confidence of P99 Reserves: 118.13 MBO
Top / Base Seal Effectiveness 1.00
Lateral Seal Effectiveness 1.00
Preservation from Spillage or Depletion 0.90
Preservation from Degradation 0.90
MINIMUM FACTOR| 0.90
DEVELOPMENT WELL(S) Chance Success 0.90
|

data quality) have similarity with the source components.
The risk for Intan B-X reactivation will be preservation
from spillage, depletion, and degradation (Table 1).

The integrated analysis has successfully reactivated
the INTB-X well in February 2020, after considering its
resource availability. The initial production of INTB-X
after reactivation is 345 BPOD, 23021 BFPD, 98.5 water
cut. After reactivation, INTB-X still has productivity
index (PI) 634 BFPD/ psi. This PI indicates an excellent
performance of the Gita-34A sand. The liquid rate of
INTB-X has also been stable. This successful project later
triggering rejuvenation concept opener for similar case
studies in other mature oil fields in Widuri Area, Asri
Basin, and Offshore SE Sumatra Block.

even larger volumes of recent surveillance data made
available through increased oilfield instrumentation.
When these data (seismic, cores, geology analyses,
reservoir simulations, completion plans, production data,
tracers, and well stimulations) are integrated, visualized,
and analysed subsurface teams could be more accurately
determine how much ultimate recovery potential has
already been achieved and how much remains.

Further analysis can help determine the appropriate
mature field optimization methods. The ability to identify
and evaluate bypassed hydrocarbons and monitor fluid
movement is vital in improving recovery in mature fields.
Fortunately, the volume and details of reservoir data
acquired in recent years can make it easier to identify
bypassed pay. Time-lapse seismic surveys, reservoir fluid
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saturations, tracer data, and updated geocellular models
can reveal previously undetected promising zones.
Utilizing data that changes over time can see the extent and
effectiveness of previous steam injections, as well as
uncover zones that have not been swept and drained by
current production wells.

Risk analysis and resource arrangement play a
crucial role before reactivation execution. The probability
of success is an important input parameter during the
economic evaluation and profitability studies of mapped
prospects. It is also an important tool in exploration and
development strategy, especially when assessing the
ranking of prospects and/or well candidates, i.e. which of a
portfolio is most favourable with respect to the predicted
volume of oil or gas, its chance of success and economic
value.
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ABSTRACT: The ocean is a source of mega-biodiversity that is supposed to perform optimally for current
and future generations. The health of the ocean must be evaluated by measuring heavy metals in sediment
because they can be accumulated and stored in long term. This metal can be released and absorbed by an
organism, and affect the ecological risk and human health. The purpose of this article is to share viewpoints
and those in a comparative study in terms of the metal database of both countries, the UK and Indonesia. The
methodology used in this paper is critical review and analysis to compare a success story about compiling
metal data into a national database in the United Kingdom (UK). Indonesia already has an open public access
database issued by the Ministry of Environment and Forestry. The further step is to strengthen collaboration
between research institutes, universities, and government to assign a Standard Operational Procedure (SOP)
to collect, analyze and report the data to a national depository. This database will be worthwhile to describe
the pollution status in Indonesia and basic data for best practice decisions.

Keywords: database, Indonesia, metal, United Kingdom

ABSTRAK: Laut adalah sumber dari megabiodiversitas yang mendukung kehidupan saat ini dan generasi
mendatang secara optimal. Kesehatan laut harus dievalusi dengan mengukur kadar logam berat dalam
sedimen karena logam berat dapat terakumulasi dan tersimpan dalam sedimen dalam waktu yang lama.
Logam dapat terlepas kembali dan terserap oleh organisme yang mempengaruhi risiko ekologis dan
kesehatan manusia. Tujuan penulisan artikel ini untuk memberikan sudut pandang dalam bentuk studi
komparasi database logam di dua negara yaitu Inggris dan Indonesia. Metode yang digunakan adalah
telaah kritis dan analisis membandingkan kisah sukses dalam menyusun data logam menjadi database
nasional. Indonesia sudah memiliki basis data publik yang dikelola Kementerian Lingkungan Hidup dan
Kehutanan. Langkah selanjutnya adalah memperkuat kolaborasi antara Lembaga riset, universitas dan
pemerintah untuk menyusun protokol standar terkait pengambilan, analisis dan laporan data logam ke
dalam depositori nasional. Database ini akan sangat bermanfaat untuk menentukan status polusi di
Indonesia dan data dasar untuk pengambilan berbagai keputusan lingkungan.

Kata Kunci: basis data, Indonesia, logam, Inggris
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INTRODUCTION

Marine and coastal ecosystem is easily threatened by
a contaminant that can reduce biodiversity, ecological and
economic value, food security, affect livelihood, and also
impacts human health (Ouali et al., 2018). The world's
attention is focused on the ocean because of part of
Sustainable Development Goals (SDGs) that target
responsible consumption and production (SDG 12) and
life below water (SDG 14) (United Nation, 2015). The
ocean is also the main actor in the blue economy concept
that a healthy ocean can support the food security and
sustainability of fisheries (Vayer et al., 2020; Choudhary
etal.,2021).

Indonesia is an archipelago with the world's fourth-
longest coastline at 95,181 kilometers. As a result,
Indonesia's coastline geomorphological traits are diverse
and unique, particularly in northern Java (Bott et al,
(2021). Most of big cities in Indonesia located in coastal
area and their topography is lowland deltas and high
population city, which contribute to the high input land-
based material to the ocean. Indonesia is predicted to
receive a demographic bonus of 8% from 2020 to 2035
(Adyasari et al., 2021) resulting from the consequences of
a decrease in environmental quality due to the influence of
human activities such as increased sedimentation and
contaminants from the mainland (Serrano et al., 2020).
Ones of the chemicals discovered poses a risk to the ocean
is heavy metal. Heavy metal is a toxic metal that can be
sourced from natural or anthropogenic activities e. g.
industrial and agricultural and provide a significant
environmental and health risk to living organisms,
particularly in aquatic environments (Khemis et al., 2017).
Heavy metals are susceptible to being trapped by
suspended particulate matter when they enter the water
column then absorbed and deposited in the sediments
(Zhang et al., 2021, Zhai et al., 2020). The ability of
sediment to accumulate trace metal is well known, so they
act the role as a carrier to an aquatic organism (Belabed et
al., 2017; Franco-Fuentes et al., 2021, Ouali et al., 2018).
Sediment-bounded heavy metals may be released again if
there is a change of environment (Zhang et al., 2018; Liu et
al., 2021). As a result, determining the level of heavy
metal contamination in sediments is a critical point for
ecological risk assessment and human risk assessment.

Maritime policies must be used to guarantee that
human activities and a healthy ecosystem are harmonious.
The use of contamination levels in abiotic environmental
compartments, such as water and sediments, to monitor
the water quality of marine ecosystems may aid in
identifying the principal sources of pollution (la Colla et
al., 2021). However, because metals in sediments have
been increasing in recent years, water quality requirements
are insufficient to preserve aquatic ecosystems. In
Indonesia, (Adyasari et al., 2021) reported that the
accumulation of heavy metals, organic pollutants, and
other contaminants in sediments has increased in the last
20 years. Beside environmental database optimization,
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Adyasari et al. (2021) also recommend the requirement of
Indonesia for plastics/microplastics, heavy metals, and
organic contaminants regulation, due to they are found in
higher concentrations in sediments than in water. Hereby,
this review will reinforce the urgency to optimize the
national database in Indonesia for further management
coastal environment. The purposes of this article are to
share viewpoints and those in a comparative study in terms
of the metal database of both countries, the UK and
Indonesia. The geology of the United Kingdom and
Indonesia is the result of plate tectonic processes over a
long period of time. Changing latitude and sea levels have
influenced the nature of sedimentary sequences in both of
countries. UK is chosen as a role model in this article
because of their awareness and initiative to make a metal
database for three decades. This is not a simple thing but
no difficult to do if there are tight collaboration with the
government and research institute.

METHODS

The methodology used in this paper is critical review
and critical analysis to compare a success story about
compiling metal data into a national database in the UK
and Indonesia. A reputable and supportable journal was
used for the literature review and be focused on Richir et
al. (2021) as a main journal. UK has a database containing
coastal and marine monitoring data that store in two
databases: a) the Environment Agency (EA) and b) the
MERMAN database managed by the British
Oceanographic Data Centre (BODC) under the Clean Safe
Seas Environmental Monitoring Programme (CSEMP)
(CEFAS, 2012). This database consists of nine metals (As,
Cd, Cr, Cu, Fe, Pb, Hg, Ni, and Zn) in a lot of sites during
three decades.

RESULTS

Success Story of UK

Based on these databases, the UK can perform data
mining for their data. For example, the background
concentration for uncontaminated sediment could be
determine based on their long period data and calculate the
sediment quality index (Richir et al., 2021). The following
are the example analysis based on the existing database.
The EA-MERMAN databases were created by overlaying
two data sets (EA and MERMAN), resulting in 45,962
data points (334 sites) for 29 chemicals during a 31-years
(1983-2013). The nine metals (As, Cd, Cr, Cu, Fe, Pb, Hg,
Ni and Zn) that are most often monitored were chosen
(about 87 percent of all data) derived from coastal and
open sea sites. The protocol of sediment samples collected
by EA and MERMAN must be clear and follow the
guidelines provided by CEFAS (2012). The total number
of sites monitored achieved 796 sites for As, 1.210 sites for
Cd, 1.070 sites for Cu, 1.073 for Zn during three decades.

From this database, UK can conduct data mining to
assess their environment based on historical data. Further,
the UK determined the natural background concentration



based on the 20" percentile value of historical data. If
there is lack of historical data, non-contaminated data,
sedimentary rock abundance, and crustal composition are
required. The Geoaccumulation Index (Igeo) and
Contamination factor (CF) as the sediment quality index
were also calculated. Igeo is assessment of the pollution
levels in sediment of individual heavy metal wheter CF is
evaluation of sediment quality to describe toxic substance
(Kowalska et al., 2018). Based on two parameters, the
Nemerov Pollution Index (PI) (Richir et al., 2021;
Ciarkowska, 2018) is used to classify sediment quality
from unpolluted or excellent (PI < 0.7); clean (PI=0.7-1);
slight pollution (PI=1-2); moderate pollution (PI=2-3) and

All sites together

of its territory and more than 81,000 kilometers of
coastlines (Adyasari et al., 2021). As a result of this
phenomenon, Indonesia now possesses high biodiversity
and is unique as a tropical coastal and marine habitat in the
world. Unfortunately, the quality of Indonesian coastal
water has been steadily degrading, especially in the
densely populated coastal cities of Java. The heavy metal
concentrations in Jakarta Bay are up to three times greater
than in Bangkok (for sediment) and Manila (for seawater)
when compared to other nations with similar
environments (Adyasari et al., 2021; Velasques et al.,
2002). The trend of Cu and Pb in Jakarta Bay, have
increased 40 and 30 times between 1983 and 2014,

As (796) Cd (1,210) Cr(sad) (842) Cr (td)(201) Cu (1,070) Fe (sad)(676) Fe (td)(198) Pb (1,064) Hg(1,126) Ni(1,066) Zn (1,073)

Pollution Level lgeo  Colour scale CF

Unpolluted 0 <1.5 53.9 14.6 43.9
Unpolluted - moderate pollution 0-1 1.5-3 279 18.0 49.2
Moderate pollution 1-2 3-6 6.8 22,6 6.9
Moderate - strong pollution 2-3 6-12 5.9 25.0 0
Strong pollution 34 12-24 2.8 144 0
Strong - very strong pollution 4-5 24-48 0.8 2.9 0
Very strong pollution >5 >48 2.0 2.5 0

76.1 28.7 58.9 823 36.2 25.7 38.5 33.6
204 25.8 39.6 17.7 344 15.0 513 39.1
35 226 13 0 20.8 23.0 9.3 19.2
0 1.6 0.1 0 6.8 235 0.9 5.1
0 6.4 0 0 1.7 9.9 0 13
o 31 0 0 0.2 19 0 0.9
0 1.9 0 0 0 1.1 0 0.7

Coastal sites

-

Pollution Level leo  Colourscale Cl

As (706) Cd (1,121) Cr(sad) (842) Cr(td)(112) Cu(980) Fe(sad)(676) Fe(td)(112) Pb(974) Hg(1,037) Ni(976) 2Zn(981)

Unpolluted 0 <15 523 12,6 439 65.2 285 58.9 74.1 36.0 21.2 411 338
Unpolluted - moderate pollution 0-1 1.5-3 27.8 17.0 49.2 28.6 23.0 39.6 25.9 32.2 14.7 48.2 36.8
Moderate pollution 1-2 3-6 71 22.3 6.9 6.2 24.0 13 0 225 24.9 9.7 20.6
Moderate - strong pollution 23 6-12 6.7 26.8 0 0 124 0.1 0 73 254 1.0 5.5
Strong pollution 3-4 12-24 3.1 15.5 0 0 6.7 0 0 1.7 10.7 0 14
Strong - very strong pollution 4-5 24-48 0.8 3.1 0 0 34 0 0 0.2 2.0 0 10
Very strong pollution >5 >48 2.3 27 0 0 2.0 0 0 0 1.2 0 0.8
Open sea sites

Pollution Level lo Colourscale CF  As(90) Cd(89) Cr(sad)(0) Cr(td)(89) Cu(90) Fe(sad)(0) Fe(td)(86) Pb(90) Hg(s9)  Ni(%0) zn(92)
Unpolluted 0 <15 66.7 404 89.9 311 - 93 378 77.5 10 304
Unpolluted - moderate pollution 0-1 1.5-3 28.9 30.3 10.1 56.7 7 57.8 19.1 85.6 64.1
Moderate pollution 1-2 3-6 44 25.8 0 7.8 0 22 11 44 43
Moderate - strong pollution 2-3 6-12 0 34 0 2.2 0 11 2.2 0 11
Strong pollution 34 12-24 0 0 0 22 0 11 0 0 0
Strong - very strong pollution 4-5 24-48 0 0 0 0 0 0 0 0 0
Very strong pollution >5 >48 0 0 0 0 0 0 0 0 0

Igeo = Geoaccumulation Index.
CF = Contamination Factor.

Number in brackets = number of sites monitored, on a yearly basis, over the 31-year time series.

Figure 1. An example the data mining of EA MERMAN database in UK.

heavy pollution (PI> 3). Pollution indices can be used as a
tool and guide for determining the state of the soil
environment using a comprehensive geochemical
investigation (Kowalska et al., 2018). Mining sediment
contamination databases from national public sources is a
valuable tool for assessing the trend of contamination at
challenging scales. Managers will be able to link
ecosystem management techniques with multiple
contamination levels that have large cumulative effects if
coastal observatory networks are combined. Another
country also assigns a national database for example
Scotland has Marine Scotland Data and Denmark
development International Council for the Exploration of
the Sea (ICES) database.

Metal Contamination in Coastal Environment of
Indonesia

Indonesia is an island nation located between the
Pacific and Indian Oceans, with water covering 78 percent

respectively (Koropitan & Cordova, 2007). The most
significant source of coastal water pollution in Indonesia is
excess nutrients, organic compounds, and heavy metals
from home wastewater, industry, mining, agriculture,
aquaculture, and solid waste (Asian Development Bank,
2016). Based on Adyasari et al. (2021), nutrient pollution
is the most pressing issue in Indonesia followed by heavy
metals and organic pollutants during 1986 and 2021. As a
result, the quality of Indonesia's coastal water is poor, and
prompt action is required, such as restrictions for plastic
debris, heavy metals, and organic contaminants, which are
typically found in larger concentrations in sediments than
in the water. The mining areas of Sulawesi, Papua, Buru
Island (Maluku), and Sumbawa (Nusa Tenggara) are the
source of pollution in Indonesia (Budianta, 2021). The
hotspot area is Buyat Bay, Sulawesi that indicated the
mercury level is 7 mg/kg in sediment and exceeds the
safety limit of 2 mg/kg from WHO. The other possible
source of metal pollution in the mining region is derived
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from natural factors such as volcanoes (Franco-Fuentes ef
al., 2021; Syakti et al., 2015), variability of the season
(Siregar et al. 2016, Zhang et al., 2021), and interaction
between contaminant (Purwiyanto et al., 2020),
anthropogenic from marine or terrestrial source such as
shipping activities, industry, wastewater discharge (Suteja
et al., 2020; Amin et al., 2009; Sindern et al., 2016).

DISCUSSION

The Proposed of National Database in Indonesia

The literature study using was conducted by
searching for keywords “Indonesia”, “metal, “sediment”
in “abstract, keywords and title” from Scopus database and
Googlescholar. The most reported of heavy metal in
keywords in Scopus Database is Pb (33 articles), Cu (32
articles), Zn (23 articles), Cd and Cr (19 articles), Fe (18
articles), Hg (14 articles) and Ni (11). From the 193 papers
identified in the initial search results, limitation on
journals published in the last 10 years (2011-2021)
generated 145 articles, which were then subjected to a
content analysis to determine the topic's eligibility. Data
from Google Scholar related to non-essential metal is
appended in Table 1 to resume research has been done in
Indonesia and useful as a baseline data. Anthropogenic
metal accumulation in sediments of Jakarta Bay (Zn, Cu,
and Pb) began in the 1920s and intensified significantly
from the 1970s until the end of the 1990s. Zn and Pb
accumulation rates near the coastal industrialized area
were consistent or decreased from the end of the 1990s to
2006 (Hosono et al.,2011). Harmesa et al. (2021) reported
that the Cd concentration in Dasun estuary, Rembang was
relatively high, and the source was presumed to be waste
from the batik industry. Pb concentration ranged from 7.6
to 15.40 mg kg_1 dw in shrimp aquaculture in Central Java
and showed moderate contamination, according to the
ecological risk (geoaccumulation index (Igeo),
contamination factor (CF), pollution load index (PLI), and
potential ecological risk index (PERI)) determined in the
sediments (Hidayati et al, 2020). The average Cd
compositions ranged from 0.13 to 0.89 mg/kg, while the
average Cr compositions ranged from 0.09 to 96.0 mg/kg,
according to the studies. Furthermore, average Cu
compositions ranged from 3.00 to 148 mg/kg, whereas
average Ni compositions varied from 1.00 to 37.4 mg/kg.
Furthermore, Pb compositions ranged from 1.00 to 111
mg/kg on average. Finally, Zn compositions ranged from
4.00 to 595 mg/kg on average. The average highest metal
of Ni was found in East Asia, whereas the highest metals
of Cd, Cr, Cu, Pb, and Zn were found in Southeast Asian
countries, according to the study's metal distribution areas
(Fang et al., 2011). Cordova et al. (2016) reported that the
concentration of Pb, Hg and Cd in Jakarta Bay sediments
reached 21,77; 0,36 and 0,19 mg/kg, respectively. The
study of metal levels in sediments is not as extensive as
that of metal levels in water. Metal levels in water are
positively correlated with metal levels in sediments
(Franco-fuentes et al., 2021), so if it follows a pattern of
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heavy metal study trends in water that are high in hotspot
areas due to industrial and mining, the study should be
concentrated several locations.

As operational suggestion, it recommended to focus
on heavy metal such as cadmium, copper, mercury, and
chromium because of nonessential metal. Non-essential
metals (e.g., Cd, Cr, Pb, Hg) play an unknown role in the
biological system, are toxic, persistent, and tend to
accumulate in organisms (Fatima et al., 2020). The first
step to initiate the preparation of sediment quality
standards is the collection of baseline data on metal
contamination sediments (Table 1). As we know that
Indonesia is an archipelago with diverse characteristic, we
recommended for initial project, the location can be
concentrated on coastal area because this region is
economically important and highly dense population
especially Jakarta and Semarang. For specific sites with
high risk i.e mining and aquaculture also get high priority.
Heavy-mining sites in Buyat Bay (Sulawesi), Buru islands
(Maluku), Aijkwa estuary (Papua), and Sumbawa (Nusa
Tenggara) are the focus of study on coastal heavy metal
pollution in Indonesia (Adyasari et al., 2021).

A national database is urgently needed for collecting
data related to contamination in Indonesia. The fact that
Indonesia has various coastal characterization will be a
consequence of the dynamic data will be very diverse
(Tussadiah et al., 2021). The form of data not only primary
data like concentration of metal in water, sediment, and
organism but also the water quality like pH, DO, salinity,
TSS, temperature. Further analysis of these data will be
useful for monitoring, direction for the policymaker, a
comprehensive study for students, and for compiling water
and sediment quality standard. Principally, Indonesia has
a competency to compile a national database because of
the method, equipment like Atomic Absorption
Spectrophotometer (AAS), Inductively Coupled Plasma
Mass Spectrometry (ICP-MS), Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES) and
human resources are available. The challenge comes from
the availability of accredited personnel and laboratory to
make sure the data is accurate and valid, and the
availability of Certified Reference Material (CRM) for
quality of assurance and quality of control. This project
needs collaboration between research institutes,
universities, local government, and national government
as a leader. Standard Operational Procedures (SOP) must
be arranged to make sure the data is reliable and accurate
as a depository database.

Based on current trends in big data storing and
archiving worldwide, we recommend optimizing the
environmental database. Indonesia already has an open
public access database contain environmental data (water,
air, waste) issued by the Ministry of Environment and
Forestry (https://dataalam.menlhk.go.id/). It is a good
initiative to make open public data source. This database
has the potential to facilitate and expedite future



Table 1. Baseline data of metal contamination in sediment.

Location Cd Pb Hg Cr References
Kahayan estuary 69.87 46.87 7.41 - Siregar & Murtini, (2008)
(2005)
Barito Estuary (2005) | 73.9 90.94 2146 | - Siregar & Murtini, (2008)
Perairan Ngemboh, 0.46 1.71 - - Eshmat et al. (2014)
Gresik, East Java
Jakarta Bay (2010) 0.012- - - 45.32- Permanawati et al., (2013)
0.75 139.18
Teluk Jakarta 0.312- 12.49- 0,774- | - Barokah et al. (2019)
0.425 23.60 0.855
Teluk Jakarta - - 0,009- | - Murtini & Ariyani, 2005
0,38
Semarang (2010) 0.09 13.69 - - Rositasari & Lestari, (2013)
Semarang (2016) 0.24 8.16 - - Rositasari & Puspitasari,
(2021)
Estuary Jakarta 0.28 28.8 0.47 - Cordova et al. (2016)
(2015)
Semarang - 25.6 - Widianarko et al. (2000)
Wonorejo estuary, - 4.22 - 70.8 Titah et al. (2020); Lutfthansa
East Java etal. (2021)
Dasun estuary, 0.21 5.36 - 3.39 Harmesa & Cordova, (2021)
Rembang
Benoa Bay - - - 1-24.6 Suteja et al. (2020)
Trimulyo, Semarang | - - - 20.4-45.8 | Nuraini ef al. (2017)
Segara anakan - - - 17-73 Syakti et al. (2015)
Dumai 0.88 32.43 - - Amin et al. (2009)
Buru islands (2011) - - >3 - Male et al. (2013)
Buru islands (2013) - - 8.05- | - Reichelt-Brushett et al.
82.39 (2017)
Ratatotok, North - - 40 - Limbong et al. (2005)
Sulawesi

ecological investigations by providing easy access to
already investigated.

CONCLUSIONS

From a case study in the UK, it is important to
prepare a database of metals in sediment in Indonesia as
national basis data. The database contains a history of
baseline information of metals and helps the manager to
choose best practices based on an environmental
framework. As an initial step, it is recommended to
explore the Java Sea especially Jakarta and Semarang, and
several hotspots of mining because of the high risk of
heavy metal contamination for collecting the database.
This would facilitate the monitoring and utilization of data
for various purposes. A government agency, the Ministry
of Environment and Forestry, and National Research and
Innovation Agency (NRIA) should take a lead that can

coordinate the database update mechanism to other
sectors.
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ABSTRACT : Identifying and determining paleotsunami deposits can be a vital tool for establishing the
periodicity of earthquakes and their associated tsunami events beyond historical records. However, their
deposits can be difficult to establish and to date. In this study, we used the characteristics of the 2006
Pangandaran tsunami deposit as a reference to identify paleotsunami deposits in Karapyak Beach,
Pangandaran area, West Java, Indonesia. Similar to the 2006 Pangandaran tsunami deposit, the Karapyak
Beach paleotsunami deposit is characterized by light brown loose sand materials overlying a dark brown
paleosol layer with erosional contact. A thin layer of tsunami deposit, although varies in thickness, is locally
found just above erosional contact. The deposit reveals non-laminated coarse grain size in the lower part that
gradually changes into medium to fine sand in the upper part. The base of this lower part is rich with broken
mollusc shells and corals. The mid to top of the lower part may contain several still-intact mollusc shells and
corals, rock fragments, and anthropogenic products (roof tiles). Those types of fragments are absent in the
upper part of this thin tsunami deposit. Grain size analysis shows a mixture of fine and coarse grains in the
lower part of the 2006 tsunami deposits, as well as in the suspected paleotsunami deposits, suggesting an
uprush of high energy flow during the sedimentation. The fining upward sequence above the mixed grain
layers reflects a waning flow in pre-backwash deposition. Foraminifera analysis also shows a mixture of
shallow and deep marine foraminifera in both recent tsunami and paleotsunami deposits. Based on the
characteristics of the 2006 tsunami deposits, there are at least four paleotsunami deposits identified in
Karapyak Beach, Pangandaran area.

Keywords: tsunami; paleotsunami; deposit; Pangandaran; Indonesia

ABSTRAK: Identifikasi dan determinasi endapan paleotsunami merupakan hal yang penting dalam usaha
untuk menetapkan periode gempa bumi (earthquake periodicity) yang menyebabkan tsunami-tsunami di
luar catatan sejarah. Namun endapan paleotsunami ini masih sulit dipastikan dan diketahui kapan
terbentuknya. Dalam penelitian ini, kami menggunakan ciri-ciri endapan tsunami Pangandaran 2006
sebagai standar untuk mengidentifikasi endapan-endapan paleotsunami di Pantai Karapyak,
Pangandaran, Jawa Barat, Indonesia. Seperti halnya pada endapan tsunami 2006, endapan paleotsunami
memiliki karakteristik berupa pasir lepas-lepas berwarna coklat terang yang posisinya berada di atas
lapisan paleosol berwarna coklat gelap dengan kontak erosional. Lapisan tipis endapan tsunami dengan
ketebalan yang bervariasi dijumpai di atas kontak erosional. Bagian bawahnya berbutir kasar dan tidak
berlapis, dan semakin ke atas berubah secara gradasi menjadi berbutir sedang sampai halus. Dasar dari
lapisan bagian bawah ini kaya akan pecahan cangkang moluska dan pecahan koral, dan semakin ke bagian
tengah lapisan dijumpai fragmen moluska yang utuh dan koral, fragmen batuan dan bahan antropogenik
(pecahan genteng). Fragmen-fragmen ini tidak ditemukan lagi pada bagian atas lapisan endapan tsunami.
Hasil analisis ukuran butir menunjukkan adanya indikasi percampuran butir halus dan kasar pada bagian
bawah endapan tsunami dan paleotsunami. Hal ini mengindikasikan adanya pengaruh arus berenergi
relatif kuat selama pengendapannya. Klastik yang semakin menghalus pada bagian atas endapan tsunami/
paleotsunami merefleksikan melemahnya arus selama pengendapan pre-backwash. Analisis foraminifera
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Jjuga menunjukkan adanya percampuran antara foraminifera laut dangkal dan laut dalam, baik pada

endapan tsunami 2006 maupun endapan paleotsunami. Berdasarkan asosiasi ciri-ciri endapan tsunami
2006 ini, paling tidak dapat dikenali empat endapan paleotsunami di Pantai Karapyak, daerah
Pangandaran.

Kata kunci: tsunami; paleotsunami; endapan; Pangandaran; Indonesia
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INTRODUCTION

Earthquakes and their resulting tsunamis have had a
devastating effect on the Indonesian Pangandaran
coastline, killing 650 people, displacing hundreds of
people, and costing more than US$5 million in the
destruction of infrastructure (Ambarjaya, 2006). What is
needed is a better understanding of the pattern of tsunami
events to predict more accurately these devastating events
(Rhodes et al., 2006; Prendergast et al., 2012). The timing
of earthquakes and their associated tsunami events can be
established by constraining paleotsunami deposits (De
Martini et al., 2012; Jackson, 2008; Levholt et al., 2012;
Nentwig et al., 2018; Aswan et al., 2017; Rizal et al.,
2019). The resulting chronologies can be used to establish
the periodicity in which these earthquakes and subsequent
tsunami events occur. However, paleotsunami deposits
must first be identified. Generally, their characteristics are
relatively loose unconsolidated sediments with a light-
colored carbonate layer of sand overlying a darker-colored
paleosol layer or remnant former soil (Yawsangrat et al.,
2012; Rhodes et al., 2006; Aswan et al., 2017). The
overlying layer contains light-colored molluscs, corals and
organic materials, deposited from beach and shallow
marine environments. Paleotsunami deposits are also
characterized by fining-upward sequences with more
variable fragments at the bottom parts which are due to
high energy transportation capacity by a non-gravitational
mass flow (Naruse et al.,, 2012; Cuven et al., 2013;
Schicchitano et al. 2010 and Hawkes et al. 2007).
Occasionally, parallel laminations occur only if there is
lower velocity deposition during the backwash process.

Tsunami deposits formed by high energy
depositional current will show a mixed environment from
which the sediments pass through

parameters comprise characteristics of the outcrops, grain
size analysis, and inferring depositional environment
based on foraminifera analysis. Fieldworks were
conducted on May 26, 2015, and on January 17, 2018.

METHODS

The excavation site in Pangandaran area is located
about 50 meters from the shore line of Karapyak Beach
and falls on 7°41'44.21"S, 108°45'42.47"E (Figure 1). The
observation and sampling location points are along small
and short walls of river estuaries that lead to the sea. Most
of the time, the locations are dry except when it rains. The
height of this river wall is about 1.5 meters from the
riverbed (Figure 2).

The paleotsunami deposit identification is carried out
by comparing their outcrop characteristics to the 2006
tsunami deposits, such as their contact with the underlying
paleosol or other deposits, the color difference to the
underlying sediments, and their constituent fragments.
Fragments to observe in those typical tsunami deposits are
rock fragments, anthropogenic materials (e.g., roof tiles),
molluscs, and/or coral fragments, commonly found at the
bottom part of tsunami deposits and usually embedded in a
non-laminated matrix. Several characteristics of the
suspected paleotsunami deposit were observed in the field,
including grain size variation (done through grain size
analysis) to find out any evidence of a mixture between
shallow (0 — 20 m) and deep marine sediments (20 — 200
m).

Sediment sampling for foraminifera content and
grain size analyses was conducted on each layer, suspected
as tsunami and paleotsunami deposits. A 100 g sediment
from each layer was then analyzed for faunal content,

(Hawkes et al., 2007; Yudhicara et
al., 2013; Pilarczyk et al., 2020; and
Lespez et al., 2021). The sediments
may contain a mixture of shallow
marine and deep marine faunal
benthic foraminifera (Hawkes et al.,
2007; Dahanayake and Kulasena,
2008; Aswan et al., 2017; Pilarczyk
etal., 2020; and Lespez et al., 2021)
and grain size ranges that reflects
more than one ocean current
systems (Yawsangratt et al., 2012;
Aswan et al.,, 2017). As tsunami
events  regularly  occur in
Pangandaran area (with the last
event occurring as recently as 2000),
the observation sites offer a good
opportunity for finding potential
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pounded, and soaked for one day in 0.1 M hydrogen
peroxide to accelerate the disintegration process to get
sample residues. After this process, the powder was
washed several times through 74 — 125 pm sieves. The wet
residues were dried in the oven for six hours. Faunal
content was identified from the dry residues using a Nikon
SMZ15000 binocular microscope. The results of faunal
analysis were used to determine the depositional
paleoenvironment based on benthic foraminifera content
(Adisaputra et al., 2010) and on bathymetric reference
(Tipsword et al., 1966). It was also used to determine
whether a mixing had occurred between shallow marine
(less than 20 m depth) and deeper marine (20 — 200 m
depth) fauna.

Grain size analysis was carried out to understand the
processes of paleotsunami sediment deposition (Visher,
1969) and to assess whether the sedimentation was
influenced by one or more ocean current systems
(Yawsangratt et al., 2012). Total sediments weighing 100
grams were sieved to 4760-44 pm fractions and were
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weighed for each designated fraction. The weight was
normalized against the total amount of sediments, and by
then the resulting grain sizes were plotted to generate a
grain size distribution curve.

RESULTS

The 2006 Tsunami Deposit

The 2006 tsunami deposit is characterized by light
brown loose sand with thicknesses varying from 7 to 3
cm (Layers 5-7 in Figure 2), overlying a dark brown
paleosol layer with erosional contact. A thin layer that
varies in thickness is locally present just above the
erosional contact, with coarser grain embedded in a
non-laminated matrix in the lower part of the layer that
gradually changes into medium to fine sand-size in the
upper part. The lower part contains several unbroken
mollusc shells of Neritina sp. (Figure 3) and coral
clasts, igneous rock fragments, and anthropogenic
products (roof tiles). The grain size distribution curves
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Figure 3.

A 2006 tsunami deposit layer in Pangandaran, characterized by light brown color with still-intact mollusc clasts of

A

Neritina sp. (M) and lithic fragments (L). The top of deposit layer is marked with number 7 label. Scale bar = 5

cm.

for the bottom part are slightly bimodal and become
unimodal at the top. According to Adisaputra et al.
(2010), analysis of the tsunami deposit origins based on
foraminifera study suggests a mixture of materials from
inner neritic (0 — 20 m), middle neritic (to a depth of
about 60 m) and outer neritic (100 — 200 m) as indicated
by the presence of benthic foraminifera Ammonia sp.,
Lagena sp., Bulimina sp., Bolivina sp., and Gyroidina
sp.

Paleotsunami Deposit

The stratigraphic section presented in Figure 2 is
delineated as follows:

Layer 1-2 (Figure 2) comprises lighter brown
materials (compared to the underlying paleosol layer),
shows erosional contact with the paleosol layer below, and
locally contains fine-sized molluscs and coral clasts at the
contact area. This layer got more intensely weathered
upwards and formed paleosol, on which the next
sediments were deposited. The layer thicknesses vary on
average by about 35 cm thick with a polymodal grain size
distribution curve. Benthic foraminifera analysis indicates

a mixture of materials from inner neritic (0 — 20 m) and
shallow middle neritic (20 — 50 m), carried from the ocean
to the coast. Index benthic foraminifera found in this layer
are Ammonia sp. and Bolivina sp.

Layer 2-3 (Figure 2) contains lighter brown materials
(compared to the underlying paleosol layer) and shows
erosional contact at the bottom. Fine-sized molluscs and
coral fragments are found in some bottom parts of the
contact area. This layer was more intensely weathered
upwards and forming paleosol, on which the next
paleotsunami deposits were deposited. The average
thickness of the layer varies from 35 to 40 cm with a
polymodal grain size distribution curve. Benthic
foraminifera analysis shows no evidence of paleotsunami
material mixing from different bathymetric levels.
Foraminiferal test in this layer is composed mainly of
Ammonia spp. without the presence of other index
foraminifera. The result indicates that some parts of the
deposits are erosional products in the inner neritic
environment (less than 20 m depth). Nevertheless, a large
amount of still-intact mollusc shells (genus Turbo sp. in
Figure 4) and coral fragments (Figure 5) is found floating
in a coarse sand-sized matrix.
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Figure 4.

Layer 3-4 (Figure 2) shows bottom erosional contact
and the materials have lighter brown color compared to the
paleosol layer below. It locally contains fine-sized broken
mollusc shells, coral clasts, and rock fragments, embedded
in a coarse sand-sized matrix at the bottom of its contact
area. This layer was more intensely weathered upwards to
form paleosol, on which the next paleotsunami deposits
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A mollusc clast (still-intact; genus Turbo sp.) is embedded in a paleotsunami deposit (Layer 2-3).

were deposited. The average thickness of the layer is about
5 — 7 cm with a bimodal grain size distribution curve.
Benthic foraminifera analysis indicates a mixture of
paleotsunami deposit materials from inner neritic (0 — 20
m) and outer neritic (100 — 200 m) of the bathymetric
zones. Index benthic foraminifera found in this layer are an




association of Ammonia sp., Dentalina sp., and Gyroidina
sp.

Layer 4-5 (Figure 2) reveals lighter brown materials
with an erosional contact to the underlying paleosol layer.
Fine-sized mollusc clasts and coral fragments are locally
found in the bottom of the contact area. This layer became
more intensely weathered upwards to form paleosol, on
which the next layer was deposited. The average thickness

of the layer is 10 — 15 cm with a bimodal grain size
distribution curve. Benthic foraminifera analysis implies a
mixture of paleotsunami material origins from inner
neritic (0 — 20 m) and shallow middle neritic (to a depth of
about 60 m). Foraminifera found in this deposit layer are
Ammonia sp. and Lagena sp. Anthropogenic products
(e.g., roof tiles) and rock fragments are found floating in a
medium to coarse sand-sized matrix.

Figure 5.

A coral fragment floating in a paleotsunami deposit. Number 2 label is the bottom contact of
paleotsunami deposit (overlain, lighter color) upon the underlying paleosol (darker color).
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DISCUSSION

Characteristics comparison with the 2006 tsunami
deposit in Karapyak Beach, Pangandaran leads to
exposing four suspected paleotsunami deposits that share
similar characteristics. They comprise coarse sand
materials with a lighter color appearance, compared to the
underlying paleosol layers. Some areas of the bottom part
of the layers contain fine particle sizes of broken mollusc
shells and coral fragments. They have different
thicknesses and each layer shows lateral thickness
variations with bottom erosional contacts. Similar to the
2006 tsunami deposit, several layers in paleotsunami
deposits contain still-intact mollusc shells and rock
fragments that are floating in a coarse sand-sized matrix.
Benthic foraminifera analysis on Layer 2-3 shows no
evidence of mixing of paleotsunami materials from
various bathymetric levels and is assumed to be
transported from a depth of less than 20 m. Nevertheless,
Layer 2-3 shows similarities to those of the 2006 tsunami
deposit with regard to their outcrop characteristics, the
still-intact mollusc shells and coral fragments that locally
found in the layer, and their grain size distribution curves.

CONCLUSION

Based on the comparison to the 2006 tsunami
deposits, four suspected pre-2006 paleotsunami deposits
can be identified at Karapyak Beach, Pangandaran area.
They share similar characteristics yet still can be observed
and distinguished. The deposits consist of loose sand
materials overlying dark brown paleosol layers and show
bottom erosional contacts. Their overall thicknesses vary,
showing lateral changes from the thinnest variation of 5 —
7 cm (Layer 3-4) to the thickest one of 35 — 40 cm (Layer
2-3). The bottom parts of the deposits contain coarse
grains that gradually change into medium to fine sand-
sized grains in the upper parts. Fine-sized broken mollusc
shells, embedded in a non-laminated (homogeneous)
matrix, are locally present at these bottom parts. Coral and
rock fragments, as well as anthropogenic products (e.g.,
roof tiles), may also be found. The upper parts of the
deposits, however, generally lack those types of
fragments. Grain size analysis indicates a mixture of fine
and coarse grains, as shown by bimodal grain size
distribution curves, inferring that poor sorting at the lower
part of tsunami and paleotsunami deposits was due to high
energy flow. The fining upward sequences in the upper
part of tsunami and paleotsunami deposits are regarded as
having been deposited by a waning flow during pre-
backwash deposition. Similarly, benthic foraminifera
analysis indicates a mixture of materials from shallow and
deep marine environments, i.e., from inner neritic (0 — 20
m) to middle - outer neritic (20 — 200 m).
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ABSTRACT : Although numerous researchers have used trace fossils method to determine depositional
environment, this method is still considered less robust. This is due to the finding of several similar trace
fossils in two or more diverse environments, leading to irrelevancy in environmental interpretation.
Therefore, we conducted this study in order to verify how powerful the trace fossil analysis is, by applying
this method to interpret the depositional environment of the Cisaar Formation in the Cihanyir Tonggoh area,
Sumedang Regency, West Java. We combined trace fossil study with foraminiferal assemblage analysis and
vertical succession of related sedimentary units. For this study, 19 rock samples that have been collected
from outcrop along 16 m traverse and 14 m measured stratigraphic sections were examined.

The result of the study shows that shallow marine trace fossils which were developed at the edge of the shelf,
were transported into the basin by gravitational mass flow and re-deposited as deep marine turbidites. Trace
fossils were generally found in sandstones, while planktonic foraminifers were found in claystones-
sandstones interbeds. This study concludes that to avoid inconsistency in the interpretation of the
depositional environment, performing trace fossils method must be integrated with other methods, e.g.
analysis of lithofacies and biofacies.

Keywords: trace fossil; ichnofossil; ichnofacies; turbidite, depositional environment.

ABSTRAK: Meskipun banyak peneliti telah menggunakan fosil jejak untuk menentukan lingkungan
pengendapan, metode ini masih dianggap belum cukup kuat. Hal tersebut dikarenakan adanya penemuan
beberapa fosil jejak yang bentuknya mirip di dua atau lebih lingkungan pengendapan yang berbeda-beda.
Sehingga timbul ketidaksesuaian dalam interpretasi lingkungan. Oleh karena itu kami melakukan studi ini
dengan tujuan untuk memahami seberapa kuatkah metode fosil jejak, dengan mengaplikasikan metode ini
untuk menentukan lingkungan pengendapan Formasi Cisaar yang terdapat di daerah Cihanyir Tonggoh,
Kabupaten Sumedang, Jawa Barat. Kami menggabungkan studi fosil jejak dengan analisis foraminifera
dan suksesi vertikal unit sedimennya. Dalam studi ini, analisis dilakukan terhadap19 sampel batuan yang
diambil dari singkapan sepanjang 16 m lintasan dan 14 m penampang stratigrafi terukur.

Hasil dari studi ini menunjukkan bahwa fosil jejak laut dangkal yang berkembang di tepi paparan, terangkut
ke dalam cekungan melalui aliran massa gravitasi dan diendapkan kembali sebagai turbidit laut dalam.
Fosil jejak umumnya dijumpai dalam batupasir dan foram planktonik dijumpai dalam perselingan
batulempung-batupasir. Studi ini menyimpulkan bahwa untuk menghindari ketidakkonsistenan dalam
interpretasi lingkungan pengendapan, metode fosil jejak perlu diintegrasikan dengan metode lain seperti
analisis litofasies dan biofasies.

Kata kunci: fosil jejak, ichnofossil, ichnofacies; turbidit, lingkungan pengendapan
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INTRODUCTION
This research is motivated by complexity in trace
fossils analysis for environmental interpretation,

particularly in turbidite deposits. Some results indicated
inconsistent findings lead to perplexity and indecision of
the method’s potency. For example, several observations
have been made to the trace fossil features in turbidite
deposits, such as in turbidite deposits of Cisaar Formation,
Tapak Formation and Cinambo Formation, which display
similar characteristics to the trace fossil shapes found in
shallow marine sediments (shoreface).

Turbiditic sedimentary rocks of Cisaar Formation are
well exposed as outcrops, occur within the Cihanyir
Tonggoh area, Sumedang Regency, West Java, Indonesia
(Djuhaeni and Martodjojo, 1989). Trace fossils, which
have yet to be analyzed thoroughly, occur within these
rocks. Therefore, we conduct a detail study on this
formation, focusing on using trace fossils to determine the
environment of deposition.

Several regional stratigraphic studies were
previously conducted in Sumedang - Majalengka area
(Djuri, 1973; Martodjojo, 1984; Djuhaeni and
Martodjojo, 1989) (Figure 1). According to the
Ardjawinangun Regional Geological Map Sheet (Djuri,
1973), sedimentary strata in the study area belong to the
upper Cinambo Formation, composed of claystone with
sandstone interbeds, limestone, calcareous sandstone, and
tuffaceous sandstone. Five formations occur in Sumedang
- Majalengka area: Cinambo Formation, Halang
Formation, Subang Formation, Kaliwangu Formation, and
Citalang Formation, from older to younger, respectively
(Figure 1). Some part of Citalang Formation is
covered unconformably by alluvial and  volcanic
deposits (Djuri, 1973). More recently, Djuhaeni and
Martodjojo ( 1989) subdivided the stratigraphy of the area
into (in order from the oldest to the youngest): Cisaar
Formation, Cinambo Formation, Cantayan Formation,
Bantarujeg Formation, Subang Formation, Kaliwangu
Formation, and Citalang Formation (Figure 1).

Grimm and Follmi (1994) stated that tracemakers
can be allochtonous, meaning transported from their
original habitat to other places, commonly associated with
gravity flow deposits. Thus, to use trace fossils as an
indicator for determining depositional environment, it
must consider sedimentation mechanisms, lithology, and
microfossil (foraminifera). Accordingly, trace fossils
analysis will reveal better result if combined with lithology
and microfossils content analyses, as we are doing in this
research.

MATERIALS AND METHODS

This study was conducted at the Cihanyir Tonggoh
Village, approximately 60 km in the northeast of
Bandung. Administratively, this region belongs to
Jatigede Subdistrict, Sumedang District, West Java
Province, Indonesia. It is located at the geographic
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coordinates of 108.12517710° - 108.17064020° E and
6.800410490° - 6.845316900° S (Figure 2).

19 rock samples were collected in the field along
a 16 m traverse and 14 m measured stratigraphic
sections (Figure 3). To those samples, we
conducted analysis of lithofacies, trace fossil
ichnofacies, and microfossil biofacies. Lithofacies
analysis to interpret sandstone depositional environment,
was based on Posamentier and Walker (2006), Howell
and Nomark in Scholle and Spearing (1982), and
Shanmugam (2006). Ichnofacies analysis was based on
Seilacher (1967); Frey et al. (1978; 1990), Pemberton
(1992), and biostratigraphy analysis was based on Blow
(1969).

Age Djuri Martodjojo 31:233& ("f‘
. Blow Zonation (1973) (1984)
Period (1970) (1989)
) N23 Young Vole. Product | viglcanic Breccia | Volcanic Breccia
Pleistocene N 22 Old Volc. Product | Citalang Formation| Citalang Formation
N 21 v;jitf?JBreCCia, i Kaliwangu
AN ) Format
N 20 Citalang Formation Kaliwangu SRR
Pliocene Formation
N 19 Kaliwangu Formation Subang bomatorn
N 18 PAAAAAAAAANNM Bantarujeg
Subang Formation [\ Formation
o N17 Ne 5 =
© X e Cantayan | € 5
3 N 16 N\ £ ion | E2
Upper Member Jatiged~, £ | Formation g &
/ w
N 15 c Member/ g | Cinambo
N 14 k] £ Formation
s| /&
2 N 13 £V e
s | e b
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2 s Member & s Cisaar Formation
2 N 11 kS
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Figure 1. Comparison of the study area stratigraphy based on
Yy y

previous studies (translated from Nova et al, 2018)

The methods used in this study can be divided into
two phases: 1) data collection phase and 2) laboratory
analyses phase. Data collection phase includes measuring
stratigraphic sections, observation and description of trace
fossils data along the traverse, and sediment samplings.
Laboratory analyses phase includes trace fossil
description, foraminiferal sample processing and analyses,
and stratigraphic section analyses.

RESULTS

3.1 Lithofacies

Rock units found in the study area are composed
of sandstones and sandstone-claystone interbeds. The
size fraction of sandstone is fine to very fine with
parallel laminae and graded bedding sedimentary
structure. The sandstone thickness varies from 8 to 200 cm,
while the interbedded sandstone and claystone ranges
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Figure 2. Location map of the study area (108.12517710° - 108.17064020° E and 6.800410490° -
6.845316900° S)

Figure 3. location of traverse line, observation site (yellow color), sampling location and sample number (red
color) in Cisaar River
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Figure 4. Detailed description of the stratigraphic section in the study area. Sandstone depositional environments
interpretation based on Howell and Nomark in Scholle and Spearing (1982). Microfossils sampling locations for.
Table 1 shown inside red box.
from 2-15 cm thick. Figure 4 shows the detailed sandstone-claystone sequences have a considerably

diverse range of thicknesses (30 cm to 1 m), and are
bounded by sandstone layers ranging in thickness between
50 cm and 2.5 m. The stratigraphic succession feature is
similar to depositional patterns characteristic of submarine



fan successions, particularly in the middle fan, channel,
and lobe sub-environments. Flute casts occur on the bases
of sandstone layers above interbedded sandstone-
claystone layers (Figure 5b), which indicate relatively
rapid sedimentation process on an uncompacted layer
(Kelling and Walton, 1957).

Fining upward sandstone  successions are
consistent with gravity-driven, waning flow processes,
which are common in turbidite successions. Coarser
sediments are deposited initially, due to waning flow and
loss of carrying capacity, followed by finer grained
sediment as the flow slows down and ceases (Figure 6a).
Claystone intraclasts or mud drapes occur in some layers
and are typically overlain by parallel lamination towards
the top of the bed. The intraclasts occur as lags floating in
the sandstone matrix (Figure 6b). The change of lithology
from sandstone containing mud drapes to sandstone with
parallel lamination structure is estimated as the limit of
changes in depositional currents from turbid to traction
currents. Asymmetrical ripple marks (current ripple

marks) occur locally at the top of this sandstone layer
(Figure 7).

3.2 Trace Fossils

In general, ichnofossils (trace fossils) occur more
abundant in the lower part of each thick sandstone
layer (Figure 8) compared to that in the interbedded
sandstone and claystone successions. In the
interbedded  sandstone and  claystone layers,
ichnofossils features composed of Thalassinoides and
Planolites. Thalassinoides was commonly found in a
vertical position and cutting the claystone layers, while
Planolites is located on the sandstone beds’ sole surfaces
(Figure 8). We have identified six ichnogenera at the
Cisaar River traverse as summarized below:

Ophiomorpha

Ophiomorpha is a burrow system recognized by an
almost smooth inner lining and a rough outer lining,
characterized by pelletal agglutination. Pellets on the
external surface of Ophiomorpha ichnofossils occur as

Figure 5.
the base of a sandstone layer at CSR-01 location.

a) Sandstone (Sst) and interbedded claystone (Cst) and sandstone layers at CSR-01 location.b) Flute casts (FC) on

Figure 6.

a) Fining upward (FU) succession within sandstones resulted from gravity-driven processes deposition. Photo was

taken at the lower part of a sandstone layer at CSR-02 location. b) Mud drape pseudo layers overlain by parallel

lamination at CSR-02 location.
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Figure 7.
location.

Ripple (RP) marks on a sandstone layer at CSR-05

Figure 8.
at CSR-02 location.

disc, oval, conical, mastoid, bilobate or irregular forms
(Figure 9.a). Ophiomorpha morphological features were
previously discussed by Frey et al. (1978). They argued
that Ophiomorpha represents the burrow of decapod
crustaceans including some of Thalassinidean shrimp
species.

Planolites

Planolites is characterized by curved, smooth-walled
burrow with circular or elliptical cross-sections and
diverse dimensions and configurations (Pemberton and
Frey, 1982) (Figure 9.b). Planolites is characterized by
unstructured filling with lithological character distinct from
its host rock. It is distinguished from Thalassinoides
through its geometry, lack of a lining and the burrow
size; and from Palaeophycus by its lack of a lining. The
infill in Planolites burrows consist of sediment processed
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Ichnofossils (IF) at the bottom of the sandstone layer

by organisms during foraging and feeding activities
(infaunal sediment process-feeders) by vermin-form
organisms. Planolites occurs in almost all environment
types, from fresh water and marginal marine to deep
marine.

Chondprites

It is a complex burrow system for feeding
mechanism, resembling roots that are neither anastamotic
(continuous) or intersecting. Chondrites is a branching
vertical to subvertical burrow network constructed during
infaunal food-foraging (Figure 9.c). Chondrites is
interpreted to represent the feeding activity of sipunculid
worms (annelids), callianasid decapods, palacotaxodont
bivalves and small tetrapods with tunnel networks
(Fernandez & Pazos, 2012). It is commonly found in the
Cruziana. Monospecific occurrences of Chondrites are
inferred to indicate zones with low oxygen content
(Mangano et al., 2002).

Skolithos

Skolithos are solitary, vertical to sub-vertical
unbranched burrows (Figure 9.d). The trace is usually
straight but may be slightly wavy, producing
generally smooth walls and structureless filling.
This genus represents the dwelling burrows of
suspension-feeding or predatory organisms, that can be
produced by various organisms, including Polichaeta,
Sabelleria, Arenicola, Onuphis, Phoronopsis, and insect
larvae. Skolithos are generally associated with marine or
brackish environments. However, it can also be found in
various environmental types ranging from marine to
lacustrine, and various non-aquatic environments
because it can be produced by a wide variety of organisms
(Vinn & Wilson, 2013).

Thalassinoides

Thalassinoides are sizeable burrow systems with
cylindrical components and are typically smooth walled.
They commonly have Y or T bifurcations with
expansions at the bifurcation point (Figure 9.¢). The
dimensions of the burrow vary within a particular system
as well as the cross section. It may be cylindrical, half-
moon shape to ellipsoidal. They contain vertical,
subvertical, and horizontal components with slight
irregular inclination. The fill of Thalassinoides is
typically unstructured to plane parallel laminae or graded
fill. Thalassinoides are considered to be the dwelling
burrows of decapod crustaceans that may occur in large
commensal communities. Chambers and expansions at
bifurcations are utilized by organisms to reverse their
direction or to be a place for reproducing.

Thalassinoides is commonly associated with the
Cruziana ichnofacies in lower shoreface to uppershore
environments (Nielsen et al., 1996, Yanin & Baraboshkin,
2013). It can also be found in low diversity turbid water
complexes.



Rhizocorallium

Rhizocorallium are straight to curved U-shaped
burrows with spreite (growth lines) between the causative
tubes. The ratio between tube diameter and spreite width
is typically ~1:5 (Figure 9.f). The burrow infill is generally
similar to the rock matrix, though in some cases it may be
filled by finer grains.

Fiirsich (1974) divided Rhizocorallium into three
ichnospecies based on morphological features, i.e.: R.
Jenese, represents a less straight and short oblique
spreiten burrow; R. [Irregulaire, characterized by long,
sinus, planispiral and branched forms; and R. Uliarense,
distinguished by a trochospiral spreiten burrow. Although
interpreted initially as traces of corals, sponges, or algae,
the occurrence of scratch marks on burrow walls support
the hypothesis that crustaceans are the likely trace makers.

Rhizocorallium is commonly associated with shallow to
deep marine environments and the Cruziana
ichnofacies, furthermore, it can also be found on some
Glossifungites ichnofacies (Knaust, 2013).

The association results reveal that ichnofacies
changed four times through the study interval, respectively
from the oldest to the youngest are: Cruziana, Skolithos,
Glossifungites and back to Cruziana ichnofacies. These
changes indicate environmental changes which affect the
distribution of living organisms within the various
environments.

3.3. Microfossils

Samples were obtained from several stratigraphic
locations (Figure 4) for foraminiferal analysis. We
assessed the proportion of planktonic and benthic

Figure 9.

a) Ophiomorpha (Op) on sandstone layer at CSR-05 location. b) Planolites (P1) in a sandstone layer at CSR-03

location. ¢) Chondrites (Ch) on a sandstone layer at CSR-06 location. d) Skolithos (Sk) on a sandstone layer CSR-
04 location. e) Thalassinoides (Th) on a sandstone layer at the CSR-02 location. f) Rhizocorallium (Rh) on a

sandstone layer at CSR-02 location.
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foraminifers. Table 1 summarizes the results of
microfossils analysis, which are sorted by stratigraphic
position from the oldest to the youngest. Bathymetry
interpretation were reconstructed according to the
microfossils assemblages and abundances.

Slump structures found in several layers on the
Cisaar River traverse are interpreted as part of density
flows, followed by the formation of sandy debris flow
layers (Figure 12). These beds are the result of a rotational
movement between stable layers and moving masses,

Table 1.  Qualitative foraminiferal abundance and bathymetric interpretation. Sampling location refer to Figure 4.
Fossil Name
Planktonic Benthic Depth
.~ ] /]
S SHHEEEE HHE: :
A MNHEHNBEE 28| |s JRHHERE
AHHHAHHRHE R HHE AR B RHE R RHEAREHE
o (2fila c'a:wg %""353§8'=-‘3~3 8 g’v‘uto 083
R HHHHHEHHRERHH R BHEHHEENEHE R HH R NE
Q slelElBI 8 dEIEIKIRIE a o S ® ¢l &S 0l P () P
e§§.§§§§§§.&ssssggs~§§a§‘;a;§§;§§°°2§8§
S NN RN EHEHEAHE R HEEE N E
AHHHHHEHHHEHHHREHHHEHEHHHHHEBE
HHHHEHEHEHHEHHEHEHREHEHHEEHEE
slo|o|s|o|o|o]|o]|8]|g|e|e|s|a]&|S|<[8[2[F[&[&]&]3]|2]|8]|&]a
A-1 [ 2 111 1 +
A-2 |1]1]1]1 1 2 +
AB-7 |3]3]3]2 2 1 1 -
AB-6 |2]2]2 2 1 2 [N +
AB-5 |33 2 2 1 2 111]1])3 +
AB-4 | 2]2 2 211 1 +
AB-3 3 2 13 1 1 2 1]1 +
AB-2 | 2]3 112 1 +
AB-1 |3]3 2 1 1 2 1 +
N=1113]3 2 1 1 2 1111 +

Explanation: 1 - Rare (<5); 2 - Medium (6 — 10); 3 - Abundant (>11)

3.4 Analysis

Comparison of the Cisaar River section with
successions described by Bouma (1962) supports the
interpretation that the Cisaar River rock layers were
deposited by turbidity currents mechanism. Critical
observations include fining upwards sandstone
depositional units, intraclast lags at the bases of beds and
partial Bouma sequences Td-Tc-Tb-Ta. The occurrence of
conformable sandstone-claystone interbeds above the
sandstone layer may be interpreted as a product of low-
density turbidity currents (Tc; (Lowe, 1982). The stacking
pattern of Cisaar River section is also consistent with
deposition in a submarine fan depositional environment
indicated by the features of turbidite channels and fan
lobes in a middle fan setting. The stacking pattern of thick
sandstone beds, deposited above the interbedded
sandstone- claystone units, exhibit thickening upward and
thinning upward patterns in different parts of the section
(Figure 10). This pattern is similar to the depositional
pattern in the submarine fan lobe and submarine fan
channel as previously illustrated by Shanmugam (2006)
(Figure 11).
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while sandy debris flow units represent a continuous
process spectrum between cohesive and non-cohesion
debris flow, plastic, characterized by laminar current and
are commonly found in fine-grained sandstone layers
(Shanmugam, 1996).

Figure 13 shows a consistent correlation between
changes in lithologic stacking pattern and changes in
ichnofacies. As the depositional environment shifts from
submarine fan lobe to submarine fan channel, ichnofacies
also change from Cruziana ichnofacies to Skolithos
ichnofacies. This occurrence repeatedly occurs through the
studied interval.

The study interval is interpreted to be deposited in a
submarine fan setting, which was likely located in bathyal
zone. This interpretation is supported by the lithofacies
stacking pattern and microfosssil analyses. The
occurrence of microfossils benthic foraminifera
Bathysiphon and Pullenia bulloides in almost every
sample indicate a deep-marine depositional environment
of the claystone. In contrast, ichnofacies analysis suggests
that these lithofacies were deposited in littoral to neritic
zones, possibly even up to the shoreface zone.
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Figure 10. The Cisaar Formation sandstones in the study area
and their depositional environments based on
Howell and Nomark in Scholle and Spearing
(1982).

River Stream

Figure 12. Slump structures at CSR-06 location.

SUBMARINE FAN MODEL WITH ATTACHED LOBES

CMB: CHANNEL - MOUTH BAR
SBZ: SEDIMENT BYPASS ZONE
SL: SANDSTONE LOBE
LF: LOBE FRINGE

Figure 11. Depositional model of submarine fans
(Shanmugam, 2006).

DISCUSSION

Ichnofossil analyses indicate three (3) ichnofacies
preserved at Cisaar River include the Cruziana, Skolithos
and Glossifungites ichnofacies. Ichnofacies interpretation
based on the work of Pemberton (1992) and Seilacher
(1967), suggests that the study interval was deposited in
sublittoral as semi consolidated substrate (beach) to
sandy backshore, and then shifted back to
sublittoral environments. The analysis indicates the
existence of shallowing and deepening processes that are
most likely caused by sea level fluctuation, interpreted
from the iterative succession of changes in the
depositional environment of the middle fan and lobe.

However, Regarding the correlation between
ichnofacies and bathymetry, Frey et al. (1990); Ekdale
(1988); and Byers (1982) suggested that the correlation
between bathymetry and the presence of relevant trace
fossils might need to be reviewed, because there are
certain ichnofacies that are not found in their original
habitat. Frey and Pemberton (1985) stated that succession
of ichnofacies can be used properly under normal
conditions. Frey (1971) even described that we should not
be surprised to find nearshore assemblages in offshore
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Figure 13. Detailed description of the whole stratigraphic section with photographs of ichnofossils,

outcrops, and microfossils.

sediments, and vice versa, if these accumulated under
conditions like those preferred by the trace-making
organisms.

In this study we found a striking difference in
bathymetric interpretation derived from ichnofossil
analysis, lithologic and microfossil analyses. Ichnofossil
analysis suggests that the sedimentary environment of the
rock layers in the Cisaar River lies in the sublittoral-
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sandy shore zone, in contrast lithologic and microfossil
analysis interpret that the rock layer was deposited in 200-
1000 m depth range (upper bathyal - bathyal). The
stacking pattern of the rock layers in the Cisaar River
indicates that the rock layers are deposited on the middle
fan zone with its environmental change order, from the
oldest to the youngest, are submarine fan channel -
submarine fan lobe - submarine fan channel.



Given the highly significant differences in
bathymetry, it can be estimated that there were errors in
the analysis or incompatibility between our
analysis compared to the references. We
assumed there is possibility that those differences
might be due to several factors such as reworked fossil,
which are commonly found in micropaleontology studies,
as well as debris flow or sedimentological/stratigraphical
landslide.

According to the data and the analysis results, the
possibility of planktonic or benthic fossils being
transported or reworked is very unlikely, especially when
the lithological analysis interpret that turbid currents is
the dominant depositional currents. The possibility of
fossils transportation by a landslide block does not
correspond to the visible condition because the rock layers
are continuous or lateral vertical, in contrast the
landslide block is discontinuous. The Slump structures
are formed due to the movement of semi-consolidated
rock layers in relatively steep areas. This movement is
generally due to the influence of gravity in the form of
medium-speed sandy debris flow and causes folding of the
moving layer (Figure 14).

- — Slope
Shelf N
——— Coherent Mass ——l—incoherant—i€— Fiudal—P
Slide Mass (Newtonian)
) : (Plastic) Planktonic
<—Plastic Deformation > s

Forams

Hl

Turbidity

Planar

Glide Plane Debris Flow

Concave Up
Glide Plane
Increase in Mass Disaggregation

Figure 14. Schematic diagram of four common types of
processes that transport sediment to the deep-
water environment and are affected by gravity

(Shanmugam et al., 1994).

All the results revealed above suggest that there is
alternative possibility to  explain the discrepancy of
bathymetry interpretation between lithological analysis
(supported by microfossil analysis) and ichnofacies
interpretation, which are:

The trace producing organisms are depth tolerant

An organism that has a depth, water pressure,
oxygen level and salinity tolerance could migrate between
zones which makes traces of these organisms could be
found literally on every environmental zone. This
possibility was hard to accept because Planolites and
Cruziana ichnofossil were produced by soft-bodied
organisms with minimum tolerance to pressure, as Follmi
and Grimm (1990) stated. The author argued that lack of
ichnogenera Chondrites, Planolites and Zoophycos on
their doomed pioneer trace fossil concept was due to low
to zero survival rate of those organisms because their lack
of exoskeleton.

Block landslide

Block landslide will cause a shallow water
organism trace can be found in depth water bathymetry
zone because those traces were formed before the
landslide occurs and transports the shallow water block.
The lithological data displayed by both traverses suggest
no occurrence of landslide with blocky properties, hence
this possibility must be ruled out.

The organisms were transported along the sediment
materials

After producing traces in certain environment,
organism may be transported along with the sediment
material whereas upon its arrival in the new environment,
these organisms once again produce similar traces. This
possibility also could not be confirmed, since the
ichnofossil data shows that the trace producing organisms
such as Cruziana are not organisms with high water
pressure tolerance (Follmi and Grimm, 1990).

Same trace was produced by different organisms

Though different species and occupy different
habitats, several organisms within one genus could
possibly produce similar traces. This is the most plausible
possibility because current ichnofossils research can only
determine trace-producing organisms only by its genus
level. Although it was already researched previously by
Pemberton (1992), Seilacher (1967), and others, however,
the species recognition still cannot be done until the
present. Therefore if an ichnofossil still cannot be
identified by its previous classification, it is not quite
surprising. Furthermore, currently, it is confirmed that
there are living organisms within the same class or genus
manage to live in a completely different environment.

Biological scientific naming/binomial nomenclature
explains that the most specific way to describe an
organism is its species (Thompson, 2003). Within a
similar family or genus, various species could represent a
diverse type of habitat, nutrient source, and level, or
growth rate, for example, Tubeworm (Lamellibrachia
genus), as a sea dwelling worm which commonly found in
deep waters, Lamlellibrachia luymesi inhabit 500-800 m
water depth, while Lamlellibrachia satsuma is another
Lamellibrachia which inhabit the shallow marine zone
(approximately at 82 m water depth), at Kagoshima Bay,
Japan (Miura et al., 1997). However, they possess similar
body size and may produce similar traces. In fact, the
Lamlellibrachia satsuma can only survive a
maximum of up to 100m water
depth, conversely, Lamlellibrachia luymesi cannot
survive within shallow marine including on 82 m water
depth. Shallow marine littoral and deep marine bathyal
zone are differentiated by different pressure levels, oxygen
content, light penetration, salinity, and nutrient supply.
Consequently, almost no organism could tolerate
these high variabilities of environmental parameters
that allow them to migrate between both zones.
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Furthermore, both lithological and ichnofacies
analyses indicate similar shallowing and deepening sea
level patterns suggests no misinterpretation. Derived from
all data and facts have been discussed above, we could
only argue that ichnofacies analysis might be better to be
performed together with other analyses e.g. lithological
analysis, microfossil analysis, etc., instead of being
conducted as single analysis.

CONCLUSION

Based on the integrated analysis and discussion on
lithology, ichnofossils, and microfossils, we can conclude
as follows:

The rock formation in Cisaar is belongs to the Cisaar
Formation. Lithological analysis shows that the
depositional system was dominated by gravity influenced
turbid currents, indicated by the occurrence of load cast,
graded bedding, rip up clast, and ripple mark on sandstone
layer and slump structure followed by sandy layer of
debris flow sediment structure. These features generally
occurs in the submarine fan zone. Similar to the lithofacies
analysis, microfossil analysis result also suggests that
depositional bathymetry for Cisaar River rock layers are
between 200-1000 m water depth (deep marine) derived
from the presence of Pullenia bulloides and Bathysiphon
fossils.

In contrast, bathymetrical interpretation derived
from ichnofosil analysis indicate relatively shallow
marine environment. Ichnofossil which found in the Cisaar
River are Ophiomorpha, Planolites, Chondrite, Skolithos,
Thalassinoides, and Rhizocorallium, which are then
classified into three ichnofacies, in sequences from the
oldest to the youngest are Cruziana, Glossifungites, and
Skolithos. According to the ichnofacies, bathymetrical
changes interpretation are (in order): sublittoral — semi
consollidated substrate (beach) - sandy shore — sublittoral
depositional environment.

Discrepancy in bathymetrical interpretation revealed
from lithology, ichnofossil, and microfossil analyses, most
likely due to various species of organism which live in
different habitat, though could produce similar traces, lead
to environmental misinterpretation. Therefore, it is
necessary to perform several analyses together instead of
single ichnofacies analysis.
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ABSTRACT : The study of the statistical analysis parameters of grain size in the waters of Sungai Raya was
carried out in order to understand the characteristic of the sediment in the river and coastal areas. The grain
size analysis was conducted by sieving method, afterwards, the statistical parameters including the average
grain size, sorting, skewness, and kurtosis, were also analyzed. Sediment samples were acquired from six
stations with each station consisting of three sampling points representing river west bank, river midstream,
river east bank, and the coastal area consisting of five stations. The results of the sediment analyses showed
that the average grain size in the river ranges from 1.23 to 2.77 mm, and on the beach area is between 1,52 -
2,59 mm, classified as fine sand, medium sand, very fine sand, and coarse sand with predominant fine sand
in all stations. The results of the statistical parameter analysis of the grain size of the bottom sediment in the
waters of Sungai Raya exhibit the average diameter value ranging from 1.23 to 2.77 mm, classified as fine
sand to medium sand. This value indicates that the type of sediment in this location is dominated by silt with
grain sizes ranging from < 0.05 - 0.002 mm. The sorting value ranges from 0.14 to 1.59 mm, categorized into
moderately sorted, moderately well-sorted, very well sorted, and poorly sorted classes. The average value of
skewness is 2.17 with the classification of the bed load being very fine. The kurtosis value ranges from 0.72
to 1.67 indicating the classification in these waters is platycuric, mesokurtic, leptokurtic, and very
leptokurtic. These findings concluded that in the study area there is a variation in the angularity of the
sediment grains due to the different hydrodynamic processes.
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ABSTRAK: Kajian tentang analisis parameter statistik ukuran butir di perairan Sungai Raya dilakukan
untuk memahami karakteristik sedimen di bagian sungai dan daerah perairan pantai. Analisis ukuran butir
dilakukan dengan metode pengayakan, kemudian dilakukan pula analisis parameter statistik yaitu rata-rata
ukuran butir, sortasi, skewness dan kurtosis. Sampel sedimen di sungai diperoleh dari enam stasiun dengan
masing-masing stasiun terdiri dari tiga titik pengambilan sampel dan bagian pantai terdiri dari lima
stasiun. Hasil analisis parameter statisik ukuran butir sedimen dasar di bagian sungai diperoleh nilai
diameter rata-rata berkisar antara 1.23 - 2.77 mm dan area pantai 1.52 - 2.59 mm dengan klasifikasi pasir
halus hingga pasir sedang. Nilai tersebut menunjukkan bahwa jenis sedimen di lokasi ini didominasi oleh
lanau dengan ukuran butir berkisar antara <0.05 - 0.002 mm. Nilai sortasi seluruh sampel sedimen
diperoleh nilai berkisar antara 0.14 - 1.17 mm dengan empat jenis klasifikasi yaitu terpilah sedang, terpilah
cukup baik, terpilah sangat baik, dan terpilah buruk. Untuk nilai skewness nilai rata-rata sebesar 2.17 mm
dengan klasifikasi sedimen dasar condong sangat halus dan nilai kurtosis diperoleh berkisar antara 0.72 -
1.67 mm yang menunjukkan klasifikasi di perairan ini adalah tumpul, cukup tumpul, runcing dan sangat
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runcing. Hasil ini menunjukan bahwa di lokasi ini terjadi variasi keruncingan butiran sedimen yang
disebabkan adanya proses hidrodinamika.
Kata kunci: Sedimen, ukuran butir, parameter statistik, perairan Sungai Raya
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INTRODUCTION

Rivers are very dynamic waters due to their flows
which transport sediment to the estuary. Sediment and
nutrient run-off cause siltation in the waters, thus
decreasing the transport capacity of the rivers, leading to
the flood hazard (Soemarwoto, 1978). The process of
sediment deposition can be estimated through the
distribution of sediment grain size (Nugroho and Basit,
2014; Purnawan et al., 2015). Grain size is the most basic
aspect of sedimentary particles that affects sedimentation,
transport, and deposition processes (Blott and Pye, 2001;
Gemilang et al., 2018). One of the methods used to explore
sediment transport pathways is by using the

MATERIALS AND METHODS

Time and Study Area

This study was conducted in March 2021 in Raya
River, Bengkayang Regency, West Kalimantan (Figure 1).
Field activities involved hydrologic parameter
measurements including river current velocity, water
depth and sediment sampling. Sediment sampling was
carried out by using an Ekman Grab sampler. We collected
3 samples from each station of sta. 1-6 in the river area, and
only one sample was taken from stations 7 — 11 in the
coastal area, thus in total there are 23 samples for this grain
size analysis.
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granulometric =~ method.  Grain  size
observation is determined by grain size
analysis (methods: sieve, pipette, particle
size analyzer by laser or settling, etc.). From
the analysis, we could evaluate the average
grain size, sorting, skewness and kurtosis.
These values are used to interpret the
distribution, transport, and deposition
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mechanisms of sediment in waters (Korwa et N

al., 2013; Nugroho and Basit, 2014).

The grain size distribution in rivers is
influenced by several hydrological factors,
one of which is current velocity, particularly
for suspended sediment (Purnawan et al.,
2012). Slow current speeds are only able to
transport sediments with smaller particle
sizes and stronger current speeds will be able
to carry coarser sediment particle sizes.
Finer sediments are usually found further
from river mouths and shores, while coarser
sediments are generally found in coastal
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areas (Mukminin, 2008; Tanto et al., 2017).
The large potential for sedimentation is
influenced by the reduced current velocity
and wide river conditions (Lestari et al., 2017; Brookes,
1994; Lietal., 2007). Coarse sediments such as gravel and
sand will settle faster in high turbulent areas as opposed to
fine grain sediments such as mud (Darlan, 1996; Nugroho
and Basit, 2014).

This research was conducted in the waters of Raya
River Bengkayang Regency, West Kalimantan. The
problem is that there is siltation in the downstream part of
the river so it interferes with access to and from fishing
boats. Moreover, considering this area is designated for
Nuclear Power Plant (PLTN) by the government, it is
imperative to understand the characteristics of the bottom
sediments to provide initial information. Therefore, this
study was conducted to determine the grain size of the
sediments based on statistical parameters in the waters of
the Raya River, in order to understand the characteristics
of the sediment in the river and in the coastal area.

Figure 1. Location of sediment sampling along Raya river and coastal areas

Data analysis

Statistical parameters analysis of sediment grain size
is generally characterized by four parameters, namely
mean, sorting, skewness, and kurtosis. The grain size
indicates the amount of energy derived from the flow of
water or wind acting in the area (Folk and Ward, 1957;
Friedman, 1967; Purnawan et al. 2015). Separation of
grain size is carried out by sieve method using the
following sieve sizes: 0.85; 0.425; 0.25; 0.18; 0.125; and
0.075 mm. Determination of the sediment type is based on
the classification of Shepard Triangle Diagram (Dyer,
1986). Statistical parameters analysis of sediment in the
form of mean size, sorting, skewness and kurtosis using
Wentworth classification (1922).
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The sediment grain size is presented in phi (¢) scale that is
defined by (Folk and Ward, 1957) as:

¢ =—log,d (1)

Where ¢ and d are grain size and grain diameter
(mm), respectively.

The average grain size is the average grain size value
and can be calculated using the equation:

+
Mz — P16+ Ps0+Ps4
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Determination of sorting will be better using a
mathematical approach by finding the value of the
standard deviation determined by the equation:
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Determination of skewness is based on the standard
deviation value. If in a grain size distribution there is an
excess of coarse particles, then the shrinkage is negative
and vice versa and if the grain size distribution is
excessive, the fine particle size distribution is positive,
which can be calculated using the equation (Folk, 1974):

SK, = Pgat+P16—20s0 , Pos+P@s5+2P5(
t T T 2(pga—016) 2(P95—0s)

(4)

Kurtosis is calculated by the equation of Folk and
Ward (1957):
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RESULTS

The statistical parameters of particle size that are
commonly used are mean grain size, sorting (OT),
skewness (SKI), and kurtosis (KG). This research was
conducted in 2 study areas, each representing a part of
the river and coastal waters. The results of the overall
sediment grain size classification are presented in
Table 1.

Based on the calculation of statistical parameters of
the bottom sediment grain size in the river area, the
average diameter value ranges from 1.23 to 2.77 mm, and
in the coastal area it ranges from 1.52 to 2.59 mm,
classified as fine sand to medium sand. The sorting value
of all basic sediment samples at each station ranges from
0.14 - 1.59 mm, as a result, the research area is divided into
4 classification, are moderately sorted, moderately well
sorted, very well sorted, and poorly sorted. The higher
sorting value in the river was found at Stations 3, 4, and 6
with an average value of 1.04 mm, 1.17 mm, and 1.15 mm.
In the coastal area, the sediment is relatively categorized
into a poorly sorted group. The average value indicates
that the classification is poorly disaggregated.

According to Ingmanson and Wallace (1989), the
poorly sorted classification is due to the particle size that
accumulated randomly. Many fishing boats are anchored
at Stations 3, 4, and 5 may modify and block the current
flows, lead to the occurrence of unstable currents. In
addition, the morphology of the river bottom topography
also affects the classification of the sorting value. Rifardi
(2012) stated that poor sorting is influenced by current
velocity that is inhomogenous most of the time, so the

Table 1. Grain Size Parameter and Classification

Mean
ST size Classification | OT Classification SKI Classification KG | Classification
(mm)
moderately very
la 2,46 fine sand 0,89 sorieid 1,59 | very fine skewed | 1,67 leptokurtic
1b 2,86 fine sand 0,64 modesr::el‘); well 2,71 very fine skewed | 0,92 mesokurtic
1c | 298 fine sand 0,71 ‘“"S‘i::fly 1,89 | very fine skewed | 1,34 |  leptokurtic
2a 2,77 fine sand 0,14 | very well sorted 2,56 very fine skewed | 0,86 platycuric
2b 1,83 medium sand 1,59 poorly sorted 0,63 very fine skewed | 0,9 mesokurtic
2c 3,28 very fine sand | 0,35 | very well sorted 2,39 very fine skewed | 1,01 mesokurtic
3a 3,12 very fine sand | 0,57 mOde:s:el‘}; well 2,84 very fine skewed | 1,49 leptokurtic
3b 2,22 fine sand 1,37 poorly sorted 0,77 | very fine skewed | 0,72 platycuric
3¢ 2,57 fine sand 1,18 poorly sorted 1,02 very fine skewed | 0,97 mesokurtic
4a 2,4 fine sand 1,26 poorly sorted 0,96 | very fine skewed | 0,74 platycuric
4b 1,39 medium sand 1,37 poorly sorted 0,7 very fine skewed | 0,85 platycuric
4c 1,33 medium sand 0,86 m(;ieé:fjely 1,18 very fine skewed | 1,08 mesokurtic
Sa 2,62 fine sand 0,98 rnosc(l)e;’:jely 1,37 very fine skewed | 0,96 mesokurtic
5b 0,97 coarse sand 0,99 mo;iez:jely 0,67 very fine skewed | 1,33 leptokurtic
Sc 0,09 coarse sand 0,99 mo:)zztdely 0,37 very fine skewed | 1,29 leptokurtic
6a 2,01 fine sand 1,29 poorly sorted 0,76 very fine skewed | 0,94 mesokurtic
6b 2,87 fine sand 0,8 mos(lzzgely 1,55 very fine skewed | 1,47 leptokurtic
6¢ 2.2 fine sand 1,35 poorly sorted 2,09 very fine skewed | 1,08 mesokurtic
7 2,59 fine sand 1,02 poorly sorted 1,22 | very fine skewed | 1,14 leptokurtic
8 2,70 fine sand 0,77 mo:)i:;ely 2,04 very fine skewed | 0,95 mesokurtic
9 2,38 fine sand 1,14 poorly sorted 0,94 | very fine skewed | 1,35 leptokurtic
very
10 2,55 fine sand 1,19 poorly sorted 0,94 | very fine skewed | 1,64 Toptokuttic
11 1,52 medium sand 1,10 poorly sorted 0,85 very fine skewed | 0,95 mesokurtic
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accumulated sediment grains would be relatively various.
The shape of the riverbeds at each station is as shown in
Figure 2.

The value of skewness in the river area is diverse,
ranging from 0.30 to 2.84 mm (2.17 mm on average).
Based on the average value of the skewness, the sediments
are defined to be very fine. In the coastal area, the
skewness value is 0.95 — 1.64 with the same classification,
which is very smooth. While the kurtosis values ranged
from 0.72 to 1.67 mm, can be categorized as platycuric,
mesokurtic, leptokurtic and very leptokurtic.
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Figure 2. Cross-section of the river shapes in the water of
Raya River Bengkayang Regency West Borneo

DISCUSSION

Sediment Characteristics

Based on the results of statistical parameter analysis
in the river and coastal sections, the classification of both
areas indicates relatively similar findings. The coherent
result can be observed from the correlation between the
kurtosis and skewness value of both areas (Figure 3). The
average kurtosis and skewness values in the river are 1.09
and 1.4, respectively. Meanwhile, on the coast, the average
kurtosis and skewness values are 1.20 and 1.21. These
results indicate that the values of kurtosis and skewness in
both areas are within similar group, which is very fine
skew and leptokurtic. Aritonang et al. (2014) argued that
positive value of skewness generally indicate fine-sized
substrate (silt to mud). Surbakti (2010) also mentioned that
the skewness in the estuary is in the average range of
symmetrical, smooth, to very fine. According to Purnawan
etal (2015), the very high kurtosis value is produced by the
distribution pattern, which is dominated by medium and
fine sand fractions. Boggs (2009) also explained, the
peak’s high degree is parallel with the observed sorting
conditions, where all stations are quite well sorted.
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Figure 3. The scatter of graphic kurtosis Vs skewness in the
river and beach area display a close correlation
between both areas

The grain size values obtained ranged from <0.05
mm — 0.002 mm, indicating that the overall sediment type
was dominated by silt. Sediment grain size in general is
strongly influenced by the current speed in the waters
(Thruman in Arifin, 2008). Fine grain sizes dominate slow
currents and strong currents are dominated by coarser
ones. According to Djurdjani (1998) in Sukuryadi (2015),
the weak/slow current is defined for current speed <0.4
m/s. The average of current speed measurement in the
river of our study is 0.33 m/s, while in the coastal most part
is 0.37 m/s in average, considered as a weak current,
resulting in relatively fine grain size of sediment as we
have discussed above.

CONCLUSION

Based on statistical parameter analysis of sediment
grain size, the average diameter of sediment in the river
area ranged from 1.23 to 2.77 mm, and within the beach
area, the grain size value was 1.52 to 2.59 mm, that can be
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classified into fine sand, medium sand, very fine sand, and
coarse sand. However, the average value of the grain size
is 2.22, which indicates that fine sand is dominant. Sorting
values in the river and coastal waters ranged from 0.14 -
1.59 and 0.77 - 1.19, respectively, defined as moderately
sorted, moderately well-sorted, very well sorted, and
poorly sorted. Overall, the average of sorting value is 0.96,
signifies moderately sorted. This classification indicates
that the sorting process is not good indicated by the more
diverse distribution of sediment grain sizes. The skewness
of both in the river and in the coast can be categorized as
very fine skewed, confirmed from relatively low skewness
value, which are is between 0.37 to 2.56 mm, and between
0.85 to 2.04 mm respectively. These results indicate that
the density or grain size of the sediment is more distributed
to the finer grain size. The value of kurtosis in rivers
ranges from 0.89 to 1.31 mm, classified as platycuric,
mesokurtic, leptokurtic, and very leptokurtic. While in
coastal areas it ranges from 0.95 to 1.64, classified as
leptokurtic and very leptokurtic.
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