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Abstract

Karimata strait connects South China Sea and Indonesia territorial seas where the strait current pattern is
affected by west and east monsoon. This condition influences particles depositing sedimentation process in the
strait. Lack information about sediment depositing rate at the straits dozens years ago makes this research is
important to be conducted. This research was to estimate sediment depositing rate in the strait in two areas, near
shore and off shore of Borneo. The research was conducted on June to September 2015 used coring sediment
samples. Those samples were derived from Baruna Jaya VIl Ship Cruise on June 2015 that was collaborative
research between Ministry of Marine and Fisheries Affairs of Indonesia and National Nuclear Center of Indonesia
(BATAN).Samples were analyzed in the laboratory of Chemical and Ocean, Department of Environmental and
Natural Resources, Center of Radiation and Isotope, National Nuclear Center of Indonesia (BATAN). Estimation of
sediment depositing rate used natural isotope 210Pb. The study shows that the depositing rate of the nearest to
Borneo area is about 0.92 kg.m2.y1(1965) and increases to be 3.31 kg.m=2.y1 (2009). The other area is about
0.08 kg.m2.y1(1840) and increases to be 1.78 kg.m=2.y1(2010). This result implies that the sediment depositing

rate at the nearest area to Borneo is higher than the off shore.
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Introduction

Karimata strait is a part of Sunda Exposure
and included into shallow water categorized as <85
m depth. This strait connects South China Sea and
Indonesia territorial seas such as Java Sea, Sunda
Strait, Flores Sea, Banda Sea and Makassar Strait
(Gordon et al., 2003). Bottom deposition at the
exposure consists of some type of sediments and
quarters which come from lands, beaches, rivers,
alluvial deltas, swamps, kaolin clays of weathering
bottom rocks and volcanic muds. Water current at
the strait moves from Southeastern to the Northern
until Northwestern on East monsoon and adversely,
on West monsoon, the current moves dominantly to
South-Southeast of the strait (Situmorang and Andi,
1999). This condition affects to sediment particles
depositing process. Sediment transport is highly
related to the amount of energy that drives those
particles and the internal function of the particles
(Rifardi, 2012). Hence, the areas have low energy
transport resulting sediment particles depositing
faster than the high energy transport.

Study on age and sediment deposition rate
can be carried out by using radio isotope that has

been applied for many years either *#C or natural
isotope 210Pb. However, 14C seldom applies to
geological aspects of knowledge which has study age
is more than 150 years of age. In addition, the
natural isotope 210Pb is applied in the span of 150
years. Goldberg (1963) was the first scientist who
developed geo-chronological study using natural
isotope 210Pb, including sediment accumulation from
its stratigraphy.

Usage of natural isotope 219Pb is very suitable
for studying environmental changes where human
activities begins to impact on the environment (Lubis
et al., 2007).The existence of natural isotope 219Pb(T
o= 22.23 + 0.12 year)comes from two process; (1)
226Ra decays to form gaseous 222Rn that mixes in the
open air to forming unsupported 21°Pb. Furthermore,
the unsupported 219Pb enter down to the water, then
to bind with suspended particles and gravitate
together with forming sediment layers. (2) 226Ra
decays in the sediment is being a supported?1opPb.
210Pp activity within the sediment core layers drops
with the sediment depth, and it can figure out the
age and sediment depositing rate in span of 150
years long. Furthermore in many cases, it explains
sediment depositing rate variedly as many years
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(Appleby and Oldfield, 1978). Therefore, there is
important to conduct a research which relates to
sediment depositing rate in the Karimata strait.

This research was aimed to estimate
sediment deposition rates at Karimata strait, near
shore and off shore of Borneo that occurs since
years ago.

Materials and Methods

The sediment samples used were the cruise
samples in the Karimata Strait (Figure 1) with using
research vessel Baruna Jaya VIII by Ministry of
Marine and Fisheries Affairs in cooperation with
National Nuclear Center of Indonesia. Sampling
sediment cores coordinates geographically were
Station 1 (108°32'49.5"E; 1°54’6.48"S) and Station
2 (109°03'48.8”E; 1°24'05.3"S).Those sediment
samples then were analyzed in the Laboratory of
Chemical and Phisical, Department of Natural
Resources and Environment, Radiation and Applied
Isotope Center, National Nuclear Center of Indonesia
(BATAN).

Consideration of determining location were
distance of main inputs of sediment particle
resources and oceanographic condition such sea
water current speeds and patterns (INDESO, 2015).
Sampling coordinate at Station 1 represented off
shore areas with 40 m depth of water and 28 cm
width of samples, and the water current of this area
is high. Whilst other sampling area, Station 2
represented areas nearest to Western Borneo with
27 m sample depth of water and 5 cm width of
sample. The nearest area to Borneo is fathomed as

main source of sediment particles entering to the
water through existing rivers. Sampling sediments in
the research location used box core with dimension
50 x 50 x 40 cm at certain depths. Sediments in the
box core were taken by using PVC pipe, then those
samples were breezing in to a refrigerator
(administrating  during the vehicle cruise).
Furthermore, those coring samples were transported
to the laboratory and stored in a freezer before
preparation and analysis.

Sediment samples were cut in 1 cm long from
surface until 10 cm depth and then 2 cm long after
using plastic knives to avoid heavy metals
contamination at the sediment coring. Those cut
samples then were weighed both wet and dried
masses weight. This weight aimed to determine
water content in the sediment. Those dried samples
then crushed using mortar to be fine. Drying sample
using oven with temperature 60°C for 24 h
(Sanchez-Cabeza et al., 1999; IAEA-TECDOC 1360,
2003; Lubis, 2008).

Total activity of 210Pb was determined by the
resulting measurement of ones its decay such as
210Po with assuming that there is a balancing
between them. Destruction briefly of samples
followed Sanchez-Cabeza (1999) sifthing sediment
samples were taken 4-5 g pouring into a beaker and
it was administered with standard solvent 209Po
about 0.4 ml as tracer, added 10ml HCL (1:1), 10ml
HNOs (1:1), 15ml H20 and 5 drops H202 30%, then
those sample were heated until dried using
waterbath (temperature 800°C). Adding 10ml HCL
solvent (1:1) and 40ml H20 to those samples. It were
heated as long as 10 mins, then filtered using
Whatman filter number 42. Filtrated samples were
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Figure 1.Location of Sediment Core at Station 1 and 2

94

Characteristics of Sediments Deposition (M.T.F. Erawan et al.)



ILMU KELAUTAN June 2018 Vol 23(2):93-98

dried to be formed deposits. It were added with 4 ml
HCL (1:1) and stired using porcelain spoon and its
volume was assigned as much as 100 ml by adding
HCL 0.3 N. Those sediment samples were taken as
much as 50 ml and then it were appended with 400
mg of ascorbat acid. Furthermore, this solution was
heated for +5 mins and well stirred for +2 h. This
sample then was minced using Alpha spectrometer
produced by Canberra with PIPS (Passiveted
Implanted Planar Silicon) detector (A450-20AM).
This tool works at rosolution 20 keV in vacum
condition. The minced process was conducted for +4
h.

Measuring background at Alpha spectrometer
was carried out at the same periode and its results
were diminshed on the result of sample
measurment. Sediment ages and accumulation
rates were determined by using CRS (Constant Rate
of Supply) model. This model is practicable to count
ages and accumulation rates of sediment and it has
seldom applied by scientists (Ballestra and Hamilton,
1994; Sanchez-Cabeza et al.,1999; Hancock and
Hunter, 1999; Lubis 2006). This model was
recomended by Krishnaswamy et al. (1971) and
Golberg (1963) first introduced the CRS model
capable of calculating sedimentation ages in
sedimentary layers. This model requires an
unsupported 210Ph value in sediment layers. Value A
is gained from alleviating total of unsuported 219Pb
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and value of unsupported 219Pb at depth x, and k is a
radioactive decay constant of 210Ppb = 0,03114.year
1, A(0) is a sum of unsupported 219Pb at a total cores
(Bg.m21). Furthermore, t is sediment age (year)
where is gained (Appleby and Oldfield, 1978).
Sediment depositing rate in each unit of time, ris a
sediment depositing rate (kg.m2year?) (Willard and
Holmes, 1997), and C is an unsupported
constratetion of 210Pb at x depth (Bqg.kg1).

Results and Discussion

Total activity of 210Pb

Total activity profile of 219Pb in each coring
(Figure 2.) shows that the sediment surface
undergoes clearly fluctuation. This is caused by
sediment particel mixed as a result of stirring
process in the sediment surface. Total activity value
of 210Ph is acquired at the Station 1 is about 10.218
Ba.kg? (layer 17-19 cm) - 92.610 Bq.kg? (layer 1-2
cm) and Station 2 is about 53.980 Bq.kg%(layer 4-5
cm) 74.828 Bqg.kg? (layer O-1 cm). In a common, the
total activity of 210Pb indicates the decrease with
increasing depth. This decrease is caused by
radioactive decays of 219Pb to time. Jeter (2000)
stated that this matter can be leaded by the deeper
layer in a coring show very old time, so that
radioactive decay is assumed as indication of
decreasing concentration to depth.
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Figure 2. Profile of total activity 220Pb towards depth of sediment coring samples of Karimata Strait
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Profile of sediment ages

Determining sediment dating was achieved
from applying CRS model. The acquired bottom core
sediment level is determined using natural isotope
210Pb at both areas, Station 1 and Station 2 (Figure
3.), are layer 9-11cm (175 years old) and layer 3-
4cm (50.4 years old). Sediment core deposited
forming year that is derived at St 1 on layer 9-11cm
and 0-1 cm are year 1840 and 2010, respectively.
While other stations on layer 3-4cm and layer 0-1cm
are year 1965 and 2009 respectively. Therefore, it
can be implied that sediment core at Station 1 is
older than Station 2.

Sediment deposition rate

Sediment deposition rate is a sedimentation
process that is caused by mechanical characteristics
of suspended materials in the water or forming
process and accumulating sediment in the bottom
water. Result of this research reveals that depositing
rate of sediment in each research station is
commonly increasing year by year. Profile of
sediment depositing rate towards ages of each
depth at both stations, Station 1 and Station 2, are
displayed in the following Figure 4.

Figure 4 shows that sediment depositing rate
in Station 1 is about 0.08 kg.m2.y1 (1840) or it is
still happening since 175 years ago. Depositing
sediment was still undergoing increase until year
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2010 based on formula (iii) as 1.78 kg.m=2.y1l.
However, the depositing sediment of Station 2 is
about 0.92 kg.m=2.yl (1965) or occurs since 50
years ago and the sediment process is still
happening to increase until year 2009 or +6 years
and it achieves 3.31 kg.m2.y1.

Origin of sediment particles from different
areas is caused by different characteristics and
distribution of sediment in certain location. Sediment
depositing in different research location is
happening in both locations. The Station 2 is mostly
fine particles because it has relatively calm water
movement and close to main sediment particle
sources. However, the Station 1 is dominantly coarse
particles because it has dynamical water circulation
and faraway of sediment sources. Consequently,
distributed particles have been dispersed widely.
That is why this location has a lower sediment
depositing rate than the Station 2. According to sea
water current patterns (INDESO, 2015), sediment
particle source at Station 2 is fathomed comes from
main land, Western Borneo and Central Borneo,
while sediment particle at Station 1 is supposed
comes from Sumatera and Borneo because there is
a meeting point of sea current from Borneo towards
offshore (central Karimata Strait) and water
circulation comes from Sumatera moving towards
offshore. This condition happen either west monsoon
or east monsoon. Beside current factor, it is affected
by anthropogenic activities coming from main lands
that give impact to increase mud particles.
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Figure 3. Profile of Sediment Age Towards Depth at Karimata Strait
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Figure 4. Sediment Depositing Rate in Karimata Strait

Sediment depositing is highly correlated to
sediment grain sizes. Beside this, speed of water
current in a certain water also is playing an
important role in the sediment depositing process.
Those commonly particles in coarse size are
deposited not faraway of its source location.
Otherwise, the more fine of a particle size, the more
faraway it is transported by current, so the more
faraway depositing from its source. Sea water
bottom sediment consists of different particle sizes
and compositions. Coarse sediment fraction
indicates highly hydrodynamics at the Station 1.

Sediment depositing rates in Karimata strait
show various deposits. However, the strait is
commonly undergoing increase until now, either
near Western Borneo (Station 2) or offshore (Station
1). Different sediment depositing and sudden
depositing changes as a result of extreme events
such as floods, earthquakes, and tsunami (Tuttle,
2004; Garcia-Orellana et al., 2006). One of an
important factor also is a land use change in Borneo
and Sumatera. This leads land cover of both island
are still decreasing year by year specially forests.
Study case in Watershed of Kapuas Hulu (Lusiana et
al.,, 2008) revealed that land cover of forests

decrease consecutively from year 2001-2004 are
9001 km=2 to be 8873 km=2.

Degradation of land covers especially in up
streams and along river banks will cause river water
debit increase and erosion along water banks. This
condition also is followed by sediment particles input
downwards to Karimata strait. BNPB Data (2016)
several areas are categorized into prone to flooding
in Indonesia such as West and Central Borneo,
Belitung Island, Jambi and Riau. Number of flooding
occurrences from 1979 to 2009 of those areas
are73 times, 53 times, 6 times, 84 times and 2
times, respectively. This data can be an indicator
that the main contributor of sediment particles
coming from several rivers in Jambi, West Borneo
and Central Borneo that all of those rivers terminate
to Karimata strait.

Conclusion

Sediment depositing rate in Karimata Strait
water shows the strait is still increasing years by
years until now. Result of this research in the side of
Borneo island has relatively low water circulation
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shows high sediment depositing rate than the
offshore location which is open water and has more
dynamic water condition.
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