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ABSTRACT: Study of elemental composition in sediment has been proven useful in interpreting the
depositional environmental changes. Multi Sensor Core Logger (MSCL) is a non-destructive analysis that
measures several parameters in sediment core including magnetic susceptibility and elemental composition.
Magnetic susceptibility and elemental analysis were measured in four selected marine sediment cores from
western part of Bangka Strait (MBB-67. MBB-119, MBB-120 and MBB-173) by using magnetic
susceptibility and X-ray Fluorescence (XRF) sensors attached to the MSCL. The data was collected within 2
cm interval. Scatter plots of Y/Zr and Zr/Ti show singular trend demonstrated by sediments from MBB-173
and two groups that composed of MBB-67 (Group 1) and MBB-119 + MBB-120 (Group 2). MBB-67 that is
located adjacent to Klabat Granite shows upward changes in mineralogy, slight increase of grain size and
negligible change in Y concentration. Cores MBB-119 and MBB-120 are inferred to be deposited during
regression that resulted in the accummulation of Y-bearing zircon in MBB-119 before the mineral could
reach MBB-120. Core MBB-173 is interpreted to be the product of plagioclase weathering that is submerged
by rising sea level. This core contains a horizon of rich Y-bearing zircon at 60 cm. 

Keywords: Multi Sensor Core Logger, X-Ray Fluorescence, magnetic susceptibility, depositional
environment, Bangka Island

ABSTRAK : Studi tentang komposisi unsur kimia dalam sedimen telah terbukti bermanfaat dalam interpretasi
perubahan lingkungan pengendapan. Multi Sensor Core Logger (MSCL) adalah sebuah analisis yang non-
destructive, untuk mengukur beberapa parameter dalam bor sedimen termasuk suseptibilitas magnetik dan
kandungan unsur. Suseptibilitas magnetik dan kandungan unsur diukur dari 4 bor sedimen laut yang terpilih di
bagian barat Selat Bangka (MBB-67. MBB-119, MBB-120 and MBB-173) dengan menggunakan sensor
suseptibilitas magnetik (MS) dan X-ray Fluorescence (XRF) yang terpasang pada MSCL. Pengukuran
dilaksanakan dengan interval 2 cm. Plot Y/Zr dan Zr/Ti menunjukkan satu trend yang diperlihatkan oleh sedimen bor
MBB-173 dan dua grup yang terdiri atas MBB-67 (Grup 1) dan MBB-119 + MBB-120 (Grup 2). Bor MBB-173
ditafsirkan sebagai hasil pelapukan plagioklas yang kemudian terendam air laut. Bor ini memperlihatkan horizon
yang kaya akan zirkon pembawa yttrium pada kedalaman 60 cm.

Kata kunci : Multi Sensor Core Logger, X-Ray Fluorescence, suseptibilitas magnetik, lingkungan pengendapan,
Pulau Bangka

INTRODUCTION
Elemental composition of marine sediment has

been used to understand sedimentological processes
and paleoenvironment including sediment diagenesis,
provenance studies, and identifying terrigenous
sediment (e.g. Croudace et al., 2006; Jones et al., 2011;
Govin et al., 2012; Hendrizan et al., 2016). Croudace et
al. (2006) revealed that calcium/iron (Ca/Fe) may show
strong correlation with sedimentary units, and is a good
proxy for sediment grading and for assessing source
relationships. Furthermore, the ratio of zircon/rubidium

(Zr/Rb) and titanium/rubidium (Ti/Rb) are useful as
sediment-source or provenance indicators. Govin et al.
(2012) indicated several element ratios such as iron/
calcium (Fe/Ca), titanium/calcium (Ti/Ca), titanium/
aluminum (Ti/Al), iron/potassium (Fe/K) and
aluminium/silicon (Al/Si) are the most commonly used
for paleoclimate reconstructions. They concluded that
Fe and Ti are related to the siliciclastic components of
the sediment and vary with the terrigenous fraction of
the sediment. While K can be derived from potassium
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feldspar or illite, which both characterize drier region
with low chemical weathering rate.

Bangka Islands is part of the Southeast Asia
Granite Tin Belt (Cobbing et al., 1986) and situated in
the Sunda Shelf that was exposed during Late
Quaternary low sea level periods (Voris, 2000).
Numerous studies on marine sediments from this area
have been conducted to understand the distribution of
tin placer deposits that are related to paleochannels.
Recent findings from Bangka Islands revealed high
accumulation of magnetite, ilmenite, zircon and apatite
in fine sand fractions (Rohendi and Aryanto, 2012) that
contain rare earth elements (REE). To date, elemental
analysis in this area is only conducted on discrete
samples and no continous measurement has been
conducted on core samples collected from this area.
Continous elemental measurement on core samples
could provide valuable information on REE contents
and their distribution. This information could be used to
interpret depositional environment to improve our
understanding of the placer deposits. 

This paper employ continuous elemental analysis
to establish the depositional environment of marine
sediments from West Bangka waters. Considering the
preference of REE-bearing heavy minerals in fine sand
fractions, this paper will discuss the relationship
between REE-bearing minerals and grain size. The
study area is located on the western part of Bangka
Strait (2°03'S to 2°10'S  and 105°10'E to 105 °40'E)
within the Bangka Regency, Bangka Belitung Province
(Figure 1).

Geological Setting

Bangka Island is formed by Paleozoic and
Mesozoic rocks that are covered Quaternary Alluvium
(Figure 2). The oldest rocks found in Bangka Island is
Paleozoic to Permian Pemali Complex that comprises
of phyllite, schist intercalated with quartzite and
calcareous lenses that was undergone deformation in
Late Paleozoic that resulted in Permo-Triassic Diabase
Penyabung intrusion (Mangga and Djamal, 1994). The
Tanjunggenting Formation that is composed of
interlayering of metasandstone, sandstone, clayey
sandstone with lenses of limestone was deposited
during Triassic and found covering most of the island
(Mangga and Djamal, 1994). Magma activity during
Upper Triassic – Jurassic formed Klabat Granite
intrusion that cut into all the older rocks (Mangga and
Djamal, 1994). The youngest rocks found in the island
is Ranggam Formation that consists of interlayering of
sandstone, claystone and conglomerate that was
deposited in Middle Miocene – Pleistocene (Mangga
and Djamal, 1994).

Klabat Granite is part of the main granite belt of
Malay Peninsula (Cobbing et al., 1986) that serves as
source for tin placer deposit. Field observation of
Klabat Granite that is outcropped in Toboali exhibit
grayish white in color, coarse phaneric, holocrystalline,
equigranular granite that is composed of plagioclase,
quartz, biotite and some opaque minerals (Aryanto and
Kamiludin, 2016). Rohendi and Aryanto (2012)
reported that seafloor sediments off Betumpak Cape

Figure 1. Map of study area and sampling sites.
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(west Bangka) comprise of quartz, clay, and mafic
minerals that include apatite and zircon. 

The formation of tin placer deposits is suggested to
be controlled by Cenozoic eustatic sea level (Batchelor,
1979) that occurred in three phases: (1) extremely low
sea level during Late Miocene to Early Pliocene
resulted in Sundaland exposure under semi arid
condition that led to deep lateritisation and red-bed
sedimentation; (2) Late Pliocene to Early Pleistocene
discontinously rising sea level with regular rainfall
resulted in increase denudation that formed piedmont
and fan and alluvial plain; (3) Middle Pleistocene to
Holocene sea level rise that changed the climate in the
region and resulted in braided river system and paralic
sedimentation and river incision. The Quaternary
stratigraphy of Sundaland of Batchelor (1979) can be
summarised into Figure 3. 

METHODS
This study was conducted on four selected gravity

core samples (MBB-67, MBB-119, MBB-120 and
MBB-173) that have been collected in 1996 from
western part of Bangka Strait, between 9 – 30 m water
depths. These samples were analyzed by a non-
destructive scanning method in order to determine
magnetic susceptibility and X-Ray Fluorescence in 2
cm intervals. The scanning was conducted using

MSCL-S Geotek, at the Core Laboratory of the Marine
Geological Institute in Cirebon. 

Magnetic susceptibility (MS) measurement was
performed using Bartington MS2E point sensor, while
the elemental composition of sediment was measured
by XRF handheld Olympus Innov-X. Both sensors are
installed to the MSCL equipment. As has been
described, elemental composition of sediment can be
used as an indicator of terrigenous material, while
magnetic susceptibility is sensitive to mineralogy and
weathering process (Li et al., 2007; Stoner and St-Onge,
2007; Zheng et al., 2010; Zhou et al, 2014).

The elements that are used in this study is
determined by their correlation coefficients following
Hendrizan et al (2016) and their relation to REE and
grain size. Previous studies used various grain size
proxies, such as Zr/Ti (Oldfield et al., 2003) and Zr/Rb
(Dypvik and Harris, 2001). Calculations of correlation
coefficient on Zr, Ti and Rb (Table 1) yield highest
value on Zr/Ti (0.7) that is used as grain-size proxy in
this paper. 

Rare earth minerals in Indonesia are present as
accessory minerals in tin placer deposit (Rohendi and
Aryanto, 2012). Aryanto and Kamiludin (2016) found
that yttrium (Y) is predominant REE in coastal
sediments of Toboali, south Bangka. Yttrium
concentration in study area is presented as natural log
ratio (ln) to avoid variation related to sedimentary

Figure 2. Geological map of Bangka Island (Mangga and Djamal,1994).
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dilution effect (Dypvik and Harris (2001). Considering
the concentration of Y in sedimentary rocks is
influenced by heavy minerals, such as zircon, xenotime
and garnet (De Vos and Tarvainen, 2006), this study
uses log ratio of Y/Zr as proxy of REE content. This
selection is supported by its high correlation coefficient
(0.61) as is presented in Table 1.

RESULT 
The elemental data is evaluated by comparing Y to

Zr and Ti to Zr in scatter plot. Figure 4a shows singular
trend composed of MBB-173 samples while MBB-119,
MBB-120 and MBB-67 samples exhibit large variation
that form two distinct group (Figure 4a): MBB-67 and
MBB-119 + MBB-120. Both groups show relatively
independent nature of Y to Zr and is speculated to be
caused by different Y source that containes different
concentration of Y. The close relationship of Y to Zr in

MBB-173 suggests zircon as the main source of Y
in this site.

A large variation is revealed in Ti/Zr plot
(Figure 4b) with MBB-173 shows positive trend
with large scatter, whereas MBB-67, MBB-119
and MBB-120 exhibit clustering of data. Those
trends suggest the possibility of mixed grain size
in MBB-173 and relatively similar grain size in
the three cores. 

Vertical variation of magnetic susceptibility,
ln Y/Zr and ln Zr/Ti for each core is illustrated in
Figure 5. Magnetic susceptibility in MBB-67
shows higher value in the bottom part of the core
and reaches its peak (105.9 x 10-5) at 60 cm before
decreases upward. The lowest value observed is
2.3 x 10-5 at 0 cm. In this sediment core, ln Y/Zr
shows slight increase to the top with maximum
value of -2.46 is also observed at 60 cm and
minimum value of 3.84 at 66 cm. A slight
increasing upward trend is also demonstrated by
ln Zr/Ti with maximum value of -0.65 observed at
0 cm and minimum value of -2.48 at 36 cm. 

In contrast to the previous core, MS in core
MBB-119 exhibits increasing upward trend with
two peaks (14.2 x 10-5 and 14.9 x 10-5 SI)
observed at 7.7 and 21.7 cm. The minimum value
of 0.1 x 10-5 SI is found at 13.7 cm. Similar trend

is also observed in ln Y/Zr with maximum value of -
2.87 at 35.7 cm and minimum value of -3.58 at 9.7 cm.
An increasing trend is demonstrated by ln Zr/Ti with
maximum value of -1.24 at 57.7 cm and minimum
walue of -1.92 at 51.7 cm.

Core MBB-120 reveals different trends for the
three components: increasing upward on MS and ln Zr/

Ti whereas ln Y/Zr decreases
to the top. The maximum
value of MS (20.5 x 10-5SI) is
detected at 8.7 cm and
minimum value of 2.1 x 10-5

at 66.7 cm. Ln Y/Zr shows
maximum value of -2.92 at
64.7 cm and minimum value
of 3.39 at 24.7 cm. The

maximum value of ln Zr/Ti (-1.58) is observed at 36.7
cm while the minimum value (-1.98) at 44.7 cm.

The last sediment core, MBB-173, reveals
increasing upward trends on all three components. The
maximum value of MS (5.3 x 10-5SI) is detected at 19.5
cm and minimum value (0.8) at 35.5 cm. Ln Y/Zr shows
maximum value (-2.36) at 25.5 cm and minimum (-
3.06) at 7.5 cm. The maximum value of ln Zr/Ti (-1.72)
is found at 35.5 cm, coincidentally at the same depth of
MS minima, whereas the minimum valur of ln Zr/Ti (-
2.79) is at 19.5 cm which is concurrent with MS
maxima.

Figure 3. Regional stratigraphic column of Late Cainozoic sediments
of Sundaland (Batchelor, 1979).

Ratio MBB-67 MBB-119 MBB-120 MBB-173 Average 
Y:Zr 0.27 0.71 0.58 0.88 0.61 
Zr:Rb 0.30 0.68 0.52 -0.13 0.34 
Zr:Ti 0.63 0.71 0.80 0.58 0.68 

Table 1. Correlation coefficient of MBB-67, MBB-119, MBB-120 and MBB-173.
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DISCUSSION

Mineralogy and grain size

The mineralogy of marine sediment from Bangka
Strait is inferred from the assumed relationship between
Y and Zr (Figure 4a). Among the four cores, only MBB-
173 shows strong correlation between Y and Zr that
points to zircon as the source of Y. Coastal and marine
sediments in Toboali that was collected near Klabat
Granite outcrop has been detected to contain between
3.32 and 106 ppm of yttrium (Aryanto and Kamiludin,
2016). Figure 4b displays the mixed nature of grain size
in this core with clay fraction as predominant
component. Examination of core MBB-173 reveals
white to reddish fine-grained sediments (Figure 6) that
points to kaolinite with iron oxide impurities as
predominant clay minerals. This interpretation is
supported by Rohendi and Aryanto (2012) who found
kaolinite in marine sediment off Batumpak Cape. They
explain the kaolinite as the result of plagioclas
weathering from adjacent Klabat Granite. 

The independent nature of Y from Zr in sediments
of cores MBB-67, MBB-119 and MBB-120 (Figure 4a)
might be related to the geology of surrounding land.
Cores MBB-119 and MBB-120 were acquired in the
central part of the study area where the coastal area is
covered by alluvium, while MBB-67 was collected
southwest of Muntok that is situated on Klabat Granite
(Figure 2). Those difference is manifested in Y/Zr as
two distinct groups: Group 1 consists MBB-67, while
Group 2 comprises MBB-119 and MBB-120. Yttrium
content of MBB-67 sediment is narrowly ranged with
relatively lower value in comparison to the three other
cores (Figure 4a) that might indicate enrichment of Y-
bearing minerals in MBB-119, MBB-120 and MBB-
173. Group 1 and Group 2 are also discernible in Figure
4b: Group 1 is dominated by relatively coarser-grain
sediments; and Group 2 is mostly composed of finer-

grained sediments. The sediment color of the three
cores is dominated by gray to brown (Figure 6) that is
interpreted as deposited in nearshore to marine
environment.

Changes in Depositional Environment

The highest magnetic susceptibility values are
found at the bottom part of core MBB-67 at ~100 x10-

5SI (Figure 5). Constrastingly, the other three cores
(MBB-119, MBB-120, and MBB-173) indicate
maxima values in the upper part of the cores. Even
though the MS of MBB-119, MBB-120, and MBB-173
demonstrate similar increasing upward trend, the
variability patterns are relatively different. These
variations might be related to different depositional age,
and/or different magnetic mineralogy of each core in
view of sensitivity of MS to mineralogy (Stoner and St
Onge, 2007). 

Zr is found concentrated in silt-fine sand fraction
(Veldkamp and Kroonenberg, 1993), whereas Ti is
commonly found in clay fractions (Oldfield et al.,
2003). The log ratio of Zr/Ti might be useful for grain
size proxy, indicating depositional environmental
changes. The decrease of ln Zr/Ti value reflects
increasing clay fraction in sediment while increase of ln
Zr/Ti ratio might indicate coarser sediment grain. This
variation is interpreted to reflect environmental changes
related to sea level: from shore/nearshore to open sea, or
vice versa. This interpretation is supported by core
MBB-173 that is considered as product of subaerial
weathering (Figure 6), as was described before.

Comparison of MS plot to ln Y/Zr and ln Zr/Ti of
core MBB-67 reveals additional source of Y in this site
which is detected by high MS and ln Y/Zr values at the
bottom part of the core that coincides with low ln Zr/Ti
(Figure 5). The decreasing upward of MS values might
be related to the change of mineralogy that followed the
deposition of high concentration of Y-bearing zircon.
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Slight change in grain size implies the absence of
extreme environmental changes at the site such as sea
level change. This interpretation is supported by
sediment color that point to marine environment.

Even though cores MBB-119 and MBB-120
belong to the same group, each core show different
vertical variations. Core MBB-119 exhibits increasing
upward trend of the three components that reflects
changes in the mineralogy of the sediment with
increasing grain size (Figure 5). The trend suggests
increasing influx of coarser grain, more magnetic
minerals with higher Y content to the top. 

Core MBB-120 shows increasing upward trend of
MS and ln Zr/To as opposed to ln Y/Zr. This pattern is
interpreted as increasing concentration of magnetic
minerals that are coarser grained and contain less Y
(Figure 5). The coarsening upward trends in MBB-119

and MBB-120 might be deposited during regression
that resulted in accummulation of Y-bearing zircon in
MBB-119 before the mineral could reach MBB-120.

Core MBB-173 is an interesting short core that all
three components show increasing upward trend. The
peak of MS is observed at 15-30 cm depth and coincides
with low ln Y/Zr and Zr/Ti (Figure 4b). This
observation points to a horizon of coarser grain
magnetic mineral that contains less yttrium, that is not
clearly visible (Figure 6). The core is interpreted as the
product of subaerial weathering of plagioclase that is
submerged by increase of sea level.

CONCLUSIONS 
Continous measurements of magnetic

susceptibility and elements on four marine sediment
cores (MBB-67, MBB-119, MBB-120 and MBB-173)
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from Bangka Strait reveal the relationship between
yttrium content to mineralogical composition (ln Y/Zr)
and grain size (ln Zr/Ti). Scatter plots of Y/Zr and Zr/Ti
demonstrate the importance of local geology to marine
sediments. Two distinct groups can be recognized:
Group 1 (MBB-67) and Group 2 (MBB-119 and MBB-
120) and core MBB-173. Core MBB-67 that is located
adjacent to Klabat Granite shows upward changes in
mineralogy, slight increase of grain size and negligible
change in Y concentration. Cores MBB-119 and MBB-
120 are interpreted to be deposited during regression
that resulted in the accummulation of Y-bearing zircon
in MBB-119 before the mineral could reach MBB-120.
Core MBB-173 is inferred to be the product of
plagioclase weathering that is submerged by rising sea
level. The core contains a horizon of rich Y-bearing
zircon at 60 cm. 

ACKNOWLEDGEMENT
The authors would like to thank to Head of the

Marine Geological Institute of Indonesia for permission
to use the data. We appreciate the input and advise from
reviewer who help improve this manuscript. 

REFERENCES
Aryanto, N.C.D., and Kamiludin, U. 2016. The

Content of placer heavy mineral and
characteristics of REE at Toboali Coast and its
surrounding area, Bangka Belitung Province.
Bulletin of the Marine Geology, 31(1):45-54.

Batchelor, B.C. 1979. Geological characteristics of
certain coastal and offshore placers as essential
guides for tin exploration in Sundaland,
Southeast Asia. Geological Society of Malaysia
Bulletin, 11:283–313.

Cobbing, E.J., Mallick, D.I.J., Pitfield, P.E.J., and
Teoh, L.H. 1986. The Granites of Southeast
Asian Tin Belt. Journal of Geological Society,
143:537-550.

Croudace, I.W., Rindby, A. and Rothwell, R.G. 2006.
ITRAX: Description and Evaluation of A New
Multi-Function X-Ray Core Scanner.
Geological Society, London, Special
Publications, 267(1): 51-63.

De Vos, W., and Tarvainen, T. (chied eds). 2006.
Geochemical Atlas of Europe. Part 2:

gg g g g g p

Figure 6. Line-scan image of MBB-67, MBB-119, MBB-120 and MBB-173
showing distinct color of MBB-173 compared to the rest. Core
images are from Sampurno et al. (2017).



96 Pungky Sampurno et al.

Interpretation of Geochemical Maps, Additional
Tables, Figures, Maps and Related Publications.
FOREGS, 407-411.

Dypvik, H. and Harris, N. B. 2001. Geochemical
facies analysis of fine-grained siliciclastics
using Th/U, Zr/Rb and (Zr+Rb)/Sr ratios.
Chemical Geology, 181:131-146.

Govin, A., Holzwarth, U., Heslop, D., Ford Keeling,
L., Zabel, M., Mulitza, S., Collins, J.A. and
Chiessi, C.M. 2012. Distribution of major
elements in Atlantic surface sediments (36
N–49 S): Imprint of terrigenous input and
continental weathering. Geochemistry,
Geophysics, Geosystems, 13(1):2-9.

Hendrizan., M., Zuraida, R. and Cahyarini, S.Y. 2016.
Karakteristik sedimen palung Laut Sulawesi
(Sumur STA12) berdasarkan hasil pengamatan
megaskopis dan sifat fisika dari pengukuran
Multi-Sensor Core Logger (MSCL). Jurnal
Riset Geologi dan Pertambangan, 26 (1):69-80.

Jones, A.F., Brewer, P.A., Macklin, M.G. and Swain,
C.H. 2011. Reconstructing Late Holocene
Flood Records in the Tywi Catchment. Final
Report for Dyfed Archaeological Trust for the
Exploration Tywi Project, Aberystwyth
University, 25-29.

Li, F., Jin, Z., Xie, C., Feng, J., Wang, L. and Yang, Y.
2007. Roles of sorting and chemical weathering
in the geochemistry and magnetic susceptibility
of Xiashu Loess, East China. Journal of Asian
Earth Sciences, 29(5-6): 813-822.

Mangga S.A and Djamal, 1994. Peta Geologi Lembar
Bangka Utara skala 1:250.000, Pusat Penelitian
dan Pengembangan Geologi, Bandung.

Oldfield, F., Wake, R., Boyle, J., Jones, R., Nolan, S.,
Gibbs, Z., Appleby, P., Fisher, E. and Wolff, G.
2003. The late-Holocene history of Gormire
Lake (NE England) and its catchment: a
multiproxy reconstruction of past human
impact. The Holocene, 13:677-690.

Rohendi, R. and Aryanto, N.C.D. 2012. Seafloor
Sediment Characteristics and Heavy Mineral
Occurences at Betumpak Cape and Adjacent
Area, Bangka Strait, Bangka Belitung Province.
Bulletin of the Marine Geology, 27(1):7-18.

Sampurno, P., Aryanto, N.C.D, and Zuraida, R. 2017.
Occurrence and content of Rare Earth Elements
in the seabed sediment of West Bangka Waters,
Proceedings Joint Convention Malang 2017,
HAGI – IAGI – IAFMI- IATMI (JCM 2017).

Stoner, J.S., and St-Onge, G. 2007. Magnetic
stratigraphy in paleoceanography: reversals,
excursions, paleointensity, and secular
variation. Developments Marine Geology 1:
99–138.

Veldkamp, A. and Kroonenberg, S. B. 1993.
Application of bulk sand geochemistry in
mineral exploration and Quaternary research: a
methodological study of the Allier and Dore
terrace sands, Limagne rift valley, France.
Applied Geochemistry, 8:177-187.

Voris, H.K. 2000. Maps of Pleistocene sea levels in
Southeast Asia: shorelines, river systems and
time durations. Journal of Biogeography,
27:1153–1167.

Zheng, Y., Kissel, C., Zheng, H.B., Laj, C. and Wang,
K. 2010. Sedimentation on the Inner Shelf of
the East China Sea: Magnetic properties,
diagenesis and paleoclimate implications.
Marine Geology, 268(1-4): 34-42.

Zhou, X., Sun, L., Huang, W., Liu, Y., Jia, N. and
Cheng, W. 2014. Relationship between
magnetic susceptibility and grain size of
sediments in the China Seas and its
implications. Continental Shelf Research
72:131-137.


