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ABSTRACT

Mud volcano material is generally rich in oxides, while oxides are the main compounds forming rare earth elements.
Bledug Kuwu, Central Java, Indonesia, is one of the active mud volcanoes, so there may be rare earth elements. This
research is the characterization of rare earth elements (REE) in the Bledug Kuwu mud using magnetic and geochemical
methods. Magnetic characterization uses magnetic susceptibility measurements. The geochemical characterization
of the mud samples consisted of the XRF (X-Ray Fluorescence), XRD (X-Ray Diffraction), ICP-EOS (inductively
coupled plasma) test, and the SEM-EDS (Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy)
test. The results of the geochemical analysis of the Bledug Kuwu mud sample were the content of quartz, kaolinite,
and calcite with an average concentration of 42.26%, 23.67%, and 33.96%. The susceptibility of Kuwu’s mud is 0
because the concentration of metal elements is low; according to the results of XRF, XRD, and SEM tests identified
the main mud elements as C, O, Si, Ca, and Al. The rare earth elements in Kuwu’s mud are Ce, Dy, Eu, Gd, Ho, La,
Nd, Pr, Sm, Tb, Y, and Sc. The highest concentrations were Ce 52.22 ppm and La 47.95 ppm.

Keywords: Geochemical; mud volcano; petromagnetic; rare earth elements

ABSTRAK

Bahan gunung berapi lumpur umumnya kaya dengan oksida, manakala oksida adalah sebatian utama yang
membentuk unsur nadir bumi. Bledug Kuwu, Jawa Tengah, Indonesia ialah salah sebuah gunung berapi lumpur
aktif, jadi mungkin ada unsur nadir bumi. Kajian ini adalah pencirian unsur nadir bumi (REE) dalam lumpur Bledug
Kuwu menggunakan kaedah magnetik dan geokimia. Pencirian magnet menggunakan ukuran kerentanan magnetik.
Pencirian geokimia bagi sampel lumpur terdiri daripada XRF (Pendarfluor Sinar-X), XRD (Belauan Sinar-X), ujian
ICP-EOS (plasma berganding induktif) dan SEM-EDS (Mikroskop Elektron Imbasan-Spektroskopi sinar-X serakan
tenaga). Hasil analisis geokimia sampel lumpur Bledug Kuwu adalah kandungan kuarza, kaolinit dan kalsit dengan
purata kepekatan 42.26%, 23.67% dan 33.96%. Kecenderungan lumpur Kuwu ialah 0 kerana kepekatan unsur
logam adalah rendah; mengikut keputusan ujian XRF, XRD dan SEM mengenal pasti unsur lumpur utama sebagai C,
O, Si, Ca dan Al. Unsur nadir bumi dalam lumpur Kuwu ialah Ce, Dy, Eu, Gd, Ho, La, Nd, Pr, Sm, Tb, Y dan Sc.
Kepekatan tertinggi ialah Ce 52.22 ppm dan La 47.95 ppm.

Kata kunci: Geokimia; gunung berapi lumpur; petromagnet; unsur nadir bumi
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INTRODUCTION

A mud volcano is a geological phenomenon appearing
on the surface, where mud material comes from the
earth. Mud material comprises various mineral elements
and gases moving out of eruptive material (Barber,
Tjokrosapoetro & Charlton 1986; Brown 1990; Deville &
Guerlais 2009; Dimitrov 2002). Some minerals in the mud
are essential and needed by the latest technology. Several
unique minerals in the mud element are called rare
earth elements (REE). The REE comprise of Lanthanide,
Yttrium, and Scandium groups which are irreplaceable
and unique. They are available to explore. The REE can
produce neo-magnets with a better magnetic field than
ordinary magnets. REE can also increase a material's
strength, hardness, and resistance to heat (Zhang et al.
2012).

In Indonesia, there are several mud volcanoes
scattered on the island of Java, located in Sangiran,
Bangkalan (Madura), Ciuyah (West Java), Kesongo
(Central Java), Semolowaru, Gunung Anyar, Sedati,
Porong, and Sidoarjo (East Java). Geologically, the
existence of mud volcanoes in Java forms a straight
line. Mud volcanoes in Java are part of the active Mud
Volcano route, which stretches from Purwodadi — Cepu
— Bojonegoro — Porong (Ibrahim, Subardjo & Sendjaja
2010). Bledug Kuwu is a mud volcano from a group of
mud volcanoes in Central Java. A group of mud volcanoes
in Central Java is related to the oil and gas deposits
beneath it (Bambang et al. 2012).

Around Bledug Kuwu there are Bledug Cangkring,
Bleduk Crewek, Bledug Medang, Bledug Kesongo
and Bledug Anak Kesongo. Bledug Kuwu is the most
active mud volcano compared to the others (Satyana &
Asnidar 2007). Bledug Kuwu is in the Randublatung
zone. The Randublatung zone is part of the Rembang
and Kendeng zones’ confluence (Rugayya & Suryanto
2019). The Randublatung Zone extends from Semarang
to Surabaya, £250 km long and +10 km wide. The
triangle zone indicates the subsurface structure of the
Randublatung zone (Bambang et al. 2012; Bemmelen
1949). Bledug Kuwu is a mud volcano formed due to
natural gas rising to the surface through the medium of
subsurface structures and carrying mud whose density
is lighter than the surrounding sediment. The eruption
process is due to pressure from below, which can push
up the rock in its path. Claystone, marl, and sandstone
dominate the lithology of Bledug Kuwu (Husein 2015;
Nurhandoko et al. 2019). The geological structure that
controls the emergence of the Bledug Kuwu mud volcano
is a fold structure and a fault structure (Bambang et al.
2012). The anomaly in the Bledug Kuwu area originates
from fractured rocks extended from the southwest to

the northeast (Indriana, Nurwidyanto & Haryono 2007)
(Figure 1).

Bledug Kuwu water is salty as a presence of a
salt dome under the surface (Indriana, Nurwidyanto
& Haryono 2007). Mineral exploitation that is already
done in Bledug Kuwu is salt. The processing of salt
from brine is done traditionally and is still going until
today. The amount of brine water produced is small, so
it is considered uneconomical and only used locally by
the local community. Other minerals contained in the
mud and brine water besides salt have yet to be utilized.
Several mud volcanoes have REE in the mud material
with different compositions, and the compounds in the
mud consist of SiO,, Al,O,, and CaCO, (Carretero 2020,
Delisle et al. 2002; Lina et al. 2019; Maslov, Shevchenko
& Bychkov 2021; Queiber et al. 2017; Talas et al. 2015;
Vignesh et al. 2016).

The rare earth elements characterization in the
Kuwu mud uses ICP-EOS to be the novelty of this
research. The previous mineral characterization in
Bledug Kuwu uses brine water. The result of ICP-EOS
and geochemical tests of the Kuwu are Si, Na, K, Mg, Li,
and B (Sulistiyono et al. 2018). The geothermal activity
causes forming of these mineral elements (Rizqiya
2014; Rohmah et al. 2018). Mud volcano activity occurs
due to geothermal sources. This geothermal source
supplies thermal energy, producing mud containing
sulfur and salt minerals. Sulfur and salt concentrations
in Bledug Kuwu were 62.883 x 102 mg/ and 57.15 mg/L
(Sa’diyah, Syarwani & Hadiantoro 2017; Sabdaningsih
2018; Siregar & Siregar 2016). Geochemical analysis
of the Bledug Kuwu mud used the XRD method with
three samples. The distance of the point sample from the
source is 200 m. The results of the XRD test are elements
of sulfur (SO, and SO,) as much as 10.9 ppm - 73.83 ppm.
Analysis of rare earth elements also used brine water
samples (Arienzo et al. 2022). It is essential to use ICP-
EOS and magnetic tests on Bledug Kuwu mud samples
because it is necessary to carry out characterization tests
of rare earth elements contained in Bledug Kuwu mud
samples with different viscosity levels.

REE are generally not found as free elements in the
earth’s crust except in complex compounds. Separating
process of REE from these compounds uses some
methods. This research novelty is characterizing REE of
Bledug Kuwu’s mud using magnetic and geochemical
methods. The petromagnetic characterization uses
magnetic susceptibility measurements. The geochemical
characterization of the mud samples consisted of the
XRF (X-Ray Fluorescence), XRD (X-Ray Diffraction),
ICP-EOS (inductively coupled plasma) test, and the SEM-
EDS (Scanning Electron Microscopy-Energy Dispersive
X-Ray Spectroscopy) test.
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FIGURE 1. Bledug Kuwu Mud Volcano location and lithology map

MATERIALS AND METHODS

Bledug Kuwu is one of the mud volcanoes in Central
Java and the most active among the other mud
volcanoes, located in Kuwu Village, Kradenan District,
Purwodadi Regency, Central Java Province. Bledug
Kuwu mud eruptions occur almost continuously. The
diameter of Beldug Kuwu is £ 650 meters. The location
of Bledug Kuwu can be at coordinates 7°07'03.90"S,
111°07'17.61"E. Bledug Kuwu has two large Bledugs,
which are active and surrounded by small Bledugs
(Figure 2).

Bledug Kuwu has two large Bledugs that are
active and surrounded by small Bledug. The Bledug
Kuwu mud eruption contains gas that triggers an
explosion with a frequency of 0.1 — 2 explosions/minute
with an explosion height of up to 5 m. Currently, 5 m
explosions are rare, presumably because the amount of
gas below the surface of Bledug Kuwu has decreased.
Bledug Kuwu is a pie-type mud volcano with two large
pies and several small pies. Bledug Besar (big pie) in the

east is smaller in diameter than in the west but surrounded
by many small pies and unstable conditions.

The mud samples used surface samples, there
were 10 points, and each sample weight or volume was
1000 mL. Sample points were around Bledug Kuwu,
especially big Beldug 1 (Figure 3). Sample conditions are
solid surface samples, soft surface samples, and surface
samples that tend to be liquid. Sample picking used non-
metallic equipment. Point selection is aware of safety
during sampling, so taking samples with regular grids
and traversing mud volcanoes is impossible. The location
of the sample points encircled big Bledug 1, while the
surface conditions were unstable and dangerous around
Bleduk 2, so we could not take a mud sample. Samples
taken from small Bledug are soft to liquid samples, while
the mud from large Bledug is denser to soft. The map of
the sampling position is in Figure 2. The solid samples
are at points T1, T2, T3, and soft samples are at T4, T5,
and T10, while the more liquid samples are at points T6,
T7, T8, and T9.
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FIGURE 2. Bledug Kuwu mud volcano a). small pie b). small gryphone ¢). Kuwu
explotion, and d). Bledug Kuwu pie (https://www.idntimes.com/travel/destination)
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FIGURE 3. Geology map of Ngawi Region and Sample position in Bledug Kuwu




The preparation process in the laboratory used
natural drying. After drying, the mud sample was sieving
by using a sieve to obtain homogeneous clay particles.
Sample preparation is carried out according to the test
and prepared for various measurements/tests consisting
of susceptibility, XRD, XRF, SEM-EDS, and ICP-EOS.

The susceptibility test or measurement of low-
frequency magnetic susceptibility based on mass (yLF)
depends on the frequency (yFD %). A susceptibility
test determines the natural metal content. The number
of samples tested was ten samples. The magnetic test
used Barrington MS2. The value of LF (m*/kg) was used
to determine the concentration of magnetic minerals
(Davies et al. 2011, 2007; Milkov 2000). The value of
FD is used to determine the portion of superparamagnetic
refined grains (SP) contained in the mud sample. A low
value of FD % (<2%) indicates that there are no SP items
in the sample, while a very high value of FD % (>14%)
contains only SP items. If the value of FD % is 2-14%,
then the sample contains a mixture of SP and non-SP
granules (Milkov 2000).

XRF (X-Ray Fluorescence) measurements were
carried out to determine the composition of elements in
a material/sample. XRF is a non-destructive technique
for identifying and calculating the concentration of each
element in the sample. XRF measures the wavelength
of each element in the material from the fluorescence
emission the sample produces when irradiated by
X-rays (PanAnalytical 2009). The tool used was Thermo
Scientific ARL. The number of samples tested was 10.

X-ray Diffraction (XRD) testing was carried out
to identify the phases of crystalline materials and can
provide information about the dimensions of the unit
cell. The type of element is identified from the analysis
of elemental diffraction patterns. The XRD method is
known as the powder fingerprint method because XRD
produces the shape of the powder diffraction patterns.
Diffraction patterns depend on the size and shape cell,
the atomic number, and the position of the atoms in the
cell (Smallman & Bishop 2000). Analysis used XRD
X’Pert Pro PanAnalytical, conducted at ITS Indonesia
(Institution Technology Sepuluh November, Surabaya).
The number of samples tested was 3.

Morphological, topographical, and elemental
analysis of the samples using SEM results — EDX
(Scanning electron microscope). Scanning Electron
Microscopy (SEM) is an electron microscope that
creates images by concentrating a beam of high-energy
electrons on the surface of a sample and the detection
signal from electron interactions with the sample surface.
Collected signal type in an SEM varies and can include
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secondary electrons, x-rays characteristics, and electron
backscattering. An electron microscope is a beam of light
that concentrates on the electrons to gain much higher
magnification than a conventional light microscope.
SEM can observe both structures and form the finer-
scaled surface, furnished with EDX (Electron Dispersive
X-ray), and detect elements in the sample as the observed
surface through the conductor electron (Scimeca et al.
2018). SEM analysis used Hitachi FlexSem 1000 at ITS
Indonesia (Institutaon Technology Sepuluh November,
Surabaya). The number of samples tested is 3, and the
sample number used is the same as the sample used in
the XRD test.

Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP -EOS) was performed for multi-
element metal assay, which uses a plasma source to excite
the atoms in the sample. The number of samples tested
was 10. The mud samples tested have a filtering process
(minimum size pore 2.5 um uses Whatman quantitative
ashless filter paper 42), the maximum TDS of Aquos is
2%, the mud samples have a dilution process, and sample
treatment only uses pro-analysis chemical reagents
(pa). Measuring REE concentrations used Inductively
Coupled Plasma Atomic-Optical Emission Spectrometry
(ICP-OES) analysis using PerkinElmer Optima 8300
ICP-EOS Spectrometer, conducted at BRIN Indonesia
(Institution Research and National Innovation).

RESULTS AND DISCUSSION

The Bledug Kuwu mud’s color is light brown on a
dry surface, while on a soft and liquid condition, it is
dark brown-black to black and gray. Dried mud forms
cracks on the surface, and its texture becomes hard and
sticky when exposed to water. Mud close to the source
of the eruption is black and becomes light brown as it
gets farther away. Around the center, the mud color on
the surface is brown, but beneath, it is still black and
soft, making it easy to sink. The closer to the point of
eruption, the mud water content increases and its color
is gray to black. In the processing of rock formation,
chemical decomposition occurs and produces secondary
minerals (Rohmah et al. 2018). One of the secondary
minerals is clay. Clay minerals consist of kaolinite,
illite, and montmorillonite (Sari & Warmada 2021).
The elements of kaolinite are silica and alumina, and
both element compositions are arranged alternately. The
surface layer of kaolinite is more robust and taught than
montmorillonite and illite, so less water enters the rock
layer (Brindley & Brown 1980; Mori & Kano 2009).
Based on previous research, the types of mud found in
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Bledug Kuwu have the same characteristics as mud in
other mud volcanoes in Java and contain montmorillonite.
Montmorillonite is a mud whose water content affects
its phase (Agustawijaya & Krisnayanti 2013; Brand &
Brenner 1981; Bowles 1984; Chen 1975; Grim 1968;
Ibrahim, Subardjo & Sendjaja 2010; Mazzini & Etiope
2017; Zainudin et al. 2010). Samples were prepared and
tested for susceptibility, XRF, XRD, SEM-EDS, and ICP-
EOS. The results of the sample test are as follows:

Susceptibility Measurement of sample susceptibility
used low frequency (xLF) 47 kHz and high frequency
(xHF) 470 kHz. This processing produces a frequency-
dependent magnetic susceptibility FD(%) (Sudarningsih
et al. 2017). The susceptibility results can provide
information on the ability of the Kuwu mud material
to be magnetized. Table 1 shows the result of sample
susceptibility. The ¥FD is an indicator of mineral
superparamagnetic (SP) content. If the value of yFD (%)
< 2% indicates that the magnetic minerals contained in
the sample are not superparamagnetic (Milkov 2000). In
Table 1, the xFD value (%) is 0%. Based on the theory,
the mud sample does not contain superparamagnetic
minerals (SP). The amount of superparamagnetic
minerals is less, except for sample 1, which has a xFD
value of 12.5%.

All samples are surface samples, and samples 1
to 10 are in different locations around Bleduk Kuwu.

Sample 1 is the densest surface sample compared to the
others. The position of sample 1 is between large Bledug
1 and 2. Samples 2 and 3 are solid but soft, while other
samples are liquid. Liquid sample collects from small
Bledug that appears around the large Bledug. Liquid
or soft samples do not significantly affect the results of
¥FD. This result explains that the sample phase does not
affect the susceptibility value. The high value of ¥FD in
sample 1 may be due to chemical and physical reactions
that have occurred previously or due to environmental
exposure. Sample T4 is near Bledug 1, and sample T2
is near Bledug 2. The values of yLH and yLF are the
highest, but no susceptibility appears from the Bledug
Kuwu mud. Fresh samples taken directly from small
Bledug have higher yLH and yLF values than the others.
Metal elements in the mud material cause the presence of
susceptibility. The presence or absence of metal elements
Fe, Mg, and others needs further testing to analyze the
susceptibility value in the Kuwu mud volcano material.
The next element test is the XRF test.

X-Ray Fluorescence (XRF) The analysis of mud
composition used XRF. The yFD result cannot
identify the metal element, so the XRF test obtained the
results of any elements contained in the sample. Table 2
is a table of elements and compounds of Bledug Kuwu
mud. Table 2 shows the main elements Si, Ca, Fe, Al,
and Cl. The other elements are Sx, K, Ti, Sr, Zr, Br, Nb,

TABLE 1. Susceptibility magnetic of Bledug Kuwu mud

No Sample LF LH FD%
1 TI 8.8 7.7 12.5
2 T2 9.3 9.3 0
3 T3 8.3 8.3 0
4 T4 9.6 9.6 0
5 TS 8.6 8.6 0
6 T6 9 9 0
7 T7 9 9 0
8 T8 8.9 8.9 0
9 T9 8.9 8.9 0
10 T10 8.7 8.7 0
Mean - 8.91 8.8 1.25
Maximum - 9.6 9.6 12.5
Minimum - 83 7.7 0




Rb, Mo, In, Sb, Sn, Ru, and As. The dominant elements
are Si=20.34 % - 23.01 %, Ca=13.67 % - 15.49 %, Fe
=7.63%-8.77%,A1=2.9%-9.11 %, and C1 =4.39 %
- 9.53%, and the other have lower element concentrations.
The oxide compounds formed are SiO,, Ca O, Fe,O,,
ALQ,, and Cl. The average concentration values of the
dominant oxide compounds were SiO, = 45.363%, Ca
0 =20.518%, Fe,0, = 11.661 %, Al,O, = 8.149%, and
Cl =8.255%, and the other have lower oxide compound
concentrations. XRF results identified Quartz as the
main compound with a 43.6% - 49.23 % concentration.
The presence of oxide compounds allows the formation
of rare earth elements in the Bledug Kuwu mud.
Elements that appeared due to the XRF test did not
present REE. The lantana element was not obtained in
the Bledug Kuwu mud by XRF test. In a previous study,
the XRF results of Kuwu brine water yielded 49.30%
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calcium, lithium, boron, and other components. Salt, a
sodium carbonate compound of as much as 31.29%, is
thought to contain lithium and boron (Sulistiyono et al.
2018; Sumarno, Ratnawati & Nugroho 2012; Tran et
al. 2013). Mud and brine water samples produced the
same element, calcium. The calcium concentration in the
mud is lower than in the brine water. The Si element
dominates Kuwu’s mud element. Other elements in
common are aluminum and chloride. The XRF method
detected the element Fe but at a small concentration
of 8.159%. The small concentration of Fe probably
caused the low yFD value. The XRF test has not been
able to show the expected REE elements. The presence
of oxide compounds allows rare REE, according to the
characteristics of REE present in the oxide material. The
next test is the XRD test to determine the crystalline
material contained in the sample.

TABLE 2. XRF Element and compound concentration of Kuwu mud sample

Element  Mean (%) deviation Oxide Mean (%) deviation
compound
Si 21.208 0.3100 SiO, 45.363 0.6600
Ca 14.672 0.2100 CaO 20.518 0.2900
Fe 8.159 0.1200 Fe O, 11.661 0.1700
Al 5.205 0.5700 ALO, 8.149 1.0700
Cl 7.335 0.1700 Cl 8.255 0.1700
Sx 1.453 0.3700 SO, 3.066 0.9100
K 1.390 0.1000 K,O0 1.701 0.1200
Ti 0.584 0.0730 TiO, 0.966 0.1200
Sr 0.130 0.0400 SrO 0.155 0.0470
Zr 0.048 0.0150 7O, 0.063 0.0200
Br 0.036 0.0068 Br 0.033 0.0068
Nb 0.021 0.0025 Nb,O, 0.030 0.0035
Rb 0.026 0.0086 Rb,0 0.029 0.0094
Mo 0.013 0.0031 MoO, 0.019 0.0047
In 0.007 0.0009 In,0, 0.008 0.0011
As 0.029 0.0011 As.,0, 0.008 0.0140
Sb 0.014 0.0012 Sb,0, 0.008 0.0015
Sn 0.006 0.0012 SnO, 0.008 0.0015
Ru 0.005 0.0019 RuO 0.006 0.0026




2536

X-ray Diffraction (XRD) The XRD test results selected
for analysis were samples T1, TS5, and T9. Sample T1
is a sample with different susceptibility test results and
is the densest sample, sample T5 is a soft sample, and
sample T9 is a sample from a small Bledug near Bledug
2. The XRD results of the T1, TS, and T9 mud samples
contained 29.6% - 36.5% Quartz (Si0,), 19.5% - 29.0%
Kaolinite (Al, H,0,Si,), 40.7% - 44.7% Calcite (Ca
CO,). The density value is 2,599 g/cc - 2,707 g/cc. The
percentage by weight of the elements in the mud is O =
51 .8%, Si=20.1%, Ca = 16.6%, Al = 6.1%, C = 5.1%,
and H= 0.5%. The concentration of each compound in
each sample is in Table 3.

The concentrations of compounds in samples T1, TS5,
and T9 are Calcite, Quartz, and Kaolinite. Sample T1
has the highest concentration of kaolinite. Sample T5 has
the highest concentration of calcite, while sample T9
has the highest quartz concentration. The T1 sample has
other results, although not dominant. The susceptibility
results showed the value of FD 0% in the T1 sample,
while the T2 - T10 samples were 0%. The XRD results
identify the presence of Fe, Li, Mn, and Sn elements
but are not dominant. Fe, Mg, and others, known as
solid metal elements, did not appear in the XRD test of
samples TS5 and T9. The absence of metal elements is a
condition that produces zero susceptibility (y FD = 0%)
in the mud sample.

The results of the XRD test are in the graph in
Figure 4. The highest intensities are Calcite (Ca CO,)
in a trigonal crystal phase, Kaolinite (Al, H,O,Si,) in a
triclinic crystal phase, and Quartz (Si O,) in a trigonal
crystal phase. In Figure 4(a), which represents the T1

sample, other compounds are not dominant. The T5
sample did not show a non-dominant peak (Figure 4(b)).
The T9 sample had one non-dominant peak, while sample
T1 had several non-dominant peaks As,, | Ca, ,, Fe, . H,
Mn1.7 040.68 T13 Ca5.92’ T13 FeZ.97 Mn1.7 AS]].S H4 040.(78'

The dry mud sample of Bledug Kuwu tested
produced a composition of quartz, kaolinite, and calcite.
Mud samples in various mud volcanoes around the world
are generally composed of SiO, and Al,O, and contain
elements of REE (Lina et al. 2019; Maslov, Shevchenko
& Bychkov 2021; Talas et al. 2015; Vignesh et al.
2016). Indonesia has a very abundant source of oxide
material contained in quartz sand. Quartz oxide (SiO,)
dominates quartz sand, with a purity of SiO, up to 95-
97%. Kaolinite is also dominant in clay. The kaolinite
is an alumina (ALO,) source with up to 40% purity.
Limestone or calcite (CaCO,), with a purity of up to
98%, also dominates the compound in mud (Munasir et
al. 2012). Nanotechnology requires intelligent materials,
namely oxide materials/nanomaterial oxides such as Zn
0, Si0,, MgO, Al,0,, TiO,, Fe,0,, Y,0,, Ce O, and Mn
O. The concentration of quartz, kaolinite, and calcite in
the dry mud of Bledug Kuwu is below 50%, so no one is
the most dominant. In general, kaolinite dominates up to
40% of clay concentration, but in the Kuwu sample, the
kaolinite concentration value is lower the 40%. Based on
the geology map of the Kuwu, the limestone is dominant;
the calcite concentration in the samples tested only
reached 44.7%. Previous studies have shown that brine
water and Bledug Kuwu mud are dominated by aluminum
silica, clay, and Lithium in the Li-Montmorillonite clays.
The wet mud samples treated in the experiment contained
0.0029% lithium (Rohmah et al. 2018). The results of the
XRD test for the Bledug Kuwu mud sample did not reveal
the presence of Lithium in the dry mud sample.

TABLE 3. Compound concentration of Kuwu mud sample

Concentration (%) T1 T5 T9 Min Max Mean Density
. (g/cm?)
Calcite 41.40 44.7 40.7 40.7 44.7 42,26
2.707
Kaolinite 29.0 19.2 22.8 19.2 29.0 23,67 2,599
Quartz 29.6 35.8 36.5 29.6 36.5 33.96 2.626
Other Ti - Ag
Reference:
Fe - - Quartz  : Kihara (1990)
Mn ) ) Kaolinite : Bish  (1993)

Calcite

: Sitepu (2005)
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SEM-EDS (Scanning Electron Microscopy-Energy
Dispersive X-Ray Spectroscopy) Rock morphology study
focuses on the rock's shape, structure, and form. Rock
morphology analysis uses to identify rock constituent
elements. SEM is the newest method for nanoscale
materials because shape influences physicochemical
characteristics. SEM is an efficient scanning technique,
useful in current materials research, microanalysis,
investigative applications, and high-resolution imaging.
Element identification is easy using an energy-dispersive
X-ray spectrometer (EDS) connected to a scanning
electron microscope (SEM). SEM-EDS produces the
image and energy intensity. The SEM identifies element
response as element energy response. The SEM image
surface of the mud contains a variety of mineral crystal
particles such as kaolinite, calcite, and quartz, with a
large number of intergranular pores and microcracks,

mainly distributed around the mineral crystals. At a
500x magnification, the voids and calcite mineral grains
are uniformly distributed over the entire sample surface.
At a 500x magnification, a large number of calcite and
kaolinite flakes can be clearly observed on the surface
of the quartz, with a relatively large amount of voids
formed between these flakes (Figure 5(a)). The SEM-EDS
test identifies C, O, Fe, Na, Mg, Al, Cl, Si, K, and C. The
most weight is O at 40.98% and C at 31.35%. The lighter
metal element Al is 7.05%, Si =9.48%. Calcium, the main
component in the Kuwu area, has a weight percentage
of 4.54%. Other elements weigh less than 2%. These
results indicate the consistency of the oxide content in
the mud as a medium for the formation of REE. SEM-EDS
spectrum observed that the major elemental constituents
are C and O with smaller concentrations of Al, Si, Ca,
and Cl, and minor concentrations of Mg and K (Figure 5).

Smart Quant Results

Element Weight % Atomic % Error %
CK 31.35 42.83 8.54
O K 40.98 42.04 7.92
Fel 1.28 0.38 16.38
NaK 2.01 1.43 7.67
MgK 0.62 0.42 7.34
AlK 7.05 4.29 3.93
SiK 9.48 5.54 3.66
CIK 2.08 0.96 SRS
KK 0.62 0.26 15.76
CaK 4.54 1.86 5.45
SU3500 10.0kV 10.0mm x500 BSE-COMP 40Pa
a. b.
z
g
=
a g ﬁ ca Fe
268 335 4.02 469 5.36 6.03 -
Energy (keV)

FIGURE 5. a) SEM-EDS image illustrating the mud morphology (500 x), b) quantifying the
spectral data, and c) Corresponding EDS spectrum illustrating the elemental composition



Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP-EOS) Kuwu mud ICP-EOS test results
showed the presence of REE Ce, Dy, Eu, Gd, Ho, La,
Nd, Pr, Sm, Tb, Y, and Sc, while Lu, Yb, and Tm were
not detected. The most content is Ce 52.22 ppm and La
47.95 ppm, with a deviation of 0.06 and 0.22. Table 4
shows the results of the ICP -EOS test.

The seventeen REE consist of heavy REE and light
REE. Heavy REE difine as lanthanum (La), cerium (Ce),
praseodymium (Pr), neodymium (Nd), promethium (Pm),
samarium (Sm). REE concentrations in the earth's crust
range from 130 pg/g to 240 pg/g. REE concentration is
higher than other commonly exploited elements and
much higher than the respective chondritic abundances.
Bledug Kuwu mud contains heavy and light rare earth
elements. The heavy REE in the Kuwu mud is La, Ce, Nd,
Pr, and Sm, while Pm and Lu are undetected. The results
of the ICP-EOS analysis show that the REE content in
each sample is different but has a range of values that is
not too large except for Gd. The difference concentration
between the maximum and minimum element values
is six ppm and 0.7 ppm. The difference is not much,
therefore, the concentration of each sample is almost the
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same. The sample phase was solid, soft, and liquid, which
did not affect the REE concentration obtained. Gd element
was undetected in all samples because the concentration
was less than others. In mud samples that tend to be a
denser phase, Gd is unidentified, but in soft mud samples,
Gd is present. The T10 sample has a different Gd value
of -81 ppm.

Lutetium (Lu) is the hardest and densest metal. The
percentage of lutetium in a mineral was less, as in the
mineral monazite, lutetium found at 0.003% (Dia et al.
1999; Naimi & Ayoubi 2013). Lu does not identify by ICP
-EOS in the mud sample of Kuwu. Thulium is not free
but is identified in monazite, gadolinite, xenotime, and
euxenite. Thulium can be isolated by reducing anhydrous
fluoride with calcium metal or by reducing its oxide
with lanthanum metal (Davisson, Presser & Criss 1994;
Higgins & Saunders 1974; Kopf et al. 2003). Thulium
is one of the least abundant elements on earth (Aslan
et al. 2001; Lepichon et al. 1990; Martin et al. 1996).
The calcite compound dominated the Kuwu ‘s mud, but
Thulium was not in the Kuwu case. Figure 6 shows the
average value of each rare earth element’s concentration
in the Bledug Kuwu mud. Graph 5 does not include
extreme values in Gd.

TABLE 4. Rare Earth Element of Bledug Kuwu in mud sample

Rare Earth Element Concentration (ppm)

Sample

Ce Dy Eu Gd Ho La Lu Nd Pr Sm Tb Tm Yb Y Sc
T1 567 133 106 107 27 494 <IDL 26 274 179 165 <IDL <IDL 33 83
T2 49.6 8 105 <IDL 23 463 <IDL 236 20 169 161 <IDL <IDL 3 7.8
T3 594 95 109 <IDL 1.9 51 <IDL 264 235 18.1 164 <IDL <IDL 4.8 89
T4 49 133 108 9.8 27 465 <IDL 23.6 263 183 165 <IDL <IDL 34 82
T5 494 136 102 154 25 466 <IDL 237 273 182 161 <IDL <IDL 3 7.5
T6 551 105 103 <IDL 1.7 493 <IDL 246 238 172 158 <IDL <IDL 49 738
T7 509 119 103 6.6 1.2 47 <IDL 222 258 173 158 <IDL <IDL 34 79
T8 463 127 102 119 17 466 <IDL 249 265 175 159 <IDL <IDL 42 179
T9 577 141 102 15 1.8 50.1 <IDL 246 277 18.1 156 <IDL <IDL 55 83
Ti0 48.1 <IDL 10.6  -81 1.3 467 <IDL 226 82 15.4 16 <IDL <IDL 37 1738
Min  48.1 8 10.2 -81 1.2 463 - 222 82 154 156 - - 3 7.5
Max 594 141 109 154 27 51 - 264 277 183 165 - - 55 89
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FIGURE 6. Average value of rare earth element’s concentration in Bledug Kuwu mud

Gadolinium (Gd) is a lanthanide having very
similar chemical and physical properties, the electron
configuration of gadolinium results in a 3+ oxidation
state. The characteristics of the 3+ oxide are very
stable. Gadolinium is a rare REE. The amount of REE
is around 60 parts per million (ppm), and Cerium is
the most abundant REE element. The amount of Ce
in nature exceeds Nickel (56 ppm) and Copper (25
ppm) (McGill 1993). Gadolinium occurs as oxides,
carbonates, silicates, and phosphates. Gd is present in
minerals such as monazite, bastnaesite, and apatite. The
concentration of Gadolinium oxide in REE is around
0.7-4.0%, while the amount of REE in minerals is only
4%, so Gd is rare (Garret 2004; Srodon 1999). There are
oxide compounds in Bledug Kuwu mud, producing Gd
but in low concentrations (Attia et al. 2012; Kopf 2002;
Kopf et al. 2003; Rizqiya 2014).

The graph shows that the highest concentration
is Ce. As is well known, Ce is the most abundant REE
component. Other REEs have an average concentration
value of 1.95 ppm to 24.22 ppm. The significant elements
are Ce 52.22 ppm and La 47.95 ppm, while the minor
REE are Ho and Y. Holmium is a minor component of
the mineral monazite and bastnaesite. Monazite and
Bastnaesite. It extraction process produces Yttrium. The
ion exchange and solvent extraction obtains Yttrium
elements. Holmium can absorb neutrons, so it is used in
nuclear reactors to keep a chain reaction under control.
Some magnets on alloys also use Holium.

The Bledug Kuwu geochemical analysis results,
explain the presence of REE content in the Bledug Kuwu
mud. The number of REE elements in the Kuwu mud
is 10 of 17 types. The formation of REE in the Kuwu

mud is related to the tectonic activity of the Kuwu area.
The availability of REE is generally associated with
volcanic activity. High temperature and pressure affect
the chemical activity that causes the formation of REE
in a compound. Kuwu Mud Volcano is a mud volcano
that is far from volcanism but is associated with oil
and gas deposits. Even though it is far from volcanic
activity, Kuwu mud still contains REE elements. The
REE concentration in the Kuwu mud is lower than in the
Lapindo mud. Lapindo mud is also an oil and gas deposit
area in the East Java region close to Mount Penaggungan,
thus enabling the formation of REE more optimally. The
tectonic activity in the Rembang and Randublatung
depression zones increases chemical activity in the Kuwu
area, producing several REEs.

CONCLUSION

The results of the geochemical analysis of the Bledug
Kuwu mud sample were the content of quartz, kaolinite,
and calcite with an average concentration of 42.26%,
23.67%, and 33.96%. The susceptibility of Kuwu's mud
is 0 because there is less metal element. According to the
results, XRF, XRD, and SEM tests identified the main
mud elements as C, O, Si, Ca, and Al. The REE in Kuwu's
mud are Ce, Dy, Eu, Gd, Ho, La, Nd, Pr, Sm, Tb, Y, and
Sc. The highest concentrations were Ce 52.22 ppm and
La 47.95 ppm.
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