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Abstract— Research on magnetic properties and chemical element content of environmental deposits has been conducted for various
purposes. This study focuses on characteristic magnetic susceptibility, magnetic mineral morphology, and the elemental composition of
Cangar and Padusan hot springs in the Arjuno-Welirang geothermal system to differentiate upflow and outflow systems, respectively.
The measurements were performed for better understand the relation between magnetic susceptibility, Fe-Silicate content, magnetic
mineral morphology, surface temperature and compare these characteristics in two kinds of hot springs in the same mountain system.
Magnetic susceptibility ranged (7.558 - 62.694 ) x 10-° m%/kg with an average of 30.651 x 10"® m3/kg for Cangar (upflow) and (11.821 -
28.101) x 10 m%kg with an average of 18.148 x 10-° m%/kg for Padusan (outflow). In situ magnetic minerals extracted of hot springs
are averaged of magnetic susceptibility is 26.981 x 10 m’*/kg for Cangar and 24.445 x 10"° m%/kg for Padusan. The element content
dominated by Al, Si, K, Ca, Ti and Fe, where Fe is more abundant in Cangar as an upflow. The higher magnetic susceptibility, the
greater of Fe-silicate content in both of hot springs. The surface temperature ranged from 38 - 48°C, where the higher temperature, the
magnetic susceptibility increased. In Cangar, extracted magnetic minerals tend show crystalline, especially hedralic shape with very
fine surface, clean and free of impurities. Meanwhile, some magnetic minerals are also found in spherical shapes, especially in Padusan.
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geothermal reservoirs. This method will support the early
I. INTRODUCTION methods such as gravity and magnetic [4]. Some gravity data
of geothermal also accompanies geochemical analysis [5].
Rock magnetism methods have been widely used to
evaluate environmental changes, such as evaluating polluted
or non-polluted land with measured magnetic properties
parameters such as magnetic susceptibility and supported by
magnetic mineral morphology. Magnetic properties can even
differentiate sources of pollutants in industrial areas [6]—[9].
Several studies have combined magnetic methods and
geochemistry to describe the mapping of polluted areas due to
heavy metal exposure, where heavy metal levels are measured
by the high magnetic susceptibility and the presence of
spherical grain of magnetic minerals [10]-[14]. Integrating
magnetic and geochemical properties is also suitable for

Indonesia's geothermal potential of around 28.91 GW is
spread over 312 locations. Of the total geothermal potential,
only about 5% has been explored. One of the geothermal spots
that have not been explored is Arjuno Welirang [1]. Several
studies have been carried out related to the geological,
geophysical, and geochemical analysis of the Arjuno
Welirang geothermal system [2] and potential energy analysis
[3]. In this study, the magnetic properties of deposits in the
geothermal area were tested to expand the application of the
rock magnetism method as one of the signatures in the
geothermal environment, especially as a differentiation clue
of upflow and outflow, which in the future can use for
maturity indicator or one of the characterization methods of
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tracing sources of pollution from Zinc [15] and Arsenic [16].
In this study, the magnetic susceptibility and element
measurements were conducted to evaluate deposits at
geothermal locations. Magnetic susceptibility can be useful
during the initial stages of geothermal exploration in
identifying hydrothermally altered rock and zones of
hydrothermal alteration both at the surface and from drilled
wells in a geothermal system. The study indicates a decrease
in yir values with depth in the two geothermal wells
corresponding with: (1) an increase in the reservoir
temperature and hydrothermal alteration and (2) a decrease in
the concentration of Fe-Mg silicate and opaque minerals [17].
In this study, measurements of magnetic susceptibility and
morphology of magnetic minerals, as well as geochemical
tests conducted to identify the magnetic characteristics of the
depositional environment in the form of hot springs with
upflow and outflow characteristics.

Many geophysical methods have been applied for mapping
and geothermal exploration, including the magnetic method
[18]-[20]. A more detailed analysis of the magnetic
characteristics and element content of material from
geothermal areas can be conducted in the laboratory using
physical methods. This study analyzed magnetic minerals and
sediment samples in Padusan and Cangar hot springs, East

Java, Indonesia. The magnetic properties can support or
integrate with other geophysical methods [21].

II. MATERIAL AND METHOD

A. Geology and Sampling Location

The Cangar and Padusan hot springs manifest the Arjuno-
Welirang geothermal system with geographic coordinates
112°32'01.01" E and 7°44'31.80" S for Cangar and
112°32'59.57" E and 7°41'14.59" S for Padusan. The two hot
springs are about 6 km apart. In general, this area consists of
lava and pyroclastic flow. The bedrock of the two hot spring
systems is the Qpva formation (Young Anjasmoro rock
formation) which consists of volcanic breccia, tuff, and lava
[22]. The Padusan hot spring is located in the area of andesite
lava and pyroclastic rock, Mt Welirang products which are
about 900 meters above sea level, while the Cangar hot spring
is in the pyroclastic flow of Mt Kembar, which is about 1600
meters above sea levels. Based on the geochemical analysis,
the reservoir temperature is estimated to be up to 175°C, and
the temperature of the two hot springs is around 55°C [3]. In
this study, the average temperature of the Cangar was 52°C
with an air temperature of around 22°C, and the average
temperature of the Padusan was around 48°C with an air
temperature of 22 to 25°C.
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Fig. 1 Geological Map of Cangar Padusan. The Cangar hotspring is in the Arjuno Volcanic Deposits, while the Padusan Hotspring is in the Welirang and Linting

Volcanic Deposits.
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B. Cangar and Padusan Samples

The samples in this study consisted of deposits in hot
springs, deposits in hot springs runoff, and in-situ extraction
of magnetic minerals in both hot springs. Deposits samples in
hot springs are marked with SE, in situ extracted magnetic
minerals are marked with SM, and deposits samples in hot
spring runoff are marked with C (Cangar) and P (Padusan).
Likewise, the addition of C for Cangar and P for Padusan in
SE and SM.

There are three springs in the Padusan area and one in the
Cangar area. SE and SM were taken from the spring and its
surroundings, while C and P were taken at 5 locations with a
sampling point spacing of approximately 50 meters. For each
hot spring, 50 samples were obtained, and 25 were selected to
measure their magnetic susceptibility. Samples were taken
from surface deposits in hot springs and hot springs runoff
rivers. Samples were then put in a standard plastic sample

holder for measuring magnetic susceptibility with a diameter
of 2.1 cm and height of 2 cm. Magnetic susceptibility
measurement was conducted using a magnetic susceptibility
meter Bartington MS2B. Elemental content was measured
using X-Ray Fluorescence (XRF). There were four samples
of magnetic mineral extraction from C, and P tested for
magnetic mineral morphology by SEM EDX.

III. RESULT AND DISCUSSION

The results of the elemental content test using XRF and the
average magnetic susceptibility test are shown in Tables 1 and
2. Six dominant elements have magnitude above 1% of the
measured sample. The elements are Al, Si, K, Ca, Ti, and Fe.
Fe is the largest element, around 40-49%, followed by
elements of Si, which is 18-23%. The details data is listed in
Table 1..

TABLE 1
CHEMICAL ELEMENTS CONTENT BASED ON XRF MEASUREMENTS OF CANGAR SAMPLES
. Sample C (Cangar)

Chemical Element SM 1.1 SM 1.2 SM1.3 SE 1.1 SE 1.2 SE 1.3 SC 1.3 SC2.3
Al 0 4 35 11 11 11 10 74
Si 9.76 11.3 9.93 28.4 27.9 26.8 21.8 23.3
K 0.52 0.62 0.53 3.13 2.86 2.66 2.03 2.59
Ca 2.14 2.79 2.16 11.9 11.8 11.8 10.1 14.6
Ti 5.33 5 5.15 2.1 2.12 2.14 2.49 1.64
v 0.52 0.47 0.49 0.1 0.11 0.11 0.2 0.10
Cr 0.09 0.09 0.09 0.07 0.07 0.08 0.07 0.085
Mn 0.58 0.61 0.72 0.89 1.1 0.92 1 0.77
Fe 78.6 73.4 75.7 39 393 40.8 48.5 40.2
Cu 0.076 - - 0.17 0.17 0.17 0.19 0.14
Zn 0.07 0.06 0.06 0.04 0.02 0.03 0.08 0.08
Sr - - - 0.86 0.76 0.85 0.6 0.86
Eu 0.67 0.65 0.6 0.64 0.68 0.72 0.5 -
Re 0.2 0.2 0.2 0.4 0.4 0.4 0.3 0.3
P 0.32 0.32 0.38 0.89 0.94 0.93 0.95 0.3
Ba - - - 0.4 0.3 0.2 § 0.3
Rb 0.46 0.4 0.41 0.3 - - - -
Bi 0.64 - - - - - - -
Br - - - - - - - -
Hg - - - - - - - -
Pb y y y y y y y y
S y y y - - - 0.96 -
Mo - - - - - - - 6.65

Fe + Si 88.3 84.73 85.6 67.4 67.2 67.6 70.32 63.5
e (<10 m¥/kg) 21.52 9.93 49.48 19.73 18.22 18.56 34 27

In some cases, the presence of Fe, Si and Mg elements can
be used to indicate the presence of geothermal alteration and
is associated with low-frequency magnetic susceptibility, as
shown in the core sample of Los Azufres geothermal area
[17]. In this study, there is no Mg element found. The relation
between magnetic susceptibility and Fe-silicate is analyzed in
the following discussion.

The elemental content of Ca in sediments runoff from hot
springs is relatively high and, based on the geochemical
analysis of geothermal water in both locations, shows that the
elemental content of iron (Fe) and carbonate (Ca) in hot
springs is also relatively high [3], thus allowing for the
relatively high deposition of Fe and Ca deposits. Some
samples of Padusan showed the presence of Pb and Hg

1204

content which is supposed by the anthropogenic input of
pollutants.

The results of magnetic susceptibility measurements show
that the magnetic susceptibility of magnetic mineral samples
around the Cangar hot springs ranges from 9.933 to 49.488
x10°® m¥kg with an average of 26.981x10° m’/kg.
Meanwhile, the deposits susceptibility found at the source
point shows a range of 7.558 — 62.694x10° m3/kg with an
average of 30.651x10% m/kg. For Padusan, the magnetic
mineral samples ranged from 14.300x10° m¥kg to
31.906x10° m*/kg, averaging 24.445x10° m*/kg. For runoff
deposits, 11.821 — 28.101x10° m*kg with an average of
18.148x10° m3/kg. Based on the average of the magnetic
susceptibility of the samples from the two places, it shows that
Cangar is higher magnetic susceptibility than that Padusan.



This susceptibility is one order higher than the other deposits,
such as the paddy soils in Malang and Madiun [23], and less
than that of beach sand [24]. The high magnetic susceptibility
is suspected that the magnetic minerals in the hot spring

environment are dominated by lithogenic input, whereas the
volcanic areas are the source of magnetic minerals commonly
marked by magnetite and titanomagnetite.

TABLE I1
CHEMICAL ELEMENTS CONTENT BASED ON XRF MEASUREMENTS OF PADUSAN SAMPLES
. Sample P (Padusan)

Chemical Element SM 1 SM 2 SM 3 SE 2 SE 3 SP 1.3 SP 5.2
Al 6 32 4.1 54 78 54 9
Si 7.2 11.9 11.2 19.7 23 18.7 2.7
K 0.29 0.63 0.44 1.8 2.17 1.91 23
Ca 1.66 10.1 2.97 332 275 16.2 11.5
Ti 6.18 4.84 5.67 1.4 1.54 2.04 2.42
v 0.54 0.43 0.46 0.097 0.093 0.15 0.16
Cr 0.12 0.097 0.094 0.071 0.079 0.083 0.081
Mn 0.52 0.61 0.56 0.6 0.58 0.76 1.1
Fe 75.00 65.27 72.16 34.8 293 44.0 47.57
Cu 0.057 0.07 0.068 0.11 0.12 0.12 0.19
Zn 0.1 0.12 0.08 0.03 0.01 0.04 0.06
Sr - - - 0.75 0.62 0.68 0.85
Eu 0.63 0.58 0.58 0.4 03 0.5 0.6
Re 0.2 - 0.2 03 0.32 0.4 0.4
P 0.27 0.41 0.39 0.76 0.32 03 0.87
Ba - - - 0.4 0.4 - -
Rb 0.36 0.36 0.35 - - - -
Bi 0.61 - - - - - -
Br 0.25 - - - - - -
Hg - 0.44 0 0.2 - - -
Pb - 0.88 - - - - -

S - - 0.6 - - 1.4 -
Mo - - - - 5.9 7.2 -
Fe +Si 88.29 77.17 83.36 54.5 523 62.7 70.27

i (<10 m¥/kg) 27.13 31.90 14.30 13.96 14.06 25 20

From the magnetic susceptibility range of the two hot
springs, it shows that the susceptibility is consistent, it would
be because the hot springs are located in the same mountain
system, the Arjuno-Welirang system, with the same bedrock
called the Young Anjasmoro rock formation, Qpva (Figure 1).
The range of magnetic susceptibility is greater than the range
with two cores in the Los Azufres geothermal area [17].

Samples from both hot springs contain 40-50% Fe and an
exceptionally low sulfur content of about 1%. While the Ca
content is around 10-15% and Si is around 20%. The Fe + Si
elements combination is positively correlated with the low-
frequency susceptibility value shown in Figure 2. The higher
of Fe + Si content, the higher the magnetic susceptibility. The
same result was reported by Pandarinath et al. (2014), who
studied earlier core samples taken from a geothermal area.
These results show the increase in Fe-Mg silicate is directly
proportional to the value of ¢ [17]. This study only uses Fe-
Si without involving Mg because Mg elements were not
found. The positive correlation of the addition of Fe-Si
elements to the magnetic susceptibility illustrates that the bulk
susceptibility of the sample is the total susceptibility of
ferromagnetic, paramagnetic, and diamagnetic minerals,
which is formulated by = ¢+ %a + %p + %4, Where Fe and Si
are representative elements for ferromagnetic and
diamagnetic minerals in significant amounts. This discovery
also proposes a new proxy for tracing the specific geothermal
environment, which is rich in Fe and Si element in tropical
volcanic regions. Other unique parameters need more
analysis.

1205

The Correlation between i1 and Fe + Si —=— Cangar

—e— Padusan
90 .
y, ama
80 - A=
;.'.
70 ol
-
_—

60 - T
3
£ 50 s
.{E
o 40
I

304

204

10

0 T T T T T
0 10 20 30 40 50
xIf (106 m3/kg)

Fig. 2 The Correlation of Low frequency (yir) magnetic susceptibility and
Fe+Si

Dependence frequency magnetic susceptibility analysis on
magnetic mineral samples extracted in situ at Cangar hot
springs showed an average of 4.77% and for yu deposits
samples = 2.182%. For Padusan ythe s of magnetic mineral
extraction in situ was 1.316%, and for a deposit y = 1.088%.
From the results of the analysis based on Dearing (1999) [25],
information was obtained that in the sample from Padusan,
almost all grain sizes are in the multidomain (MD) range,
while the sample from Cangar shows grain sizes with a wider



range from MD to a single domain (SD). The distribution of
magnetic mineral domains illustrates in Figure 3. The graph's
range is based on Dearing's method [25]. This grain size range
analysis matches with 100x magnification SEM imaging data
of magnetic grains extracted from the Padusan sample (P1.3
and P2.5), which tend to be abundant in the presence of large
magnetic minerals with a size of about five hundred microns.
Meanwhile, the SEM results for the extraction of grains from
Cangar (C1.3 and C2.3) show that the presence of large
magnetic grains is less. When the presence of large magnetic
minerals decreases, it will be seen that the grain size
estimation based on yir Vs ¥ is not dominated by large
magnetic minerals or multidomain (MD), see Figure 4.

The Correlation between yir and s

= yfd Cangar
@ by S
104 . #fd Padusan
S
5 u [ ]
2
< 64
<
P
by
) o
g 44 - =
O
o
g, . . .
- ®  my - (]
T i L
Soe .
otp & .
o T T l. T T T
0 10 20 30 40 50 60 70
xIf (106 m3/kg)

Fig. 3 Grain size distribution due to y;r vs ¥ based on Dearing's Method
(1999)

The relation between the magnetic susceptibility of the
sample and temperature shows that in the range of
temperature 38 to 48 °C, the higher temperature would be the
greater magnetic susceptibility value. In this range, the local
temperature does not affect the susceptibility value. Still, the
susceptibility value is more dominated by the presence of

lithogenic minerals, where the grain size is larger, so the
magnetic susceptibility of samples from Cangar is higher than
Padusan. The description of the increased susceptibility and
temperature of the two hot springs shows in Figure 4.
Regarding the flow characteristics, Cangar shows a
measured temperature of 48°C, and Padusan, an outflow,
indicates a lower temperature of around 43 °C. The Cangar
samples show a larger ywm than Padusan, indicating that
magnetic minerals are smaller than those of Padusan. Mixed
and distributed from MD and SD. Hot water in the upflow
system takes a longer or deeper path so that the magnetic
minerals from the reservoir experience a decrease in size due
to transportation to the surface and mixing with MD magnetic
minerals that are already on the surface. Meanwhile, the
outflow tends to show a magnetic mineral distribution that is
multidomain (MD), which indicates the dominance of surface
magnetic minerals and does not experience a long transport.
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Fig. 4 Temperature vs y;r. Increase in temperature of hot springs in the range
of 38 to 48 °C measured when sampling deposits and magnetic minerals in
situ extractions. Magnetic susceptibility is the average of the entire sample at
each location.

TABLE III
MAGNETIC CHARACTERISTICS AND ELEMENTAL CONTENT OF MAGNETIC MINERAL SAMPLES AND DEPOSITS AROUND CANGAR AND PADUSAN SOURCE POINTS
Parameters Cangar Padusan
Tave 48°C 43°C
Feave 57.81 % 55.324%
Range of yur Magnetic Minerals Deposit Magnetic Minerals Deposit
(9.933-49.488) x10°¢ (7.558-62.694) x10° (14.300 — 31.906) (11.821-28.101) x10°¢
m’/kg m’/kg %10 m3/kg m’/kg
26.981x 30.651x 24.445x% 18.148x%
K ave 10 m3/kg 10'm3/kg 10-m3/kg 10 m3/kg
Kfd ave 4.77% 2.18% 1.32% 1.09%
Magnetic domain From MD to SD Most the samples MD

Morphology of the magnetic minerals from extracted
samples, in general, show a crystalline, spherical, and
irregular shape with a smooth surface compared to other
magnetic minerals extracted from deposits in other
environments such as river sediments and lake or reservoir
deposits (Fig. 5). The smooth surface of magnetic minerals
P1.3 with magnification 500x and C 2.3 magnification 750x
thought caused by the continuous flow of rivers with
relatively high temperatures compared to other normal
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environments, which are generally around 23 °C. This
condition could clean the impurities of magnetic minerals
bearing and in the long period, would be smoother and grow
round.

Some of the magnetic minerals suspected as
Titanomagnetite with dominant element Fe-Ti-O-Al-Mg with
Si 0.73 wt% (Fig 5d), Titanomagnetite with a dominant
element contribution of Fe-Ti-O-Al-Mg and Si (3.53 Wt%)
(Fig Se). Titanomagnetite with dominant element Fe-Ti-O-



Al-Mg with Si 1.05 Wt% (Fig 5f). Spherulle magnetite Fe 84 by Fe-Ti-O-Al-Mg, where the Al-Mg is 2.42 Wt% and 1.91
Wt% and O 15 Wt% (Fig 5g). Magnetic minerals dominated W1t% with no Si (Fig 5h).

Padusan P 1.3

L afd

- . . o - s

) T )

Fig. 5 SEM of magnetic mineral extraction from Padusan (left) and Cangar (right). The grain size distribution of magnetic minerals extracted from sample P1.3
with magnification in 100%(a) and C1.3. in 100%(b). Spherules magnetic minerals, showing surface 'orange peel' extracted from Padusan, 500%(c), Crystalline
magnetic mineral from Cangar with magnification 800%(d), Crystalline magnetic mineral from Padusan with magnification in 500%(e), Magnetic mineral with

crystalline shape and magnification 750%(f), Spherule magnetite from Padusan with magnification 2500%(g), Crystalline magnetic mineral with clean surface
frrom Cangar with magnification 900x(h)
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Several things related to the morphology of magnetic
minerals as follows:

o Magnetic minerals are very clean both as individual or

bearing compared to magnetic minerals extracted from
other deposits, such as soil in agricultural or rivers
environments that do not affected by hot water.
Magnetic minerals that contributed by Fe-Ti-O-Mg-Al
were cleaner or smoother than minerals contributed by
Fe-Ti-O-Mg-Al with Si and Ca. Si and Ca are
'impurities;' elements in the presence of pure magnetite
or titanomagnetite minerals. Mineral surfaces
containing Si tend to be rough and partially porous. The
more Si content is attached to the magnetic mineral, the
surface of the magnetic mineral will be more rough or
more porous, even with holes.
The magnetic minerals are crystalline or spherules
having a size of about 60 micron. This is in line with
other magnetic spherules found in various deposits
[24], and the shape of the spherule can indicate that the
magnetic mineral originates from anthropogenic
pollutants such as industrial or motor vehicles.

At 100x magnification, four samples extracted and
analyzed showed that the extracted magnetic minerals tended
to be clean and not has much impurity as is often found in
other deposits. Extraction is also relatively easy. This
condition is influenced by where the magnetic mineral
deposition occurs in the hot water environment so that it can
easily minimize organic impurities. Spherical magnetic
minerals, especially those found in samples from Padusan,
can be suspected of these magnetic minerals coming from the
fly ash of motorized vehicles passing by around the hot
springs. The spherical shape of these magnetic minerals is
also commonly found in areas with high pollution levels
where the spherical magnetic minerals result from industrial
and transportation combustion [26], [27].

Spherical magnetic minerals are often found in the Padusan
area due to the large amount of motor vehicle pollution that
passes through the main road, which is only about 50 meters
from the Padusan hot spring where the road is the main access
for Padusan hot spring tourism. The area is also close to the
home industry area. The alleged contribution of magnetic
pollutants is also supported by XRF data which shows that
several Padusan samples show the presence of Pb, Hg and
Mo, which are usually released by motorized engines [28].
This condition is quite different from the Cangar hot springs,
which are far from the highway or tourist parking area, so no
magnetic mineral spherules are found in the Cangar sample,
and perfect crystalline forms dominated magnetic minerals.

Based on previous research conducted by Sumartono [3], it
was concluded that the Padusan hot springs originate from the
outflow zone while the Cangar hot springs are in the upflow
zone. The results of this study obtained data with two different
spot: The Padusan hot spring has a lower temperature than
Cangar, and the distribution of magnetic mineral domains is
also wider for Cangar, suspected of having magnetic minerals
originating from different depth sources and have long
transport in the Cangar hot spring system. This condition
allows the domain of the magnetic minerals to spread from
MD to SD. Multidomain minerals dominate the magnetic
minerals that come from the outflow zone, and the magnetic
minerals from the upflow zone are considered multidomain to
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a single domain. The extraction of magnetic minerals shows
spherules, which are thought to originate from motor vehicles
and the home industry. This results would support the other
characterization methods for identifying geothermal zone
such as thermal infrared [29] and some environment
differentiation tool [9],[30]-[34].

IV. CONCLUSION

Cangar and Padusan Hotspring which have an upflow and
outflow characteristic, respectively, has Al, Si, K, Ca, Ti and
Fe as dominant element content, which Fe is greater in Cangar
(upflow) than that of Padusan (outflow). The presence of the
element Ca in the sample in the volcanic area is quite large,
due to the location is in subduction zone product. The average
magnetic susceptibility and temperature of upflow are greater
than outflow. The Fe+Si susceptibility relation between the
two hot springs shows that the higher the Fe+Si element
content, the greater the magnetic susceptibility. The relation
between exposure and temperature of hot springs shows a
temperature range of 38 to 48 °C. The higher the temperature
would be, the greater of magnetic susceptibility. The
magnitude of magnetic susceptibility is controlled by the
abundance of magnetic minerals and is dominated by the
distribution of magnetic minerals with multi-domains.
Magnetic minerals indicate the abundance of Fe from both
sources in situ extraction samples from hot springs in both
places. Based on the frequency dependence susceptibility, it
shows that the magnetic mineral domains originating from the
Padusan hot spring runoff tend to be multidomain (MD). In
contrast, those originating from Cangar have magnetic
domains spread from MD to SP, although the presence of SP
grains is exceedingly minute. The distribution of magnetic
mineral domains can be used as an indicator of the geothermal
system uplow and outflow.

The morphology of magnetic minerals in both places was
found to be in crystalline forms, which presumed that the
presence of lithogenic magnetic minerals is still dominant.
Magnetic grain surface tends to be smooth and clean. Some
of the magnetic mineral grains combined with the elements Si
and Ca show a rough surface. Some grains have a porous
texture but tend to be smooth and clean. The corners of the
crystal tend to be smooth and not sharp due to the continuous
erosion of hot water. Several magnetic minerals are also found
in a perfectly round shape, suspected to be the result of the
contribution of pollutants around Padusan, where the location
of Padusan hot spring is near the main road in the tourist area,
where motorised vehicles pass through the road. The
magnetic properties, element content and morphology of
magnetic mineral studies are useful for distinguishing
characteristics of hot springs in a geothermal area.
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