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Introduction

Abstract: The main problem studied in this study concerns the fluctuations in the number
of radioisotopes and the shift in the center of their accumulation in rock minerals in Oesuu,
Central Kupang after experiencing weathering a few years ago. The objectives of the study:
determine the range of radioisotope counts in rock minerals in Oesuu Central Kupang after
weathering several years ago, investigate the shift in the center of accumulation of
radioisotope content in rock minerals in Oesuu Central Kupang by time-dependent
radioisotope migration and decay processes. Research methods: observation, survey,
mapping, analysis, and interpretation. Brief research procedures: Observations to
determine the boundaries of the research site and create a grid, measure the background
count around the survey location, measure the field data, correct the data, make three-
dimensional curves and contours of the radioisotope radiation count, interpret and draw
conclusions. Research result. The range of radioisotope radiation counts in rock minerals
is 10 Counts per minute (cpm) to 107 cpm, and the results of the 2008 study were 9 cpm to
117 cpm. The distribution of the accumulation center of radioisotope content in rock
minerals has shifted from the edge towards the center of the study site, which is most likely
caused by radioisotope migration and accumulated by very strong cohesive forces between
radioisotope elements contained in rock minerals.
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Khattab, 2023). A prospect area contains a radioisotope
if the ratio of the background count to the field count is
greater than one third (Wang (E4 et al., 2021; Aplin et

Radioisotopes contained in rock minerals are
continuously undergoing decay or disintegration and
migration and weathering (Djabou et al, 2022).
Migration can occur hydrothermally, the occurrence of
erosion, through local faults, wind gusts that carry
radioactive dust from the center of the content to other
places, there is a strong cohesive force between
radioactive particles, and so on (L. Wang et al., 2022;
Manikanda Bharath et al., 2022; C. Wang et al., 2022).
The results of previous studies indicate that in Oesuu
Central Kupang there is a radioisotope content in rock
minerals with a count range between 9 counts per
minute (cpm) tol117 cpm) (Pasangka & Ngana, 2020).

The rock composition in Oesuu Cental Kupang is
dominated by sedimentary rocks, which are thought to
have formed since the occurrence of the island of Timor,
namely the upward lifting of the continental Australian
shelf by thrust. The accumulation of radioisotope
content in rock minerals is mostly found in sedimentary
rock types (Nunes et al., 2023; Wu et al., 2023; Fallatah &
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al., 2017; Kang et al,, 2020). Radioisotopes found in
nature undergo spontaneous decay, weathering, and
time-dependent migration.

The migration of radioisotopes contained in rock
minerals can contaminate the surrounding environment
with fluctuating doses of nuclear radiation at three levels
of contamination which are high contamination,
medium contamination, and low contamination
(Tortorello et al., 2013; Ostoich et al., 2022; Gwynn et al.,
2024; Smiciklas & Sljivic’:—lvanovic’, 2016). The
environment that can be contaminated includes the
surrounding air, (Al Nabhani et al., 2016; Olszewski et
al., 2015), soil (Machiraju et al., 2020; N et al., 2021);
Kiugiikomeroglu et al., 2021; Ba et al., 2022), and water
(Noli et al., 2016). The decay that occurs can be in the
form of single decay and series decay. Single decay and
series decay satisfy the equation:

N=N_e" 1)

0
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N=N_e" @)
Wheren =1, 2, 3, 4, etc.
Ay i A, N/

N, =Ce™+Ce™ + +Ce @)

N,: Original number of atoms, N: Number of atoms after
decaying t seconds, A: decay constant, ¢: decay time, N;:
Number of atoms after nth decay.

Radioisotope decay includes alpha, beta, and
gamma decay:

For alpha decay, decay reaction:

7 X—>575Y +,He (5)
Decay energy:
Q= K, + Ki = (M, - My - mp)c? in unit MeV (6)

Where: ZA X : parent atomic mass, Q:;Y: daughter

atomic mass, ; H, : alpha particle (Helium nucleus), Q

= decay energy, K.: alpha particle kinetic energy, Ki: the
daughter’s kinetic energy decays, M,: parent atomic
mass, Ma: atomic mass of daughter, m,: atomic mass of
alpha particle. For beta decay:

Positive beta decay: decay reaction:

;X =Y +e" +o )
Dcay energy:

Q, =(M; =M, -2m,)c’ ®)
Negative beta decay: decay reaction:

AX 5, +e +o )
Decay energy:

Qﬂ, :(Mz _MZ+1)C2 (10)
Electron capture: Decay reaction:

X+ e Y +o (11)
Decay energy:

Qe =(M, —m,_, +m, )c? (12)

Where:

e’: positron,
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U : neutrino Q ! positive beta decay energy C : speed of

light, m. electron mass ;€ € : negatronv: anti-

neutrino, QEC : decay energy of electron capture.

Alpha and beta radiation are types of non-
electromagnetic radiation that can be deflected by
electric and or magnetic fields, while gamma radiation is
electromagnetic waves. The penetrating power of
gamma radiation is higher than beta and alpha
(Taftazani et al, 2013). Radioisotopes decay
continuously which always depends on time, causing
fluctuations in the range of radioisotope nuclear
radiation contained in rock minerals. Nuclear radiation
count of radioisotope content in rock minerals in nature
can be measured by Geiger Muller detector and Gamma
ray detector (éeélak et al., 2017; Ebihara et al., 2022)..

Method

Research Instruments

The main tools used in this study consisted of:
Geiger Muller detector type Radiolet-50, GPS, stop
watch, and Roller.

Research Methods and Procedures

Research methods include observation, mapping,
analysis, and interpretation. The research procedure
includes: making observations to determine the
boundaries of the research site and making a grid,
measuring the background count around the survey
location, measuring the amount of radioisotope
radiation in the field according to the grid that has been
made, correcting the field data with the background
count, make three-dimensional curves and contours of
radioisotope counts based on field data, determine the
range of radioisotope counts, compare the three-
dimensional curves and contours between the results of
the study with the three-dimensional contours and
contours of the results of the 2008 study, estimate the
shift in the accumulation of content radioisotope in rock
minerals, conclusions. Note: The size of the research
location in 2008 corresponds to the size of the research
location in 2022, the distance of the measuring points
and the distance of the track are taken the same.

Result and Discussion
The results of the study in the form of radioisotope

radiation counts in rock minerals in Oesuu Central
Kupang, Timor Island, Indonesia are listed in Table 1.
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Table 1. Radioisotope radiation counts in rock minerals
at Oesuu in 2022
Track Distance (m)

L1 L Ly Ls Ls Le Description
28 17 11 17 16 43 Measuring point
29 20 24 27 27 35 Distance: 85.00 m
27 27 22 40 36 15 Track distance: 400.00
m
21 29 25 34 27 30
44 23 15 30 29 29  Distance measurement
point of
35 47 37 40 10 35 core area: 10.00 m
41 33 34 42 22 32
47 91 14 36 37 50 Track distance core
area: 40.00 m
49 73 17 53 12 48
48 56 28 36 20 49 Size location study:
2.000.00 km
58 58 37 32 33 47 x 3.150.00 km
50 70 36 30 36 35
32 84 38 28 40 44 Size core area: 200.00
m x 300.00 m
35 70 32 50 37 49
49 94 30 56 40 31
62 89 22 50 47 28
37 67 26 45 55 56
50 99 36 56 54 37
47 87 37 36 53 29
55 64 72 30 52 29
31 77 44 32 35 11
63 70 56 25 41 44
44 89 41 58 36
37

36 104 40 38 45 33
50 107 34 31 37 49

67 90 32 43 31 29
28 106 33 18 52 14
20 75 24 29 38 36
14 47 29 46 32 22
28 36 21 26 44 28
18 37 21 15 20 24
17 35 32 22 31 29
27 26 27 27 37 27
20 29 17 28 24 21
15 24 18 11 23 10
22 31 14 28 27 23
10 28 06 15 25 26
16 19 29 25 14 28

Based on the data in Table 1, three-dimensional
curves and contours of the radioisotope radiation count
in rock minerals in Oesuu Cental Kupang, Timor Island,
Indonesia are made by the surfer-13 program as shown
in Figure 1 and Figure 3. Figure 2 and Figure 4 show
three-dimensional curves and contours of the
radioisotope radiation count in this study in 2008 at the
same location with the same location and grid size as the
location and research grid in 2022. The radiation count
measuring instrument used in the two studies with

April 2024, Volume 5 Issue 1, 73-79

different times (time interval of 14 years) was also the
same, namely the Geiger Muller detector, the Radiolet -
type 50). Snippets of research locations are shown in
Figure 5a, Figure 5b, Figure 5c, and Figure 5d.

Table 2. Radioisotope radiation counts in rock minerals
at Oesuu in 2008

Track Distance (m)
L1 Lo Ls L4 Ls Ls
53 38 27 21 27 26

Description

Measuring point

distance: 85.00 m
45 39 30 14 17 37

25 37 17 32 50 46 Track distance:

400.00 m

40 31 19 15 44 37
39 54 33 25 40 19 Distance
measurement point
of

45 45 57 47 50 20
42 51 43 44 52 32
60 57 91 24 46 47

core area: 10.00 m

Track distance core
area: 40.00 m

58 59 73 27 63 22

59 58 66 38 46 30  Size location study:
2.000.00 km x

57 68 68 47 42 43 3.150.00 km

45 60 80 46 40 46

54 42 94 48 39 50 Size core area:

200.00 m x 300.00 m

59 45 80 42 60 47

41 59 104 40 66 50

38 72 99 32 60 57

66 47 77 36 55 65

47 60 109 46 66 64

39 57 97 47 46 63

39 65 74 82 40 62

21 41 87 54 42 45

54 73 80 66 35 51

46 54 99 51 47 68

43 46 114 50 48 55

59 60 117 44 41 47

39 77 100 42 53 41

54 38 116 43 28 62

46 30 85 34 19 48

32 24 57 39 56 42

38 18 46 31 36 54

34 28 47 31 25 30

39 27 45 42 32 41

17 17 36 37 36 45

31 30 39 27 18 9

20 25 34 28 21 10

13 20 38 16 25 13
18 26 29 19 12 24
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Figure 1. Three-dimensional curve of radioisotope count in
rock minerals in Oesuu, Central Kupang

Figure 2. Three-dimensional curve of radioisotope content in
rock minerals in previous studies
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Figure 3. Contours of radioisotope count fluctuations in rock
minerals in Oesuu, Central Kupang
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Figure 4. Contours of radioisotope count in rock minerals in
in previous studies
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Figure 5¢ Figure 5d

Figure 5. 5a, 5b, 5¢, and 5d. Photo footage of the research
location in Oesuu Central Kupang, Timor Island, Indonesia

Based on the data in Table 1, it can be stated that the
radiation count of radioisotope content in rock mineral
deposits in Oesuu Central Kupang, Timor Island, ranges
from 10 cpm to 107 cpm. This shows that the amount of
radioisotope radiation in rock mineral deposits changes
every time and the size depends on the radioactive series
that is formed at each change (Kallithrakas-Kontos et al.,
2018; Rojas et al., 2020; Sharma et al., 2021; Molla et al.,
2021). Figure 2 and Figure 4 show the distribution of
radioisotope content in rock minerals in Oesuu Central
Kupang, Timor Island, Indonesia, the results of a 2008
study.

In these images it is clear that the center of
accumulation of radioisotope content in rock minerals is
quite high distributed in the north and south on the right
east of the research location. Figure 1 and Figure 3 show
three-dimensional curves and distribution contours of
radioisotope content in rock minerals in Oesuu Central
Kupang, Indonesian Timor Island in 2022. Figure 1 and
Figure 3 show the distribution of radioisotope content
accumulation centers in rock minerals located in the
eastern part center of the research location. If the two
research results are compared, it is clear that there is a
shift in the center of accumulation of radioisotope
content in rock minerals from the north and south of the
study site in the east in opposite directions so that the
accumulation is concentrated in the center of the study
site in the east (Su & Lim, 2023; Bartels et al., 2023; Lépez-
Pérez et al., 2022; Jiang et al., 2022; Rozhkova et al., 2022;
Kazakis et al., 2022).

If the direction of the shift is observed carefully, it
can be stated that the shift is most likely caused by the
strong cohesive forces between minerals containing
radioisotopes. Another possibility is the existence of
hydrothermal migration, migration through faults, and
migration through erosion of water flow and wind
because the research location in the eastern part of the
center has a low topography (Bonotto, 2017; Faganeli et
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al., 2017; Xarchoulakos et al., 2022; Bonotto & Oliveira,
2017; Navarro-Martinez et al., 2017).

Conclusion

Based on the description above, the following
conclusions can be drawn. The range of radioisotope
radiation counts in rock minerals is 10 cpm to 107 cpm,
and the results of the 2008 study were 9 cpm to 117 cpm.
The distribution of the center of accumulation of
radioisotope content in rock minerals has shifted from
the edge towards the center of the study site in the east
of the research location, which is most likely caused by
radioisotope migration and accumulated by very strong
cohesion forces between radioisotope elements
contained in rock minerals, migration hydrothermally,
migration through local faults, weathering of rocks, and
migration by erosion and wind.
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