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Abstract: Interpretation of geomagnetic anomaly data is challenging, due to the influence 
of the Earth's dipole magnetic field. In this study, we investigate the significance of 
employing methods to transform dipole anomalies into monopoles, aiming to enhance the 
interpretability of the data. Four methods were examined: Reduce to Pole (RTP), Reduce 
to Equator (RTE), and Pseudo-Gravity. The RTP method was implemented using general 
equations for RTP, Pseudo-inclination (PI), and Nonlinear thresholding (NTRTP). The 
computation programs for RTP and RTE were developed using the Matlab programming 
language. Synthetic models were constructed to investigate the effects of inclination 
values, object dimensions, and positions on the resulting magnetic anomaly response. The 
result shows that NTRTP methods give the best result with coefficient correlation >0.9. It 
can be used in every condition (low or high inclination). The implementation was 
conducted utilizing magnetic data in the Gunung Pandan geothermal area. The application 
of the reduced to the pole (RTP) technique on the field data successfully remove the dipole 
effects, and make interpretation process easier. Based on RTP map, the range of anomaly 
values spanning from -800 nT to 1000 nT. High anomalies were observed at the Gunung 
Pandan site, indicative of a probable intrusion of andesitic igneous rock. 
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Introduction  
 

The magnetic method is one of the geophysical 
methods that utilizes the Earth's magnetic field. This 
magnetic method has been widely applied in various 
fields such as structural mapping, identification of 
mineralization zones, and others. The interpretation 
process of geomagnetic data tends to be more 
challenging compared to the gravity method, partly due 
to the dipolar nature of the Earth's magnetic field. 
Therefore, prior to interpretation, further data 
processing is required to remove the dipolar effects of 
the Earth's magnetic field, enabling qualitative 
interpretation of magnetic data. 

Methods that can be used to address this issue are 
Reduce to Pole (RTP) and Reduce to Equator (RTE). 
Essentially, RTP and RTE attempt to assume that the 

magnetic anomalies in the measurement area appear as 
if they are located at the pole or at the equator, 
respectively. The results of these reductions will display 
magnetic anomalies that exhibit monopole 
characteristics, facilitating easier interpretation. In 
addition to RTP and RTE, another method that can be 
used to improve the quality of magnetic data is the 
pseudogravity method. In this study, the analysis of 
synthetic magnetic data and field magnetic data is 
conducted using the Reduce to Pole, Reduce to Equator, 
and Pseudogravity methods to determine the 
advantages and limitations of each method in enhancing 
the quality of magnetic anomaly data. 

Baranov (1957) first introduced the concept of RTP 
and stated that RTP is a convolution operation in the 
spatial domain. Bhattacharyya (1965) employed Fast 
Fourier Transform (FFT) to perform RTP in the 
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frequency domain. The use of Fast Fourier Transform 
makes RTP easier to implement, but in equatorial 
regions (low latitude), RTP in the frequency domain may 
yield unstable results. RTP becomes unstable when the 
inclination approaches zero or is less than 50 and may 
estimate the magnetization direction less accurately 
(Gerovska et al., 2009). Blakely (1995) proposed the use 
of RTE; however, this method is challenging to process 
horizontal magnetic data. RTP in the frequency domain 
has the advantage of being simple and easy to perform, 
making it applicable for interpreting magnetic 
anomalies in low latitude regions using RTP. Several 
studies have been conducted to address the Reduce to 
Pole issue in equatorial regions (Shuey, 1972; Silva, 1986; 
Mendonça & Silva, 1993; Shi et al., 2012; Guo et al., 2013; 
Hao et al., 2018, Zuo et al., 2021). Macleod et al. (1993) 
suggested a pseudo-inclination approach. 

Hansen et al. (1989) proposed an approach using 
Wiener Filtering as a denoising filter. The results of this 
method tend to produce overly smooth RTP and also 
remove signals at short wavelengths (Li, 2008). Keating 
et al. (1996) further developed the Wiener Filtering 
method using an energy balance technique to estimate 
the noise-to-signal power ratio, employing a 
deterministic noise model. In this method, iterations are 
performed to minimize the differences between the 
observed data and the RTP results. Zhang (2014) 
proposed the NTRTP method, he divides the general 
RTP operator equation into real and imaginary parts, 
which are then convolved with a special filter called 
Nonlinear thresholding. The pseudogravity method 
converts magnetic anomaly data into gravity anomaly 
data based on the Poisson relation law (Blakely, 1995). 
Barka (2020) utilized pseudogravity in interpreting 
magnetic anomaly data because it can accurately depict 
the magnetic distribution at the location of anomaly 
sources. 
 

Method  
 
Reduce to Pole 

Reduce to Pole is one of the steps to simplify the 
interpretation of magnetic data, where this method 
attempts to assume that the magnetic anomalies in the 
measurement area appear as if they are located at the 
pole, resulting in magnetic anomalies that exhibit 
monopole characteristics. 

 

𝑅(𝜃) =  
1

[sin(𝐼) + 𝑖 cos(𝐷 − 𝜃)]2
 (1) 

 
From the equation, it can be seen that if the 

inclination is low (approaching 0), and D-θ = ± 900 (Red 
dashed line in Figure II.3), instability occurs. RTP 

becomes unstable when the inclination approaches zero 
or is less than 50 and may estimate the magnetization 
direction less accurately (Gerovska et al., 2009). 
 

 
Figure 1. Characteristics of the RTP Operator in the 

wavenumber domain. The unstable zone is indicated by the 
red-colored region 

 
Macleod et al. (1993) developed the RTP method by 

proposing the concept of pseudo-inclination to address 
the RTP issue in equatorial regions (low inclination). In 
this study, pseudo-inclination is used as a control for the 
RTP filter in equatorial regions. 
 

𝑅𝑃𝐼(𝜃) =  
[sin(𝐼)−𝑖 cos(𝐼) cos(𝐷−𝜃)]2

[𝑠𝑖𝑛2(𝐼′)+𝑐𝑜𝑠2(𝐼′)𝑐𝑜𝑠2(𝐷−𝜃)].[𝑠𝑖𝑛2(𝐼)+𝑐𝑜𝑠2(𝐼)𝑐𝑜𝑠2(𝐷−𝜃)]
, (2) 

 
Where I' is the pseudo-inclination, which has a value 
greater than the inclination. If |I'| < |I|, |I'| = |I|. The 
value of I' is usually set between 200-300 (Macleod et al., 
1993). Zhang (2014) proposed the Nonlinear 
thresholding (NTRTP) method. In his research, Zhang 
divided the general RTP operator equation into real and 
imaginary parts, which were then convolved with a 
special filter called Nonlinear thresholding. 
 

𝑋𝑛𝑒𝑤 =

 {
𝑥                                                                            , 𝑎𝑏𝑠(𝑥) ≤ 0.9. 𝐴 

𝑠𝑖𝑔𝑛 (𝑥). (0.9. 𝐴 + 0.1. 𝐴. sin (
𝜃−𝜃1

𝜃2−𝜃1
) . 𝜋) , 𝑎𝑏𝑠(𝑥) > 0.9. 𝐴

  (3) 

 
Where x is the real and imaginary value, A is the 

threshold value, θ2 and θ1 represent the limits when the 
amplitude is greater than 0.9A. 

 
Reduce to Equator 

In contrast to Reduce to Pole, the Reduce to Equator 
method transforms the magnetic field to the equator. 
Simply put, this method assumes that the measurements 
are conducted in the equatorial region (0° inclination). 
The general equation for Reduce to Equator is shown as 
follows: 
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𝐿(𝜃) =
[sin(𝐼) − 𝑖 cos(𝐼) cos(𝐷 − 𝜃)]2 × (− cos2(𝐷 − 𝜃))

[sin2(𝐼′) + cos2(𝐼′) cos2(𝐷 − 𝜃)] × [sin2(𝐼) + cos2(𝐼) cos2(𝐷 − 𝜃)]
 (4) 

 
Pseudogravity 

This method converts magnetic anomaly data into 
gravity anomaly data based on the Poisson relation law 
(Blakely, 1995). The Pseudogravity transformation is 
based on the Poisson relation between magnetic 
potential and gravity field. Based on Panepinto (2014), 
accurate estimates of the geometric parameters of the 
unknown source can be more easily and rapidly 
calculated by the transformed pseudo-anomalies. The 
general equation for this method is shown as follows: 
 

𝐹(𝜃) =  
𝐺. 𝜌/𝑀

[sin(𝐼𝑎) + 𝑖 cos(𝐼). cos(𝐷 − 𝜃)]2. 𝑟
 (5) 

 

Where G is the gravitational constant (6.6738), ρ is the 

density contrast (g/cm3), M is the magnetization in 
Gauss, I_a is the inclination for amplitude correction 
(>I), I is the inclination, D is the declination, and r is the 
wavenumber (radians/ground-unit). 

Pseudogravity exhibits interesting characteristics, 
as it can reduce the presence of signals from shallow 
anomaly sources and enhance the amplitude of 
magnetic anomalies originating from deeper sources 

(Pratt & Shi, 2004). This method can accurately and 
rapidly estimate the geometric parameters of the sources 
(Nabighian, 1972; Fedi, 1989). 
 

 
 
 

Result and Discussion 
Syntetic Data 

Synthetic magnetic data were used to observe the 
effects of the RTP, RTE, and pseudogravity methods on 
magnetic data. Figure 1 shows the synthetic model used 
in this study. The model parameters are presented in 
Table 1. 
 
Table 1. Parameters of Synthetic Magnetic Data 
Parameter P1 P2 P3 

Susceptibility 0.03 0.03 0.03 
Width (m) 1,000 1,000 1,000 
Length (m) 750 750 750 
Thickness (m) 800 800 1,000 
X coordinate 2,250 3,750 3,000 
Y coordinate 3,000 3,000 3,000 
Depth (m) 500 500 2,800 

 
The results of calculating the Magnetic Anomaly 

response, RTP, RTE, RTP Pseudo Inclination, NTRTP, 
and pseudogravity at an inclination of 50 can be seen in 
Figure 3. The calculated magnetic anomaly and RTE 
results can indicate the location of anomalies. At low 
inclinations, both the RTP method using the general 
equation and pseudo-inclination failed to identify the 
presence of anomaly sources. This is due to the low 

inclination values, which cause instability as explained 
in the previous section. However, the NTRTP and 
pseudogravity method successfully mapped the 
anomalies, but both of these methods are unable to 
distinguish the presence of closely spaced anomalies, 
causing the three anomalies to appear as if they are a 
single anomaly.

 

 
Figure 2. Synthetic magnetic data model 
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Figure 3. Results of synthetic model calculations at an inclination of 50. Synthetic magnetic anomalies (a) RTE (b) RTP-Pseudo 

Inclination (c) RTP General Equation (d) Nonlinear Thresholding RTP (e) Pseudogravity (f) 

 
The results of calculating the Magnetic Anomaly 

response, RTP, RTE, RTP Pseudo Inclination, NTRTP, 
and pseudogravity at an inclination of 300 can be seen in 
Figure 4. The calculated magnetic anomaly and RTE 
results successfully indicate the location of anomalies 
but still exhibit some noise. The RTP method, using the 
general equation, pseudo-inclination, and NTRTP 
successfully identified all anomaly sources (P1, P2, P3). 
However, upon closer examination, the RTP-PU and 

RTP-PI methods seem to struggle in depicting the 
presence of P3 due to its relatively deeper depth 
compared to other anomaly sources, whereas the 
NTRTP and Pseudogravity methods successfully 
identify the existence of P3. 
 
Table 2. Correlation Coefficients of the Synthetic Model 
with the Synthetic Model at the Pole (900) 
Method Inclination 

5 30 

RTE 0.8933 0.8968 
RTP-PU 0.2199 0.9988 
RTP-PI 0.2199 0.9988 
NTRTP 0.9095 0.9529 

 
Quantitative analysis was conducted by calculating 

the correlation coefficient between the calculated results 
and the synthetic model at an inclination of 900 (pole). 
The correlation coefficient values range from 0 to 1, with 

values closer to 1 indicating a stronger relationship 
between the variables. The calculation results are shown 
in Table 2. Based on Table 2, it is evident that the NTRTP 
method consistently provided the best results at both 
low and high inclinations, with correlation coefficient 
values ranging from 0.78 to 0.82. 
 
Real Data 

The data used in this study is the magnetic anomaly 
data of the Gunung Pandan area, East Java. The data was 
collected in 2020, covering an area of 4 km x 4 km. The 
measurements were conducted using a proton precision 
magnetometer GSM-19T. A total of 245 stations were 
established with distances between stations ranging 
from 50m to 150m. The processing of the acquired 
magnetic anomaly data begins with diurnal correction 
and IGRF correction to obtain the total magnetic 
intensity (TMI) map. Subsequently, the RTP, RTE, and 
Pseudogravity methods will be applied to the TMI map 
to obtain interpretable magnetic anomaly maps. Then, 
the residual-regional anomaly separation will be 
performed using the moving average method. The final 
map results will be interpreted using additional data 
such as geological maps or other geophysical data. This 
integration of data will provide a comprehensive 
understanding of the magnetic anomalies in the Gunung 
Pandan area and aid in the interpretation of geological 
structures and features. 
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Figure 4. Results of synthetic model calculations at an inclination of 300. Synthetic magnetic anomalies (a) RTE (b) RTP-Pseudo 

Inclination (c) RTP General Equation (d) Nonlinear Thresholding RTP (e) Pseudogravity (f) 

 
Geology of study area 

Gunung Pandan is a non-active volcano located in 
Bojonegoro Regency, East Java Province, with an 
elevation of 897 meters. Gunung Pandan is a dormant  
volcano (Santoso et al., 2018) and identified as one of 
eleven geothermal prospects in East Java (Setijadji, 
2010). According to van Bemmelen (1949), the 
physiography of the North East Java Basin consists of 
several zones, namely the Southern Mountain Zone, 
Solo Zone, Kendeng Zone, Randublatung Zone, 
Rembang Zone, Quaternary Volcano Zone, and North 
Java Alluvial Plain. Based on this physiographic 
classification, the study area falls within the Kendeng 
Anticlinorium or Kendeng Zone. The predominant 
lithology in the Kendeng Zone is clay-marl-sandstone 
with low compaction (Pringgoprawiro & Sukido, 1983). 
This area a depositional area containing volcanogenic 
material and sediments with a thickness of up to 8000 m 
(Smyth et al., 2008). The geological map of the study area 
is shown in Figure 5. 

According to Setijadji (2010), Gunung Pandan is 
one of the geothermal prospects in East Java. Based on 
seismic information, an earthquake with a magnitude of 
4.2 occurred around the Gunung Pandan area in 2015 
(Aji et al., 2018), indicating ongoing tectonic activity in 
Gunung Pandan. The geothermal manifestations in the 
Gunung Pandan area consist of three hot springs: 
Banyukuning, Jari Kasinan, and Tadahan. The 

Banyukuning hot spring is located along the river on 
volcanic breccia outcrops within the Gunung Pandan 
volcanic rock unit. The Jari Kasinan hot spring is located 
in the Jari village. The lithology in this area consists of 
andesite lava with argillic alteration. The Banyukuning 
manifestation is controlled by the Banjar fault, while the 
Jari Kasinan manifestation is controlled by the Jati fault 
(Thoha et al., 2014). 

 

 
Figure 5.  Geological Map of the Study Area (Modified from 

Pringgoprawiro & Sukido, 1983) 
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Figure 6. Total Magnetic Intensity (TMI) (a) and Reduce to Equator (RTE) (b) Map of the Study Area 

 

 
Figure 7. Reduce to pole classic equation (a), RTP-Pseudo Inclination (b), NTRTP (c), and Pseudogravity (d) Map of the study 

area 

Field Data Analysis 
Total Magnetic Intensity (TMI) Map 

The gridding method used to create the total 
magnetic intensity (TMI) map is the minimum curvature 
method. The gridded data is then visualized using the 
software developed in this research. The resulting map 
can be seen in Figure 6(a). Based on the map, the study 
area exhibits magnetic anomaly ranges from -600 nT to 
800 nT.  From the TMI map, the interpretation process is 

still challenging due to the dipole nature of the 
anomalies. 
 
Reduce To Equator Map 

In principle, the Reduce to Equator method has the 
same objective as the Reduce to Pole method, but the 
reduction process is performed towards the equator. The 
results of the reduce to equator calculation are shown in 
Figure 6(b). Based on Figure 6(b), it can be observed that 
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the calculated results have an anomaly value range from 
-600 nT to 1000 nT. The pattern produced by the RTE 
method tends to be similar to the TMI map pattern, 
which is likely due to the study area being located near 
the equator (inclination = -31.319, declination = 0.8), 
resulting in insignificant changes during the reduction 
process. In this RTE map, the interpretation process 
tends to be challenging due to the paired anomalies 
(dipoles) present. 
 
Reduce to Pole Map 

Reduce to Pole is performed to obtain monopole 
magnetic anomalies, making the interpretation process 
easier. The Reduce to Pole calculations are performed 
using three methods/equations: the general equation, 
pseudo-inclination equation, and nonlinear 
thresholding equation. The results of the Reduce to Pole 
calculation for each method are shown in Figure 7(a-c). 
Based on Figure 7(a-c), it can be observed that each 
method has an anomaly value range from -800 nT to 
1000 nT. The RTP map for each method tends to produce 
very similar patterns, but the NTRTP map appears to be 
smoother compared to the other RTP methods. In the 
RTP map, there is an elongated pattern from south to 
north. 

 

 
Figure 8. Residual anomaly map of the study area 

 

Pseudogravity Map 
The pseudogravity method is applied to simplify 

the interpretation process by converting magnetic 
anomaly data into gravity anomaly data. Additionally, 
the pseudogravity method can effectively identify 
subsurface anomaly sources (Mashhadi & Safari, 2020). 
The results of the pseudogravity calculation show an 
anomaly value range from -0.045 mGal to 0.045 mGal, as 
shown in Figure 7(d). Based on the pseudogravity map, 
it can be observed that low-density areas are located in 
the southern part of the study area, while high-density 

areas are situated in the northern part, around Gunung 
Pandan. 
 
Residual Anomaly Map 

The residual anomaly map is obtained using the 
moving average method with a window size of 7x11. 
The results of the residual anomaly map are shown in 
Figure 8. The residual map exhibits anomaly values 
ranging from -800 nT to 1200 nT. High anomaly values 
are distributed around Gunung Pandan, while low 
anomaly values are observed around the Banyukuning 
hot spring and the western part of the study area. 
 
Interpretation 

In the RTP map, it can be observed that high 
anomalies are found at the location of Gunung Pandan, 
extending northward. Based on geological information, 

these high anomaly values indicate the presence of rocks 
with high magnetic properties. Considering their 
location, this is likely attributed to the intrusion of 
andesitic igneous rocks. Additionally, low anomalies are 
found around the Banyukuning hot spring 
manifestation, suggesting a pathway of hot water flow. 
Furthermore, the low magnetic anomaly values in other 
areas are indicative of thick sediment deposits with 
lower magnetic properties compared to the surrounding 
areas. 

To further strengthen the interpretation, 
pseudogravity calculations were performed. The 
pseudogravity transformation helps reduce the 
dominance of shallow magnetic sources and enhances 
the amplitude of magnetic anomalies from deeper 
sources (Pratt & Shi, 2004). The pseudogravity 
calculation results reveal the presence of a low anomaly 
in the southern part of Gunung Pandan. This aligns with 
the findings of Alawiyah et al. (2022) and Aji et al. (2018), 
who identified negative anomalies in the southern part 
of Gunung Pandan based on gravity and magnetic data. 
The presence of these negative anomalies is likely due to 
hot rock conditions or can be interpreted as a heat 
source. 

Combining the information from the RTP and 
pseudogravity maps, it can be inferred that Gunung 
Pandan exhibits magnetic anomalies associated with the 
presence of andesitic intrusions, while the Banyukuning 
hot spring area represents a pathway of hot water flow. 
The low magnetic and gravity anomaly values in the 
southern side of Gunung Pandan interpreted as heat 
source. Based on Alawiyah et al. (2022), this heat source 
probably originated from the same souce as Gunung 
Wilis.  
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Conclusion  

 
Based on the results obtained from the synthetic 

data, the NTRTP method proves to be the most effective 
compared to other RTP and RTE methods, both at low 
and high inclinations, with correlation coefficients 
ranging from 0.78 - 0.82. The pseudogravity method 
demonstrates good results when applied to areas with 
high inclinations (≥150). The implementation of the 
methods on field data shows that all three RTP methods 
(RTP-PU, RTP-PI, and NTRTP) successfully remove the 
dipole effects from the research data. The RTP maps 
reveal high anomalies located at Gunung Pandan, 
extending northward, with values ranging from 400 nT 
to 1000 nT. These anomalies are believed to be associated 
with andesitic intrusive rocks. Additionally, low 
anomalies (-400 nT to -600 nT) are observed around the 
Banyukuning hot spring manifestation, indicating a 
pathway of hot water flow. The pseudogravity map and 
residual anomaly map indicate the presence of low 
anomalies in the southern part of Gunung Pandan. 
These negative anomalies are likely caused by hot rock 
conditions or can be interpreted as a heat source. 
Overall, the research findings highlight the effectiveness 
of the NTRTP method in enhancing the quality of 
magnetic anomaly data interpretation. The combined 
analysis of RTP, pseudogravity, and residual anomaly 
maps provides valuable insights into the geological 
characteristics, potential heat sources, and hydrothermal 
systems in the study area. 
 
Acknowledgments  

The author would like to express their gratitude to Henglei 
Zhang from China University of Geosciences for granting 
permission to use the NTRTP method in this research. 
Additionally, the author extends their appreciation to Susanti 
Alawiyah, Wawan Gunawan A. Kadir, Djoko Santoso, Eko 
Januari Wahyudi, Waskito Aji, and Indra Gunawan for 
providing the magnetic data and granting permission to use it 
in this study. 
 
Author Contributions 
Conceptualization, Mira Nailufar Rusman, Susanti Alawiyah, 
Indra Gunawan; methodology, Mira Nailufar Rusman, Susanti 
Alawiyah, Indra Gunawan; inverstigation,; Susanti Alawiyah, 
Wawan Gunawan A. Kadir, Djoko Santoso, Eko Januari 
Wahyudi, Waskito Aji, Indra Gunawan; writing-original draft, 
Mira Nailufar Rusman; writing-review and editing, Mira 
Nailufar Rusman, Susanti Alawiyah, Indra Gunawan. 
 
Funding 
This research received no external funding. 
 
Conflicts of Interest 
All authors declare no conflicts of interest. 

 
 

References  
 

Aji, W., Wahyudi, E. J., Santoso, D., & Kadir, W. G. A. 
(2018). 3-D Inversion Model of Gravity Data using 
Iterative Calculation on Mt. Pandan, East Java, 
Indonesia. J Geofis, 16, 27–33. https://doi.org/ 10. 
36435/jgf. v16i3. 388 

Alawiyah, S., Kadir, W. G. A., Santoso, D., Wahyudi, E. 
J., Aji, W., & Gunawan, I. (2022). Modeling of 
Subsurface Structure by Using Magnetic Methods 
in the Area of Mt. Pandan, Indonesia. Arabian 
Journal of Geosciences, 15(15), 1330. 
https://doi.org/10.1007/s12517-022-10599-0 

Baranov, V. (1957). A New Method for Interpretation of 
Aeromagnetic Maps, Pseudo-Gravimetric 
Anomalies. Geophysics, 22, 359-363. 
http://dx.doi.org/10.1190/1.1438369 

Barka, J. (2020). Pseudo-Gravity Interpretation of High-
Resolution Aeromagnetic Data Over Northern 
Bida Basin and Environs, North-Central Nigeria: 
Implication for Mineral Exploration. Science World 
Journal, 15(3), 67-72. 
https://doi.org/10.47514/swj/15.03.2020.009 

Bhattacharyya, B. K. (1965). Two-Dimensional 
Harmonic Analysis as a Tool for Magnetic 

Interpretation. Geophysics, 30(5), 829-857. 
https://doi.org/10.1190/1.1439658 

Blakely, R. J. (1995). Potential Theory in Gravity and 
Magnetic Applications. Cambridge: Cambridge 
university press. 

Fedi, M. (1989). On the Quantitative Interpretation of the 
Magnetic Anomalies by Pseudogravimetric 
Integration. Terra Nova, 1(6), 564–572. 
http://dx.doi.org/10.1111/j.1365-
3121.1989.tb00433.x. 

Gerovska, D., Aráuzo-Bravo, M. J., & Stavrev, P. (2009). 
Estimating the Magnetization Direction of Sources 
from Southeast Bulgaria through Correlation 
between Reduced-Tothe-Pole and Total 
Magnitude Anomalies. Geophysical Prospecting, 

57(4), 491—505. https://doi.org/10.1111/j.1365-
2478.2008.00761.x 

Guo, L., Shi, L., & Meng, X. (2013). The Antisymmetric 
Factor Method for Magnetic Reduction to the Pole 
at Low Latitudes. Journal of Applied Geophysics, 92, 
103-109. 
https://doi.org/10.1016/j.jappgeo.2013.02.018 

Hansen, R. O., & Pawlowski, R. S. (1989). Reduction to 
the Pole at Low Latitudes by Wiener Filtering. 
Geophysics, 54(12), 1607-1613. 
https://doi.org/10.1190/1.1442628 

Hao, M., Zhang, F., Tai, Z., Du, W., Ren, L., & Li, Y. 
(2018). Reduction to the Pole at Low Latitudes by 
using the Taylor Series Iterative Method. Journal of 



Jurnal Penelitian Pendidikan IPA (JPPIPA) August 2023, Volume 9 Issue 8, 6197-6205 

 

6205 

Applied Geophysics, 159, 127-134. 
https://doi.org/10.1016/j.jappgeo.2018.08.004 

Keating, P., & Zerbo, L. (1996). An Improved Technique 
for Reduction to the Pole at Low Latitudes. 
Geophysics, 61(1), 131–137. 
https://doi.org/10.1190/1.1443933 

Li, X. (2008). Magnetic Reduction-to-the-Pole at Low 
Latitudes: Observations and Considerations. The 
Leading Edge, 27(8), 990–1002. 
https://doi.org/10.1190/1.2967550 

MacLeod, I. N., Jones, K., & Dai, T. F. (1993). 3-D 
Analytic Signal in the Interpretation of Total 
Magnetic Field Data at Low Magnetic Latitudes. 
Exploration Geophysics, 24(4), 679-688. 
https://doi.org/10.1071/EG993679 

Mashhadi, S. R., & Safari, M. (2020). The Effectiveness of 
Pseudo-Gravity Transformation in Mineral 
Exploration: An Example from a Placer Magnetite 
Deposit. In NSG2020 3rd Conference on Geophysics 
for Mineral Exploration and Mining, 2020(1), 1-5). 
https://doi.org/10.3997/2214-4609.202020015 

Mendonça, C. A., & Silva, J. B. C. (1993). A stable 
truncated series approximation of the reduction-
to-the-pole operator. Geophysics, 58(8), 1084-1090. 
https://doi.org/10.1190/1.1443492 

Nabighian, M. .N. (1972). The Analytic signal of Two 
Dimensional Magnetic Bodies with Polygonal 
Cross Section, Its Properties and Use for 
Automated Anomaly Interpretation. Geophysics 37, 
507-212. http://dx.doi.org/10.1190/1.1440276 

Panepinto, S., Luca, L. D., Mantovani, M., Sfolciaghi, M., 
& Garcea, B. (2014). Using the Pseudo-Gravity 
Functional Transform to Enhance Deep-Magnetic 
Sources and Enrich Regional Gravity Data. Seg 
Technical Program Expanded Abstracts. 
https://doi.org/10.1190/segam2014-1323.1 

Pratt, D. A., & Shi, Z. (2004). An Improved 
Pseudogravity Magnetic Transform Technique for 
Investigation of Deep Magnetic Source Rocks. 
ASEG Extended Abstracts, 1, 1-4. 
https://doi.org/10.1071/ASEG2004ab116 

Pringgoprawiro, H., & Sukido, S. (1992). Peta Geologi 

Lembar Bojonegoro, Jawa Timur. Bandung: Pusat 
Penelitian dan Pengembangan Geologi. 

Santoso, D., Wahyudi, E. J., Kadir, W. G. A., Alawiyah, 
S., Nugraha, A. D., Supendi, P., & Parnadi, W. W. 
(2018). Gravity Structure Around Mt.Pandan, 
Madiun, East Java, Indonesia and Its Relationship 
to 2016 Seismic Activity. Open Geosci, 10, 882–888. 
https:// doi. org/10. 1515/ geo- 2018- 0069 

Setijadji, L. D. (2010). Segmented Volcanic Arc and Its 
Association with Geothermal Fields in Java Island. 
Proceeding World Geothermal Congress. Bali, 
Indonesia, 1-12. Retrieved from 

https://www.geothermal-
energy.org/pdf/IGAstandard/WGC/2010/1275.
pdf 

Shi, L., Guo, L. H., Meng, X. H., & Wang, Y. F. (2012). The 
Modified Pseudo Inclination Method for Magnetic 
Reduction to the Pole at Low Latitudes. Chinese 
Journal of Geophysics, 55(5), 1775-1783. 
https://doi.org/10.6038/j.issn.0001-
5733.2012.05.035 

Shuey R. T. (1972). Application of Transformasi Hilberts 
to Magnetic Profiles. Geophysics, 37(6), 1043-1045. 
https://doi.org/10.1190/1.1440313 

Silva, J. B. (1986). Reduction to the pole as an inverse 
problem and its application to low-latitude 
anomalies. Geophysics, 51(2), 369-382. Retrieved 
from https://www.u-
cursos.cl/ingenieria/2010/1/GF700/1/material_
docente/bajar?id_material=292982 

Smyth, H. R., Hall, R., & Nichols, G. J. (2008). Cenozoic 
Volcanic Arc History of East Java, Indonesia: The 
Stratigraphic Record of Eruptions on an Active 
Continental Margin. Spec Pap Geol Soc Am, 436, 199. 
https:// doi. org/ 10. 1130/ 2008. 2436(10) 

Thoha, M., Parman, P., Prastistho, B., Yudiantoro, D. F., 
Hati, I. P., & Jagranata, I. B. (2014). Geology and 
Geothermal Manifestations of Mount Pandan, East 
Java. In Proceedings 3rd international ITB geothermal 

workshop. Bandung, Indonesia. Retrieved from 
https://www.researchgate.net/publication/3173
38998 

van Bemmelen, R. W. (1949). The Geology of Indonesia. 
Den Haag: Government Printing Office, The 
Hague. Retrieved from 
https://www.worldcat.org/title/geology-of-
indonesia/oclc/624477880 

Zhang, H., Marangoni, Y. R., Hu, X., & Zuo, R. (2014). 
NTRTP: A New Reduction to the Pole Method at 
Low Latitudes Via a Nonlinear Thresholding. 
Journal of Applied Geophysics, 111, 220-227. 
Retrieved from 
https://repositorio.usp.br/bitstream/handle/BD
PI/47644/J.%20of%20Ap.%20Geop.%20v.%20111.
pdf?sequence=1&isAllowed=y 

Zuo, B., Hu, X., Leão-Santos, M., Cai, Y., Kass, M. A., 
Wang, L., & Liu, S. (2021). Low-Latitude 
Reduction-to-the-Pole and Upward Continuation 
between Arbitrary Surfaces based on the Partial 
Differential Equation Framework. Geophysical 
Journal International, 226(2), 968-983. 
https://doi.org/10.1093/gji/ggab067 

 

 


