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Abstract 

Magnetic method in geophysical surveys is common for its non-destructive use of sub-surface structure 

delineation. In this study, ground-based measurements of magnetic intensity were performed using a set of 

instruments in some regions of Pacitan, a city in the southern area of East Java province. Based on these 

measurements, data acquisition was used to identify the Grindulu faulting zone in the region of interest, 

potentially vulnerable to geohazards. The data were first corrected using the IGRF and diurnal 

corrections. A filtering technique of upward continuation at a height of 900 m was then applied to 

separate local anomalies from regional ones as the targeted sources in the present case. These separate 

anomalies and their corresponding reductions to the poles as further filtering processes were analyzed for 

predicting the location and direction of the fault. The results, extracted from data analysis and 

interpretation, show that the main path of the Grindulu is directed along the NE-SW fault line or N60oE. 

The resulting anomalies also reflect that the Grindulu is a normal fault with surrounding minor faults 

lying across the Grindulu, calling for increased awareness of vulnerability in the city to seismic threats. 
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Identifikasi Sesar Grindulu di Pacitan, Jawa Timur menggunakan Metode Magnetik 

 

Abstrak 

Metode magnetik telah biasa digunakan dalam survei geofisika untuk menggambarkan struktur fisis 

bawah permukaan. Dalam penelitian ini, pengukuran magnetik dengan memanfaatkan seperangkat 

instrumen magnetik dilaksanakan di beberapa wilayah Pacitan, Provinsi Jawa Timur bagian selatan. 

Berdasarkan hasil survei magnetik, akuisisi data magnetik dilakukan dan kemudian digunakan untuk 

mengidentifikasi sesar Grindulu di lokasi penelitian yang tergolong rentan terhadap bencana geologi. 

Data magnetik dikoreksi terlebih dahulu dengan menggunakan model IGRF dan variasi harian diurnal. 

Teknik pemfilteran kontinuasi ke atas sampai pada ketinggian 900 m kemudian diterapkan untuk 

https://doi.org/10.26740/jpfa.v10n1.p-22-33
https://jpfa.unesa.ac.id/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:latifah.cholifah@gmail.com
mailto:nurulmufidah231298@gmail.com
mailto:edenlazuardi@gmail.com
mailto:bjs@physics.its.ac.id
mailto:hening27@gmail.com
mailto:gamapad@gmail.com


Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2020; 10(1): 22-33 

Latifatul Cholifah, et al  23 

pemisahan anomali lokal dari anomali regional sebagai sumber target. Kedua jenis anomali tersebut 

selanjutnya diproses dengan filter reduksi ke kutub untuk memprediksi lokasi dan arah sesar Grindulu. 

Analisis hasil transformasi reduksi ke kutub dan interpretasi data menunjukkan bahwa jalur utama sesar 

Grindulu berada sepanjang arah timur laut-barat daya atau arah N60oE. Kedua kontur anomali hasil 

transformasi reduksi ke kutub juga menunjukkan bahwa sesar Grindulu merupakan sesar normal 

dikelilingi oleh sesar lokal yang memotong jalur sesar Grindulu. Temuan penelitian ini meningkatkan 

kesadaran terhadap kerentanan wilayah dan potensi ancaman bencana seismik di Kabupaten Pacitan. 

Kata Kunci: Sesar Grindulu; Pacitan; metode magnetik 
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I. INTRODUCTION 

The magnetic method is commonly 

used in geophysical surveys with its 

non-destructive techniques for ease of 

sub-surface structure delineation. This 

advantage is stated either in a literature, for 

example, or in research papers [1-3]. This 

method relies upon field measurements of 

magnetic intensity using various techniques 

for specific purposes, including identification 

of a fault zone, as in [4-6]. This is of 

significance as seismicity in an active fault 

can be a potential source of earthquakes of 

tectonic origin, as is the case in West Java [7]. 

In the context of Indonesia, particularly 

in the eastern part of the Sunda-Banda arc 

active fault mapping may help to reduce risks 

and fatalities in society living in vulnerable 

regions to geological hazards [8,9], as well as 

other earth-related hazards imposed by 

lithospheric collision beneath the surface [10]. 

These studies, however, have not examined 

the southern part of East Java, for example 

Pacitan, which is considered prone to seismic 

threats by [11,12] using geophysical methods 

other than magnetic survey. Located in the 

extent of the Southern Mountains arc in Java 

[13,14], Pacitan is fragile to earthquakes. 

Despite its high seismicity, hazard analysis 

focusing on vulnerability in Pacitan is rare to 

conduct. 

In the present work, we address this 

issue by performing magnetic survey during 

field work in Pacitan, a city in the region of 

interest, to delineate the Grindulu faulting 

zone, believed to be the possible major cause 

for earthquake-related disasters in the city in 

the future. The objective of this work is thus 

to identify and locate the fault in quest as part 

of disaster risk reduction to a minimum level 

for local community. 

In measurements of magnetic intensity, 

potential field and corresponding magnetic 

anomalies are possibly correlated to the level 

of crustal seismicity [15]. A further technique 

using a combined method of magnetic and 

gravity surveys can also effectively be used to 

map sources of seism-tectonic activities 

beneath the surface [16]. This study, however, 

focuses only on magnetic method to examine 

the location and direction of the Grindulu. 

In many practices, the total field 

intensity measured is unfortunately 

unavoidable mixed with undesirable sources 

of magnetic field. Among these are the 

geodynamic processes at the Earth’s outer 
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core [17,18] and external influences from 

lunar and solar activities [19]. Due to these 

noises, [20] suggested that field magnetic data 

acquired are initially evaluated by subtracting 

them from the main field and diurnal variation 

at the time of measurements. Data corrections, 

data processing and further analysis for data 

refinement are provided in the following 

methodology. 

 

II. METHOD 

The field data used in this study were 

obtained from magnetic surveillance in some 

municipals of Pacitan, covering regions of 

Gunungsari and Arjosari, and in town during 

23-30 October 2019. The city of Pacitan is 

geographically situated between 7.9o-8.3oS 

and 110.9o-111.4oE in the southern East Java. 

Shown in Figure 1 is study area coverage, 

with geological settings in the study area are 

dominated by sedimentary, volcanic and 

intrusive rocks [21,22].  

 

A set of sensitive field equipment used 

in the measurements of magnetic intensity 

included two magnetometers with precision 

of 0.1 nT, Global Positioning System (GPS), 

and a geological compass. Among the two, 

the first magnetometer, Proton Precession 

Magnetometer (PPM) Envi Scientrex, was 

placed at the base station to record temporal 

variation of the total field intensity where the 

base-station readings were taken every 5 

minutes.  

The second magnetometer, Geoproton 

magnetometer, was then used as a mobile 

instrument to acquire magnetic intensity in 

each point of measurement along with 3 lines 

of measurements across the possible location 

of the Grindulu with separate adjacent points 

of 200 m and line spacing was set to 5 km. 

Both the GPS and the compass were utilized 

to locate accurately all points of measurement. 

A total of 104 dataset-points were finally 

acquired in the field measurements for data 

acquisition and processing. 

 

Figure 1. Geological Map Overlying on Geographical Location for Magnetic Surveillance in this Study 

(Made Available Using ArcGIS Online Basemaps Freely Accessible at https://arcgis.com/home/group.html) 
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The data from the field survey were first 

corrected using calculated intensities of the 

main field given by the 12th Generation of 

International Geomagnetic Reference Field 

(IGRF) model [23,24]. The calculations were 

made possible online by the World Data 

Centre (WDC) for global magnetic data here 

named as 𝐵IGRF  and freely accessible at 

http://wdc.kugi.kyoto-u.ac.jp/igrf/point/index

.html.  

Diurnal correction was then performed 

to account for daily effects of solar activities. 

This correction is symbolized as 𝐵VH  and 

here estimated to be 

𝐵VH = 𝐵base(𝑡) − 𝐵base(𝑡 − 1)    (1) 

with 𝐵base(𝑡)  denotes the base-station 

reading on a particular day and 𝐵base(𝑡 − 1) 

is the reading on a day before. With the total 

field intensity 𝐵  measured by the portable 

instrument, magnetic anomaly acquired from 

the survey ∆𝐵 is written as follows, 

∆𝐵 = 𝐵 − 𝐵IGRF − 𝐵VH  (2) 

The resulting anomaly derived from 

Equation 2 was plotted using Surfer 11 to 

obtain magnetic anomaly contours. However, 

these contours remained containing mixed 

magnetic anomalies between local and 

regional anomalies. Using Magpick, upward 

continuation was applied to accentuate the 

effect of regional anomaly from deep sources 

at the expense of local anomaly from shallow 

sources [25].  

The resulting separation of magnetic 

anomalies were both processed by reduction 

to the pole (RTP) transformation using the 

same application to remove the skewness of 

the anomalies due to arbitrary magnetization 

of the sources, making them to be vertically 

magnetized [26]. The final anomaly contours 

were analyzed to predict the possible position 

and direction of the Grindulu. 

 

III. RESULTS AND DISCUSSION  

The fact that the total field intensities 

𝐵 observed from magnetic measurements are 

indistinguishable from those imposed by the 

effects of the Earth’s main magnetic field and 

the secondary sources is an inherent problem 

in the measurements [20]. This allows us to 

have these intensities left uncorrected. Plot of 

uncorrected values of the 𝐵 field intensity is 

provided in Figure 2, where the observed 

intensities ranging from 43,750 to 45,250 nT 

(the global geomagnetic field varies between 

30,000 nT in the equator and 65,000 nT at the 

two poles for comparison).  

The 𝐵 field observed for all points of 

measurements was then evaluated by taking 

the IGRF model [24] and diurnal corrections 

[19] into account for first order corrections. 

Figure 2. Contour for the Total Field Intensity Observed in the Study Area by Portable Instrument 
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As part of these first order corrections, 

the IGRF model is in fact not the only model 

for the global magnetic model. There are 6 

global magnetic models, including the IGRF 

that provide similar values of intensities for 

higher degrees of spherical harmonics terms 

of up to degree 13, with negligible difference 

in the measured intensities among the models 

of a relatively small value of only 1 nT [27]. It 

follows that any model could be possibly used 

for the main field correction. The IGRF is 

here selected as a matter of preference for its 

relatively ease of online accessibility [24]. 

The effects of diurnal corrections are 

attributable to relatively small contributions 

in magnitude to the main field with temporal 

variations of shorter than a day, the so-called 

daily variations, which are mainly induced by 

atmospheric disturbances [28]. Note here that 

spatial variations of the main field arguably 

generated by permanently magnetized buried 

bodies underneath and near the surface [29], 

as is the case in the present work, have been 

incorporated into the 𝐵  field measurements 

(but are classified into unexpected sources).  

It should be noted here that the above 

first order corrections are, in field practice of 

magnetic measurements, normally completed 

with the second order correction. This type of 

correction is mainly owing to the presence of 

magnetic storm in field locations at the times 

of the measurements as additional noises that 

may interfere the observed intensities [30].  

Regarding the second order correction, 

we examined if the surveys during a period of 

23-30 October 2019 were well performed in 

‘quiet days’ of no disturbance. In response to 

these possible errors, we confirm to use the 

so-called Dst index, freely accessed at 

http://wdc.kugi.kyoto-u.ac.jp/dst_realtime/20

1910/index.html for a reliable indicator here, 

as depicted in Figure 3.  

Figure 3. Dst Index During October 2019 (Taken from http://wdc.kugi.kyoto-u.ac.jp/dst_realtime/)

Based on Figure 3, magnetic disturbance 

during field magnetic surveys were observed 

in the range of 0 down to -46 nT. This is 

classified into ‘weak storm’ [30] for which all 

the measured magnetic intensities are then 

acceptable with no further revisions. 

Magnetic anomaly ∆𝐵  was calculated 

using the total 𝐵 field reduced by the IGRF 

and the diurnal corrections, as indicated by 

Equation 2. The resulting magnetic anomaly 

is illustrated in Figure 4 with minimum and 

maximum values are, respectively, found to 

be –2400 nT and 1400 nT. The observed 

negative and positive anomalies represent the 

presence of magnetic dipoles distributed over 

the surveyed area. These pairs of anomalies 

go with dominant features of small and large 

closures, indicating shallow sources of short 

wavelengths or high frequencies (referred to 

here as local anomalies) and deeper sources of 

longer wavelengths or lower frequencies 

(considered here to be regional anomalies), 

respectively [1,11,16]. 

Final data reduction in intensity comes 

from a local terrain or topographic correction 

in particular when measurements are carried 

out from one irregular surface to another [1]. 

The most common technique in this matter is 

to reduce field data to a horizontal plane of the 

same height measured from the reference 

http://wdc.kugi.kyoto-u.ac.jp/dst_realtime/201910/index.html
http://wdc.kugi.kyoto-u.ac.jp/dst_realtime/201910/index.html
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although some uncertainties in estimates of 

magnetic distortion are left uncorrected.  

Following methodology given in [31], 

we estimate the maximum distortion of 

intensity to be approximately 57 nT, 

proportional to deviation in the measurements 

of up to 1 % (relative to the mean intensity 

averaged over space and time for the total 

field of about 45,000 nT). This relatively 

small deviation in intensity measured during 

field observations indicates that data 

reduction using this filter is not necessary.   

Back to Figure 4, both the anomalies 

contained in the contour, however, have not 

clearly identified the location of the Grindulu 

fault zone. For this reason, a next stage using a 

filtering geophysical technique of upward 

continuation [1,25] was therefore carried out 

to separate the mixed anomalies originating 

from different relative depths of sources [16]. 

This stage eventually results in two separate 

contours of anomalies. 

Figure 4. Contour for the Magnetic Anomaly in the Study Area Calculated Using Equation 2

As indicated, a filtering technique of 

upward continuation was then performed to 

acquire both the local and regional anomalies 

separately. This technique was applied to set a 

local altitude of observations to a point of 

which all noises of short-wavelengths were 

minimized by continuing the potential field 

upward [1,25]. This technique filtered out the 

effects of near-surface heterogeneities, as 

these are not of primary interest here [29]. 

While minimizing all undesirable sources of 

relatively shorter wavelengths, this technique 

makes the final results easy to interpret [32].  

In the present study, this technique was 

performed in consecutive steps, starting from 

a height of 100 m reaching to a height of up to 

900 m where anomaly contour was finally 

unaltered. The corresponding final results for 

the separate local and regional anomalies are 

provided in separate plots shown in Figure 5 

and Figure 6, respectively. A clear difference 

in the closure size between the two figures is 

attributable to a distinct pattern of apparently 

small closures depicted in Figure 5 relatively 

compared to the larger ones seen in Figure 6. 

Regarding this difference, it follows that the 

resulting upward-continued anomaly signals 

provide information more about sources of 

relatively long-wavelengths at greater depths 

since the local, near-surface sources tend to be 

diminished by the upward continuation 

transformation process [1,25,29,32]. Hence, 

the separate anomalies allow us to focus on 

which anomaly that can be possibly used to 

possibly locate the Grindulu fault. However, 

the apparent anomalies remain unclear due to 

arbitrarily magnetized sources in view of the 

direction of geomagnetic field at the sites. 
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Figure 5. Contour for the Local Anomaly Resulted from Upward Continuation at a Height of 900 m 

 

Figure 6. Contour for the Regional Anomaly Resulted from Upward Continuation at a Height of 900 m

Therefore, for reasons previously stated, 

a further filtering process namely reduction to 

the pole (RTP) was performed for each 

upward-continued anomaly contour depicted 

in Figure 5 and Figure 6. This process relies 

on the fact that the large-scale geomagnetic 

field is specified by the total field intensity, a 

dip angle above or below a horizontal plane, 

termed magnetic inclination and the direction 

with respect to the geographic north, called 

magnetic declination [1,20], or in general by 

the so-called magnetic coordinates [33].   

As part of enhanced data processing, the 

RTP filtering technique is mainly aimed at 

enhanced filtering hence removing the 

distorting effects due to both the inclination 

and declination directivities of the main field 

[34]. This altered the existing observed 

anomalies into the ones that would have been 

measured if source magnetization and the 

ambient field were then both vertically 

aligned [1,26,29]. In practice, this could be 

achieved by forcing the inclination to be 90º 

and the declination to be 0º at the sites of the 

field measurements. The resulting plots of the 

reduced local and regional anomalies aligning 

to the pole using this transformation are 

depicted in Figure 7 for the RTP-transformed 

local anomaly and in Figure 8 for the 

RTP-transformed regional anomaly. 
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Figure 7. Contour for the RTP-Transformed Local Anomaly in the Covered Study Area 

 

Figure 8. Contour for the RTP-Transformed Regional Anomaly in the Covered Study Area 

Figure 7 shows pairs of both low-lying 

and high-lying closures having negative and 

positive anomalies, respectively. This reflects 

some magnetic dipoles as shallow sources 

with relatively short wavelengths. We argue 

that among magnetic noises near the surface, 

minor faults are potentially present at some 

depth neighboring the Grindulu faulting zone 

in Pacitan and its nearby regions, in good 

agreement with the finding reported by [11]. 

The presence of these secondary minor faults 

may provide insight into historical tectonics 

in the city and to some extent active crustal 

deformation in the southern area of East Java, 

in oppose to previous work [8,9], suggesting 

active shallow lithospheric motion 

particularly in the northern part of the 

province owing to back-arc thrusting.  

An important feature seen in Figure 8 

includes the relative dominance of closures 

with negative anomalies between -100 nT and 

-1600 nT over the ones with positive 

anomalies varying from zero to only 100 nT. 

As magnetic features generated by geological 

structures are associated with different types 

of rocks, the dominant negative anomalies 

suggest the presence of areas predominantly 

characterized by a depressed block of rocks 



Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2020; 10(1): 22-33 

Latifatul Cholifah, et al  30 

below the surveyed area. This type of rocks is 

formally called graben, found in a normal 

fault [35] in which a layered block of rocks is 

partially displaced downward.  

Another important feature is that there 

is an ambiguity induced by closures having 

negative anomalies; one, colored violet, is 

centered at approximately 507000 easting and 

9099000 northing and the other, colored dark 

blue, at approximately 514500 easting and 

9099000 northing. Using the former and in 

conjunction with a high-lying closure with 

positive anomaly at the top-right corner, we 

speculate that the position of the Grindulu 

main path in the study area is aligned along 

the NE-SW direction at approximately 30o 

with respect to the east or written as N60oE. 

The dark blue closure goes with a high-lying 

closure at the bottom-right corner, arguably 

producing a secondary fault line that crosses 

the main path of the Grindulu making it to be 

a complex fault system, as indicated by [21].  

It should also be noticed here that the 

ambiguity imposed by magnetic polarities in 

Figure 8 remains unresolved owing to the 

limitation of the RTP filtering technique [36]. 

This may then be reduced by transformation 

of a pseudo-gravity filtering technique. This 

transformation changed magnetic anomalies 

into the ones – gravity anomalies that would 

be observed if the source distribution of 

magnetization were then to be alternatively 

replaced with identical density distribution. A 

pseudo-gravity transformation might thus be 

useful for data analysis and interpretation as 

gravity anomalies are relatively easier to 

interpret [1,20] but this is out of the scope of 

the present study. 

In the context of seismic hazards and 

mitigation studies for building resilience of 

both local community and nation-wide issues, 

the main finding of the current work is then 

expected to increase awareness of potential 

seismic risks in Pacitan and its surroundings. 

While [8,9] only prompted the northern parts 

of East Java that are prone to such disasters, 

[11,12] suggested that the southern regions, 

such as Pacitan is also vulnerable to danger. 

Vulnerabilities in these regions include two 

other cities, Blitar [37] and Ponorogo [38], in 

the southern areas of the East Java province, 

observed using studies other than magnetic 

method. Therefore, this research finding 

significantly contributes not only to the 

development of geoscience in the Pacitan city 

and its nearby but also to the need for filling 

‘the gap’ left by uncompleted previous work 

[8-10] that prompted only in the province 

northern areas. 
 

IV. CONCLUSION 

Magnetic method has been successfully 

used to delineate the Grindulu faulting zone, a 

geological sub-surface structure beneath the 

Pacitan city in the southern part of East Java, 

which is potentially vulnerable to seismic 

hazards. After data processing and associated 

analysis, the plot of regional anomaly contour 

is best used to show the main path of the 

Grindulu, being aligned along the NE-SW 

direction at about N60oE. The Grindulu is a 

normal fault featured by minor faults coming 

across or parallel with it, increasing the 

complexity to the tectonic setting in the region 

of interest. The results are limited with 

caution regarding study area coverage. 

Further work may apply pseudo-gravity 

technique and 2D modeling for removal of 

ambiguity in the anomalies as well as use of a 

wider study area to facilitate more field data 

that may help to identify and characterize the 

Grindulu accurately. 
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