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ABSTRACT 
 

Semarang Regency is one of 31 regency/town in Central Java, which is disaster prone caused by soil 
movement. One of the factors that influence soil movement is geological condition, that is rocks layer. This 
research was aimed to identify the contact of the rocks. Geophysical method used was magnetic method. Data 
was collected based on the survey design in an area of 2 km x 2 km with the number of measurement points 
obtained 59 points using Proton Precession Magnetometer (PPM). Data processing was performed using 
Surfer 11 and obtained a total magnetic field anomaly. Anomaly values were corrected upward continuation 
and reduction to the pole using Magpick software. Continuation was performed at an altitude of 150 m which 
aimed to separate the value of local and regional anomalies. To determine the depth of rocks contact, the data 
processing was done using Mag2DC software. Qualitative interpretation of the results indicated the presence 
of a magnetic dipole anomaly of -30 nT to 160 nT which stretched from north to south in the direction lanslide 
topography of the research area. Differences of contour patterns indicated the differences in rock. While the 
quantitative interpretation indicated that there were two layers of rock on Kerek Formation and Kalibeng 
Formation. The first layer was sedimentary rocks (sandstones and tuffaceoust) with the susceptibility value 
about 0.001 and the second layer was igneous rocks (volcanic breccia) with the susceptibility value about 
0.004. Contact between igneous rock and sedimentary rock was located of 50 m in depth, where the 
sedimentary rocks were above the igneous rocks. 
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INTRODUCTION 

The huge potential of Semarang Regency as 
the growth center of development area is 
complicated as if there’s a problem caused by the 
potential of soil movement. According to Centre for 
Volcanology and Geological Hazard Mitigation, 
Department of Energy and Mineral Resources, 
Semarang area is one of 31 regencies/cities in 
Central Java that included disaster prone areas 
caused by soil movement or soil instability. This 
potential of soil movement spreads out about 14 
districts, including Ungaran, Klepu, Ambarawa, 
Pringapus, Bawen, Sumowono, Banyubiru, Getasan,  

 
 

Tengaran, Bringin, Pabelan, Jambu, Susukan and 
Suruh. In the extremest situation, this soil 
movement could make people in danger and 
damage the buildings or infrastuctures. 

Infrastructures development need to 
consider many things such as physical properties of 
soil  and subsurface’s condition. According to 
Nurjannah (2008), the strength of the soil was 
influenced by bedrock that could give the strong 
foundation for the upper layer and also keep the 
soil’s stability. Beside that, geological aspect such 



International Conference on Mathematics, Science, and Education 2015 (ICMSE 2015) 

P - 29 
 

as rock type could also influence the strength of the 
buildings’ foundation above it. 

Soil movement which is happened caused 
by several factors such as geological condition 
where there’s a rock overlays another. The 
difference of rock formation allows the existence of 
boundary contact between the rocks (Fahrudin et 
al., 2011). 

Geological structures that influence the soil 
movement are: (1) contact between the bedrock and 
the weatheringrock; (2) cracks/fractures; (3) rocks 
layer; and (4) fault. Fault zone is the weak zone that 
causes the strength of the rock decrease, so that 
causes several cracks that allows water to seep 
(Surono, 2003). 

Based on the research conducted by 
Sabtono (2010), Semarang Regency was the 
landslide prone area. This is because landslide 
mechanism controlled by stratigraphy factor and 
geological structure with the creep movement that 
has a sliding plane.Based on the geological map 
sheet Magelang-Semarang (Thanden et al., 1996), 
stratigraphy structure of the research area consists 
of Kaligetas formation, Kerek formation and 
Kalibeng formation. 

According to Burger et al. (1992), magnetic 
method can be used to determine the depth and 
structure of subsurface. Measurement can be 
obtained easily for local and regional studies. 
Magnetic method is based on the difference of 
magnetization intensity in a rock which is induced 
by magnetic field of the earth. This happens as an 
effect of the difference magnetic property of each 
rock matter in the earth. 

Magnetic method is also used to map the 
location of minerals zone or identify the rocks. This 
method has a high measurement accuracy of 
anomaly field, simple instrumentation and field 
operation, easy and quick (HMGI, 2012). Based on 
Pilkington & Keating’s research (2010), magnetic 
field is very important in geological mapping. This 
method is used to extract information of lithology in 
horizontal slice qualitatively, while quantitatively 
used to interpret the depth or 3D model. 

The fundamental theory of magnetic 
method is Coulomb force defined as: 
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while ��  is Coulomb force (N), � � � �  are the 
magnetic dipoles (Nm/A), 
 �  is the square distance 
between two dipoles (m2), and � �  is the 
permeability of the medium (N/A2) (Telford et al., 

1979). The magnetizing field ����  (also called 
magnetic field strength) is defined as the force on a 
unit pole: 
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The unit of ����  in Systeme International (SI) units is 
A/m. 
 A magnetic matter which is placed in a 

magnetic field of ���� , will be polarized with the 
magnitude: 

���� �  � ���             

while ����  is the magnetic polarization and   
magnetic susceptibility. Magnetic susceptibility is 
the fundamental rock parameter in magnetic 
prospecting. The magnetic response of rocks and 
minerals is determined by the amounts and 
susceptibilities of magnetic materials in them 
(Telford et al., 1979). 

An area with different rocks, if there’s an 
unstable rock layer overlays a stable rock formation 
and there’s an endogenous power influences, there 
will be a landslide or soil movement happened. So 
that, a research is important to be conducted in an 
area of Semarang Regency to determine the 
subsurface’s structure in this area based on the 
magnetic responses of the rock formation. 

Based on research conducted Ulinna'mah 
(2011) with the magnetic method, type of lithology 
obtained in the form of sandstone and this anomaly 
forming magnetic poles indicating the fault 
structure controlling mineralization as a rock. In an 
area with different rock types, if the unstable 
situation there is a compact rock ride over rocks less 
compact and no power of endogenous variables, 
there will be an avalanche or ground movement. 
Therefore, such areas need to watch out for the 
construction of buildings. 
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METHODS 

Research location included Klepu Village, 
Pringapus District at 441024-441973 (X-UTM) and 
9206313-9207377 (Y-UTM). The equipment used 
in this research are Proton Precession 
Magnetometer (PPM), Global Positioning System 
(GPS), geological compass and laptop that equipped 
with Ms. Excel, Surfer 11, Magpick and Mag2dc 
software.  

Data acquisition consisted of two parts, 
these were acquisition of total magnetic field using 
PPM GSM-19T and acquisition of measurement 
point data using GPS. Steps of field data acquisition 
consisted of: 
a. Determining the first and the last measurement 

point that would be noted as a base station 
using GPS, then measured magnetic field using 
PPM GSM-19T by directing the sensor to the 
northern of geographic. 

b. Finding next determined measurement point 
using GPS then measured magnetic field as in 
the previous point. 

From the field measurement, it’s obtained 
total magnetic field intensity. The data was the best 
value from the five times measurement in each 
point. By correcting main magnetic field value (in 
Java island estimated as 45.300  nT), it could be 
obtained magnetic field anomaly value in survey 
area. Then, this anomaly data was processed and 
interpreted to obtain the model of rock and 
subsurface’s structure (HMGI, 2012). 

Data processing started by doing diurnal 
correction and IGRF correction to obtain the value 
of  magnetic field anomaly. Then, this magnetic 
field anomaly was mapped using Surfer 11 software 
in a contour map. Next, this contour map was 
processed  upward continuation then reduction to 
the pole using MagPick software. The process of 
reduction to the pole already produced a data that 
could be interpreted qualitatively. 

Qualitative analysis was conducted in 
magnetic field anomaly contour map. The result 
was the location of the anomalous object, while 
quantitative analysis was conducted in two methods, 
direct and indirect method. Direct method was 

conducted using characteristic curve in magnetic 
anomaly contour section. The obtained result was 
the estimated depth layer, thickness and slope 
caused by anomalous object. Indirect method was 
conducted by matching the field anomaly curve 
iteratively. Processing and data Interpretation were 
conducted by using Magpick, Mag2DC, Surfer 11 
(HMGI, 2014). 

RESULT AND DISCUSSION 
The intensity of the magnetic field 

measurement results using the PPM in the area of 
research is a total magnetic field intensity data, the 
coordinates obtained from the GPS position and 
time data retrieval. The number of measurement 
points are 59 points with an area is about 4 km2. 
Data measured at each distance of 200 m. Design of 
the research site is shown in Figure 1 below. 

 
Figure 1. Research location design 

Total Magnetic Field Intensity 
The total magnetic field intensity is an 

induced magnetic field because of the main 
magnetic field of the earth. Data from the 
measurement is still influenced by anomalous 
values around the research area. So it needs a 
correction before further processing.  

Based on figure 2 below, the value of total 
magnetic field intensity in the research location 
ranges from 44560 nT to 45100 nT. Orange colour 
in contour map indicate a higher total magnetic field 
intensity while blue colour indicate the lower total 
magnetic field intensity. 
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Figure 2. The contour map of total magnetic field 

intensity  

Magnetic Field Anomaly 
Magnetic field anomaly obtained after the 

diurnal correction and IGRF correction. The diurnal 
correction is obtained from the difference between 
the base point measurement with the other point 
measurement. While the IGRF correction is 
determined based on international agreement that is 
renewed every 5 years. The IGRF value of the 
research area is 44708 nT with an inclination value 
of -31.5396° and  declination value of 0.9972°. 

Figure 3 is a contour map that shows the 
value of corrected magnetic field anomaly. It 
represents magnetic field anomaly values ranges 
from -180 nT to 340 nT. The possibility of negative 
magnetic intensity is influenced by sedimentary 
rock which is volcanic breccia. 

 

 
Figure 3. The contour map of magnetic field 

anomaly 

In addition to magnetic anomaly, the data 
measurement also showed the value of the 
topography or altitude measurement point from the 
surface. It can be used as a reference in IGRF 
correction and modelling using Mag2DC software. 
In three dimensions, the highest measurement point 
located at an altitude of 320 meters above sea level 
while the lowest point at 160 meters above sea level 
measurements. The topography map of research 
area is shown in Figure 4 below. 

 
Figure 4. The 3D contour map of magnetic field 

anomaly 

 
Upward Continuation 

The purpose of the upward continuation 
process is to separate the influence between local 
and regional anomalies so that can be known the 
rocks cause anomalies in a shallow position and at a 
certain depth below the surface of the research area. 
Upward continuation process is performed on the 
contour map of the total magnetic field anomaly 
based on the desired target depth. 

According to Putri (2008: 123), upward 
continuation is done by lifting the value anomaly 
located in a flat area at a certain height into a flat 
surface with the desired height corresponding 
assumption that topography in the research area is 
relatively flat with altitudes ranging from 115 m - 
195 m. 

Figure 5 below shows the pattern of 
magnetic anomalies that have been done with a 
filter operation by upward continuation to get 
regional anomalies target. The higher continuation 
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getting lost local anomalies so that the target of 
regional anomalies obtained increasingly clear. 

 
Figure 5. The Contour map of magnetic field 

anomaly from the upward continuation 
In this research, continuation is done from a 

height of 50 m until 150 m. The appearance of 
regional anomaly’s closure is clearly visible at an 
altitude of 150 m. It shown by dipole of the contour 
pattern that allows two types of lithologies which 
there are contacts between them as a target of 
research. 

Reduction to Pole 
Reduction to the pole used to localize areas 

with anomalous maximum or minimum just above 
the body of the object cause of the anomaly by 
means of transforming the appearance of the dipole 
into a monopole appearance. This is due to the earth 
has two poles, namely the north pole and the south 
pole. So that in this study the results of which 
makes the upward continuation anomaly relative 
magnetic field lies between two closures, can be 
observed only use one pole. 

 
Figure 6. The contour map of reduction to pole 

about continuation at 150 m 

The data is reduced to the pole is a regional 
anomaly data that has been continuated upwards at 
an altitude of 150 m. Reduction to pole is done by 
bringing the positions of the causes anomaly to the 
position of north pole of the Earth's magnetic field. 
This process will change the declination of 0 ° and 
an inclination of  90 ° as the conditions at the poles. 
Results of reduction to the poles shown in Figure 6. 

Qualitative interpretation 
Qualitative analysis performed to determine 

the ratio anomalies in area that have high intensity 
and area with low magnetic field intensity which 
allegedly show a rocks contact that become target of 
this research. 

 
Figure 7. Plot of of magnetic field anomaly at 

geology map 

Figure 7 shows that there are two closures 
negative and positive anomalies are worth -30 nT to 
160 nT. Two closures this anomaly contour lines 
separated by meeting indicating the cause of the 
magnetic anomaly in the form of contact boundary 
lithologies. 

Anomaly contour map with a white color 
indicates high anomaly with anomalous values of 
160 nT magnetic field. High anomalous values in 
this study interpreted as Kalibeng Formation (Show 
at startup) consisting of sandstone and limestone. 
While the anomaly contour with black indicate low 
anomaly values are interpreted as a unit Kerek 
Formation consisting of volcanic conglomerates and 
breccias. 

Based on the geology of the study area 
boundary lithologies can be identified by the flow 
of the river and the fault right at the boundary 
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between unit Kalibeng Formation and Formation 
Kerek. It flows from Kerek towards Kalibeng 
Formation Formation. This suggests that the 
formation Kerek older than Kalibeng Formation, 
where the river flows from the high zone to the 
lower zone. If the contour analysis correlated with 
the geological information anomalous magnetic 
field is caused by the contact of rock lithology. 

Quantitative Interpretation 
Quantitative interpretation is done by 

analyzing the results of modeling using software 
Mag2DC. According Ulinna'mah (2011), modeling 
using software Mag2DC. This presupposes a 
polygon-shaped objects cause any anomaly. 
Necessary parameters in this model is the magnetic 
susceptibility, position, inclination, declination and 
IGRF. 

Modelling was performed on the results of 
the continuation of the regional anomaly contour at 
an altitude of 150 meters which has been reduced to 
the pole. The model was made by trial and error 
based on an incision that passes through both 
formations are Kalibeng Formation and Kerek 
Formation. 

Based on figure 8, the slice of AB on the 
geological map, A point is located at X-UTM  
coordinates of 441449  and Y-UTM of 9207310, 
while B point is located at coordinates 441 691 of 
X-UTM 9206400 of Y-UTM. The slice is also 
created transversely which includes of two 
anomalies closure of  magnetic field. The slice is 
passed through two closures AB positive and 
negative anomalies trending north-west to south-
east. 

 

 
Figure 8. Slice of magnetic field contour map 

Anomaly profile of AB slice is shown in 
Figure 9. The curve shows the correspondence 
between the modeling results with the anomaly 
curve shapes generated magnetic anomalies. 
Modeling results can be seen anomalous objects for 
compliance of his error value between anomalous 
observations with regional anomalies. Modeling 
regional anomalous magnetic fields at the incision 
AB has a depth of 100 meters.  

Based on modeling results using Mag2DC 
software, there are two layers of rock. Average 
susceptibility value layer 1 is 0.001 dominated 
sedimentary rocks (sandstones and tuffaceous), 
while the second layer is igneous (volcanic breccia) 
with an average value of susceptibility 0.004. 
Igneous rock layers to a depth of 50 meters. 
Meanwhile sedimentary rocks to a depth of 100 
meters. Direct contact between sedimentary and 
igneous rocks found at a depth of 50 meters. 

 
Figure 9. The curve model of AB slicing 

CONCLUSION 

The value of the magnetic field anomaly 
ranges from -30 nT to 160 nT that indicating two 
closure of positive and negative were identified two 
rock layers, namely one layer of sedimentary rocks 
(sandstones and tuffaceous) and layer 2 igneous 
(volcanic breccia). Limit the contact between 
sedimentary rocks with a value of 0001 emu 
susceptibility and susceptibility igneous rocks with 
a value of 0.004 emu. Limit lithologies located at a 
depth of 50 meters. 
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