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ABSTRACT

Two dimensional modeling to basaltic rocks intrusion in Pekuncen and Karanglewas Villages
Jatilawang District, Banyumas Regency, Central Java based on the local magnetic anomalies
data has been carried out in March — June 2020. The amount of magnetic data obtained from
the acquisition in the field was 239 data stretching in the position of 109.107222° —
109.134944°E and 7.561361° — 7.577306°S, with the local magnetic anomalies values ranging
of -2,961.11 — 1,516.31 nT. To model anomalous sources in the subsurface in two dimensions,
then the local magnetic anomalies data is transformed into pseudogravity anomalies data, so
that anomalous value can be obtained as -27.815 — 41.087 mGal. Based on the pseudogravity
anomalous map, the basaltic rock intrusion is interpreted to be located in the eastern part of the
research area, so modeling of anomalous sources is conducted in this area. The results of 2D-
modeling to local magnetic anomalies data indicate the presence of anomalous object inter-
preted as basaltic rock intrusion with magnetic susceptibility contrast value of 0.0223 cgs, lo-
cated at depth of 52.61 — 505.97 m and a lateral length of 1777.94 m. This rock intrudes sedi-
ment rock from the Halang Formation and is connected to other basaltic rock near the surface
with magnetic susceptibility contrast value of 0.0165 cgs, located at depth of 1.94 — 80.90 m
and lateral length of 751.83 m. The results of lithological interpretation are in accordance with
the geological information of the research area.
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INTRODUCTION

Pekuncen and Karanglewas are villages located in Jatilawang District Banyumas Regency
Central Java. The villages are located about 3 km south the City of Jatilawang District.
The topography of the two villages consists of hills and lowlands. Hilly areas in the south
of the villages are used more for tree crops, whereas the lowlands in the north which are
deposited by the Lopasir River are used for residential areas, rice fields, and customary
land ™. This village is estimated to store a large potential of natural resources, namely ba-
saltic rocks. Basaltic rocks spread unevenly; where some are buried and exposed on the
surface. Basaltic rock is an igneous rock that is dark, heavy, contains a lot of iron mineral,
and a little mineral content of volcanic silica. Basaltic rock is very well used for building
materials because of its large density. Figure 1 shows the outcrops of basaltic rocks which
are exposed on the surface of Pekuncen and Karanglewas Villages, Jatilawang District.
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Figure 1. Outcrops of basaltic rocks that are exposed on the surface of Pekuncen and Karanglewas Villages,
Jatilawang District, Banyumas Regency

Mapping the distribution of basaltic rocks in Pekuncen and Karanglewas Villages, District
of Jatilawang is needed to develop regulations that govern the mining of basaltic rocks in
these areas. In addition, this mapping is also useful to qualitatively localize the presence of
dominant basaltic rocks intrusion. One of the geophysical exploration methods that can be
used to explore and map basaltic rocks in an area is a magnetic survey @, This survey has
a high sensitivity to basaltic rocks, so that basaltic rocks are easily detected. This is related
to the large iron mineral content in these rocks, so that the rocks tend to be ferromagnetic
31 In its application, a magnetic survey uses the quantity of magnetic susceptibility as a
tool to identify subsurface rocks types through modeling and interpretation 45}

The research began with magnetic data acquisition in the research area. The obtained total
magnetic field strength data, then be corrected and reduced through several stages, so that
local magnetic anomalies data are obtained 71, The local magnetic anomalies data are a
representation of geological conditions or subsurface rocks that are local and shallow.
These local magnetic anomalies data were transformed to obtain pseudogravity anomalies
data. The pseudogravity anomalous map can be applied qualitatively to estimate the loca-
tion of basalt rocks buried in the subsurface. In this research, a pseudogravity anomalous
map was used as reference in 2D-forward modeling to the local magnetic anomalies data,
so that the lithological section model which illustrates the subsurface rocks section includ-
ing basaltic rocks intrusion in the research area was obtained easily .

Transformation of magnetic anomalies data that can be applied to clarify the location of
objects or subsurface anomalous sources which are the target of research is pseudogravity
transformation °1. The basic principle of this transformation is to use the Poisson relation.
Poisson's theorem relates the derivative of the gravity taken along the total magnetization
vector direction and the magnetic potential due to a common, isolated source with constant
density and magnetization distributions. Based on equation (2.5), the relation shows that
the magnetic potential V and the gravitational potential U originating from an object that
has the same magnetization and density can be expressed by formulation [°:
ve-=eMaeyu--=e g @
Yy P Yy P

where p is the density, M is the intensity of magnetization, m is the magnetization unit
vector and gm is the component of the gravitational field in the direction of magnetization.
To obtain a Poisson relation value, the values of M and p are assumed to be constant. The
Poisson relation can be applied to convert magnetic anomalies data into gravity anomalies
data, if the magnetization distribution can be replaced by density distribution identically,
assuming the ratio of M and p values is fixed along with the source of the anomalous body
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[191 Based on the pseudogravity anomaly contour map, the distribution of basalt rocks in
an area can be easily identified and mapped. Visually, this transformation process is
shown in Figure 2. This research aims to model the basaltic rock intrusion in two dimen-
sions based on the local magnetic anomalies data, considering the pseudogravity anoma-
lous map and geological information.

The Surface

Figure 2. The basic principle of the process of pseudogravity transformation visually

RESEARCH METHODS

Material and Equipment

Materials and equipment needed in this research both in the field and in the laboratory, can
be seen in full in Table 1.

Table 1. The equipment used in this research, both in the field and in the laboratory

No. Equipment Quantity
1  Proton Precession Magnetometers GSM-19T from GEM System 1 unit
2  Global Positioning System (GPS) from Garmin 1 unit
3 Geological Map of Banyumas-Cilacap Sheet 1 sheet
4 Topographical Map of Research Area using Google Earth Application 1 sheet
5 Compass 1 unit
6 Laptop and printer 1 set
7  Software Surfer version 8.0 1 piece
8  Software Watfor 77 1 piece
9  Software Mag2DC for Windows version 2.11 1 paket

Location and Time

The location of magnetic data acquisition is in Pekuncen and Karanglewas Villages,
District of Jatilawang, Banyumas Regency, Central Java, Indonesia as shown in Figure 3.
While the location of processing, modeling, and interpretation of magnetic anomalies data
are the Electronic, Instrumentation, and Geophysics Laboratory, Jenderal Soedirman Uni-
versity Street of Dr. Suparno No. 61 Purwokerto Central Java, Indonesia. This research
has been conducted in March — June 2020.
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Figure 3. The research location map and distribution of magnetic data acquisition station points in the field

Research Procedure

Procedure in this research which has been carried out include magnetic data acquisition in
the field, processing, modeling, and interpretation. The obtained data from acquisitions in
the field are total magnetic field strength, the geographic position of station points, time,
and geological or environmental conditions. Furthermore, the total magnetic field strength
data (BT) are corrected including daily correction (Bp) and earth's main magnetic field or
IGRF correction (Bo) to obtain total magnetic anomalies data (4B) with equation [*I:

AB = BT * ABHarian - BO (3)

The total magnetic anomalies data from Equation (3) is still distributed on the topographic
surface, so it needs to be transformed to a horizontal surface. The transformation process
of magnetic anomalies data into a horizontal surface is carried out using the Taylor series
approximation [19. Equation (4) is expressed in terms of iteration, where AB(4,9,ho) that
are anomalies data that distributed in the horizontal surface can be estimated through the
approach i.e. the value of AB(4,9ho) obtained from iteration i-th can be used to estimate
AB(4,3ho) in the next iteration or (i+1)-th. The iteration process is carried out sufficiently,
so that the values of AB(4,$ ho) obtained have shown to be convergent (1%,

B(2,8,h, ) = aB (2, 9,n)~3 (=N)" ) an AB(4, 9., }! @)

n=0

The magnetic anomalies data that are obtained from Equation (4) needs to be cleared from
the regional magnetic effect, because the target of the research is the basalt rocks intrusion
which is near the surface [*?1. Regional magnetic anomalies data can be obtained through
an upward continuation of magnetic anomalies data that has been distributed on a horizon-
tal surface to a certain height, so that the anomalous data interval between one point to a
point around it has shown a very subtle [**1. Regional magnetic anomalies data obtained,
then corrected to the magnetic anomalies data that has been distributed in the horizontal
surface to obtain local magnetic anomalies data, such as equation (5)
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i AR % AB(2,9,h,)
ABuo = AB(2,5.1) - EL[;J (-2 +(9- 19)Z +an?f'?

The right term is the regional magnetic anomalous resulting from the upward continuation
and 4h is the upward height (41,

didg (5)

To localize the subsurface anomalous source that was the target of the research, the local
magnetic anomalies data were transformed into pseudogravity anomalies data, using the
formulation which has been explained in Equation (1). The pseudogravity anomalous map
associated with density can be used to localize basaltic rock in the research area [*°l. The
pseudogravity anomalous map is used as a reference for 2D-forward modeling to the local
magnetic anomalies data. Then the anomalous objects, geological structures, or subsurface
rocks obtained from this modeling are then interpreted lithologically based on the magnet-
ic susceptibilities values of rocks and geological information of the research area. Based
on the results of interpretation; so the location, depth, and structure model of basaltic rocks
intrusion in the research area can be obtained.

RESULTS AND DISCUSSION
Magnetic Data Processing Results

Total magnetic field strength of 239 locations was measured which stretches at a position
of 109.107222° — 109.134944° E and 7.561361° — 7.577306° S. Based on the results of
data acquisition, the obtained total magnetic field strength ranged of 41804.58 — 46719.76
nT. The total magnetic field strength data were corrected by daily and IGRF corrections,
so that the total magnetic anomalies data can be obtained ranged of -3.175.12 to 1.773.76
nT. These total magnetic anomalies data are still distributed on the topographic. The data
cannot be processed at the next, if the data are not reduced to a horizontal surface. The
method used to reduce magnetic anomalies data from the uneven surface to the horizontal
surface is through the Taylor Series approximation, such as Equation (4). This horizontal
surface was chosen at an average topographic height, i.e. 102.69 m above the reference
spheroid 1%, The contour maps of the total magnetic field strength and the total magnetic
anomalous which has been distributed on a horizontal surface is shown in Figure 4.
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Figure 4. The contour maps of the total magnetic field strength and total magnetic anomalous which has
been distributed on a horizontal surface

As explained in the Methods, the total magnetic anomalies data that has been distributed
on the horizontal surface must be cleared of regional magnetic effects. Regional anomalies
data are obtained through upward continuation to a certain height. Upward continuation is
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done, so that variation in magnetic anomalies data show a relatively fixed trend 3. The
analysis results to contours patterns of the upward continuation anomalous maps that are
resulted show that the magnetic anomalous contour map at height of 3500 m has indicated
a smooth and fix pattern, so that this map is determined as a regional magnetic anomaly.
The regional magnetic anomalies data are removed from the total magnetic anomalies data
that has been distributed on the horizontal surface to obtain the local magnetic anomalies
data. The regional and local magnetic anomalies contours maps can be seen in Figure 5.
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Figure 5. The regional and local magnetic anomalous contours maps of the research area

The local magnetic anomalous map such as Figure 5 still shows complicated anomalous
closures. This complicates the interpretation process, especially quantitative interpretation
which aims to model the subsurface anomalous sources, such as basalt rocks intrusion. To
clarify the location of subsurface anomalous sources, then a pseudogravity transformation
was applied %1, Transformation is conducted by changing the magnetic anomalies data
into pseudogravity anomalies data as explained in Method. Pseudogravity transformation
is a technique to interpret magnetic anomalies data qualitatively 31, The pseudogravity
anomalies data obtained from this calculation have values ranging of -115.94 — 124.29
mGal, with contour map as shown in Figure 6. The pseudogravity anomalous contour map
of the research area looks more simpler and informative than magnetic anomalous contour
map before being transformed. Figure 6 indicates that the high pseudogravity anomalies
are localized in the east of the research area, while the low anomalies are localized in the
west area. Qualitatively the pseudogravity anomalous map is assumed to be associated
with the density of the subsurface anomalous sources P!, Therefore, basaltic rocks intru-
sion with high density is estimated to be localized in the high anomalous closure area.

Estimation of the location
of basalt rocks intrusion

Latltude (8)
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Figure 6. 2D and 3D pseudogravity anomalous map and estimation of the location of basaltic rocks intrusion

Based on Figure 6, the highest psesudogravity anomalies value is 124.29 mGal which is
located at a position of 109.131225 E and 7.569342 S. At that point and its surroundings,
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it is estimated that there is a very compact basaltic rock intrusion. In general, the presence
of compact basaltic rocks intrusion is estimated to be present in the red closure zone on the
pseudogravity anomalous contour map. This is in accordance with the geological map of
the research area, as shown in Figure 7. The high value of pseudogravity anomalies at that
point is thought to be sourced from basaltic rocks intrusion which is mostly located in the
eastern part of the research area and a small part in the southwest. This information of this
geological map is also in accordance with the local anomalous contour map, as shown in
Figure 5.
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Figure 7. The geological map of the research area [*"]

Modeling and Interpretation Results

2D-forward modeling of subsurface magnetic anomalous sources has been done using the
Mag2DC for Windows 2.11 (freeware) application. The 2D-forward modeling steps have
been explained in the Methods section. The determination of the position of the trajectory
for modeling refers to the pseudogravity anomalous map that has been overlaid with the
local magnetic anomalous contour map. In addition, the determination of this trajectory
position is adjusted with a geological map, which shows the location of basaltic rock in-
trusion in the research area [*®1. The modeling trajectory created on the local magnetic
anomalous map and its anomalous profile are shown in Figure 8. Modeling is done on the
local magnetic anomalies data, where the anomalies data are extracted from the trajectory
using the Surfer 8 software. In this modeling, several parameters of the earth's magnetic
field are needed; such as the IGRF value, the declination and inclination angles, and sev-
eral other model parameters, which are fully shown in Table 2.
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Figure 8. AB trajectory above the local magnetic anomalous contour map for 2D-forward modeling and
local magnetic anomalous profile along AB trajectory
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Table 2. Earth's magnetic field parameters and other parameters for modeling

No. Parameters for Modeling Values
1  The IGRF value 44946.00 nT
2  Declination angle 0.69°
3 Inclination anle -31.74°
4 Profile bearing 0.00°
5 Reference height Topographic average
6  Strike length 100 m
7 Position of trajectory 109.120687 BT ; -7.574151 LS (A) & 109.134810 BT ;
-7.564978 LS (B)
8 Trajectory length 1871,1m
9  Anomalies value interval -821.69 —1418.64 nT

The results of 2D-forward modeling are five anomalous objects which are assumed to be
subsurface rocks as shown in Figure 9. The results of interpretation for anomalous object
models produce types of subsurface rocks which are equipped by magnetic susceptibility
contrast values (Ay), magnetic susceptibility values (), and depth of each rock, as can be
seen in Table 3. This lithological interpretation still considers the geological information,
especially the dominant rock formations in the research area. Based on the geological map,
rock formations in the Pekuncen and Karanglewas Villages Jatilawang District Banyumas
Regency are dominated by sediment rocks that are tertiary age from the Halang Formation
(Tmph). This rock formation consists of alternating sandstone, claystone, marl, tuff with
breccia insertions 81, In the eastern of the research area, basaltic rocks intrusions in the
form of sill or dike (Tpb) are commonly found. This information from the geological map
is in accordance with the local magnetic anomalous contour map, where high and low
magnetic anomalous closures are found in this area. As well as, the pseudogravity anoma-
lous map also shows high anomalies in this area. This indicates the existence of anomalous
sources with large magnetic susceptibility and density values, such as basaltic igneous
rocks.
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Figure 9. Results of 2D-forward modeling to local magnetic anomalies data along AB trajectory.
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Based on the results of 2D-forward modeling to the local magnetic anomalies data using
Mag2DC for Windows 2.11 (freeware) shows the presence of compact basaltic rocks. In
general basaltic rocks intrusion form sill structure which is parallel to the rocks bedding
field. A very compact basaltic rock intrusion (Ay = 0.0223 cgs) is estimated at a depth of
52.61 — 505.97 m from the average topographic surface with a lateral length of 1777.94 m.
This basaltic rock intrusion breaks through sedimentary rocks from the Halang Formation
which are consists of alternating sandstone, claystone, marl, and tuffs with insertions of
breccia (Ay = -0.0060 cgs) with a depth of 0 — 505.97 m. This igneous rock intrusion turn
to the left, thus forming another compact basaltic rock deposit (Ay = 0.0165 cgs) located
near the surface with a depth of 1.94 — 80.90 m from the average topographic surface with
a length of 751.83 m. These basaltic rocks in the form of sill structures appear on the
surface, so that form rocks outcrops as shown in Figure 1. Under the intrusion of basaltic
rocks, there are a member of breccias rocks of the Halang Formation (Ay = 0.0020 cgs)
that are interpreted to be located at a depth of 92.54 — 505.97 m and composed of breccias
with andesite components, basaltic, and limestone. Breccias rocks are the result of
weathering of igneous rocks, so the magnetic susceptibility is also relatively high 71,

Table 3. The results of lithological interpretation to the model objects obtained in Figure 8

Anomaly Depth Ay % . . .
No. Object (m) (cos) (cos) Lithological Interpretation
1 Body-01  000-657 00021 0.0101 Compacted sandy claystone
with inserted by breccias
2 Body-02 0.00 — 391.64 Halang Formation: alternating

-0.0060  0.0020  sandstone, claystone, marl, and
tuff with inserted by breccias
Breccia members of the Halang
Formation: breccias with ande-
site components, basalt, and

3 Body-03 386.57-505.97

4  Body-04  92.54 —505.97 0.0020  0.0100

limestone
Body-05 52.61-505.97 0.0223  0.0303 Basaltic rock intrusion and de-
Body-06  1.94-80.90  0.0165  0.0245 posit in the form of sills

Note: The average magnetic susceptibility value of rocks in the research area is estimat-
ed about 0.0080 cgs (for the Halang Formation). Magnetic susceptibility (x) of each
subsurface rock is calculated based on the sum the average magnetic susceptibility and
the contrast of the each rock magnetic susceptibility.

The results of this magnetic survey are supported by previous research. Geoelectric survey
with resistivity method has been done in the research area in 2018 at a position of
7°34'2.9" S and 109°7'15.9" E. The results of 1D-modeling of resistivity data at that point
indicate several subsurface rocks layers; where compact basaltic rock intrusion is found at
depth of 37.96 — 47.22 m with resistivity values of 36.11 Qm. Under the basaltic rocks,
there are rocks that have a resistivity value of 6.29 Qm which is interpreted as sand which
acts as a deep groundwater aquifer. The result of the geoelectric survey has been followed
up with drilling to a depth of 80 m. Based on the result of sample test, basaltic rock was

found at a depth of 37.96 — 47.22 m at that location point, as can be shown in Figure 10
[18]
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Figure 10. Basaltic rock samples from drilling results in the research area; appearance of the mineral content
plagioclase (left) and amphibole (right) in rock samples

The structure of this rock igneous sample was identified to be massive, i.e. a structure that
showed a uniformity. The massive structure is one of the structures of extrusive igneous
rock; i.e. igneous rock which the freezing process takes place on the earth surface 19,
Based on the result of the analysis using a loop, this igneous rock sample has a mineral
composition of plagioclase and amphibole. Based on the results of the mineral estimation,
this extrusive igneous rock sample is interpreted as a basaltic rock [8l. The environment of
basaltic rock formation in this area is thought to be a continental environment where a
mantle plume or hotspot delivers enormous amounts of basaltic lava through the continen-
tal crust and up to Earth's surface. These eruptions can be from either vents or fissures.
They have produced the largest basalt flows on the continents. The eruptions can occur
repeatedly over millions of years, producing layer after layer of basalt stacked in a vertical
sequence 29,

CONCLUSION

The magnetic survey used to model basaltic rocks intrusion in two dimensions (2D) in the
Pekuncen and Karanglewas Villages, Jatilawang District, Banyumas Regency, Central
Java, Indonesia has been carried out in March — June 2020, based on the local magnetic
anomalies data. The amount of magnetic data obtained from an acquisition in the field is
239 data, stretching in position of 109.107222° — 109.134944° E and 7.561361° —
7.577306° S. After some corrections and reductions are applied, then the local magnetic
anomalies data are obtained with values ranging of -2,961.11 — 1,516.31 nT. To model
anomalous sources in the subsurface, first the local magnetic anomalies data is
transformed into pseudogravity anomalies data, so that anomalous values can be obtained
as of -27.815 — 41.087 mGal. Based on the pseudogravity anomalous map, the basaltic
rock intrusion is interpreted to be located in the eastern part of the research area.

Based on the pseudogravity anomalous map which is supported by geological information,
the modeling has been conducted in the eastern part of the research area. The results of the
modeling to the local magnetic anomalies data indicate the presence of anomalous objects
interpreted as basaltic rock intrusion with magnetic susceptibility contrast value of 0.0223
cgs, located at depth of 52.61 — 505.97 m with a lateral length of 1777.94 m and form the
sill structure. This basaltic rock intrudes sediment rocks from the Halang Formation and is
connected with other basaltic rocks near the surface with magnetic susceptibility contrast
value of 0.0165 cgs, depth of 1.94 — 80.90 m, and a lateral length of 751.83 m. The results
of lithological interpretation have been in accordance with the geological information of
the research area dan the results of the previous research.
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