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Abstract. The objective of a geomagnetic survey is to investigate subsurface characteristic of
geology, especially the weathered zone on the basis of the anomalies in the earth's magnetic
field resulting from the magnetic properties of the underlying rocks. The magnetic properties of
rocks called as magnetic intensity is extremely variable depending on the type of rock and the
environment of the region. The result of the research shows that the local magnetic intensity
varies of -697 nT and 484 nT in the study area 1 and about -697 nT and 103 nT in the study
area 2 whichare indicative of weathered zones. The weathered zones were interpreted by highly
magnetic contrast. The total magnetic anomaly of Blang Bintang, Aceh Besar (Indonesia)
shows higher magnetic anomalies over the eastern part (area 1) and low magnetic anomalies in
the western part (area 2) of the study area, which indicate the presence of weathered zonedue to
the presence of sediments such as clay, gravel and schist within the zone.The study has shown
that magnetic method could be used as an efficient tool for delineating weathered zone in a
study area.

1. Introduction

Geophysical techniques are often significant for discovering unknown subsurface conditions.
Magnetic methodis the oldest geophysical technique applied in studying subsurface characteristics to
measure lateral variation in the magnetic field in igneous and metamorphic rocks. The magnetic
survey technique generally involves the measurement of the earth's magnetic field intensity or vertical
gradient of the earth’s magnetic field. Anomalies in the earth's magnetic field are caused by induced
or remanent magnetism.Magnetization of any structure is due to induction in the geomagnetic field
and permanent magnetization (remanent) [1]; [2]. The earth’s magnetic field is a vector measured by a
magnetometer [3]. Geological structures, rocks, minerals, ore deposits and engineering geological
structures have magnetic properties that differ by orders of magnitude rather than percentages [15];
[16]. Magnetic rocks contain various combinations of induced and remnant magnetizations that
perturb the Earth’s primary field [2]; [17]; [23]. Total field and gradient are the two common types of
magnetic measurements [4]; [18]; [19]. Total field measurement responds to the total magnetic field of
the earth, natural and cultural magnetics, and any changes caused by a target [20]; [21]; [22].

Magnetic survey is a rapidand low-cost technique representing one of the mostwidely used
geophysical methods in terms of line length surveyed [5]. One of the main objectives of the magnetic
method is to map the changes in the magnetization which are related tothe distribution of magnetic
minerals. The detection depends on the amount of the presented magnetic material and its distance to
the sensor [6] [23]. This work is a study of geophysical characterization of weathered zone based on
the anomalies of magnetic field variation. The location of the study area is shown in Figure 1. This
study is important to analyze the landslides prone area, and disaster mitigation.
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Figure 1. The study area of the magnetic survey in Blang Bintang, Aceh Besar (Indonesia).

Geological Setting

The geology of Aceh Besar Quadrangle has been mapped by Bennet [7] (Figure 2). The Blang Bintang
valley is bounded by the Aceh Fault in the south-west and by the Seulimeum Fault in the northeast.
The lithology of the Blang Bintang area is dominated by Lam Teuba volcanic composed of andesitic
to daciticvolcanics, pumiceous breccia, tuffaceous, calcareous sometimes cross-bedded sandstones,
conglomerates, agglomerate, minor mudstones and ash flows which intruded of the Seulimum
formation. The Seulimeum formation is composed of tuffaceous and calcareous sandstones,
conglomerates and minor mudstones [7]. The Seulimeum Formation was deposited on the Pliocene to
Pleistocene boundary. The adjacent Sumatra in the west coast constitutes volcanic arc with many
Quaternary volcanoes such as Pulau Weh and Seulawah Agam. The volcanic belt is extended along
the tectonically weak SFS and this tectonic weakness is supposed to have triggered volcanism [8]. In
the northern most Sumatra, the Sumatran Fault System (SFS) splits into two major dextral strike-slip
faults which are the Seulimeum and the Aceh Fault [7]. From upstream of the town of Jantho to
downstream of the town of Indrapuri, the Pleistocene coarse-grained partly volcanic sands and gravels
form a prominent terrace surface on both sides of the Krueng Aceh. Downstream of Indrapuri, the
alluvial deposits can be subdivided into a shallow aquifer system and a deep aquifer system. Upstream
of Indrapuri, the alluvial sandy-gravelly deposits in the vicinity of the river courses, the older terrace
sand-gravel deposits and the semi-consolidated sandstones are assumed to constitute the main aquifers
of the upper part of the Krueng Aceh valley [9].

To the northeast of the Aceh Fault, extensive Plio-Pleistocene volcanism is formed the area of the
Seulawah Agam volcano.To the southwest the Aceh Fault builds a direct border to the highly
structurally deformed Pre-Tertiary formations of the Barisan Mountains.The volcano is located within
the Barisan Mountain Range which expands along the whole Sumatran west coast [10]. The survey
area is close to the Krueng Raya mount and the le Se’uem hotspring. The tectonic setting of the area
forms a topographic depression, occupied by alluvial flat and low, flat-topped hills within the Barisan
Range, a rugged mountain range that runs along the entire western edge of the island of Sumatra [11];
[12]. The crest of the Barisan Range is a continuous system of axial valleys, including the Kr. Tangse
valleys. This is essentially a right lateral fracture system [13]; [14]. The topographical morphology of
the study area (Blang Bintang) is weak (soft) because the rocks are strongly fractured and altered.
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Figure 2. Geology map of study area [7]; [11].

2. Methods

The magnetic survey was carried outto understandthe subsurface structureswhich could be the targets
to investigate the potentiality of weathered areas. The magnetic survey of two study areas were
conducted with scattered moving station ranging from 10 to 20 m in order to detect the subsurface
structure. Measurements were taken using two units of portable G-856 proton precession
magnetometer providing a standard resolution of 0.1 nT and 0.5 nT absolute accuracy. One unit was
used as a base station to record automatically, every 60 seconds to correct the diurnal variations of the
earth geomagnetic field from the measurements.Base station data was used to correct the moving data,
and finally, a total intensity magnetic anomaly map was produced, reflecting the subsurface structure.
The other unit was used to measure the total intensity of the magnetic field at each point of
observations along the profiles. To obtain a representative reading, the sensor should be operated well
above the ground. The proton magnetometer measures a radio-frequency voltage induced in a coil by
the reorientation (precession) of magnetically polarized protons in soil containing water. No magnetic
storms were recorded during the periods of measurements.

The data were presented as magnetic map by plotting the magnetic values against station separations
for each traverse. Magnetic surface map (2D plot) were also constructed for a more qualitative
interpretation using Surfer 10 software. Processing the magnetic data enhances and sharpens the
anomalies and the trends of the data and helps in the interpretation. In this survey, two techniques
were applied in order to estimate the weathered area.First step, the process was the inspection of raw
data for spikes, gaps, instrument noise or any irregularities in the data. The second step involved
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diurnal variation correction and IGRF correction to produce magnetic residual. Data are usually
displayed in the form of a contour map of the magnetic field, but interpretation is often made on
profiles.

3. Results and Discussion

Magnetic results show lateral view of the weathered zone in the study area (Figure 3). Magnetic
survey data was plotted as a contour map using Surferl0 software and was displayed in nanoteslas
(nT). The local magnetic intensity contrast observed between -697 nT and 484 nT at study area 1 and
between -697 nT and about 103 nT at study area 2 which are indicative of probable weathered zones.
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Figure 3. Magnetic Survey contour map in Blang Bintang (a). Survey are 1 (b) Survey area 2.

The weathered zone was interpreted if there was a high magnetic contrast.Generally, the total intensity
magnetic anomaly map of Blang Bintang, Aceh Besar (Indonesia) shows higher magnetic anomalies
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over eastern part (area 1) and low magnetic anomalies over western part (area 2) of the study area,
which indicate the presence of weathered zone covering these parts. As can be seen from the images,
high magnetic signatures were noted in most of the area in the north and some sections in the south.
This weathered zone is directly related to the disaster-prone zones, and need to take the mitigation
action, before the disaster.

Hence, the areas with lower magnetic values than the surroundings could be due to the presence of
weathered zone beneath the surface (black dashed lines).Such values of magnetic intensity respons
could be due to the characteristic of geological sediments such as clay, gravel and schist within the
zone. Beside that, the iimportant lateral variations and contrasts in magnetic properties of the shallow
formations are brought singularly or by some combination of faulting, deposition and mineralization
associated with volcanic rock. These volcanic rocks may produce high amplitude of magnetic
variations in a very local extent. From the magnetic maps, several of the anomalies can be clearly
correlated with geological map.

4. Conclusions

A simple pattern recognition technique can be used to locate weathered zones that have a varied
magnetic response. The study has shown that the ground magnetic method can be used as an efficient
method for delineating weathered zone in study area. There was a good relationship found among the
geological characteristics and yield data in the study area.The maximum variation of magnetic
intensity observed along area 1 might be an indication of intrusion of the overlying layer by the
weathered basement. The low magnetic intensity of the weathered basement recorded along this
profile (area 1 and 2) suggests that weathered basement is composed of consolidated earth materials.
The magnetic responses of the weathered layer along the study area are characterized by clay, gravel
and schist. The appearance of this zone is more dominant in area 1 than area2. The variations in the
magnetic intensity responses of the weathered basement suggest the heterogeneous nature of the layer.
This is related to the location of landslides, so it is necessary to mitigate disaster.
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