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Abstract. Magnetic gradiometer survey has been conducted on the yard of the archaeological site of Masjid
Tuha Indrapuri, Aceh Besar Regency, Aceh Province. The site is one of the oldest mosques erected during the
Aceh Sultanate period. Magnetic method was applied for mapping archaeological structures buried beneath the
surface. Total magnetic field data were measured using Proton Precession Magnetometer with grid spacing of
2 meters between stations covering the entire area of the site. Diurnal and international geomagnetic reference
field data were corrected to the measured data in order to calculate total magnetic field anomalies that were
influenced by the buried magnetic objects. The total magnetic field anomalies distribution shows two elongated
structures with U-shaped patterns surrounding the mosque. The patterns are also revealed in reduction to the
pole and derivative vertical filters of the total field anomaly data. The anomaly patterns are considered a
response from the rest of the buried fences that were built around the mosque in the past.
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INTRODUCTION values, Masjid Tuha Indrapuri still lacks
information that can be used to preserve the site.

Aceh is an area that has inherited many cultural

heritage sites from the past. Some of them are : e
still visible on the surface, but many of them Py archeological excavation; however, the

have been damaged or buried beneath the method is costly and time consuming. Near
surface. These heritage sites need to be saved ~ Surface geophysical methods are used usually
and preserved for education and historical ~ fOr @acquiring preliminary information on
monuments. The ancient mosque of Masjid archaeologlca}l studies. Geo_physu:al methods
Tuha Indrapuri (Figure 1) located in Indrapuri ~ @€ Vvery environmentally friendly and do not
District, Aceh Besar District is one of the damage the historical sites being studied.
famous heritages. The mosque was once usedas ~ >€0Physical methods can be used to investigate
the coronation of last Sultan of Aceh, Tuanku  Various physical properties of subsurface rocks
Mohammad Daudsyah, in 1878. The building and rocks, both naturally formed and human-
stands on an area of 33,875 M2 and is located at ~ Made products.

an altitude of 22 meters above sea level from the
tributary of the Krueng Aceh river [1], i.e. about
27 km from Banda Aceh to the east (Figure 2).
Considering Aceh's cultural and historical

Preservation of this historical site can be done

Geophysical exploration in archeological
studies has been carried out and developed in
the last few decades, starting in the 1950s,
namely the measurement of resistivity by
injecting electric currents and also measuring
the proton magnetometer by utilizing potential
field theory [2]. Magnetic method is one of the
geophysical methods that are often used for
investigation of archaeological objects. The
Received: April 2020 | Revised: May 2020 method is favored in  geophysical
Accepted: May 2020 archaeological surveys and is often used by
several geophysicists in various regions [3-14].
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Figure 1. Masjid Tuha Indrapuri viewed from
the front.

The magnetic method has been able to identify
structures that are buried beneath the surface
such as walls made with stone or footprints
made of wood [15]. Based on success stories, a
magnetic survey has been conducted at Masjid
Tuha Indrapuri archaeological site to map
artifacts and structures buried beneath the
surface. This study was focused on the back
yard of the mosque to acquire additional
information that can be used for preserving the
existence of the site and reference for further
research.

Figure 2. Location sketch of Masjid Tuha
Indrapuri (Google Earth™)

METHODOLOGY

The magnetic method, sometimes referred to as
the geomagnetic method, is a technique most
often used to investigate archaeological objects
or sites of cultural heritage buried under the
surface. This method can be operated fast and
provide a high-resolution image in mapping
archaeological sites covering a large area. The
method is also considered cost effective.
Geomagnetic method theoretically is based on
magnetic properties of rocks which depend on
the susceptibility and magnetic remanence.

This research applies the magnetic gradiometer
measurement which is the development of the
magnetic method in the data acquisition
process. This method has also been used by
several geophysicists for archaeological
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mapping [16-18]. This method is considered to
have a relatively high resolution and is able to
detect anomalies up to 0.5 m in diameter
depending on the survey resolution [19]. In data
acquisition, i.e. total magnetic field data, two
magnetometers mounted vertically were used,
so that it can eliminate the effects of the earth's
magnetic field and only map the effects caused
by anomalies below the surface.

Measurement of the total magnetic field data in
the field was done with grid spacing of 2 meters
between stations on the back yard of the mosque
(Figure 3). The data measurement was done to
cover the entire area, so that a detailed
information of the near surface can be obtained.
In addition, this study also uses several data
filters on the distribution of magnetic anomalies
to get clearer results and make it easier to
interpret the data.

A Tl‘urz
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Figure 3. Area of data measurement shown in
green color (A), Grid spacing 2 meter (B), and
the old mosque shown in orange color (C).

RESULTS AND DISCUSSION

The total magnetic field data measured on the
area are not only caused by the archaeological
objects as target in this survey. Magnetic fields
caused by external and main geomagnetic fields
are mixed in the measured data. Several data
corrections have been applied to the data. Total
magnetic field anomalies that come from the
archaeological and near surface objects are
found after the correction. Diurnal corrections
have been done to eliminate the measured data
by the effects of the external magnetic field.
The international geomagnetic field reference
(IGRF) corrections were performed for
eliminating the data from effect of the Earth's
main magnetic field.

The total magnetic anomalies distribution map
(Figure 4) shows that the area of Masjid Tuha
Indrapuri has the lowest total magnetic field
anomaly value of -273 nT and the highest value
is around 451 nT. The minimum values of the
total magnetic anomaly map show consistent
elongated patterns of U-shape. This pattern
surrounds the south, west, and north of the main
the building of Masjid Tuha Indrapuri. This
total magnetic field anomalies are still mixed
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between residual anomalies and regional
anomalies, so filtering is needed on the
magnetic anomaly data to reduce ambiguity in
the distribution of magnetic anomalies in the
site area.
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Figure 2. Total magnetic field anomalies map.
The red lines show anomalies patterns that may
reflect subsurface structures.

In order to enhance the data, the total magnetic
field anomalies were transformed using reduced
to the pole (RTP) method. The RTP
transformation can eliminate the effect of
inclination on total magnetic field data
measured at law latitude geomagnetic, which
are dipole, to the geomagnetic pole as monopole
anomalies. The RTP map is shown in Figure 5.
The total magnetic field anomaly of reduction to
the pole transformation ranges from -2500 nT to
1900 nT.

In addition to reduction to the pole
transformation, vertical derivative calculation
was also applied to the total magnetic field
anomalies. Maximum and minimum values of
the vertical derivative of total magnetic field
anomaly are 198 nT and -167 nT, respectively.
The minimum values of vertical derivative
anomalies enhance the elongated U-shaped
patterns around the mosque clearly (Figure 6).
The vertical derivative data provides shortwave
information of the data so that it reflects the
existence of shallow magnetic bodies.

Based on the comparison of the three magnetic
anomaly maps, i.e. total magnetic field,
reduction to the pole and derivative vertical
anomalies, all of them show a similarity in the
pattern of anomalies. The elongated U-shaped
patterns are found around the main building.
This magnetic anomaly pattern is more clearly
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displayed by the total magnetic anomaly and the
derivative vertical anomaly maps, but less
clearly seen in the RTP map.
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Figure 3. Reduced to the pole of the total
magnetic field anomalies distribution.
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Figure 4. Derivative vertical data calculated
from the total magnetic field anomalies.

Although both maps reveal U-shaped patterns
of low magnetic field values. In the reduction to
the pole map, the U-shapes patterns are too
smooth, while in the vertical derivative map the
patterns are clearly seen. The patterns are
interpreted as a response to buried fences that
surround the mosque in the past. Some outcrops
can still be seen on the surface. They were
noticed during the data measurement
performed. Based on the maps, it can be
interpreted that the old mosque of Masjid Tuha
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Indrapuri was surrounded by two fence walls.
One of the fences was just beside the building
or probably caused by the building wall itself
and other fences are situated around the
mosque. The elongated structures are hardly
seen in the RTP map since the RTP method
transformed the dipole effects as monopole
objects. The RTP method works well when the
target magnetic objects are not elongated.

CONCLUSION

Magnetic method has been successfully applied
for mapping buried objects around the
archaeological site of Masjid Tuha Indrapuri. In
order to emphasize the appearance of shallow
objects recorded from measurements of total
magnetic field data in the area of low magnetic
latitude such as in Masjid Tuha Indrapuri, the
reduction to the pole and vertical derivatives
calculation are very useful to be used. Both
maps show near surface man-made objects
around the main building that could be
interpreted as buried fences from the past. These
buried structures need to be excavated and
repaired for further archaeological studies and
preservation.
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