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ABSTRACT
Pahae Julu is a sub-district located in North Tapanuli Regency, North
Sumatra. This area is often found with volcanic material from the eruption
of Mount Toba (Youngest Toba Tuff). The Youngest Toba Tuff eruption
occurred ~74,000 years ago with a volume of 2,800 km3. When there is an
eruption, the lava on the earth's surface undergoes a relatively fast freezing
process to form volcanic igneous rock. These rocks contain various
minerals, one of which is magnetic minerals that can be used as a track
record of volcanic processes from Mount Toba. However, no document
records the magnetic susceptibility value of the Youngest Toba Tuff
volcanic rock in the Pahae Julu area. This research aimsbfor knowing the
abundance of magnetic minerals by the low-field magnetic susceptibility.
To achieve this goal, the rock magnetism method is used. This way is very
effective, cheap, sensitive, and non-destructive. Magnetic susceptibility
measurements are done using the Bartington Magnetic Susceptibility
Meter MS2B sensor. Rock samples analyzed are pumice which is the result
of the Youngest Toba Tuff eruption. The results showed that the magnetic
susceptibility value obtained for the sample was between 85.0 x 10-8m3/kg
– 183.1 x 10-8m3/kg with an average of 119.78 x 10-8m3/kg. Based on this
value, it is assumed that the magnetic mineral properties are
Antiferromagnetic. The average value of χ fd% obtained is 0.95%, indicating
that the Youngest Toba Tuff volcanic rock in the Pahae Julu area has almost
no Superparamagnetic grains.

1. Introduction
North Sumatra is a province located in the northern
part of the island of Sumatra with location
coordinates 1° - 4° North Latitude and 98° - 100° East
Longitude. North Sumatra Province is directly
adjacent to the Province of Aceh (North),Malacca
Strait (East), Riau Province and West Sumatra
Province (South) and Aceh Province and the
Indonesian Ocean (West)[1]. Based on its
geographical location, North Sumatra is traversed by
the Pacific Ring of Fire which causes the area to
experience frequent earthquakes and volcanic
eruptions. Every volcano has eruptive or eruptive
activity.
The eruption is the process of expelling material
from the bowels of the earth[2]. Volcanic eruptions
are divided into 2, namely effusive eruptions and
explosive eruptions. An effusive eruption releases
lava slowly in the form of a flow, while an explosive
eruption releases lava in the form of an explosion.
Explosive eruptions have occurred in several
volcanoes in Indonesia. One of them is in the ancient
Toba volcano thousands of years ago. The ancient

Toba volcano has erupted several times and
produced a caldera. Mount Toba caldera is the biggest
caldera on earth (100x30 km2) [3]. A very powerful
eruption occurred three times. The first eruption
occurred about 840,000 years ago in the Porsea area
[4] which formed the Porsea Caldera and produced
the Old Toba Tuff[5]. The second eruption about
500,000 years ago occurred in the Haranggaol area
which formed the Haranggaol Caldera and produced
the Middle Toba Tuff, and the third eruption which
was the largest eruption occurred about 74,000 years
ago which united the Toba calderas and formed the
Youngest Toba Tuff[6], with the volume of volcanic
material ejected reaching 2,800 km3[7]so that the
material was spread and found as far as India[8],
Arabian Sea[9], and China[10][11][12]. The material
is scattered in all directions caused by wind factors
and settles in one place. The material deposits form
rocks that contain various minerals, one of which is
magnetic minerals that can be used as a track record
of the volcanic process of Mount Toba.
The eruption of the Youngest Toba Tuff was very
influential on regional and global climates in the
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past[13]. The eruptive material released into the
atmosphere covers an area of 2,000 km [14]which
causes the so-called “volcanic winter” to last for ~ 6
years [15].Various approaches have been taken to
study volcanic processes that occurred in the past.
One of them is the measurement of magnetic
susceptibility values of rocks from the Youngest Toba
Tuff eruption. These characteristics can be used for
initial data to know the volcanic processes that occur.
Magnetic susceptibility measurements can be carried
out on all materials resulting from eruptions, one of
which is volcanic rock. In general, the volcanic rocks
of Mount Toba contain several minerals including
quartz, sanidine, biotite, magnetite, ilmenite, zircon,
and apatite [4]. However, the magnetic mineral
content in rocks, especially the Pahae Julu area, has
not been identified.
In general, minerals that exist in nature have weak
(diamagnetic), medium (paramagnetic), and strong
(ferromagnetic) [16] magnetic properties with
different magnetic susceptibility values. However,
ferromagnetic minerals have high susceptibility
values [17][18]. These characteristics are very useful
for knowing the volcanic processes that occurred in
the overpast.
The magnetic properties of rocks are determined
using the rock magnetism method through mineral
characteristics such as concentration, type, magnetic
domain, grain size, and Currie temperature.This
measurement has the advantage of being cheap, fast,
does not damage the material, and is very efficient
[19].
Rock magnetism methods have been widely used
in studying the study of recordings of the earth's
magnetic field in the past seen through rockssuch as
measurements of the magnetic properties of rocks in
Lake El'gygytgyn, Russia[20]. Minerals are contained
in volcanic rocks in the Lake Maninjau area [21].
Measurement of magnetic susceptibility values
was used to determine the abundance of magnetic
minerals in the youngest Toba Tuf volcanic rock in the
Pahae Julu area, North Tapanuli Regency, North
Sumatra Province.

Fig.1: Geological Map of Pahae Julu Region [22].

Sampling was carried out in March 2019. The
following map of the research location of volcanic
rocks in the Pahae Julu area can be seen in Fig.2.

Fig.2: Sampling map.

2.1 Sampling
Sampling was carried out in the Pahae Julu area, near
PT. Sarulla Geothermal Power Plant with
coordinates1o49’43.3” LU - 99o05’03” BT. The rock
samples used have the characteristics of light gray,
hollow, light and brittle. Based on these
characteristics the type of sample is pumice. The
extraction process is carried out using a hammer. The
naming of the sample is based on the year and
numbering of the sampling, namely TOB 19-27.

2. Methods
The sampling location in this study was in the Pahae
Julu area, North Tapanuli Regency. This area is one of
the regencies in the Lake Toba area and in that area a
lot of volcanic material in the form of volcanic rocks
can be seen based on the geological map Fig.1.
Based on Fig.1, the geology of Pahae Julu Region is
composed of granite (pink), alluvium (light green),
carbonate (dark blue), and pumice (dark yellow).
This type of rock comes from the deposition of
material from the eruption of the ancient Toba
volcano, one of which is the result of the Youngest
Toba Tuff eruption.

2.2 Sample Preparation
Rock samples that have been taken are taken to the
Geophysics Laboratory, Department of Physics,
Faculty of Mathematics and Natural Sciences, Padang
State University to be continued with the sample
preparation process before taking measurements.
The sample was mashed with a mortar put into a
holder and labeled with the name according to the
name of the sample. The initial step of measurement
is to measure the mass of the empty holder, then
measure the mass of the holder containing the sample
using a Digital Neraca (Balance type Ohauss SN
EO271119030112) which has been calibrated first.

43

Table 1. Measurement of the magnetic susceptibility value
of the Youngest Toba Tuff volcanic rock in the Pahae Julu
area.

After the sample preparation, it was found that there
were 50 pieces.
2.3 Magnetic susceptibility measurement
Magnetic susceptibility measurements of volcanic
rocks in the Pahae Julu area were carried out using
Bartington Magnetic Susceptibility MS2B type.
Measurements were made with two frequencies,
namely 470Hz for low-frequency susceptibility (χlf)
and 4.7kHz high-frequency (χhf). Measurements were
repeated three times in a low field state and three
times in a high field state so that the average magnetic
susceptibility value (χ average) was obtained. The
ratio of measurements at both frequencies is
recorded as the value of frequency-dependent
susceptibility (χfd), obtained through equation [23]:
χ −χ
% χfd = 𝑙𝑓 ℎ𝑓 x 100%
(1)

Magnetic Susceptibility (x
10-8 m3/kg)
Low (χlf)

High (χhf)

MAX
MIN
Averages

183.1
85
119.78

181.6
84.2
118.6

FrequencyDependent
Susceptibility
(χfd%)
2.27
0.19
0.95

Standard
Deviation

22.34

22.1

0.4

SUBJECT

In Table 1, it is known that the magnetic
susceptibility value of TOB 19-27 ranges from 85 x 108m3/kg to 183.1 x 10-8m3/kg. The overall magnetic
susceptibility value was 119.7 x 10-8m3/kg. This value
shows that TOB 19-27 sample is Antiferromagnetic
according to the concept of Hunt, 1995. The high
value of magnetic susceptibility indicates the high
abundance of magnetic minerals, while a low
magnetic susceptibility value indicates the low
abundance of magnetic minerals in rock samples. The
interpretation of Superparamagnetic grain content
based on χfd%in the sample is 0.95%. Based on
Dearing 1996 indicates that sample TOB 19-27 has
almost no Superparamagnetic grains.

χ𝑙𝑓

The results of theχlf and %χfd measurements are
plotted so that the type of domain is obtained by
matching it to the scategram scheme Dearing, 1999
Data interpretation refers to the Dearing table, 1996.
3. Results and Discussion
The data from the measurement of magnetic
susceptibility values were analyzed using Microsoft
Excel to see how the magnetic susceptibility values of
the Youngest Toba Tuff volcanic rock in the Pahae
Julu area, North Tapanuli Regency. Measurement of
magnetic susceptibility is seen in Table 1.
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Fig.3: Result of χlf and χhf measurements

The results of measurements of magnetic
susceptibility to low frequency (χlf) and high
frequency (χhf) measurements on the Youngest Toba
Tuff volcanic rock did not have a significant difference
(Fig.3).

The graph of the relationship (χlf) with χfd (%) is
shown in Fig.4. The figure shows that the value (χlf)
obtained in the sample has almost the same value
(Homogeneous).
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Fig.4: The state of the magnetic grains of volcanic rocks in the Pahae Julu area

Based on Fig.4, a graph of the relationship
between χlf and χfd% is obtained. For the sample TOB
19-27, it can be seen that the worth of χfd% ranged
between 0.19% - 2.27%. Magnetic grain size greatly
affects the magnetic mineral properties [24].
Magnetic grains are the most important in the
magnetic domain. This result is in accordance with
the theory that declares multidomain magnetic grains
(MD). Because it shows the same value of magnetic
susceptibility at low frequency and high-frequency
measurements. The size of the magnetic granules is
often used to determine the origin of magnetic
minerals and depositional processes in the past [25].
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References
[1] BNBP, “North Sumatra,” 1–2, (2013).
[2] A. PRIBADI, “Mekanisme erupsi ignimbrit
Kaldera Maninjau, Sumatera Barat,” Indones. J.
Geosci., 2, 1, 31–41, (2006).
[3] P. W. Francis et al., “The Cerro Galan ignimbrite,”
Nature, 301, 5895, 51–53, (1983).
[4] C. A. Chesner, “Petrogenesis of the Toba Tuffs,
Sumatra, Indonesia,” J. Petrol., 39, 3, 397–438,
(1998).
[5] A. Sinica and P. O. Box, “First Toba
supereruption revival,” 1, 61–64, (2004).
[6] D. F. Mark et al., “Quaternary Geochronology A
high-precision 40 Ar / 39 Ar age for the Young
Toba Tuff and dating of ultra-distal tephra :
Forcing of Quaternary climate and implications
for hominin occupation of India,” Quat.
Geochronol., (2013).
[7] C. A. Chesner, “The Toba Caldera Complex,” Quat.
Int., 258, 5–18, (2012).
[8] J. Blinkhorn et al., “Discovery of Youngest Toba
Tuff localities in the Sagileru Valley , south India ,
in association with Palaeolithic industries,” 1–5,
(2014).
[9] J. N. Pattan, P. Shane, N. J. G. Pearce, V. K. Banakar,
and G. Parthiban, “An occurrence of ∼ 74 ka
Youngest Toba Tephra from the Western
Continental Margin of India,” Curr. Sci., 80, 10,
1322–1326, (2001).
[10] C. Bühring, I. Geowissenschaften, and U. Kiel,
“Toba ash layers in the South China Sea :
Evidence of contrasting wind directions during
eruption ca . 74 ka,” 3, 275–278, (2000).
[11] S. Song, C. Chen, M. Lee, T. F. Yang, Y. Iizuka, and
K. Wei, “Newly discovered eastern dispersal of
the youngest Toba Tuff,” 167, 303–312, (2000).

4. Conclusion
The Youngest Toba Tuff volcanic rock taken as a
sample contains magnetic minerals. The results
showed that the estimated samples had
antiferromagnetic magnetic mineral properties. The
frequency-dependent susceptibility value indicates
that all the measured sample contains almost no SP
grains and has a predominant Multi-domain (MD)
grain. These results can be used as characteristics to
study the volcanic processes of the Youngest Toba
Tuff.
5. Conflict of Interest
The authors declare that they have no conflict of
interest.
Acknowledgements
The author gives as much appreciation to UNP
Research and Service Institute for funding the SKIM
for Applied Research through Contract Number
1409/ UN35.13/ LT/ 2020, dan 1005/ UN35.13/ LT/
2021. This is a part of international collaboration
research between UNP Indonesia and NTU Singapore,
Dr. Caroline Bouvet de Maisonneuve and Marcus
Phua are greatly appreciated for their contribution to
the field work and for discussions. Funding from
45

[12] Liang, X., Wei, G., Shao, L., Li, X., and Wang, R,"
Records of Toba Eruptions In the South China
Sead Chemical Characteristics of The Glass
Shards From ODP 1143A. Sci. China D, 44, 871–
878, (2001).
[13]M. D. Petraglia, P. Ditchfield, S. Jones, R. Korisettar,
and J. N. Pal, “The Toba volcanic super-eruption,
environmental change, and hominin occupation
history in India over the last 140,000 years,”
Quat. Int., 258, 119–134, (2012).
[14] N. L. Carter et al., “Digital Commons @ Michigan
Tech Dynamic deformation of volcanic ejecta
from the Toba caldera : Possible relevance to
Cretaceous / Tertiary boundary phenomena
Dynamic deformation of volcanic ejecta from
the Toba caldera : Possible relevance to
Cretaceous,” 14, 380–383, (1986).
[15] M. R. Rampino and S. H. Ambrose, “Volcanic
winter in the Garden of Eden : The Toba
supereruption and the late Pleistocene human
population crash,” 2000, (2015).
[16] W. D. Callister, “Materials science and
engineering: An introduction (2nd edition),”
Mater. Des., 12, 1, 59, (1991).
[17] S. Bijaksana, “Analisa mineral magnetik dalam
masalah lingkungan,” J. Geofis., 1, 19–27, (2002).
[18] W. Nasution and F. Mufit, “Identifikasi
Kandungan Mineral Magnetik Guano di Gua
Solek dan Gua Rantai Menggunakan Metode

[19]
[20]

[21]
[22]
[23]

[24]

[25]

46

Scanning Electron Microscope (SEM),” 2, 115–
122, (2013).
Dearing,
“Environmental
Magnetic
Susceptibility,” Using Bartingt. MS2 Syst., 43,
(2019).
K. J. Murdock, K. M. Wilkie, and L. L. Brown,
“Rock
magnetic
properties,
magnetic
susceptibility, and organic geochemistry
comparison in core LZ1029-7 Lake El’gygytgyn,
Far Eastern Russia,” Clim. Past, 8, 5, 4565–4599,
(2012).
M. R. Fadila et al., “Magnetic susceptibility of
pre- and post caldera lavas from Maninjau, West
Sumatra,” J. Phys. Conf. Ser., 1481, 1, (2020).
ESDM, 2021 “Lembar Padangsidempuan dan
Sibolga.pdf.”
J. A. Dearing et al., “Frequency-dependent
susceptibility measurements of environmental
materials,” Geophys. J. Int., 124, 1, 228–240,
(1996).
R. A. Pranitha S. B., Siti Z., and Arif H., “Uji
Suseptibilitas
Magnetik
Tanah
Gambut
Kalimantan Tengah,” Semin. Nas. Jur. Fis. FMIPA
UM, 1999, 65–70, (2015).
S. Zulaikah, “Prospek dan Manfaat Kajian
Kemagnetan Batuan pada Perubahan Iklim dan
Lingkungan,” J. Fis. Unnes, 5, 1, 78900, (2015).

