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Abstrak

Indonesia yang berada dalam lingkaran cincin api Pasifik mempunyai setidaknya 100
gunungapi aktif yang tersebar diantara lebih dari 17.000 pulau. Beberapa gunungapi
aktif berada di pulau kecil sehingga membutuhkan upaya yang lebih besar kaitannya
dengan manajemen bencana, khususnya yang terkait dengan kequnungapian. Namun
demikian, penelitian tentang identifikasi pulau vulkanik kecil belum banyak dilakukan di
Indonesia. Penelitian ini mencoba untuk mengisi kekosongan tersebut dengan
menggunakan pendekatan aspek geomorfologi, yang terdiri dari morfologi, morfogenesa,
morfokronologi, dan morfoaransemen, untuk melakukan identifikasi pulau vulkanik kecil
di Provinsi Maluku Utara. Telaah pustaka dan pengumpulan data spasial dilakukan
untuk menentukan parameter-parameter yang digqunakan dalam identifikasi pulau
vulkanik kecil. Berdasarkan hasil telaah pustaka, penelitian ini menggunakan 5 (lima)
parameter, yaitu luas pulau, tipe material, lokasi/morfoaransemen, tipe aliran sungai,
dan fitur bentuklahan yang meliputi keterdapatan bentuklahan asal proses vulkanik
(morfokronologi), kelerengan, dan morfologi. Berdasarkan analisis spasial dengan
menggunakan 5 parameter tersebut, diperoleh informasi bahwa di Maluku Utara terdapat
setidaknya 6 dari 17 pulau yang memenuhi kriteria untuk disebut sebagai pulau vulkanik
kecil. Data pulau vulkanik kecil beserta karakteristiknya menjadi informasi penting untuk
mengedukasi masyarakat dan meningkatkan kesiapsiagaan.

Kata kunci: morfologi, morfogenesa, morfokronologi, morfoaransemen, pulau vulkanik
kecil.

Abstract
Indonesia, which is located in the Pacific Ring of Fire, has at least 100 active volcanoes
that are spread among more than 17,000 islands. Several active volcanoes are located on
small islands, so they require a greater effort in relation to disaster management,
especially those related to volcano activities. However, research on the identification of
small volcanic islands has not been widely carried out in Indonesia. This study tries to fill
the gap using a geomorphological aspect approach, which consists of morphology,
morphogenesis, morphochronology, and morphoaransement, to identify small volcanic
islands in North Maluku Province. Literature review and spatial data collection were
carried out to determine the parameters used in the identification of small volcanic
islands. Based on the literature review, this study uses 5 (five) parameters, namely the
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island area, the type of material, the location / morphoaransement, the pattern of river
flow, and the features of the landforms which include the presence of volcanic landform
(morphochronology), slope, and morphology. Based on the spatial analysis using these 5
parameters, information is obtained that there are at least 6 of the 17 islands that meet the
criteria to be called small volcanic islands in North Maluku. Data on small volcanic
islands and their characteristics are important information to educate the public and

improve preparedness.

Keywords: morphology, morphogenesis, morphochronology, morphoaransement, small

volcanic islands.

INTRODUCTION

Indonesia has more than 100 active
volcanoes spread both on large islands
(Sumatra, Java, Sulawesi) and on small
islands (Maluku, East Nusa Tenggara, Anak
Krakatau, Lombok) (Mutaqin, Lavigne,
Hadmoko, & Malawani, 2019a; Mutaqin et
al., 2019b) (Figure 1). Based on its location,
disaster management of volcanic eruptions
on small islands requires greater effort than
the management of volcanic eruptions on
larger islands, such as Merapi and Kelud

\

Leargelown

Volcano in Java Island (Thouret,
Abdurachman, Bourdier, & Bronto, 1998;
Lavigne, Thouret, Voight, Suwa, &
Sumaryono, 2000; Thouret, Lube, Liew,
Cronin, & Surono, 2010; Mei et al., 2013; de
Belizal et al., 2013; Hadmoko et al., 2018),
Anak Krakatau Volcano in Sumatra Island
(Mutagin et al, 2019a), and Samalas
(Barujari) Volcano in Lombok Island
(Mutaqin et al., 2019b; Mutaqgin & Lavigne,
2019).

¢

INDONESIA

&,

Figure 1. The distribution of volcanoes in Indonesia on the website of MAGMA Indonesia

(https:/ /magma.vsi.esdm.go.id /) with information on the status of each volcano, namely:

Level I/Normal (Green), Level 11/ Advisory (Yellow), Level III/ Watch (Orange), and Level
IV/Warning (Red) (Courtesy: MAGMA Indonesia, 2020)

This situation is caused by several
factors and limitations, such as limited
space or place, limited natural resources,
locations that are difficult to reach
(insularity),  vulnerability = to  natural
disasters, vulnerable to ecosystem damage,
difficulties in  transportation  and
communication, limited internet networks,

limited market, limited supply of clean
water, and high dependence on imports
(Wilkinson, Lovell, Carby, Barclay, &
Robertson, 2016). Due to these limitations,
small islands are more at risk in the event of
a catastrophic volcanic eruption (Mutagqin et
al., 2019a; Mutagqin et al.,, 2019b; Hidayat,
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Marfai, & Hadmoko, 2019; Hidayat, Marfai,
& Hadmoko, 2020).

Research on small volcanic islands
has not been widely carried out in
Indonesia. Several volcanic studies on small

islands were carried out within the
framework of eruption disaster
management, including evacuation

modeling on Ternate Island in North
Maluku (Syiko, Ayu, & Yudono, 2013),
agroforestry and disaster risk reduction on
small volcanic islands (Rampengan et al.,
2016), and mapping of small volcanic
islands based on the history of eruptions
during the Holocene era (Hidayat et al.,
2019).

125°00'E 0" !
Figure 2. Geodynamics of North Maluku with a double subduction zone of the Sangihe arc

and the Halmahera arc, with very active tectonic activity (Hall & Wilson, 2000)

The geomorphological approach for
identifying and mapping small volcanic
islands is the first step in disaster
management on small volcanic islands.
Data on small volcanic islands and their
characteristics are important information
for increasing public awareness and
preparedness.

JumL‘grafl

Hidayat et al. (2019) has mapped
small volcanic islands in Indonesia, but the
parameters used in their research are still
very limited, namely the size of the island,
the location of the volcano, and the history
of volcanic eruptions. This study uses a
geomorphological approach, which consists
of morphology, morphogenesis, morpho-
chronology, and morphoarrangement, to
identify small volcanic islands in North
Maluku Province. North Maluku Province
was used as the research location because
North Maluku is a double subduction area
of the Sangihe arc and Halmahera arc, with
very active tectonic activity (Figure 2).

METHODOLOGY

This  research  begins  with
conducting a literature review and data
collection to determine the parameters that
will be used in the identification of small
volcanic islands. Processes and volcanic
landforms are relatively difficult to study
terrestrially because of their long formation
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time in geologic time scale, large scale,
remote and difficult to reach locations, and
dangerous eruptive activities. Observations
using geospatial data by paying attention to
geomorphological aspects are one of the
effective and efficient methods for
documenting and observing the processes
and formations of volcanic landforms
(Napieralski, Barr, Kamp, & Kervyn, 2013).
Data sources used in this research
including the Digital Elevation Model of
Indonesia (DEMNAS) data from the
Indonesian Geospatial Information Agency
which can be obtained freely via the link
http:/ /tides.big.go.id/DEMNAS/, World-
view satellite images recorded in November
2014, SPOT 7 images, Pleiades images
recorded in August 2019, geological maps
from the Indonesian Geological Agency, as
well as various scientific articles discussing
volcanoes, especially those on small islands.
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Before being used for processing, images
are pre-processed for visual quality
improvement and geometry correction,
including spatial sharpening (pan-sharp),
orthorectification with DEMNAS data, and
mosaics.

The definition of an island refers to
Article 121 in the United Nations
Convention on the Law of the Sea
(UNCLOS) 1982, i.e., an island is an area of
land that is naturally formed, surrounded
by water, and remains visible or above sea
level during high tide conditions. The
definition of the small island used in this
study refers to the Indonesian Law no. 27 of
2007 concerning the Management of Coastal
Areas and Small Islands in Article 1, the
third point, i.e., that small islands are
islands that have an area of less than or
equal to 2,000 km?2. The systematic review is

(" Satellite images:
Worldview,

J[ DEMNAS
\_ SPOT & Pleiades
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Figure 3. Systematic of geomorphological analysis for identification of small volcanic islands
in North Maluku

RESULTS AND DISCUSSIONS

Based on literature reviews, this
study uses 5 (five) parameters, namely
island area, material type, location/
morphoarrangement, river flow patterns,
and landform features which include the
presence of landforms from volcanic
processes (morphochronology), slopes, and
morphology. Those parameters in more
detail are presented in Table 1.

The characteristics of small volcanic
islands presented in Table 1 serve as the
basis for the identification method, namely

by extracting physical parameters from
DEM spatial data and remote sensing
images. Based on the characteristics of small
volcanic islands in Table 1, several physical
parameters that can be detected through
DEM spatial data and remote sensing are
area, relief, slope, profile type, contour
pattern, and river flow pattern (Thouret,
1999; Kervyn et al., 2007; Napieralski et al.,
2013; Santamarta et al., 2014; Velmurugan,
2018; Chan et al., 2019; Coello-Bravo et al.,
2020; Stokes and Gomes, 2020).

Geomorphological Analysis
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No Parameter Information Sources
Indonesian Law no. 27 of 2007
1 A Smaller than or equal to 2,000 km? (two thousand square concerning the Management o:
rea . . .
kilometers) along with the unity of the ecosystem. Coastal Areas and Small
Islands
Thouret, 1999; Kervyn,
Kervyn, Goossens, Rowland,
By Material The result of volcanic processes ‘(pyroclasﬁc material, lava, debris jtlfiéglsg’ ?ﬁ;ﬁ?gf?&igi et
avalanche) or sub-aerial deposition. Coello-B M
oello-Bravo, Marquez,
Herrera, Huertas, & Ancochea,
2020.
Santamarta, Lario-Bascones,
Separate from the main island /hotspot and close to the Rodriguez-Martin,
3 Location subduction zone Hernandez-Gutiérrez, &
) Poncela, 2014; Stokes &
Gomes, 2020
4 River is;z}ly seasonal streams, the river flow pattern is centrifugal Santamarta et al,, 2014
a) There are active or inactive cones/ craters/calderas/domes/
maars; b) In one island there may be more than one cone/ crater/ Thouret, 1999; Kervyn et al.,
5 Fitur caldera/domes, which are included in one volcanic complex or 2007; Napieralski et al., 2013;

different complexes; c) The island has a predominantly hilly and
mountainous morphology; and d) The island has a steep slope

Velmurugan, 2018; Chan et al.,
2019.

>25%.

Source: Research analysis, 2020

The first parameter used in
determining a small island is that the island
has an area of < 2,000 km2. This area can be
found automatically by calculating the area
geometry in the Geographical Information
System software. Previously, DEMNAS
data in the form of raster data was carried
out by land and sea segregation (< 0 meters
categorized as the sea), then converted into

Land and sea segregation
(raster)

Small island has an area of < 2,000 km?

Land and sea segregation
(vector)

vector data so that area calculations could
be carried out. After obtaining the
categories of small islands and main
islands, buffering is still carried out with a
distance of 2 km to eliminate islands that
are still associated with large islands, so
that vector data for small islands and main
islands are obtained (Figure 4).

=1 small islands

Segregation of large and
small islands

Figure 4. An example of the process of separating large and small islands in North Maluku
based on the Indonesian Law no. 27 of 2007
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Material and location information is
obtained from a combination of geological
maps and remote sensing data. Gamalama
Volcano is an example of a volcano located on
a small island, namely Ternate Island
(Hidayat et al., 2019). In terms of potential
volcanic hazards, data from the Indonesian
Ministry of Energy and Mineral Resources
states that Gamalama Volcano has a history of
eruptions from 1538 to 2014. The eruption of
Gamalama Volcano in 1538 was the first
recorded eruption, while a major eruption
occurred in 1775 (Hidayat et al., 2020). The
eruption in 1775 resulted in the formation of a
maar in the northwest of the island of Ternate.

Gogarten (1918) stated that the
formation of a hole that was recently known
as Tolire Jaha (local terms for a large hole),
was preceded by a large-scale tectonic
earthquake. The eruption in 1775 was the
biggest Gamalama Volcano disaster which
produced the maar craters of Tolire Jaha and
Tolire Kecil (local terms for a small hole) with
141 people buried with the disappearance of
Soela Takomi Village.

At the end of 2014, Gamalama
Volcano erupted again with a height of
volcanic ash reaching 1.7 km from the top of
the mountain. The impact of the 2014 eruption
included ash rain in Ternate City and the
closure of Sultan Babullah Airport activities
for up to three days. The results of the
separation of large and small islands in North
Maluku were analyzed for
morphoarrangement with subduction zones
and are presented in Figure 5.

Subduction zones have a relationship
with the emergence of volcanoes in an area.
Therefore, it is necessary to check the position
of the study area with the presence of the
subduction zone. The position of the small
islands studied in this study is associated with
the existence of a subduction zone, especially
Ternate Island and its surroundings which are
located east of the subduction zone of the
Maluku Sea.
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0
‘North'Halmahera Regency

Figure 5. Location of small islands in research
location (yellow circles) associated with
subduction zones (red lines) according to one
of the characteristics of small volcanic islands
(Santamarta et al., 2014; Stokes and Gomes,
2020)

Relief, slope percentage, and profile
type are used to determine the specific
characteristics of the volcanic landscape,
namely steep and mountainous slopes
(Thouret, 1999; Kervyn et al, 2007;
Napieralski et al., 2013; Velmurugan, 2018;
Chan et al., 2019) (Figures 6-7). Elevations can
also be extracted from contours with
repeating rounded patterns, dense, and large
height values on the represented contour lines
(Figure 8). In addition, radial centrifugal river
flow patterns can also be extracted
automatically  from  DEMNAS  data
(Santamarta et al., 2014) (Figure 9).
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b)

Percentage of slopearea  Class

0 - 20% 400 |
21 — 50% 300 |
51 - 80% 200
81 -100% 100

Figure 6. Examples of differences in relief and slope percentage on Ternate, Maitara, and Tidore
Islands (a) and Kayoa Island (b)

411414 " Fiat or nearty fiat plans
421424 12 Smooth plains with some local retief
311321 1 Imegular plains with low refisf
321324 14| Imegular plains with moderate relif
433-434, 333-334 21 Tabigiands with moderate relial
443444, 343.248 2 | Tebletands with considerable relief
453-454, 353.354 p< Tablefands with high refief
453-454, 353-364 24 Tablefands with very high relief
431-432, 331332 3 Plains with hills
441-442 340342 n Plains with high hills
451.452, 351.352 3 | Plains with low mountains
451-452, 351362 4 Plains with high mountains
211214 a1 Open very low hills
221224 42 | Open low his
221234 4 Open moderal hils
241244 44 | Open hign hills
251254 45 (»m low mountains
261.264 46 Open high mountains
11114 51 | Very low hils
1214124 52 Low hills
131134 53 | Moderate hils
141148 ] High hilts
151154 85 Low mountains
161164 56 High mountamns
Figure 7. Examples of different landform classifications on Ternate, Maitara, and Tidore Islands
(a) and Kayoa Island (b)

Ci:50m Ci: 50 m{ *'%

Figure 8. Examples of differences in the appearance of contour lines and patterns on Ternate,
Maitara, and Tidore Islands (a) and Kayoa Island (b)

190| Vol 13 No. 2 - 2021


http://jurnal.unimed.ac.id/

JURNAL

sc@ grafi

a)

Awvailable at http,//iurnal.unimed.ac.id/2012/index.php/geo
e-ISSN: 2549-7057 | p-ISSN: 2085-8167

K

Figure 9. Examples of different river flow patterns on Ternate, Maitara, and Tidore Islands (a) and
Kayoa Island (b)

Based on spatial analysis using the
parameters of island area, material type,
location/morphoarrangement, type of river
flow patterns, and landform features which
include the presence of landforms from
volcanic  processes  (morphochronology),
slopes, and morphology, information was

obtained that in North Maluku there are at
least 6 of 17 islands that meet the criteria to be
referred to as small volcanic islands, namely
Hiri, Ternate, Maitara, Tidore, Moti, and
Makian islands. More details are presented in
Table 2.

Table 2. Small volcanic islands in North Maluku based on geomorphological aspects

Characteristics
Near Radial Th.ere are active Hilly {md
Area . & inactive cones  Steep mountainous  Conclu-
Nu Name subduc river . .
<2,000 tion flow Material /craters/calde-  slope morphology sion
km? ras/domes/ (>25%) o Avail
zone pattern %
maars able
1 Hiri Yes Yes Yes fcl:zt)cene volcanic Yes Yes 78.2 Yes Volcanic
Dominated by
pyroclastic deposits,
2 Ternate Yes Yes Yes lahars, lava, breccias Yes Yes 73.0 Yes Volcanic
from Young, Adult,
and Old Gamalama
3 Maitara Yes Yes Yes fcl:zfcene volcanic Yes Yes 51.2 Yes Volcanic
Dominated by
Holocene volcanic
4 Tidore Yes Yes Yes rocks .WIth alluvial Yes Yes 77.6 Yes Volcanic
material on the west
and east coasts of the
island
5 Mare Yes Yes No Holocene volcanic No Yes 63.8 Yes Non-‘
rock volcanic
6 Moti Yes Yes Yes g(zll:)cene volcanic Yes Yes 73.8 Yes Volcanic
Dominated by
Holocene volcanic
. rock with Kayasa .
7 Makian Yes Yes Yes . . Yes Yes 83.0 Yes Volcanic
formation (igneous
rock) on the east side
of the island
8 Moda- Yes Yes No Uplifted coral reef No No 0.0 No Non—.
yama volcanic
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Continuation of Table 2. Small volcanic islands in North Maluku based on

geomorphological aspects
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Nu

Name

Characteristics

Area
<2,000
km?

Near
subduc
tion
zone

Radial
river
flow

pattern

Material

There are active
& inactive cones
/craters/calde-
ras/domes/
maars

Steep
slope
(>25%)

Hilly and
mountainous

morphology

%

Avail
able

Conclu-
sion

10

11

12

13

14

15

16

17

Koyua

Waida-
bo

Gafi

Siko

Talimau

Tameti

Tawale

Muari

Latalata

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Dominated by
uplifted coral reefs
and Holocene
volcanic rocks
(breccia and lava)
and alluvial material
on the east side of
the island
Dominated by
uplifted coral reefs
with a little breccia
and lava rock on the
west side of the
island

Volcanic rocks
consist of breccia
and lava, with
inserts of sandy tuff,
claystone, and
sandstone

Volcanic rocks
consist of breccia
and lava, with
inserts of sandy tuff,
claystone, and
sandstone

Volcanic rocks
consist of breccia
and lava, with
inserts of sandy tuff,
claystone, and
sandstone
Combination of
limestone and
volcanic rock
consisting of breccia
and lava, with the
insertion of sandy
tuff, claystone, and
sandstone

Limestone

The north side of the
island is limestone,
the south side is
volcanic rocks
consisting of breccia
and lava, with the
insertion of sandy
tuff, claystone, and
sandstone

Volcanic rocks
consist of breccia
and lava, with
inserts of sandy tuff,
claystone, and
sandstone

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

29.4

5.0

39.5

54.3

7.0

0.0

0.0

0.0

0.0

No

Yes

Yes

No

Non-
volcanic

Non-
volcanic

Non-
volcanic

Non-
volcanic

Non-
volcanic

Non-
volcanic

Non-
volcanic

Non-
volcanic

Non-
volcanic

Source: Research Analysis, 2020
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CONCLUSION

Geomorphological aspects
consisting of morphology, morphogenesis,
morphochronology, and morpho-

arrangement, can be used as an approach in
identifying small volcanic islands in North
Maluku Province. The parameters that can

be used in the identification of small
volcanic islands include island area,
material type, location and

morphoarrangement, type of river flow
patterns, and landform features which
include the presence of landforms from
volcanic processes (morphochronology),
slopes, and morphology.

Based on the spatial analysis using
the 5 previously mentioned parameters,
information can be obtained that there are
at least 6 of the 17 small islands in North
Maluku that meet the criteria to be referred
to as small volcanic islands, namely Hiri
Island, Ternate, Maitara, Tidore, Moti, and
Makian. The data on small volcanic islands
and their characteristics can be used and
developed as data in disaster management
efforts, especially those related to volcanoes
in North Maluku Province.
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