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ABSTRACT

ABSTRAK

Potential volcano in several provinces in Indonesia played a significant role in the formation and quality of soil

development. Soils that developed from the volcanic ashes are often thought to contribute greatly to improve soil

fertility, without regard to the nature and composition of the volcanic ash produced. Volcanic ash generated from

the results of volcanic activity has a different composition, there are basaltic, andesitic and granitic, thereby

affecting the formation and characteristics of the soil. The objective of this study was to determine the soil

development from different types of pyroclastic materials generated from the Lokon volcano in North Sulawesi.

The study was carried out at the foot of Mount Lokon with three-point of coordinates, namely (1) 1o 21’18.0“ N and

124o 49' 20.2” E, (2) 1o 21’ 30.2“ N and 124o 49' 2.8” E, (3) 1o 24’ 23.70“ N and 124o 52' 17.30“ E. Arc-GIS 10.3 software

was used for mapping the location of the study with the base maps of a regional geological map and the topography

map. Soil characteristics including texture, pH, organic-C, Cation Exchange Capacity (CEC), and mineral contents

were determined. The results show that there are two types of pyroclastic as the source of soil development from

volcanic ash, namely; 1) basaltic pyroclastic with 43.26% SiO
2
 that is resulted from the first magmatic eruption and

2) andesitic pyroclastic with 5.09% SiO
2
 that is resulted from the late magmatic eruption. Basaltic pyroclastic

contains Fe 37.63%, Al 11.35%, Ca 13.17% and Mg 5.69%, while andesitic pyroclastic contains Fe 38.35%, Al 6.87%,

and Ca 8.61%. Rainfall ranges from 2000 to 3500 mm yr-1, which helped the soil formation and influenced the

characteristics of the soil, such as sandy loam texture, soil organic-C content 3.08% , CEC 23.24 cmol (+) kg-1 and

clay CEC 148.93 cmol(+) kg-1. The clay minerals in the soil consist of vermiculite, kaolinite and, halloysite. Cation

supply from basaltic pyroclastic influences the formation of vermiculite mineral, whereas andesitic pyroclastic

largely influences the formation of the kaolinite mineral. The formation of soil texture with a predominance of the

sand fraction is more influenced by the type of andesitic pyroclastic that is more resistant to weathering processes.

Potensi gunung api di beberapa provinsi di Indonesia memberikan peran yang besar dalam proses pembentukan

dan kualitas tanah yang dihasilkan. Tanah-tanah yang berkembang dari abu vulkan sering diduga memberikan

kontribusi besar terhadap peningkatan kesuburan tanah, tanpa memperhatikan sifat  dan komposisi dari abu vulkan

yang dihasilkan. Abu vulkan yang dihasilkan dari hasil aktivitas vulkanisme memiliki komposisi yang berbeda-

beda, ada yang bersifat basaltik, andesitik dan granitik, sehingga mempengaruhi proses pembentukan dan

karakteristik tanah yang dihasilkan. Penelitian ini bertujuan untuk mengetahui perkembangan tanah dari abu vulkan

yang berasal dari tipe piroklastik berbeda yang dihasilkan dari aktivitas Gunung api Lokon di Sulawesi Utara.

Penelitian dilakukan di kaki Gunung Lokon, dengan koordinat lokasi pengamatan, yaitu; (1) 1o 21’ 18.0“ LU and 124o

49' 20.2” BT, (2) 1o  21’ 30.2“ LU and 124o 49' 2.8” BT, (3) 1o 24’ 23.70“ LU and 124o 52' 17.30 “BT. Sofware Arc-Gis 10.3

digunakan dalam memetakan lokasi penelitian dengan peta dasar berupa peta geologi dan peta topografi. Analisis

tanah meliputi tekstur, pH, C-Organik, kapasitas tukar kation (KTK), dan persentase mineral. Terdapat dua tipe

piroklastik sebagai sumber pembentukan tanah abu vulkan, yaitu 1) piroklastik basaltik dengan kadar SiO
2
 sebesar

43,26% yang dihasilkan dari first magmatic eruption dan 2) piroklastik andesitik dengan kadar SiO
2 
sebesar 51,09%
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INTRODUCTION

Volcanoes in Indonesia are affected by the

activity of the Indo-Australian tectonic plate in the

western Pacific and Australian plates in the eastern

part (Katili 1975; Hall 2012). This led to intensive

volcanic activities in some provinces, by producing

magma and lava as effusive activity and ash bursts

as explosive activity. The effusive activity of

volcanoes will produce massive parent materials

with stabile mineral components, and has a low

impact on weathering process, while the explosive

activity produces porous parent materials with

broken mineral components, and has a high impact

on weathering process. So both of these activities

have significant influences on soil parent material

resources that will be formed and soil quality that

will be produced (Ugolini and Zasoski 1979; Babiera

and Takahashi 1997; Siebert et al. 2015).

Mount Lokon is located in the city of Tomohon,

North Sulawesi province. The activity of Mount

Lokon has been started since 1829 with explosive

eruption activities by removing ash/dust, rocks

fragments, and bombs. The most intensive explosive

eruption period occurred almost every year from

2000-2003, then continued in 2007-2015, and 2017-

2018. A high level of intensity of Mount Lokon

eruption has resulted in many materials for soil

development in the area. Mount Lokon is classified

as a stratovolcano that produces more volcanic ash

than lava.

Soils that developed from volcanic ash are often

thought to contribute greatly to improve soil fertility

(Dahlgren et al. 2004; Torrence 2012), without

regard to the nature and composition of the volcanic

ash-producing (Cronin et al. 2014), so that the soil

management often requires a lot of additional organic

matter to improve plant nutrient uptake (Rahayu et

al. 2014; Dariah et al. 2015). Volcanic ash generated

from volcanic activity has different composition

including basaltic, andesitic, trachytic, rhyolitic and

granitic, thereby affecting the formation and

characteristics of the soil (Gourgaud et al. 2000;

Prévosto et al. 2004; Arnalds 2013). Therefore, the

objective of this study was to determine the

development of soil from volcanic ash originating

from different types of pyroclastic materials of

Lokon volcano in North Sulawesi.

MATERIALS AND METHODS

Soil Sampling

The study was carried out at the foot of Mt.

Lokon, which is part of the Tondano watershed

located at a three-point location, namely (1) 1o 21’

18.0“ N and 124o 49' 20.2” E, (2) 1o 21’ 30.2“ N

and 124o 49' 2.8” E, (3) 1o 24’ 23.70“ N and 124o

52' 17.30“ E. Sampling in each location was

conducted by making a soil profile, the depth of soil

profile was made until it reached the soil parent

materials. Soil samples were collected from each

horizon layer, including the parent materials.

Soil Analysis

This study used the X-Ray Fluorescence (XRF)

to analyze the percentage of elements and oxide

minerals contained in the parent materials and X-

ray diffractometer (XRD) to identify the percentage

of clay minerals from the soil. The XRD and XRF

analyses were carried out in the laboratory of the

Faculty of Natural Sciences, Hasanuddin University.

Arc-GIS 10.3 Software was used for mapping the

location of the study based on a regional geological

map (scale 1: 250,000) and the topographic map

(scale 1: 50,000) as the base maps. Analysis of soil

samples including texture (hydrometer method), pH

H
2
O (electrometric method), organic-C content

(Walkley and Black method), and cation exchange

capacity (CEC) (Ammonium Acetate method) were

carried out in the Laboratory of Soil Chemistry and

Soil Fertility, Department of Soil Science, Faculty

of Agriculture, Hasanuddin University.

yang dihasilkan dari late magmatic eruption. Piroklastik basaltik mengandung Fe 37,63%, Al 11,35%, Ca 13,17%

dan dan Mg 5,69%, sedangkan yang bersifat andesitik mengandung Fe 38,35%, Al 6,87%, dan Ca 8,61%. Curah

hujan berkisar 2000-3500 mm th-1 membantu pembentukan tanah dan mempengaruhi karakter tanah yang terbentuk,

seperti membentuk tanah dengan tekstur lempung berpasir, kandungan C-organik tanah 3,08%, KTK 23,24 cmol (+)

kg-1 dan KTK liat 148,93 cmol(+) kg-1. Kandungan mineral liat tanah yang terbentuk adalah vermikulit, kaolinit dan

haloisit. Suplai kation dari piroklastik basaltik mempengaruhi pembentukan mineral vermikulit, sedangkan piroklastik

andesitik lebih banyak mempengaruhi pembentukan mineral kaolinit. Pembentukan tekstur tanah dengan didominasi

fraksi pasir lebih banyak dipengaruhi oleh tipe piroklastik andesitik yang lebih resisten terhadap proses pelapukan.
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RESULTS AND DISCUSSION

There are two types of pyroclastic materials

as a source of volcanic ash soil, namely 1) basaltic

pyroclastic materials with 43.26% SiO
2
 that are

resulted from the first magmatic eruption and 2)

andesitic pyroclastic materials with 5.09% SiO
2
 that

are resulted from late magmatic eruption (Figure

1). It shows that the time span of the volcanic

eruption from Lokon Volcano is in a long phase in

which the properties change from basaltic magma

into andesitic (Table 1). Changing nature of the

magma caused by the changes in gas and H
2
O

content after the assimilation with groundwater and

the wall rocks of the volcanic neck, then continuing

with the fractionation process of magma with a

higher MgO content into magma with high K
2
O

content (Hawkesworth et al. 2000).

Basaltic pyroclastic materials contain

37.63% iron (Fe), which is less than that in the

andesitic pyroclastic materials that amount to

38.35%, but the content of Aluminum (Al) in the

basaltic pyroclastic is much larger than that in the

andesitic pyroclastic, as well as the content of

calcium (Ca) and magnesium (Mg) (Table 2). High

aluminum content increases the formation of kaolinite

minerals in the soil, which will have an impact on

decreasing soil pH because it reduces the ability of

the soil to bind cations, in which kaolinite only has

the ability to bind cations by 1-10 cmol(+) kg-1 (Al-

ani and Sarapaa, 2008), conversely the iron and

magnesium content will influence the formation of

vermiculite and montmorillonite minerals (Ugolini and

Zasoski 1979; Van Der Weijden and Pacheco 2003).

These minerals have the ability to bind cations by

40-120 cmol(+) kg-1, thereby increasing soil CEC

(Table 3).

Rainfall in the study site ranges from 2000 mm

yr-1 to 3500 mm yr-1. This rainfall is classified as

high and will increase the weathering process of

Figure 1. Soil profile development from two types of pyroclastic materials.

Table 1. Comparison of the chemical composition of oxides from basaltic and andesitic pyroclastic.

Basaltic Andesitic 

Composition % (w/w) Std. Err. Composition % (w/w) Std. Err. 

SiO2 43.26 1.71 SiO2 51.09 0.81 

Fe2O3 26.54 1.04 Fe2O3 26.92 0.43 

Al2O3 14.09 1.33 CaO 10.24 0.17 

CaO 6.69 0.26 Al2O3 8.58 1.28 

MgO 6.21 3.08 MnO 0.68 0.05 

MnO 1.12 0.06 P2O5 0.34 0.12 

P2O5 0.35 0.12 K2O 0.31 0.12 

Others 1.74 0.21 Others 1.83 0.20 

 

A B

Soil profile

Andestic

Basaltic
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parent rocks from Qv (Quarter Volcanics)

Formations (Effendi and Bawono 1996), with the

composition of Qv Formation includes andesitic-

basaltic lava, bombs, lapilli and volcanic ash (Figure

2). Characteristics of soil parent material derived

from andesitic lava have a fairly high resistance to

weathering activity so that the soil texture that is

formed is mainly sandy loam. The soil contains

3.08% organic-C derived from dryland forests that

dominate the land use of the study site. The content

of soil organic matter enhances the soil ability to

bind cations and increase the soil CEC (Table 3).

Collaboration with clay minerals reached a CEC of

23.24 cmol(+) kg-1 and clay CEC of 148.93 cmol(+)

kg-1.

The soil organic matter content is classified

in a moderate level (BPT 2005). In the toe slope of

Mount Lokon, the organic matter content decreases

caused by the high decomposition rate of organic

matter due to increasing the soil temperature. The

soil temperature increases due to the increase of

volcanic activity at the study site, where the soil

surface in the volcanic eruption area is generally

covered by lava, pyroclastic flows, and tephra

(volcanic ash) (Rahayu et al. 2014). The soil CEC

is considered in a moderate level (BPT 2005). The

soil CEC is strongly influenced by soil colloids

(organic matter and clay minerals). The presence

of clay minerals type 2:1, although only 15.4% of

the total clay mineral content (Table 4), has

Table 2. Comparison of the chemical composition of elements from basaltic and andesitic pyroclastic.

Table 3. Physical and chemical properties of soil developed from volcanic ash.

Table 4. The percentage of clay minerals contained in the volcanic ash soil.

Formula Type of Mineral Name Percentage (%) 

Al2H4O9Si2 1:1 Kaolinite 37.2 

C12Mg3N4O12Si4 2:1 Vermiculite 9.5 

Al1,2Cr0,7Fe0,1H7,9Mg5O18Si3 2:2 chlorite 14.1 

Al0,86Fe0,1HLi0,08Mg0.14O10Si3,9 2:1 Montmorillonite 5.9 

Al2H8O11Si2 1:1 Halloysite 33.4 

 Note: The data were derived from XRD analysis.

Basaltic Andesitic 

Composition % (w/w) Std. Err. Composition % (w/w) Std. Err. 

Fe 37.63 1.30 Fe 38.35 0.48 

Si 32.42 1.16 Si 37.43 0.54 

Al 11.35 1.08 Ca 13.17 0.17 

Ca 8.61 0.30 Al 6.87 1.04 

Mg 5.69 2.80 Mn 1.04 0.08 

Mn 1.71 0.09 K 0.45 0.17 

Px 0.40 0.09 Px 0.37 0.09 

Others 2.07 0.28 Others 2.32 0.24 

 

Location Coordinates Sand Silt Clay Texture pH 

Org. 

C CEC 

Clay 

CEC Colors 

--------- % -------- H2O    %  (cmol (+)kg-1) 

I 

 (30 cm) 
1o 24' 23.70" N 

67  18  16  Sandy loam 6.2  1.72  23.24  148.93  

7.5YR 2.5/3 (Very 

Dark Brown) 

 
124o 52' 17.30" E 

II 

 (0-60cm) 
1o 21' 30.2" N 

72  10  17  Sandy loam 6.3  2.03  20.65  120.74  

2.5 Y 3/1 (Very 

Dark Grey)  

 
124o 49' 2.8" E 

IIIa  

( 0-60cm) 
1o 21' 18.0" N 

73  10  17  Sandy loam 5.96  3.08  23.24  140.63  10YR 2/1 (Black) 

IIIb  

(60-130cm) 124o 49' 20.2" E 80  2  18  Sandy loam 5.86  2.34  20.54  113.81  

7.5 YR 3/4 (Dark 

Brown) 
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contributed to improving the exchange of cations

due to the interlayer space of the clay mineral type

2:1 is larger than the clay mineral type 1:1 (Borisover

and Davis 2015).

The predominant clay minerals found in the

soil is kaolinite and halloysite (Table 4), due to the

high weathering rate of parent materials with high

content of aluminum and silica (Table 2). Andesitic

pyroclastic influences the formation of kaolinite and

halloysite minerals. The results of current study is

in line with the results of a study by Yatno and

Zauyah (2008) that found an abundance of halloysite

minerals in soils developed from andesitic

pyroclastic materials in the area of Lembang, West

Java. On the other hand, the results of study by

Ahmad et al. (2018) found the formation of kaolinite

minerals by 33.6% in soils originating from andesitic

parent material from areas with high rainfall (2780

mm yr-1) in Gowa Regency, South Sulawesi. This

result indicates that the intensity of the formation of

kaolinite and halloysite minerals can occur in areas

developed from parent materials derived from

volcanic activity with andesitic type in high rainfall

area.

CONCLUSIONS

There are two types of pyroclastic materials

as sources of volcanic ash soil, namely basaltic

pyroclastic with 43.26% SiO
2
 resulted from the first

magmatic eruption and andesitic pyroclastic with

51.09% SiO
2 
mainly from the late magmatic eruption.
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The soil has a predominantly sandy loam texture,

with organic-C content 3.08%, CEC 23.24 cmol(+)

kg-1, clay CEC 148.93 cmol(+) kg-1 and pH 5.9-6.

The predominant clay minerals found in the volcanic

ash soil are kaolinite and halloysite.
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