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Elements of Lake Maninjau Sediment Using a Scanning Electron Microscope 

(SEM) 

Ihsan Junira Prasetyo 

ABSTRACT 

Lake Maninjau is a lake formed by the eruption of the Maninjau Purba 

volcano which spewed volcanic material into various places. This volcanic 

material contains various mineral-forming elements, one of which is magnetic 

minerals that accumulate in lake sediments. Lake sediments contain magnetic 

minerals that undergo transportation processes from various sources. This study 

aims to determine the source of magnetic minerals based on the morphology and 

composition of magnetic mineral elements contained in the sediments of 

Maninjau Lake, Agam Regency, Indonesia because the morphology and 

composition of magnetic mineral elements have their own characteristics 

depending on the source. 

The samples chosen came from core MAN 18-41B site 12 with a depth of 

35-36 cm because they had high magnetic susceptibility values. The magnetic 

mineral morphology of lake sediments was viewed using a Scanning Electron 

Microscope (SEM) type JSM-7800F equipped with an Energy Dispersive 

Spectrometer (EDS) which shows the composition of the elements that make up 

magnetic minerals. 

The results of the morphological analysis showed that the minerals in the 

Maninjau lake sediments have a morphology that tends to be irregular and porous 

with a grain size of 100 μm. The image produced by the Scanning Electron 

Microscope (SEM) has a difference in brightness on the surface of the magnetic 

grains, which indicates that the bright surface contains high O and Fe elements 

and the dark surface contains high O and Si. The spectrum generated by EDS 

shows that the dominant elements found in magnetic minerals in lake sediments 

are O, Fe, and Si. Based on the morphology and composition of magnetic mineral 

constituent elements in the MAN 18-41B site 12 sample, it is known that this 

magnetic mineral originates from a process of volcanic activity. 
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CHAPTER I 

INTRODUCTION 

A. Background of the Study 

Lake Maninjau is one of the lakes in the form of a caldera lake. Lake 

Maninjau was formed due to the eruption of the Maninjau Purba volcano tens of 

thousands of years ago which spewed 220-250 km3 of volcanic material up to 75 

km from the center of the eruption (Nontji, 2016). The volcanic material resulting 

from the eruption has the main elements in the form of Si, Al, and Ca and contains 

metal elements in the form of Fe, Pb, and Ti (Wahyuni, 2012). Elements 

contained in volcanic materials such as Fe are constituent elements of magnetic 

minerals (Rusli et al., 2014). The material resulting from the volcanic eruption 

will be carried by the wind and will be deposited directly from the center of the 

eruption or it can also be transported through the transportation medium in the 

form of water where during the transportation process there will be material 

mixing and will be deposited in various places (Aisyah, 2020). One of the places 

where volcanic material is deposited is lake sediments. 

Sediment is a shard of mineral or organic material which undergoes a 

transportation process from various sources and is deposited by the medium 

(Nurseha et al., 2016). The process of forming sediments in volcanic lakes 

according to Cohen (2003) originating from the caldera debris material due to 

large eruptions accumulating at the bottom of the lake. The sediments contained in 

the lake contain a variety of different minerals depending on the source of the 

deposited medium. According to Nurseha (2016) Minerals in lake sediments can 

come from river flow that empties into the lake, deposition of dust from the 



 

2 

 

atmosphere (volcanic ash), and minerals formed through authigenic processes. So 

that one of the minerals that may be present in volcanic lake sediments is 

magnetic minerals. 

Minerals have three properties, namely diamagnetic, paramagnetic, and 

ferromagnetic. However, only those that are ferromagnetic are said to be magnetic 

minerals. This is because ferromagnetic minerals come from the iron-titanium 

oxide, iron-sulfide, and iron hydrooxide families (Maskur, 2017) which has a very 

high magnetic susceptibility value (Rusli et al., 2014). The high value of magnetic 

susceptibility in a material indicates an abundance of magnetic minerals. 

The abundance of magnetic minerals can be determined using the rock 

magnetization method which is carried out with a variety of measurements and 

instruments used, depending on the purpose of the measurement (Aisyah, 2020). 

One method of rock magnetization that can provide information about the 

abundance of magnetic minerals is the measurement of the magnetic susceptibility  

of a material. However, measuring the magnetic susceptibility value cannot 

provide more detailed information about the morphology and elemental 

composition of these minerals. So that other supporting methods are needed that 

are able to provide morphological information and the elemental composition of a 

magnetic mineral. 

Mineral morphology is a description of the outer shape of a mineral. 

Magnetic mineral morphology includes the shape and size of the magnetic mineral 

grains. Morphology can provide information regarding the source of magnetic 

minerals from which it is derived. This is because magnetic minerals have 

different morphologies depending on the source (Huliselan, 2007). Magnetic 
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minerals can come from volcanic activity, river flow, human activity 

(anthropogenic), and naturally form (authigenic). Magnetic grain size can provide 

information about the type of magnetic mineral domains. Determination of the 

type of magnetic minerals from a sample can be seen from the elemental 

composition contained therein. The morphology and elemental composition of a 

sample can be seen using a Scanning Electron Microscope. 

Scanning Electron Microscope (SEM) is a tool that can describe the surface 

of the sample through a scanning process using a high energy beam. The image 

shape produced by SEM has high resolution with a wide magnification range. 

SEM is equipped with an Energy Dispersive Spectrometer (EDS) which can 

display the elements present in the sample. The more dominant element of a 

sample can be seen from the highest peak in the spectrum from the EDS 

measurement results. The difference in the elemental composition of the sample 

can also be seen from the difference in the brightness of the surface. The bright 

surface indicates the high Fe content on the surface of the sample 

(Dobrzinetskaya, 2002). 

Bijaksana (2019) has used SEM to see the characteristics of magnetic 

minerals in river sediments flowing into Lake Towuti in Sulawesi and it was 

found that the magnetic mineral morphology in these sediments tends to be round 

in shape. So that the magnetic minerals present in these sediments may come from 

anthropogenic processes. Dani (2016) has analyzed the sedimentary mineral 

sources of Lake Sentani using SEM-EDAX and it was found that the magnetic 

minerals in the sediments have undergone a transport process that shows scouring 
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on the surface of magnetic mineral grains. So that the morphology seen using 

SEM can predict the source of magnetic minerals. 

The study of the presence of magnetic minerals in lake sediments is part of 

the research on Fingerprinting Volcanic Eruption Activities From the Magnetic 

Properties of Sediments which looks at the track record of volcanic activity stored 

in sediments. The presence of magnetic minerals in the Lake Maninjau area has 

also been discovered by Fadila (2020) with magnetic mineral content in the rocks 

around Lake Maninjau dominated by Ilmenite (FeTiO3) with magnetic 

susceptibility values ranging from 967.8 x 10-8 m3/kg – 2187 x 10-8 m3/kg. 

However, the morphological form and composition of the magnetic mineral 

elements of the Maninjau lake sediments have not been explained. Therefore, 

there is no research that explains the morphology and composition of elements 

contained in the magnetic minerals of Lake Maninjau sediments so that in 

achieving these goals, it is necessary to identify the Morphological Elements and 

Composition of Magnetic Mineral Elements of Lake Maninjau Sediment Using a 

Scanning Electron Microscope (SEM). 

B. Identification of the Problems 

Based on the background description above, the problem identification in 

this study is as follows: 

1. The type of magnetic minerals found in the sediments of Lake Maninjau is 

not yet known. 

2. The source of the minerals in Lake Maninjau sediments is not yet known. 

3. Magnetic minerals have different morphologies and elemental compositions 

depending on the source. 
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4. There are no studies that have looked at magnetic mineral sources based on 

the morphology and composition of magnetic mineral elements in the 

Maninjau lake sediments. 

C. Scope and Limitation 

Given the wide scope of this research, the following restrictions are made in 

this study: 

1. This research is focused on knowing the morphology and composition of the 

elements forming magnetic minerals in lake sediments. 

2. The coordinates used as the research location are 0˚18’20.20’’S and 

100˚12’31.36” E with a sample depth of 42 cm. 

3. The sample used is focused at a depth of 35-36 cm. 

D. Formulation of the Problem 

Based on the background described above, it can be formulated problem in 

this research is how to determine the morphology and elemental composition of 

magnetic minerals in the sediments of the lake with observation using Scanning 

Electron Microscope (SEM). 

E. Objective of the Study 

The research objectives are as follows. 

a. Knowing the morphology of magnetic minerals in Maninjau lake sediments 

using a Scanning Electron Microscope (SEM). 

b. Knowing the composition of magnetic mineral constituent elements in the 

Maninjau lake sediments using a Scanning Electron Microscope (SEM). 
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F. Significance of the Study 

This research is expected to provide the following benefits: 

1. Provides information regarding the morphology and elemental composition of 

magnetic minerals in lake sediments. 

2. Provides information on magnetic mineral sources present in lake sediments. 

3. Provides information that can be used for further studies on paleomagnetism 

or paleoeruption to determine the distribution of volcanic ash in sediments. 

4. Applications in physics, especially in the field of magnetism, can increase the 

knowledge and insight of researchers and readers. 

5. Is one of the requirements in completing the undergraduate study of the 

Physics Study Program at FMIPA, Universitas Negeri Padang as well as the 

writer's understanding and insight regarding the use of SEM. 

 


