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Abstract 
The teaching of Geosciences presupposes the use of laboratory practical activities (LPA), since they 
allow the simulation of natural processes that, for reasons of space and time scales, are difficult to 
study in the natural environment, and because of that, are complex to understand by students. The 
study of paleomagnetism, the study of the past geomagnetic field, allows us to obtain information 
about its behaviour in the past, as well as, infer about its influence in some Earth's history events. On 
the other hand, paleomagnetic studies have been essential in the advance of scientific knowledge that 
led to the construction of the theory that indelibly marks the geological sciences in the second half of 
the XX century, the Plate Tectonics Theory. The purpose of this paper is to present a proposal of LPA, 
in the scope of the geomagnetic field and paleomagnetism study. The theme under study was ‘The 
first steps of a new theory. The Plate Tectonic Theory’, a programmatic content of the 12th grade 
Geology, of Portuguese high school. A plan and pedagogical resources (PowerPoint document, LPA 
protocol and evaluation grids) have been prepared, necessary for their fulfilment. The development of 
this LPA proposal is justified by: first, this is a content on which students show particular difficulties; 
second, none of the textbooks available for this curricular area and level of education, presents 
proposals of LPA on this subject. Thus, the mail goal is that this proposal will be a complement to the 
LPA existent on the textbooks, in order to contribute to the enrichment of teaching and learning 
processes. 
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1 INTRODUCTION  
Throughout students school course, it is usual for them to be unmotivated for the contents of 
Geosciences, considering them to be complex and distant of their academic interests. It is important to 
reverse this reality since, beyond the scientific nature, Geosciences play an essential role in the 
relations established between science and society, contributing to the establishment of a desirable 
balance among quality of life and development [1: p.6]. At the same time, it is important to show its 
interdisciplinary character and the impossibility of dissociating those from other scientific areas, such 
as Biology, Physics, Chemistry or Mathematics. 

In the Geosciences syllabus of the Portuguese educational system, the study of the geomagnetic field 
and paleomagnetism (e.g. [2-4]) can be taught in different curricular areas of several school grades, 
from the middle school (Natural Sciences, 7th grade) (e.g. [5,6]), to the high school (Biology and 
Geology, 10th grade; Geology, 12th grade) (e.g. [1,7]). However, considering the degree of complexity 
of these subjects, their teaching is more effective in high education, particularly in Geology of the 12th 
grade (e.g. [7]) an optional curricular area at the end of compulsory education and, so, it is expected 
that the students have a greater intellectual maturity and a greater knowledge for further development 
of these themes. 

The methodological suggestions of the Ministry of Education for the teaching of Geology of the 12th 
grade, point to the use of teaching strategies based on laboratory practical activities (LPA) [7]. On the 
other hand, it is known that students previous knowledge conditions their learning [8] and that LPA, 
among others, plays a particularly important role in the learning of Geosciences. 

One of the most important pedagogical resource used in teaching and learning processes are the 
textbooks. However, with regard to LPA, they do not always comply with methodological guidelines 
and there are gaps on the availability of practical activities in general, and LPA in particular (e.g. [9, 
10]). Thus, it will be up to the teacher to develop pedagogical resources that comply the 
methodological guidelines, so as to foster the success and the development of competences 
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(knowledge, abilities and attitudes) of the students who attend the areas of Geosciences in general, 
and the Geology of the 12th grade in particular. The teacher is also responsible for organizing and 
guiding the students practical activities, helping them to formulate problems that, from the beginning, 
can arouse their interest, facilitating the connections with their previous knowledge and structuring 
new knowledge. 

This work aims to present a proposal of LPA for Geology of the 12th grade, in the scope of the study of 
the geomagnetic field and paleomagnetism; subjects which are of great significance to Geosciences 
but, fundamentally, to the development of Plate Tectonics Theory and, so, teachers consider that 
those are poorly developed in the high school curriculum (e.g. [11]). 

2 LABORATORY PRACTICAL ACTIVITY  
The LPA fits into the Theme I in the unit "The First Steps of a New Theory. The Plate Tectonics 
Theory", of the 12th grade Geology syllabus (e.g. [7]). The achievement of this LPA involves the 
accomplishment of two lessons, one of preparation and another one for its execution. Students should 
to keep in mind the following competencies: a) to know that the Earth has a magnetic field 
(geomagnetic field) that was recorded in the rocks during its formation, and can stay preserved on 
them as a register in the form of natural remanent magnetization (NRM); b) to recognize that the 
geomagnetic field has suffered alterations that allow to classify it has normal or inverse; c) to know 
that the reading and interpretation of this paleomagnetic register it was fundamental for the formulation 
of Plate Tectonics Theory. 

2.1 Laboratory practical activity preparation lesson 
The LPA preparation lesson will be held with the students in the classroom context and is expected to 
last for 45 minutes (Table 1).  

Table 1.  Plan of the activities to be developed in the laboratory practical activity (LPA) preparation lesson. 

Place Activities Resources/Instruments Methodology Period 
(min) 

Classroom 

•  To present the activity goals. 

•  To define key concepts. 

•  To explain the handling of 
instruments for obtaining 
magnetic measurements. 

•  To explain the calculation of 
magnetic parameters. 

• To define work groups. 

•  To read and analyse the 
informative worksheet for the 
preparation of the laboratory 
activity report. 

PowerPoint document 
 

Informative worksheet 

Expositive lesson  
 

Collaborative work 
45 

Initially, a PowerPoint document should be explored in order to: a) present the goals of the LPA - to 
identify the occurrence of a geomagnetic and paleomagnetic field, and to measure the magnetic 
susceptibility (MS) and the NRM in a basic rock sample; b) define concepts such as MS, NRM and 
magnetic declination and inclination; c) explain how to perform magnetic parameters measurements 
and calculations (e.g. [2, 12]). 
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The equipment necessary for the measurement of the magnetic parameters (Part C of the laboratory 
protocol) are not included on the furniture of high schools. Its use implies the fulfilment of a partnership 
with a higher education institution, for example the Department of Earth Sciences of the University of 
Coimbra - Portugal, which may grant its loan or allow students to travel to this institution to carry out 
the measurements. Thus, in this lesson students will have the first contact with the equipment (in real 
format or in a photograph, if their loan has not been possible): Susceptibility bridge and MS2B sensor 
(Fig. 1) to quantify MS; Demagnetizer (Fig. 2) to degauss gradually; Magnetometer (Fig. 3) to measure 
NRM. It is important to read the equipment manuals, before using them. 

  
 Fig. 1 – Bartington MS2B Meter. Fig. 2 – Alternating field demagnetizer. 

   
Fig. 3 – MOLSPIN Minispin Magnetometer. 

The LPA will be fulfilled in working groups, so its definition should also be made in this lesson, and the 
chosen methodology should be selected by the teacher's. As a suggestion, it may be possible to 
distribute the groups according to their own dynamics, with results obtained from competency 
assessment tests or, taking into account aspects such as personal characteristics (heterogeneity 
enriches), affective choice of friendships or through a random game (e.g. [13]). Students should be 
asked to prepare an LPA report. The teacher will guide and indicate the points to highlight, for 
example, through an information worksheet with the standards to be used at the time of writing. 

2.2 Laboratory practical activity fulfilment lesson 
The APL fulfilment lesson will be carried out in the laboratory with the tasks indicated in laboratory 
protocol (Fig. 4) and has a duration of 135min (Table 2).  
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Table 2.  Plan of the activities to be developed in the laboratory practical activity (LPA) fulfilment lesson. 

Place Activities Resources/ 
Instruments Methodology 

Period 
(min) 

Laboratory 

• Section A – To identify the occurrence of a 
geomagnetic and paleomagnetic field. 

• Section B – To prepare the rock sample for 
the measurement of MS and NRM. 

• Section C – To measurement MS and NRM 

Laboratory protocol 
 

APL evaluation grid 

Collaborative 
work 135 

The lesson should begin with the review of the previously taught subjects, using the 
reading/exploration of the laboratory protocol introduction (Fig. 4). Then, the teacher should discuss 
with the students the research questions that he intends to be answered with the activity and that will 
serve as the basis for the analysis and discussion of the results of the activity report (Table 3).  

Table 3.  Proposal of research questions that will guide the execution of the laboratory practical activity. 

Section A: 

• The iron filings behaviour is similar to what…? 

• How reacts the ferromagnetic minerals that forms the rocks, in the presence of a geomagnetic field? 

Section B: 

• How does the use of a mixture of liquid candle and crushed rock simulate the formation of a 
sedimentary rock, in which the liquefied candle corresponds to the cement and the crushed rock to 
the sediments? 

• What is the advantage of using a cardboard mould to place the candle mixture with the crushed rock? 

Section C: 

• In which way the measurement of the magnetic parameters of sample allow us to conclude about the 
presence of the geomagnetic field? 

• Which is the importance of measurement the declination and the inclination? 

For the execution of section B of the laboratory protocol (Fig. 5), the samples to be prepared will be 
cylindrical due to the need to be compatible with the physical configuration of the equipment. 
However, students should be informed that the samples should be spherical, because that would be 
the best way to obtain the values that are to be determined. The use of a cylindrical carton mould for 
the mixture of liquid candle and crushed rock solidification will prevent the plastic box, of specific use 
for the apparatuses of the magnetic parameter measurements, from becoming unusable for future 
applications. Previously crushed, the rock sample to be used in this section should have a particle size 
of ≤ 2 mm (e.g. [12, 14]. 
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Fig. 4 – Laboratory Protocol. 

 

LABORATORY PROTOCOL 

 
 

Theme: From the Continental Drift Theory to the Plate Tectonics Theory. 

Unit: The first steps of a new theory. The Plate Tectonic Theory. 

Subject: Geomagnetic field and paleomagnetism. 

Goals: - To identify the occurrence of a geomagnetic and paleomagnetic field. 

            - To measuring the magnetic susceptibility and the natural remanent magnetization in a basic rock 
sample. 

  

Introduction 

“O paleomagnetismo é a área do saber que se ocupa com o estudo da configuração do campo magnético 
no passado geológico” (Gomes, 1996: 10), and whose main goal is to obtain a register of the geomagnetic 
field old configuration (Butler, 1992). 

The geomagnetic field, as the gravitational field, cannot be see or touched, only felt. It is considered one of 
the most complex components of the Earth system, since it interacts with the atmosphere, biosphere, deep 
mantle and inner core (Tauxe, 2016). 

In paleomagnetic studies, because of their characteristics, it is more frequently use outcrops of igneous and 
sedimentary rocks than metamorphic rocks. 

The magnetic susceptibility (χ) can be defined as the magnetizability, in other words, the ability of a 
substance to acquire a magnetization (J or M) when placed in the presence of a magnetic field (H). The 
magnetic susceptibility provides information about the mineralogy and the geochemistry of the environment 
elements. 

In the absence of an applied field, some substances present a magnetization called natural remanent 
magnetization (NRM), which usually consists of the sum of two components, a primary one (relevant for 
paleomagnetic studies) and a secondary one. 

	  
 

 

A – Identification of the occurrence of a geomagnetic and paleomagnetic field 

Material  

 Basic rock sample.    Compass.   Glass base. 

 Iron filings.    Magnet.   

Proceeding 

1 - Put the glass base, with the iron filings, on top of the magnet and move it. 

2 - Record the behaviour of the iron filings next to the magnet. 

3 - Place the compass next to the basic rock sample and record its behaviour. 

1 
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Fig. 4 – Laboratory Protocol (continuation). 

B - Preparation of the rock sample for the measurement of the magnetic parameters 

Material  

 1 Candle (paraffin).   Cardboard.    Cylindrical plastic box (10 cm3). 

 Cleaning paper.   Crushed basic rock sample.  Goblet of 100 ml. 

 Heating device.   Spatula.    Rod of glass. 

Proceeding 

1 - Melt the candle inside the goblet. 

2 - With the spatula put the crushed rock inside the goblet and mix it with the rod of glass.  

3 - Mould a cardboard cylinder with the appropriate dimension of the 10 cm3 plastic box. 

4 - Fill out the cylinder with the mixture prepared in 2. 

5 - Let solidify and remove the cardboard cylinder. 

6 - Determine the mass (weight) of the cylindrical sample and write the result in the tables 1 e 2.  

7 - Put the cylindrical sample inside of the cylindrical plastic box. 

 

C – Measurement of the magnetic parameters 

Material 

 Alternating field demagnetizer. 

 Cylindrical plastic box with the sample of basic rock. 

 MOLSPIN Minispin Magnetometer.  

 Susceptibility bridge - Bartington MS2 Meter. 

Proceeding: 

1 - Insert the cylindrical plastic box with the sample on the susceptibility bridge. 

2 - Perform three measurements on low-frequency (χ lf)=0,46 KHz and high-frequency (χ hf)=4,6 KHz. Starts, 
interleaving and finish with air measurements.  

3 - Write the result in the tables 1 e 2.  

4 - Calculate the values of χ lf and χhf. 

5 - Insert the cylindrical plastic box with the sample on the demagnetizer to degaussed the sample. 

6 - Insert the cylindrical plastic box with the sample on the magnetometer. 

7 - Determine the values of the declination, inclination and intensity of the NRM and record them in the 
table 3. 
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Fig. 4 – Laboratory Protocol (continuation).  
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Fig. 5 – Practical laboratory activity development - section B. a) Process of obtaining the liquefied candle 

(paraffin) (Beginning of the process); b) Process of mixing the crushed rock in the liquefied candle;  
c) Cylindrical sample. 

Table 1 – Record of low-frequency magnetic susceptibility values (χ lf) 

 χ lf 

Mass 

box 

Mass 

sample 
Air1 χlf1 Air2 χlf2 Air3 χlf3 Air4 

         

 

Table 2 – Record of high-frequency magnetic susceptibility values (χhf) 

 χ lf 

Mass 

box 

Mass 

sample 
Air1 χhf1 Air2 χhf2 Air3 χhf3 Air4 

         

 

 

Table 3 – Record of Declination, Inclination and NRM 

Sample 

Declination Inclination NRM 

M1 M2 M3 Average M1 M2 M3 Average M1 M2 M3 Average 

            

 

3 
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During the LPA development, the teacher should follow the working groups guiding the discussion 
about the data obtained and filling the tables of the laboratory protocol. After completing it, he can 
reuse the PowerPoint document from the LPA preparation lesson, from which will demonstrate the 
mathematical calculations necessary for the treatment of laboratory data. The lesson should be 
concluded, in a large group, with the discussion of the results obtained and the degree of fulfilment of 
the defined goals. Finally, doubts will be clarified for the preparation of LPA's report. 

3 FINAL CONSIDERATIONS 
In an evaluative study, with the participation of Geosciences high education teachers, the LPA 
proposed was considered very adequate in the domain of the pertinence of its use as a textbook 
complement, in its adaptation to the syllabus and in the deepening of the concepts, as well as 
adequate in terms of the scientific language used and the students' age level [15]. In this context, this 
LPA should be appreciated as a complement to the activities available in the 12th grade Geology 
textbooks. We also consider that its application contributes to the teaching and understanding of the 
way in which the study of the geomagnetic field and the paleomagnetism are relevant in the scope of 
the Geosciences, and particularly the paleomagnetism, in the development of Plate Tectonics Theory, 
a content largely covered in the program of the 12th grade Geology. At the same time, its differentiating 
nature allows the inclusion of different dynamics in the school context, which may foster students 
motivation for this subject and fill some of their difficulties. It can also promote the development of 
skills (knowledge, ability and attitudes) and success in teaching and learning processes. 

Over the last few years, partnerships between high education and university education institutions 
have been growing, with benefits for both parts [e.g. 16, 17]. Thus, the absence of instruments for the 
measurement of magnetic parameters in the high schools laboratories, which makes impossible to 
execute laboratory protocol section C, should be understood as an additional opportunity for the 
increase of collaborative work amongst the agents of these different levels of education. 
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