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Discipline objectives 
 To know the structure, properties, and classification of geogenic and pedogenic minerals found 
in soils of tropical and subtropical environments, emphasizing the soils of Rio Grande do Sul State. To 
discuss the main methods used in studying soil mineralogy and to exercise the interpretation of 
mineralogical data. To know the primary and secondary minerals involved in pedogenesis and its 
mineralogical evolution and its implications in the morphological, chemical, and physical properties of 
soils. To study the application of soil mineralogical information in planning environmental and 
technological activities. To know the main analytical procedures used for the mineralogical 
characterization of soils. 
 
Syllabus 
 The discipline Soil Mineralogy deals initially with the mineralogical composition of the Earth’s 
crust, followed by crystallography elements and the characterization of the main primary and secondary 
minerals found in soils. The main methods of mineralogical analysis are also studied, in addition to 
sample preparation for X-ray diffractometry and exercises in interpreting diffractograms and other 
mineralogical data. The final part of the discipline presents the organo-mineral complexes and an 
analysis of the mineralogy of soils in Rio Grande do Sul State. 
 
Methodology and/or teaching instruments 
 The discipline uses instruments such as theoretical lectures, seminars on scientific papers, and 
mineralogical analysis results; field trips to collect soil, saprolite, and rock samples for mineralogical 
analysis; field trips to visit laboratories related to soil mineralogy; laboratory practices related to soil, 
saprolite, and rock sample preparation for mineralogical analysis; activities involving the use of computer 
applications to treat mineralogical data; out-of-class exercises such as writing papers and reading texts 
on soil mineralogy; and projects on the applied use of soil mineralogy. 
 
Forms of evaluation 

Students will be evaluated through written evaluations (theoretical and practical); seminars; 
discussion of results from practical classes; reports from field and laboratory trips and classes; and the 
presentation of the final results from projects developed during the course. 
 
Program: Title and breakdown of units 
 
Unit 1 
 Composition of the Earth’s crust (minerals and rocks) 
 1.1 - Fundamentals of geology and composition of the Earth’s crust 

1.2 - Main soil-forming rocks in Rio Grande do Sul State: mineralogical and chemical 
composition 

 1.3 - Macroscopic identification of minerals and rocks 
 
Unit 2 
 Elements of crystallography 
 2.1 - Basic concepts: unit cell, crystalline reticulum, etc. 
 2.2 - Bravais lattices 
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 2.3 - Crystallographic symmetry 
 2.4 - Crystallographic systems 
 2.5 - Miller indices 
 2.6 - Notions of crystallochemistry 

2.7 - Physical properties of minerals 
 
Unit 3 
 Main primary minerals found in soil 
 3.1 - Genesis of primary minerals 
 3.2 - Crystallographic and chemical characterization of the primary minerals 
 3.3 - Alteration conditions of primary minerals 
 3.4 - Identification of primary minerals in mineralogy studies 
 3.5 - Influence of primary minerals on soil behavior 
 
Unit 4 
 Pedogenetic minerals: 2:1 and 2:1HI mineral groups 
 4.1 - Main 2:1 minerals 
 4.2 - Genesis of 2:1 minerals in the soil 
 4.3 - Physicochemical properties of 2:1 minerals 
 4.4 - Identification of 2:1 minerals 
 4.5 - Genesis and characteristics of 2:1HI minerals in the soil 
 4.6 - Identification of 2:1HI minerals in the soil 
 4.7 - Influence of 2:1 and 2:1HI minerals on soil behavior 
 
Unit 5 
 Pedogenetic minerals: 1:1 mineral group 
 5.1 - Main 1:1 minerals 
 5.2 - Genesis of 1:1 minerals in the soil 
 5.3 - Physicochemical properties of 1:1 minerals 
 5.4 - 1:1 mineral identification 
 5.5 - Influence of 1:1 minerals on soil behavior 
 
Unit 6 
 Pedogenetic minerals: oxides (oxides, hydroxides, and oxyhydroxides) 
 6.1 - Main soil oxides 
 6.2 - Genesis of oxides in the soil 
 6.3 - Physicochemical properties of oxides 
 6.4 - Identification of oxides 
 6.5 - Influence of oxides on soil behavior 
 
Unit 7 
 Mineralogical analysis techniques 
 7.2 - Chemical dissolutions 
 7.3 - X-Ray fluorescence (XRF) 
 7.4 - Thermodifferential analysis (TDA) 
 7.5 - Thermogravimetric analysis (TGA) 
 7.6 - Petrographic microscopy 
 7.7 - Scanning electron microscopy (SEM) 
 7.8 - Transmission electron microscopy (TEM) 
 7.9 - Mossbauer spectroscopy 
 7.10 - Other techniques 
 
Unit 8 
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 Fundamentals of X-ray diffractometry 
 8.1 - Electromagnetic spectrum 
 8.2 - History of X-ray use 
 8.3 - Precautions when using X-rays 
 8.4 - The production of X-rays 
 8.5 - Fundamentals of X-ray diffraction 
 8.6 - X-ray diffractometers 
 
Unit 9 
 Sample preparation for X-ray diffractometry 

9.1 - Sieve separation (sand, silt, and clay) 
9.2 - Powdered and oriented samples 
9.3 - Procedures to identify minerals 

 
Unit 10 
 Processing and interpretation of X-ray diffractograms 
           10.1 - Setting up and interpreting X-ray diffractograms 
           10.2 - Use of computer applications in digital diffractogram analysis 
 
Unit 11 
 Surface chemistry in soil minerals 

11.1 - Active sites in mineral particles 
11.2 - Reactivity at the solid-liquid interface 

 
Unit 12 
 Organo-mineral complexes in soil 

12.1 - Characteristics of the chemical structure of organic matter 
12.2 - Binding of organic substances by colloidal soil particles 

11.2.1 - Interaction of non-humic substances with soil minerals 
11.2.2 - Interaction of synthetic polymers with soil minerals 
11.2.3 - Interaction of humic substances with soil minerals 
         

Unit 13 
 Environmental and technological applications of soil mineralogy: case studies 
 13.1 - Agricultural applications 
 13.2 - Geotechnical applications 
 13.3 - Industrial applications 
 13.4 - Sanitary applications 
 13.5 - Paleoclimatic applications 
 13.6 - Other applications 
 
Unit 14 
 Mineralogy of soils in Rio Grande do Sul State 
           14.1 - Mineralogical alteration in Rio Grande do Sul State 
           14.2 - Main soils and their mineralogical composition 
  
 
Basic literature 
 
DIXON, J. B.; SCHULZE, D. G. Soil mineralogy with environmental applications (Soil Science 
Society of America Book Series, No. 7). Madison: Soil Science Society of America, 2002. 
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