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Geology           1 
Kurt Stuwe, Karl Franzens Universitaet Graz, Graz, Austria  
A. M. Celal Sengor, Istanbul Technical University, Istanbul, Turkey 
Bernhard Grasemann, University of Vienna, Austria 
Benedetto De Vivo, Universita di Napoli Federico II, Naples, Italy 

1. Introduction 
1.1. Layout of Theme 

2. Historical review 
2.1. The Birth of Geological Sciences 
2.2. Geology in the Classic Period 
2.3. The Big Break 
2.4. The Renaissance to the Dawn of Plate Tectonic Theory 
2.5. The Rise of Plate Tectonics in the Twentieth Century 
2.6. Geological Science in the Future 

3. Philosophical Basis of the Methodology of Geology 
3.1. Finding Out About the Present State 

3.1.1. The Geologists’ Ignorance 
3.1.2. The Geologists’ Hypothesis 

3.2. Finding Out About the Past 
3.3. Finding Out About the Rules of Evolution 
3.4. What Is a Model? 

3.4.1. Consistent and Unique Geological Models 
3.4.2. Adequate and Accurate Geological Models 
3.4.3. Accuracy and Precision in Geological Models 

4. First-Order Explanatory Models of Geology Today 
4.1. Theory of Meteoritic Bombardment 
4.2. Theory of Cyclical Astronomical Controls of Climate 
4.3. Petrological Theory 
4.4. Plate Tectonic Models 

 
 
The Organized Earth         40  
Christopher R.J. Kilburn, University College London, UK 
 
1. Introduction 
2. Organization and Volcanic Systems 

2.1. Rates of Volcanism 
2.2. Controls on Volcanic Output 

3. Organization, Tectonics, and Impacts 
4. Conclusion 
 
 
The Composition of Earth: Rocks and Minerals      52  
Ruth Siddall, University College London, UK 
 
1. Introduction 
2. Minerals 

2.1. Mineral Chemistry and Classification 
2.1.1. Native Elements as Minerals 
2.1.2. Silicates 
2.1.3. Oxides 
2.1.4. Sulfides and Sulfates 
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2.1.5. Phosphates 
2.1.6. Carbonates 
2.1.7. Halides 

2.2. Crystallographic, Optical, and Physical Properties of Minerals 
3. Rocks 

3.1. Rocks in Earths Crust 
3.1.1. Continental Crust 
3.1.2. Oceanic Crust 
3.1.3. Igneous Rocks 
3.1.4. Sedimentary Rocks 
3.1.5. Metamorphic Rocks 

3.2. Rocks in Earths Mantle 
3.3. Rocks in Earths Core and the Evidence from Iron Meteorites 

 
 
Using the Earth to Measure Time        99 
J. Eric Robinson, University College London, UK 

 
1. Introduction 
2. Strata and Time 
3. The Signs of Age 
4. The Refinement of Geological Time 
5. The Challenge to Evolution 
6. Physics to the Rescue 
7. Epilogue 
 
 
Earth as a Planet          110 
Antony W. Brian, University College London, UK 
 
1. Introduction 
2. Earth 

2.1. The Origin of Earth 
2.2. Earth’s Interior 
2.3. Plate Tectonics 
2.4. The Geoid 
2.5. Earth’s Atmosphere 
2.6. Earth’s Magnetic Field 

3. The Moon 
3.1. Earth’s Only Satellite 
3.2. Lunar Missions 
3.3. The Origin of the Moon 

4. Earth from Space 
 
 
The Evolution of Landscape         131 
Berthold Bauer, University of Vienna, Austria 
Christopher R.J. Kilburn, University College London, UK 
 
1. Introduction 
2. Landscape Changes in the Fluvial Cycle 

2.1. River Networks 
2.2. River Adjustments to Tectonic and Climate Change 

3. Landscape Changes in the Glacial Cycle 
3.1. The Formation of Glaciers 
3.2. Denudation by Glaciers 

4. Periglacial and Aeolian Processes 
5. Landscape, Energy, Climate, and Other Planets 
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6. Conclusion 
 
 
The Hazardous Earth          146 
Bill McGuire, University College London, UK 
 
1. Introduction 
2. The Scale of the Threat from Geological Hazards 
3. Geological Hazards 

3.1. Volcanic Hazards 
3.2. Earthquake Hazards 
3.3. Landslide Hazards 

4. The Future 
 
 
Tectonics and Geodynamics         164 
Bernhard Grasemann, University of Vienna, Vienna, Austria 
Kurt Stuwe, Karl Franzens Universitaet Graz, Graz, Austria 
 
1. Introduction 
2. The Theory of Plate Tectonics 

2.1. The Geodynamic Concept of Plate Tectonics 
2.1.1. Convergent Boundaries 
2.1.2. Divergent Boundaries 
2.1.3. Transform Boundaries 

2.2. Global Seismicity in the Concept of Plate Tectonics 
3. The Description of Geodynamic Processes 

3.1. Energetic Descriptions of Geodynamic Processes 
3.1.1. Conductive Heat Transfer 
3.1.2. Convective Heat Transfer 
3.1.3. Heat Production 

3.2. Kinematic Description of Geodynamic Processes 
3.2.1. Vertical Reference Frames 
3.2.2. Lagrangian and Eulerian Reference Frames 

3.3. Dynamic description of geodynamic processes 
3.3.1. Stress and Deformation 
3.3.2. Deformation Mechanisms 

4. Important Concepts in Geodynamics and Tectonics 
4.1. Rheology of the Lithosphere 

4.1.1. Rheology of the Continental Lithosphere 
4.1.2. Rheology of the Oceanic Lithosphere 

4.2. Gravity and Isostacy 
5. Outlook and Perspectives 

5.1. Alternative Concepts ? 
5.2. The Future of Geodynamics 

 
 
Geodynamics: Recent Advances in Quantitative Modeling of Compressional Orogens 191 
Jean Braun, Research School of Earth Sciences, The Australian National University, Australia 
 
1. Introduction 
2. 'S-point' dynamics 

2.1. Introduction 
2.2. Basic response 
2.3. A word on the numerical methods 

3. Effect of crustal rheology 
4. Effect of erosion 
5. Different types of mantle shortening 
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6. Comparison with the indenter mode of continental collision 
7. Variations around the S-point 

7.1. Variations in basal velocity distribution 
7.2. Three-dimensional plate boundaries: the effect of oblique convergence 
7.3. Application of the doubly-vergent taper to intracratonic deformation 
7.4. Application of the mantle subduction model to extensional tectonics 

8. Geological predictions 
9. Application to various orogens 

9.1. The Southern Alps of New Zealand 
9.2. The European Alps 
9.3. The Pyrennees 
9.4. The Himalayas and the Tibetan Plateau 
9.5. The Andes 
9.6. The Alice Springs Orogeny of Central Australia 

 
 

Plate Tectonics           223 
Martin Meschede, Institut fur Geologische Wissenschaften, Universitat Greifswald, Germany 
 
1. Introduction 
2. The Earths Composition 
3. Age and magnetization of the Earths crust 
4. Plates 
5. Geometric Constraints 
6. Plate Boundaries 

6.1. Divergent Plate Boundaries 
6.2. Convergent Plate Boundaries 

6.2.1. Accretion and Subduction Erosion 
6.2.2. Types of Plate Convergence 
6.2.3. Oceanic-Oceanic Convergence 
6.2.4. Continental-Oceanic Convergence 
6.2.5. Continental-Continental Convergence 

6.3. Conservative Plate Boundaries 
6.4. Triple Junctions 

7. Hot Spots 
 
 
Rheology of Rocks in Natural Tectonic Processes       243 
Brian Evans, Department of Earth, Atmospheric and Planetary Sciences, MIT, USA 
 
1. Natural Deformation of Rocks 
2. The Mechanical Problem 

2.1. Physical mechanisms 
3. Constitutive Laws for Rocks 

3.1. An elastic constitutive equation 
3.2. Criteria for Brittle Failure and Frictional Sliding 

3.2.1. Brittle Fracture of Intact Rock 
3.2.2. Frictional sliding 

3.3. Creep deformation 
3.4. Solution transfer creep 

4. Predicting rock strength under natural conditions: Problems and future directions 
4.1. Deformation mechanism maps and strength profiles 
4.2. Spatial scaling 
 
 

Geochronology           262 
Igor Maria Villa, Institute of Geology 3012Bern, University of Bern, Switzerland and Dipartimento di 
Scienze Geologiche e Geotecnologie, Università di Milano Bicocca, Milano, Italy 
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1. The age equations 
2. Isotope ratios and isochrons 
3. Dating metamorphic rocks 
4. Summary of dating methods 

4.1. Rb-Sr 
4.2. Sm-Nd 
4.3. Lu-Hf 
4.4. La-Ce(-Ba) 
4.5. Re-Os 
4.6. K-Ar(-Ca) 
4.7. U-Pb and Th-Pb 
4.8. Other U decays: U-He and fission tracks 
4.9. U series disequilibrium method 
4.10. Radiocarbon (14C) 

 
 
Structural Geology          290 
Neil Sydney Mancktelow, Department of Earth Sciences, Swiss Federal Institute of Technology, CH-
8092 Zürich, Switzerland 
 
1. Introduction 
2. Stress and Strain 

2.1. Stress 
2.2. Measurement of Stress 
2.3. Strain 
2.4. Measurement of Strain 

3. Geometry 
3.1. Common Deformation Structures 
3.2. Influence of Initial Irregularities 
3.3. Polyphase Deformation 

4. Kinematics 
5. Dynamics 
6. Tectonic Modeling 

6.1. Analytical Models 
6.2. Numerical Models 
6.3. Physical Models 

7. Outlook 
 
 
Neotectonics           319 
Manfred R. Strecker, Institut für Geowissenschaften, Universität Potsdam, Germany 
George E. Hilley, Geological and Environmental Sciences, Stanford University, USA 
Peter M. Blisniuk, Institut für Geowissenschaften, Universität Potsdam, Germany 
Claus D. Reuther, Geologisch-Paläontologisches Institut, Universität Hamburg, Germany 
 
1. Neotectonics as an integral part of geosciences 
2. Remote sensing methods 
3. Structural field studies 
4. Geophysical investigations 
5. Morphotectonics and Tectonic Geomorphology 
6. Paleoseismology 
7. Archeoseismology 
8. Geodesy 
9. Numerical modeling 
10. Neotectonic movements and climate patterns 
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Igneous and Metamorphic Petrology        1 
Angelo Peccerillo, University of Perugia, Italy 
 
1. Introduction 
2. The Magmatic Process 

2.1. Chemical Composition of Magmas 
2.2. Physical Properties of Magmas 
2.3. Factors Controlling the Composition of Magmas 

2.3.1. Major Element Composition 
2.3.2. Trace Elements Composition 
2.3.3. Isotopic Composition 

2.4. Magma Genesis in the Upper Mantle 
2.5. Magma Genesis in the Continental Crust 
2.6. Magma Differentiation 

2.6.1. Fractional Crystallization 
2.6.2. Mixing and Assimilation 
2.6.3. Complex Differentiation Processes 

3. The Metamorphic Process 
3.1. Metamorphic Facies 
3.2. Types of Metamorphism 
3.3. Metamorphic Minerals and Reactions 
3.4. Ultrametamorphism and Anatexis 
3.5. Metasomatism 

4. Relationship Between Petrogenesis and Geodynamics 
5. Petrogenesis and Life 

5.1. Petrogenesis and Evolution of the Planet Earth 
5.2. Formation and Stabilization of Continents and the Effects on Global Climate 

6. Historical Perspective and Future Developments of Igneous and Metamorphic Petrology 
 
 
Occurrence, Texture, and Classification of Igneous Rocks      37 
Gezahegn Yirgu, Addis Ababa University, Ethiopia 
 
1. Introduction 
2. Mode of Occurrence of Igneous Rocks 

2.1. Lava Flows and Domes 
2.2. Pyroclastic Deposits 
2.3. Intrusive Bodies 

2.3.1. Plutons 
2.3.2. Minor Intrusions 
2.3.3. Layered Intrusions 

3. Texture of Igneous Rocks 
3.1. Crystal Nucleation and Growth 
3.2. Common Igneous Textures 

3.2.1. Crystallinity 
3.2.2. Granularity 
3.2.3. Crystal Shapes 
3.2.4. Mutual Relations of Crystals (and Amorphous Materials) 

4. Classification and Nomenclature of Igneous Rocks 
4.1. Classification Scheme for Igneous Rocks 
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4.2. Principal Factors in Classification 
4.2.1. Modal Mineralogy 
4.2.2. Grain Size 
4.2.3. Nomenclature 
4.2.4. Chemical Classification 

4.3. Classification and Nomenclature of Plutonic Rocks 
4.3.1.  Ultramafic Rocks 
4.3.2.  Charnockitic Rocks 

4.4. Classification and Nomenclature of Volcanic Rocks 
4.5. Classification and Nomenclature of Pyroclastic Rocks 
4.6. Other Igneous Rock Groups 

 
 
The Mantle and its Products         65 
Keith Bell, Carleton University, Ottawa, Ontario, Canada 
 
1. The Layered Earth 
2. Mineralogy and Chemical Composition of the Mantle 
3. Volatiles in the Mantle 
4. Melting in the Mantle 
5. Primary Melts from the Mantle 
6. Mantle Components 
7. Mantle Metasomatism 
8. Noble Gases in the Mantle 
9. Pollution of the Mantle 
 
 
Processes of Magma Evolution and Magmatic Suites      79 
Gerhard Worner, University Goettingen, Germany 
 
1. Introduction 
2. Melting in Earths Mantle 

2.1. What Causes the Melting of Rocks and Formation of Magmas? 
2.2. Partial Melting and its Effect on Major and Trace Elements 
2.3. Types of Primary Magmas 
2.4. Accumulation and Ascent of Magma 

3. Magma Chambers 
3.1. Cooling, Convection, Crystallization, and Differentiation 
3.2. Interaction with Magma Chamber Wall Rocks and Crustal Melting 
3.3. Timescales of Igneous Activity and Lifetime of Magma Chambers and Volcanoes 

4. Magma Differentiation Trends 
4.1. Magmatic Series 
4.2. Trace Element Variations During Magma Differentiation 

4.2.1. Crystallization: the Example of the Laacher See Magma Chamber 
4.2.2. Assimilation: the Example of the Central Andes 

4.3. Magma Series and Geological Setting 
5. Development of Thought and Future Avenues 
 
 
Role of Fluids in Igneous Petrogenesis        100 
Maria Luce Frezzotti, Universita di Siena, Italy 
 
1. Introduction 
2. Magmatic Fluids 

2.1. Definition of Magmatic Volatiles 
2.2. Solubility of Magmatic Volatiles in Silicate Melts 
2.3. Composition of Exsolved Fluids 

3. Remnants of Magmatic Fluids in Igneous Rocks: Melt and Fluid Inclusions in Minerals 
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4. Origin of Magmatic Fluids: Earth Degassing and Recycling 
5. Modeling Magmatic Fluids 

5.1. Fluids and Genesis of Basaltic Magma in the Mantle 
5.2. Fluids and Origin of Granitic Melts in the Crust 
5.3. Role of H2O in Fractional Crystallization Processes 

6. Influence of Magmatic Fluids on Geological Phenomena 
6.1. Explosive Volcanism 
6.2. Volcanic, Hydrothermal Systems and Geothermal Reservoirs 

 
 
Origin, Texture and Classification of Metamorphic Rocks      119 
Teklewold Ayalew, Addis Ababa University, Ethiopia 
 
1. Introduction 
2. Occurrence 

2.1. Orogenic Metamorphism 
2.2. Contact Metamorphism 
2.3. Ocean Floor Metamorphism 

3. Classification 
4. Minerals of Metamorphic Rocks 
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5.1. Facies of Very Low Grade 
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5.5. Hornblende Hornfels Facies 
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8. Kinetics 

8.1. Diffusion 
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Pressure, Temperature, Fluid Pressure Conditions of Metamorphism    138 
Marco Scambelluri, Università di Genova, Italy 
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3.1. Migmatites and Migmatitic Terrains 
3.2. Geometric Relationships with Granitic Bodies 

4. Geometry of Partial Melting: Mobility and Fate of Crustal Liquids 
4.1. Water-Saturated and Water-Deficient Melting Processes 
4.2. Mobility of Anatectic Liquids 
4.3. Liquid Compositions According to Their Protoliths 

5. Geodynamic Settings: Anatexis Under Compressional and Extensional Regimes 
5.1. Orogenic Episodes: Clockwise P–T Paths 
5.2. Within-Plate Settings: Paucity of Anatectic Processes 

6. Conclusion. What About Elsewhere? 
 
 
Behavior of Trace Elements during Magma Genesis and Evolution    186 
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