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EARTH-300: EARTH AND PLANETARY MINERALS 
 
Professor:  Dr. Steve Jacobsen, Department of Earth and Planetary Sciences 
   Northwestern University 
   http://sites.northwestern.edu/jacobsen 
 
Textbook:   Minerals: Their Constitution and Origin, 2nd Edition, Wenk and Bulakh 
 
Course description: The Earth and planets are composed of minerals, rocks, melts, and fluids. 
The study of Earth materials is fundamental to Earth and environmental sciences and deals with 
formation, stability, environments, and properties of materials that control large-scale processes 
from weathering to earthquakes. The physical properties of Earth materials are largely controlled 
by bonding and crystal structure. This course begins with an atomistic approach to understanding 
mineral properties, but also extends physical properties and mineral stability to the larger 
geological and planetary scales. The properties of minerals also dictate how we use them for 
societal applications, ranging from raw materials to chemical filters and energy sources and 
storage materials. Mineralogy is the application of physics, chemistry, and biology to natural 
materials, and this course emphasizes the interdisciplinary nature of mineralogy. Students will 
gain skills in learning to identify the major rock-forming minerals in hand-specimen and in the 
optical microscope. Students will apply analytical techniques including X-ray diffraction and 
optical spectroscopy to quantitative analysis of minerals.  
 
Learning objectives and skills: Students will become proficient with optical microscopes, learn 
to identify about 40 of the most important rock-forming minerals in hand specimen and under the 
optical microscope, use computer software to visualize crystal structures, and use a Raman 
spectrometer and X-ray diffractometer in the Mineral Physics Laboratory during hands-on 
laboratory exercises. 
 
Lecture topics [laboratory modules in brackets]: 
Week 1: Introduction to mineral science [physical properties lab, native elements] 
Week 2: Elements, bonding, and crystal systems [packing lab, oxides] 
Week 3: Symmetry, Pauling’s rules, crystal structure [symmetry, halides, carbonates, phosphates] 
Week 4: Crystal structure and X-ray diffraction [sulfates and sulfides] 
Week 5: Crystal structure and physical properties: tensor properties of crystals [Midterm in lab] 
Week 6: Mineralogy of the crust: framework silicates (and optical mineralogy) [quartz&feldspar] 
Week 7: Mineralogy of the crust: sheet and chain silicates [micas, pyroxenes, and amphiboles] 
Week 8: Mineralogy of the Earth’s interior [Mineral physics lab tour, Raman spectroscopy] 
Week 9: Introduction to petrology [orthosilicates, and classification of igneous rocks] 
Weeks 10&11: Review and final exam 
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