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Introduction

· What is a mineral?

A mineral is a (i) naturally occurring, (ii) inorganic solid, that has (iii) a specific chemical composition, and (iv) a definite internal structure. 

Note the difference in this definition from that in your textbook!

(Mineraloids

(Amorphous compounds

(Metamictization

(Synthetic Minerals

· Mineral Science (Subdisciplines):

· Crystallography

· Crystal Chemistry

· Descriptive Mineralogy/ Optical Mineralogy ((Systematic mineralogy)

· Mineral Physics

· Gemmology

· Industrial Mineralogy/ Economic Ore Deposits

· Paragenesis ( Petrology/ Experimental Petrology/ Economic Mineral Deposits

· Importance and applications:

· Economic Geology

· Environmental Geology

· Petrology

· Geochemistry

· Internal Structure of the Earth/ Geophysics

· Planetary Science and Cosmochemistry

· Material Science 

· Instruments used for Studying (& Identifying!!!) Minerals

1- Polarizing Microscope: For transparent/ translucent minerals

2- Reflected Light Microscope: for opaque minerals

3- X-ray diffractometer (XRD): for identifying very fine –grained minerals and their internal structures.
4- Spectroscope and spectrograph: This cheap instrument is useful for identifying most of the elements in a mineral in powdered form. The spectrograph is a spectroscope with a camera attached to it.
5- Scanning electron microscope (SEM): for examining mineral shapes and surface morphology. Also capable of identifying the elemental composition of a mineral if it is equipped with an energy dispersive spectrometer (EDS).
6- Electron probe microanalyzer (EPMA): for determining the concentrations of each element in a given mineral. Note that most SEM’s equipped with an EDS can also determine elemental concentrations of the major (and some minor) elements (concentrations > 0.1% by weight) if properly calibrated.
7- Transmission electron microscope (TEM): for structural analysis of very fine particles; intergrowths, exsolution lamellae, polytype stacking and defect structures.

8- Secondary ion mass spectrometer (SIMS) and Sensitive high resolution ion microprobe (SHRIMP): trace element content of minerals; age dating.

9- Cathodoluminescence microscope (CL): useful for “seeing” variations in the chemical composition of minerals. Relatively cheap and easy to operate.

10- Differential Thermal Analyzer (DTA): for identification of hydrous phyllosilicates (especially clay minerals); cheap; easy to operate.

11- Mossbauer spectroscope (MS): site occupancies in minerals (especially for Fe), oxidation states of transition elements in minerals.

12- Nuclear Magnetic Resonance (NMR): structure of amorphous and poorly crystalline materials, fine-grained crystals, reaction mechanisms, order – disorder.

13- Auger electron spectroscope (AES) and X-ray photoelectron spectroscopy (XPS): analyzing the top several monolayers of the mineral; reactions at the surface, weathering, environmental studies.

· History of Mineralogy/ Mineral Science

1- Steno’s rule: 16th century

2- Hauy’s rational indeces (1801)

3- Wollaston: reflecting goniometer (1809)

4- Cordier: immersion methods (1815)

5- Nicol (1828): polarizer

6- Von Laue (1912): diffraction of X-rays by crystals

7- Bragg (1914): earliest structures

8- Pauling’s principles and rules regarding chemical bonding (1950’s).

9- Electron microprobe & Castaing’s contribution (1960’s)

10- TEM (1970’s)

11- New directions: (a) synthetic mineralogy; (b) zeolites; (c) crystal structures/ defects; (d) mineral physics

· Nomenclature of Minerals

There are over 3500 mineral species that have been identified to date. Identification of a new mineral is a very rigorous process, and requires careful structural refinement, and chemical identification. Once this is done, the scientist reporting this discovery submits a manuscript that is evaluated by and approved by the Commission on new minerals and mineral names.
1. Composition: e.g Calcite

2. One of its properties: e.g. Olivine, Magnetite

3. Locality: e.g. Muscovite

4. Honoring a professor: e.g. Deerite, Hauyne.

