                                                       Ge 114

Lab Exercise 7

      SiO2 Polymorphs: The Effect of Temperature and Pressure on Crystal Structure and Morphology
Reference: Handout from Zoltai and Stout, 1984.

Items to be written and handed in are in bold type.

Students are encouraged to work in small groups.

Goals:
To learn about the changes in crystal structure and physical properties of the polymorphs of SiO2 as a function of pressure and temperature, and to discover general rules about the effects of P and T on mineral structures.

I. The P-T diagram for SiO2
A handout with a P-T diagram of the polymorphs of SiO2 (-quartz, -quartz, cristobalite, tridymite, coesite, and stishovite) is available in the lab.  The diagram also contains information about the density, crystal system, and size of SiO4 rings in each structure.  See if you can find the two types of SiO4 rings in the structure of quartz or -quartz.  In what geological environment (rock type) is each polymorph found? (You might want to come back to this question after doing the other exercises).

II. - and - quartz 

1. Find the spirals of SiO4 groups in the ball and stick models of -quartz and -quartz.  The silver balls represent Si, and O’s are represented by the red balls.  Using the spirals, determine if each model is left-handed (counterclockwise spiral down) or right-handed (clockwise spiral down).

2. Examine the crystals labelled 5-12 and 5-13.  Determine, if possible, whether the crystals are right- or left-handed.  Note the basis for your determination in each case, or else explain why the handedness cannot be ascertained.  See Figure II.6 in Zoltai and Stout for help.  Did these crystals grow originally as -quartz or as -quartz?  Prove your answer by comparing the morphology of crystals 5-12 and 5-13 to the crystals in vial 8563, that originally grew as -quartz.  

3. Measure and record the Si-O-Si angle in the -quartz and -quartz models using a contact goniometer (in the real world we would use X-ray diffraction).  Which model has the larger Si-O-Si angle?  Which model has the more symmetric structure (hint-look at the shape of the rings of SiO4 tetrahedra)?  Discuss your findings in terms of the densities of the two polymorphs and their range of stability in P and T. 
III. Tridymite and Cristobalite

1. Beautiful hand specimens of tridymite (5-15) and cristobalite (5-14) are provided in the lab.  The silica minerals are in small cavities ("vugs") in these volcanic rock specimens.  Examine these minerals under the binocular microscope.  Make a sketch of the morphology of these crystals. Electron microscope photographs are provided which should help you to identify these two polymorphs.  Explain the form of these crystals using the crystal structure models of tridymite and cristobalite.

IV. Coesite

1. Examine the geotherm drawn on the P-T diagram.  What are the minimum P and T at which coesite forms?  What depth does this P correspond to? (1 GPa = 10 kbar).

What geological process(es) can you think of that would enable a crustal mineral like SiO2 to be found at such depths in the Earth?  

2. A picture of a thin section containing coesite is available in the lab.  An inclusion of coesite surrounded by -quartz is inside a garnet that has radial fractures surrounding the inclusion.  Explain the textures and relationships between the minerals observed in the thin section, based on the fact that the original high-P rock had to return to the Earth’s surface (low T, P) so that someone could take a picture of it!

3. Looking at the coesite crystal structure model, draw a simple sketch of the 4-fold SiO4 rings that form chains in the structure.  In what other type of mineral have you seen such a structural element?  Think beyond SiO2 polymorphs.  

V. Stishovite

1. Calculate the density of stishovite from the unit cell parameters (found in the Zoltai and Stout handout in units of nm) and the number of chemical formula units per unit cell (Z).  Compare the density of stishovite to the densities of the other SiO2 polymorphs.  What structural feature in stishovite is different from the other polymorphs?
2. Think about the relative densities of all of the SiO2 polymorphs as a function of P and T stability fields and crystal structure.  Write at least four general rules about the effect of P and T on crystal structure and density. 
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