Deciphering Mineral Structure Diagrams
Carol Ormand and Barb Dutrow

Introduction:
Mineral structures can be represented using several different types of diagrams, including ball-and-stick, space filling, and polyhedral. Each of these visual representations encodes spatial information, showing the 3-D relationships of ions and bonding within the mineral. Mineral structures can be viewed from multiple angles to obtain more information in addition to using different types of representations. It is important to be able to “read” these various diagrams and to understand the equivalency amongst different representations.

Purpose:
In this exercise, you will practice comparing different diagrams to gain familiarity with (1) the same mineral structure shown from multiple points of view and (2) the same mineral structure shown in different types of diagrams. By the end of this exercise, you should be able to understand equivalency among diagrams and different views of the same structure.

Part 1: Same or different? For each pair of images below, decide whether the two mineral structures are the same (that is, they have the same arrangement of atoms, same coordination number, and are bonded in the same ways) or are different. Keep in mind that the two structures may not be viewed from the same perspective. 

One strategy for determining whether the mineral structures are the same is to choose some portion of the mineral structure in one diagram and determine if the same portion occurs in the other mineral structure diagram. For example, if you see one atom bonded to three other atoms, with the bonds mutually perpendicular to each other, can you see that in both structures? If so, look to see whether the two structures continue to correspond to each other. Be sure to compare atoms from comparable locations (i.e. center, edge, or corner) in the two diagrams.

Example:
[image: Macintosh HD:Users:cormand:Desktop:minerals:halite1.tiff]      [image: Macintosh HD:Users:cormand:Desktop:minerals:MgO4.tiff]
These two mineral structures are the same (they represent two different perspectives of the same structure). The yellow atoms in the two structures are equivalent to each other, and the green atoms in the model on the left correspond to the red atoms in the model on the right. It is possible to map each atom (and each bond) from one diagram to the equivalent atom (or bond) in the other diagram. For example, the central green/red atom has six bonds (sticks) to yellow atoms in each image. Therefore its coordination number is six.

For each pair of images below, identify the type of diagram (e.g. ball & stick, polyhedral or space filling). Indicate whether the diagrams show the same structure or different structures by circling the correct answer. If different, use arrows to indicate the location of at least one difference on each diagram. 

1. Diagram type:
Same or different? If different, show where by marking the diagrams.
[image: Macintosh HD:Users:cormand:Desktop:minerals:nanto1.tiff]     [image: Macintosh HD:Users:cormand:Desktop:minerals:fluorite1.tiff]

2. Diagram type:
Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:cassiterite:cass4.tiff]     [image: Macintosh HD:Users:cormand:Desktop:minerals:cass5.tiff]

3. Diagram type:
Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:galena:galena6.tiff]     [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:periclase:MgO6.tiff]

4. Diagram type:
 Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:gypsum:gypsum1.tiff]     [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:gypsum:gypsum2.tiff]

5. Diagram type:
Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:tremolite.tif]     [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:diopside:diopside3.tif]
6. Diagram type:
Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:diopside:diopside.tiff]     [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:diopside:diopside2.tiff]

7. Diagram type:
Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:halite:halite3.tiff]     [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:sylvite:sylvite1.tiff]



(Continue to next page)
[bookmark: _GoBack]


8. Diagram type:
Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:cuprite2.tiff]     [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:qtz.tiff]

9. Diagram type:
Same or different? If different, show where.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:diopside:diopside2.tiff]     [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:lepidolite.tiff]



(Continue to next page)



Part 2: Matching. For the images below, match each ball-and-stick model to a space-filling model that shows the same structure.  Draw a line between corresponding diagrams.


[image: Macintosh HD:Users:cormand:Desktop:minerals:cass4.tiff]
[image: Macintosh HD:Users:cormand:Desktop:minerals:fluorite5.tiff]
[image: Macintosh HD:Users:cormand:Desktop:minerals:halite1.tiff]
[image: Macintosh HD:Users:cormand:Desktop:minerals:nanto5.tiff]
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:galena:galena6.tiff]
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:nantokite:nanto6.tiff]
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:fluorite:fluorite7.tiff]
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:cassiterite:cass8.tiff]



Part 3: More matching. For the images below, match each ball-and-stick model to a polyhedral model that shows the same structure by drawing a line between the two.
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:lepidolite.tiff]     
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:tremolite2.tiff]       
[image: Macintosh HD:Users:cormand:Desktop:diopside.tiff]
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:olivine2.tiff]
     
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:olivine1.tiff]          
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:lepidolite2.tiff]
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:Representations of minerals:tremolite1.tiff]
[image: Macintosh HD:Users:cormand:Desktop:diopside2.tiff]


Extra Credit: Identify the class of silicate mineral shown in each diagram. The four minerals shown are a single chain silicate, a double chain silicate, a sheet silicate, and a tectosilicate. 
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