
 

GY 302: Crystallography & 
Mineralogy 

 

UNIVERSITY OF SOUTH ALABAMA 

 
Lecture 5: Space Groups, Crystal 

Growth and Twinning 

Instructor: Dr. Douglas Haywick 



Last Time 

1. Stereo Projections and the Wulff Net 
2. Stereo projections of the Point Groups   

 



Stereo projections 

Envision the cube 
suspended in a sphere 



Stereo projections 

Now pass a line that is 
perpendicular  to each 
crystal face (poles) 
outward to intersect the 
sphere 
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Stereo projections 

Now envision the 
equatorial cross section 
of the spherical 
projection. 
 
There are 2 possible 
stereonet configurations: 
 
1) Wulff Net (equal angles) 
2) Smith Net (equal area) 

Projection:Equal Angle
Radius:3.50 inches
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Stereo projections 

Now envision the 
equatorial cross section 
of the spherical 
projection. 
 
There are 2 possible 
stereonet configurations: 
 
1) Wulff Net (equal angles) 
2) Smith Net (equal area) 

Projection:Equal Area
Radius:3.50 inches
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Stereonet comparisons 

Projection:Equal Angle
Radius:3.50 inches
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Projection:Equal Area
Radius:3.50 inches
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Stereonets courtesy of D. Allison 

Preferred for 
crystallography 



Stereo projections 

010 

001 

100 

100 
010 and 001  Faces 

010 010 



Stereo projections 

001 
111/111 

111/111 111/111 

111/111 

The stereonet allows for 
precise measurements of 
angular relationships 
between crystal faces 



Stereo projections 

001 

All faces are 90° apart 
from one another… 

-45° 

45° 

90° 0° 



Stereo projections 

001 

All faces are 90° apart 
from one another… 90° 

90° 90° 



Stereo projections 

010 

001 

…and rotated 45° from 
the faces of a cubic form 

45° 

45° 

Chalk Board 



The Point Groups 
•Orthorhombic Point Groups;  2-fold rotational axes or 
2 fold-rotational axes and mirror planes 



The Point Groups 

•Tetragonal Point 
Groups; a single 
4-fold rotational 
axis or a 4 fold-
rotoinversion axis 



Today’s Agenda 

1. Space Groups (230!) 
2. Controls on crystal growth 

3. Twins and twinning  
 



Space Groups 
This is yet another means of addressing elements of symmetry in 

crystals. 
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Space Groups 
This is yet another means of addressing elements of symmetry in 

crystals. 
 

1. Bravais Lattices: simple translational symmetry in 3-
dimensions (14) 

2. Point Groups: combination of reflectional, rotational and 
inversion symmetry in 3-dimension (32)  

3. Space groups: essentially a combination of Bravais Lattices 
and Point Groups (point symmetry+ translational symmetry; 
73+157 = 230) 
 

 



Space Groups 
How it works: 
• Groups of atoms or ions within a crystalline substance (e.g., 

CO3
2- in calcite) at the nodes in a Bravais Lattice possess 

the symmetry of one of the 32 point groups.  



Space Groups 
How it works: 
• Groups of atoms or ions within a crystalline substance (e.g., 

CO3
2- in calcite) at the nodes in a Bravais Lattice possess 

the symmetry of one of the 32 point groups.  
• Translational operations required to reproduce the lattice in 

3 dimensions then repeat the atomic/ionic groups 
throughout 3-dimensional space (and the point group 
symmetry it possessed). This generates 73 space groups 



Space Groups 
How it works: 
• Groups of atoms or ions within a crystalline substance (e.g., 

CO3
2- in calcite) at the nodes in a Bravais Lattice possess 

the symmetry of one of the 32 point groups.  
• Translational operations required to reproduce the lattice in 

3 dimensions then repeat the atomic/ionic groups 
throughout 3-dimensional space (and the point group 
symmetry it possessed). 

• Point group symmetry must be consistent with the 
symmetry of the Bravais Lattice (isometric point groups for 
isometric lattices) 



Space Groups 
But there are two other combination symmetry operations that 

must be considered: 
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Space Groups 
But there are two other combination symmetry operations that 

must be considered: 
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Space Groups 
But there are two other combination symmetry operations that 

must be considered: 
 
Glides: a combination of translation and reflection 

Pyroxene structure 

a 

Step 1: translation 
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Space Groups 
But there are two other combination symmetry operations that 

must be considered: 
 
Glides: a combination of translation and reflection 

Pyroxene structure 

Step 1: translation 
a 



Space Groups 
But there are two other combination symmetry operations that 

must be considered: 
 
Glides: a combination of translation and reflection 

Pyroxene structure 

Step 2: reflection in 
the glide plane  



Space Groups 
But there are two other combination symmetry operations that 

must be considered: 
 
Glides: a combination of translation and reflection 

Pyroxene structure 

Etc., etc., etc….. 



The Point Groups 
But there are two other combination symmetry operations that 

must be considered: 

Screw Axes: a combination 
of translation and rotation 
 
Possible combinations: 
2-fold, 3-fold, 4-fold 6-fold 

a 

An example of a 4 fold screw axis 



The Point Groups 
But there are two other combination symmetry operations that 

must be considered: 

Screw Axes: a combination 
of translation and rotation 
 
Possible combinations: 
2-fold, 3-fold, 4-fold 6-fold 

4-fold screw axis (4 translations of  
distance “a” in 360° of rotation) 

a 
1 

2 

3 

4 



Space Groups 
The combination of reflection, 
rotation, inversion, glide and 
screw axes with Bravais 
Lattices leads to an additional 
157 space groups (total 230). 
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Space Groups 

32 point groups 

The combination of reflection, 
rotation, inversion, glide and 
screw axes with Bravais 
Lattices leads to an additional 
157 space groups (total 230). 
 



Space Groups 

230 space groups 

The combination of reflection, 
rotation, inversion, glide and 
screw axes with Bravais 
Lattices leads to an additional 
157 space groups (total 230). 
 



Crystal Growth 



Crystal Growth 
In order to grow crystals from a fluid (e.g., magma or water), 
you need to consider 2 processes: 
 

1) Nucleation 
2) Transport  



Crystal Growth 
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“embryos”) in a fluid (e.g., magma, water etc.) 
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fluid (i.e., the mineral must be more stable than the fluid) 
 
  



Crystal Growth 
Nucleation: The initiation of crystal growth (e.g., crystal 
“embryos”) in a fluid (e.g., magma, water etc.) 
 
 In order for nucleation to occur, the “energy” of the mineral 
must be lower than the energy of the unbonded ions/atoms in the 
fluid (i.e., the mineral must be more stable than the fluid) 
 
The “energy” of nucleation can be expressed through 

Gibbs Free Energy of Formation (ΔGf)   



Crystal Growth 
Determining the Gibbs Free Energy of Formation for a crystal 
needs to consider both the volume and surface of the 
precipitating crystal 
 

 



Crystal Growth 
Determining the Gibbs Free Energy of Formation for a crystal 
needs to consider both the volume and surface of the 
precipitating crystal 
 
1) Volume energy. Consider a crystal of volume v. 

ΔGv = [ΔGf(crystal)-ΔGf(fluid)]v 
 

If  ΔGv is < 0, the crystal is at a lower energy and is “stable”. It 
can precipitate under these conditions. 

 
 



Crystal Growth 
Determining the Gibbs Free Energy of Formation for a crystal 
needs to consider both the volume and surface of the 
precipitating crystal 
 
2) Surface energy.  

ΔGs = γa  
Where γ is the surface energy per unit area and a is the unit area 
of the crystal. 

 
 



Crystal Growth 
Gibbs Free Energy of Formation  

ΔGf(crystal) = ΔGv + ΔGs 
 

Consider a spherical crystal (the book we used in the past 
considered a cubic crystal) of radius r: 
 

ΔGf(crystal) = ΔGv4r3 + ΔGs4r2 

                                                

 
3 



Crystal Growth 

rc 

This diagram illustrates 
ΔGf for a spherical crystal 
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Crystal Growth 

rc 

rc is the critical growth 
radius. Crystals larger 
than this grow 
spontaneously 

en
er

gy
 

Crystal radius 



Crystal Growth 

rc 

But to get there, embryo 
crystals must overcome 
the “nucleation energy” 
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Crystal radius 

nucleation energy 



Crystal Growth 

rc 

So to form crystals, you 
must overcome the 
nucleation energy 
“barrier” (or add nuclei) 
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Crystal radius 



Crystal Growth 
Note: Latent heat of removal is not the same everywhere on the 
surface of a crystal. 
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Why? The volume of fluid per unit growth volume is highest at 
the corners (more rapid heat dispersion and higher availability of 
ions needed for crystal growth; AKA diffusion). 
 
The Result: 



Crystal Growth 
Note: Latent heat of removal is not the same everywhere on the 
surface of a crystal. 
 
It tends to be most effectively dissipated from corners than edges 
or sides (which are the worst energy dissipaters of all). 
 
Why? The volume of fluid per unit growth volume is highest at 
the corners (more rapid heat dispersion and higher availability of 
ions needed for crystal growth; AKA diffusion). 
 
The Result: Higher growth rate of crystals in corners and edges 
than at sides 
 



Crystal Growth 
Under conditions of slow growth (most situations), neither heat 
dissipation nor diffusion are significant controls on crystal 
development (e.g., habit), but when growth rates are rapid…. 
 



Crystal Growth 
Under conditions of slow growth (most situations), neither heat 
dissipation nor diffusion are significant controls on crystal 
development (e.g., habit), but when growth rates are rapid…. 
….. You can get misshapen crystals (hopper crystals)  
 

http://www.mineralatlas.com/mineral%20photos/H/halitems3.jpg 

Halite 



Crystal Growth 
Under conditions of slow growth (most situations), neither heat 
dissipation nor diffusion are significant controls on crystal 
development (e.g., habit), but when growth rates are rapid…. 
….. You can get misshapen crystals (hopper crystals)  
 

http://www.gc.maricopa.edu/earthsci/imagearchive/BismuthHopper222.jpg 

Bismuth 
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Twins and Twinning 
Twinning: The symmetrical intergrowth of two or more crystals 
of the same substance; usually caused by stress or changes in 
growing conditions (e.g., pressure, temperatures) 
 

http://www.johnbetts-fineminerals.com/jhbnyc/gifs/36246.jpg 
http://webmineral.com/specimens/Staurolite.jpg http://www.rockhoundingar.com/quartz/twins.html 

Staurolite Quartz Calcite 



Twins and Twinning 
Twinning: The symmetrical intergrowth of two or more crystals 
of the same substance; usually caused by stress or changes in 
growing conditions (e.g., pressure, temperatures) 
 
Three symmetry elements are involved: 
 1) reflection across a mirror plane (twin plane) 
 2) rotation about a common axis (twin axis) 
 3) inversion about a common point (twin center)  

Generation of a twin along a mirror plane 



Twins and Twinning 
In many instances, recognition of a twin provides diagnostic 
information about the mineral (especially minerals with repeated 
twins like the plagioclase feldspars).  
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Twins and Twinning 
In many instances, recognition of a twin provides diagnostic 
information about the mineral (especially minerals with repeated 
twins) 
 
Twins follow specific laws (twin laws*) and add elements of 
symmetry above that provided by the normal symmetry 
operations of the crystal (i.e., the point group) 

*there are many twin laws that involve twin planes, twin axes, or twin centers. By 
convention, they are expressed as either form symbols to define twin planes (i.e., 
{hkl}) or zone symbols to define the direction of twin axes (i.e., [hkl])   



Twins and Twinning 
There are two basic styles of twins 
 
1) Contact Twins: where a twin plane acts as a compositional 
surface separating 2 individual crystals 
 
 
 

Orthoclase with {021} as the twin plane 



Twins and Twinning 
There are two basic styles of twins 
 
1) Contact Twins: where a twin plane acts as a compositional 
surface separating 2 individual crystals. Contact twins can also 
occur as repeated or multiple twins. 
 
 
 

Plagioclase with {010} as the twin plane 



Twins and Twinning 
There are two basic styles of twins 
 
1) Penetration Twins: where an irregular surface generated by a 
twin axis or a twin center separates two individual crystals  
 
 
 

Orthoclase with [001] as the twin axis 



Twin Laws 
There are many twin laws that are specific to certain crystal 
systems (e.g., the Albite Law and the Pericline Law in the 
triclinic system). For details see, today’s suplimentary lecture 
materials on the course website. 
 
 
 
 



GY 302: Crystallography and 
Mineralogy 

Lecture 5: Space Groups, Crystal Growth and 
Twinning 

  
Instructor: Dr. Doug Haywick 

dhaywick@southalabama.edu 
 

This is a free open access lecture, but not for commercial  purposes.  
For personal use only.  
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