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Abstract	
  
The	
  goal	
  of	
  this	
  lab	
  is	
  to	
  teach	
  students	
  to	
  iden4fy	
  minerals	
  
by	
  their	
  physical	
  and	
  op4cal	
  proper4es.	
  	
  The	
  lab	
  manual	
  is	
  
web	
  based	
  and	
  constructed	
  around	
  the	
  textbook	
  DVD	
  by	
  
Dyar	
  and	
  Gunter	
  (2008)	
  illustrated	
  by	
  Tasa,	
  with	
  focus	
  on	
  
the	
  authors’	
  “Big	
  Ten”	
  minerals	
  (Fig.	
  1).	
  	
  Labs	
  concentrate	
  
on	
  four	
  topics:	
  	
  analy4cal	
  equipment,	
  physical	
  and	
  op4cal	
  
proper4es,	
  mineral	
  iden4fica4on,	
  and	
  special	
  projects.	
  	
  
	
  

The	
  first	
  two	
  labs	
  are	
  spent	
  introducing	
  the	
  students	
  to	
  the	
  
different	
  instruments	
  used	
  for	
  mineral	
  iden4fica4on.	
  	
  
Students	
  are	
  shown	
  the	
  XRD	
  and	
  SEM,	
  or	
  other	
  specialized	
  
equipment,	
  and	
  briefly	
  explained	
  the	
  concepts	
  driving	
  
them.	
  	
  The	
  next	
  lab	
  introduces	
  the	
  students	
  to	
  the	
  
polarizing	
  light	
  microscope	
  (PLM),	
  their	
  primary	
  tool	
  in	
  
mineral	
  iden4fica4on.	
  	
  Students	
  learn	
  the	
  parts	
  of	
  the	
  
microscope	
  and	
  their	
  purposes,	
  measure	
  the	
  field	
  of	
  view,	
  
calculate	
  total	
  magnifica4on,	
  and	
  how	
  to	
  center	
  the	
  
objec4ve	
  lenses.	
  	
  The	
  lab	
  following	
  walks	
  students	
  through	
  
a	
  series	
  of	
  exercises	
  demonstra4ng	
  the	
  op4cs	
  of	
  the	
  
microscope.	
  
	
  

The	
  next	
  round	
  of	
  labs	
  focuses	
  on	
  defining	
  and	
  learning	
  the	
  
techniques	
  to	
  iden4fy	
  the	
  physical	
  and	
  op4cal	
  proper4es	
  of	
  
minerals.	
  	
  Lab	
  exercises	
  begin	
  with	
  students	
  comparing	
  the	
  
proper4es	
  of	
  two	
  or	
  three	
  different	
  minerals	
  and	
  then	
  lead	
  
to	
  observing	
  the	
  proper4es	
  of	
  an	
  unknown	
  mineral	
  and	
  
iden4fying	
  the	
  mineral	
  using	
  the	
  DVD	
  database.	
  	
  
	
  

AXer	
  students	
  have	
  learned	
  the	
  different	
  proper4es	
  and	
  
how	
  to	
  iden4fy	
  them,	
  they	
  will	
  apply	
  them	
  to	
  different	
  
minerals.	
  	
  The	
  “Big	
  Ten”	
  minerals	
  are	
  split	
  into	
  labs	
  by	
  class	
  
(framework	
  silicates,	
  sheet	
  silicates,	
  etc.).	
  	
  Students	
  use	
  the	
  
DVD	
  database	
  and	
  lab	
  materials	
  to	
  characterize	
  the	
  
proper4es	
  themselves	
  and	
  to	
  build	
  their	
  own	
  mineral	
  lab	
  
manual,	
  which	
  they	
  can	
  use	
  in	
  petrology.	
  	
  
	
  

The	
  semester	
  ends	
  with	
  two	
  projects.	
  	
  The	
  first	
  project	
  
involves	
  building	
  a	
  spindle	
  stage	
  and	
  using	
  it	
  with	
  the	
  
EXCALIBR	
  program	
  to	
  expand	
  the	
  student’s	
  understanding	
  
of	
  op4cal	
  proper4es	
  of	
  minerals.	
  	
  The	
  second	
  project,	
  and	
  
the	
  students’	
  final,	
  is	
  a	
  collec4on	
  of	
  20	
  minerals	
  from	
  Latah	
  
County,	
  Idaho	
  iden4fied	
  by	
  the	
  students	
  using	
  the	
  
techniques	
  and	
  resources	
  learned	
  over	
  the	
  semester.	
  	
  

Conclusions	
  
•  Students	
  can	
  associate	
  both	
  physical,	
  especially	
  op4cal	
  

proper4es,	
  with	
  the	
  structure	
  and	
  composi4on	
  of	
  
minerals.	
  

	
  
•  Students	
  gain	
  experience	
  with	
  iden4fying	
  minerals	
  in	
  the	
  

lab	
  and	
  in	
  the	
  field	
  with	
  different	
  analy4cal	
  methods.	
  

•  Students	
  do	
  not	
  memorize	
  the	
  proper4es	
  of	
  a	
  few	
  
minerals,	
  but	
  learn	
  the	
  skills	
  needed	
  to	
  iden4fy	
  any	
  
mineral.	
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Analy4cal	
  Equipment	
  
Lab	
  1:	
  Tour	
  of	
  Specialized	
  Equipment	
  used	
  for	
  Mineral	
  Iden4fica4on	
  

-­‐  Samples	
  of	
  halite,	
  sylvite,	
  quartz,	
  opal,	
  and	
  feldspar	
  are	
  analyzed	
  by	
  SEM/EDS	
  and	
  powder	
  XRD.	
  
-­‐  Demonstra4on	
  of	
  why	
  minerals	
  cannot	
  always	
  be	
  iden4fied	
  by	
  either	
  structure	
  or	
  composi4on	
  
alone.	
  

Lab	
  2:	
  Introduc4on	
  to	
  the	
  Polarized	
  Light	
  Microscope	
  (PLM)	
  
-­‐  Iden4fy	
  the	
  parts	
  of	
  the	
  microscope	
  and	
  their	
  purpose.	
  
-­‐  Measure	
  field	
  of	
  view	
  and	
  total	
  magnifica4on	
  for	
  each	
  objec4ve	
  lens.	
  
-­‐  Center	
  each	
  objec4ve	
  lens.	
  

Lab	
  3:	
  Op4cs	
  of	
  the	
  Microscope	
  
-­‐  Determine	
  vibra4on	
  direc4on	
  of	
  polarizers	
  using	
  reflec4on	
  of	
  sunlight.	
  
-­‐  Use	
  polarizers	
  to	
  determine	
  vibra4on	
  of	
  light	
  interac4ng	
  with	
  the	
  PLM’s	
  polarizers,	
  muscovite,	
  
glass	
  slides,	
  and	
  calcite	
  rhombohedral.	
  

Physical	
  and	
  Op4cal	
  Proper4es	
  
Lab	
  4:	
  Physical	
  Proper4es	
  of	
  Minerals	
  

-­‐  Compare	
  /	
  Contrast	
  the	
  physical	
  proper4es	
  of	
  quartz	
  and	
  calcite.	
  
-­‐  Prac4ce	
  observing	
  physical	
  proper4es	
  of	
  minerals	
  on	
  1	
  or	
  2	
  other	
  known	
  mineral	
  hand	
  samples.	
  
-­‐  Iden4fy	
  an	
  unknown	
  mineral	
  hand	
  sample	
  by	
  its	
  physical	
  proper4es	
  using	
  the	
  DVD	
  mineral	
  
database	
  (Fig.	
  2).	
  

Lab	
  5	
  -­‐	
  6:	
  Op4cal	
  Proper4es	
  of	
  Minerals	
  
-­‐  Measure	
  the	
  refrac4ve	
  index	
  (RI)	
  or	
  fluorite	
  and	
  halite.	
  
-­‐  Prac4ce	
  observing	
  op4cal	
  proper4es	
  of	
  minerals	
  on	
  1	
  or	
  2	
  other	
  known	
  minerals	
  in	
  thin	
  sec4on	
  
and	
  in	
  grain	
  mount.	
  

-­‐  Iden4fy	
  an	
  unknown	
  mineral	
  in	
  grain	
  mount	
  or	
  thin	
  sec4on	
  using	
  its	
  op4cal	
  proper4es	
  and	
  the	
  
DVD	
  mineral	
  database.	
  

Characteriza4on	
  of	
  Minerals	
  
Lab	
  7	
  -­‐	
  11:	
  Characterize	
  Minerals	
  

-­‐  Use	
  lab	
  materials	
  and	
  DVD	
  database	
  to	
  characterize	
  the	
  minerals	
  featured	
  each	
  week.	
  
-­‐  Build	
  your	
  own	
  lab	
  manual	
  using	
  the	
  DVD	
  database’s	
  mineral	
  printouts	
  (Fig.	
  3)	
  
-­‐  Labs	
  are	
  broken	
  down	
  according	
  to	
  mineral	
  group:	
  

Ø Lab	
  7:	
  Framework	
  Silicates	
  	
  	
  	
  	
  	
   	
  	
  quartz,	
  orthoclase,	
  albite,	
  and	
  anorthite	
  
Ø Lab	
  8:	
  Sheet	
  Silicates 	
  	
  muscovite,	
  bio4te,	
  chlorite,	
  and	
  talc	
  
Ø Lab	
  9:	
  Chain	
  Silicates 	
  	
  diopside,	
  ensta4te,	
  tremolite,	
  and	
  anthophyllite	
  
Ø Lab	
  10:	
  Ortho	
  –	
  Silicates	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  olivine,	
  garnet,	
  andalusite,	
  kyanite,	
  and	
  sillimanite	
  
Ø Lab	
  11:	
  Non	
  –	
  Silicates 	
  	
  calcite,	
  fluorite,	
  pyrite,	
  magne4te	
  

Special	
  Projects	
  
Lab	
  12	
  -­‐	
  13:	
  Spindle	
  Stage	
  and	
  EXCALIBR	
  

-­‐  Build	
  a	
  spindle	
  stage	
  using	
  instruc4ons	
  from	
  Dyar	
  and	
  Gunter	
  (2008)	
  or	
  Gunter	
  et	
  al.	
  (2004).	
  
-­‐  Use	
  olivine	
  crystals	
  with	
  spindle	
  stage	
  and	
  EXCALIBR	
  program	
  to	
  locate	
  op4c	
  axes	
  of	
  crystal.	
  

Lab	
  14	
  -­‐	
  15:	
  Mineral	
  Collec4on	
  (Final	
  Project)	
  
-­‐  Put	
  together	
  collec4on	
  of	
  20	
  minerals	
  from	
  Latah	
  county	
  (Fig.	
  4),	
  using	
  a	
  guide	
  to	
  the	
  county’s	
  
minerals	
  (Rossenbach	
  1994).	
  

-­‐  Iden4fy	
  minerals	
  using	
  techniques	
  and	
  equipment	
  learned	
  throughout	
  the	
  semester.	
  

Figure	
  2:	
  Search	
  page	
  on	
  the	
  DVD	
  
mineral	
  database	
  and	
  the	
  resulting	
  
minerals	
  (Dyar	
  and	
  Gunter	
  2008).	
  

Figure	
  1:	
  The	
  10	
  most	
  common	
  
minerals	
  in	
  the	
  Earth’s	
  crust	
  (Dyar	
  
and	
  Gunter	
  2008).	
   Figure	
  4:	
  Poster	
  of	
  a	
  student’s	
  mineral	
  collection.	
  

Lab	
  Exercises	
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quartz 75.1.3.1

mineral group

mineral subgroup

date named

name derivation Derived from the German, quarz, or from Old English, querklufterz, meaning cross-vein ore.

transparent
Harvard ID # 117648
Locality: Hot Springs, Garland Co., Arkansas, U.S.A.
Horizontal Dimension: 8 cm

Dana class Si tetrahedral framework silicate

diagnostic
properties

conchoidal fracture; colorless to purple, pink, and other colors

color colorless, white, purple, yellow, brown, pink, blue

luster vitreous, pearly, waxy, dull

streak white

Mohs hardness 7 specific gravity 2.65

cleavage seldom distinct

fracture &
tenacity

conchoidal, brittle, tough when massive

habits prismatic hexagonal crystals with horizontally striated faces, commonly terminated by 
rhombohedrons; sometimes appears drusy, as a geode, gwindle; usually anhedral, equant 
grains; twinning common

special
properties

transparent to nearly opaque; piezoelectric and pyroelectric; may be triboluminescent; may 
show chatoyancy

reaction
with acid

soluble in hydrofluoric acid and in molten sodium carbonate
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quartz 75.1.3.1

PPL XPL

crystal class crystal systemtrigonal trapezohedral hexagonal
birefringence reflectance0.009

a Axis space group4.9135
b Axis 2V

c Axis optic type5.4050 uniaxial
alpha optic sign90 +

beta alpha epsilon90 1.553
gamma beta omega120 1.544

Z gamma3

optical comment
Quartz is distinctive in that it has low relief, low birefringence, and no cleavage.  It can be distinguished from the 
feldspars and cordierite because it is uniaxial.  It can be distinguished from beryl because it is optically positive 
and has lower refractive indicies.

occurrence
Extremely common; found in many types of igneous, sedimentary, and metamorphic rocks.  Especially in 
hydrothermal veins, in granites and pegmatites, in sandstones and quartzites, and in carbonates.  May occur 
with calcite, fluorite, feldspars, epidote, chlorite, micas, zeolites, and many other mineral species.

selected localities
Tamminen quarry, Greenwood, Maine; Middleville, Herkimer, Little Falls, Fonda, Herkimer Co., Ellenville, Lake 
George, Diamond Point, Diamond Isle, Warren Co., New York; Alexander and Lincoln Cos., North Carolina; 
Mount Ida to Hot Springs, Ouachita Mountains, Garland Co., Saline and Montgomery Cos., Arkansas; Mount 
Antero and  Mount White, Chaffee Co., Pikes Peak area, El Paso Co., Ouray Co., Colorado; El Capitan 
Mountains, Lincoln Co., New Mexico; White Queen, Elizabeth R., and Tourmaline Queen mines, Pala district, 
Little Three mine, Ramona, and Himalaya dike system, Mesa Grande, San Diego Co., Clear Lake region, Lake 
Co., California; Crystal Park area, Beaverhead Co., Little Pipestone Creek, Jefferson Co., Montana; U.S.A. 
 Thunder Bay, Lake Superior, Ontario; Canada.  Northeast Chihuahua, north of Chihuahua City, Mexico. 
 Frizington, Cleator Moor, Alston Moor, Cumberland, England.  Val Guif; Tiefengletscher, Graubunden, 
Switzerland.  Carrara, Tuscany, Italy.  Bourg d'Oisans, Isere, France.  Mursinka, Ural Mountains, Russia. 
 Sakangyi, Katha district, Myanmar (Burma).  Otomezaka, Kai, Yamanashi Prefecture, Japan. 
 Tamboholehehibe, Madagascar.  South Africa.  Rio Grande do Sul and Taquaral, Itinga, Minas Gerais, Goias, 
Bahia, Brazil.  Artigas, Uraguay.

Figure	
  3:	
  Two-­‐	
  page	
  printout	
  of	
  mineral	
  summary	
  from	
  
the	
  DVD	
  database	
  (Dyar	
  and	
  Gunter	
  2008).	
  


