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My email is

patmt@swbell.net

Feel free to ask questions 

about any of the topics.
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 IN THE EVENT PARAMETERS IT STATES THAT INFORMATION IN ANY FORM AND 
FROM ANY SOURCE MAY BE ATTACHED USING AVAILABLE RINGS AND IS 
PERMITTED.  HOWEVER, AS EVENT SUPERVISOR, I  AM NOT PERMITTING OLD 
TESTS, QUIZZES OR SAMPLE QUESTIONS FROM ANYWHERE.  BINDERS WILL BE 
SEARCHED AND THESE WILL BE REMOVED .

 ALSO NOTE  SINCE THIS TEST INVOLVES MOVING FROM STATION TO STATION 
NO MATERIAL MAY BE REMOVED FROM THE BINDER THROUGHOUT THE 
TESTING PERIOD. THIS WILL RESULT IN DISQUALIFICATION.

CELL PHONES MUST BE TURNED OFF AND PLACED IN THE DESIGNATED AREA.



NOTE:  THE REPRESENTATIVE TOPICS 

MATERIAL HAS BEEN AGAIN BEEN 

GREATLY EXPANDED FROM THE LAST 

TIME.  



MINERALS 
A mineral is a naturally occurring, solid

crystalline substance (atoms arranged in 
repeating 3D pattern), generally inorganic,
with a specific chemical composition

Minerals are the building blocks of rocks



HOW MINERALS FORM

➢crystallization of magma by pressure and temperature  

changes when magma cools

➢percolating ground water (the water evaporates) as in 

caves

➢water evaporating from hydrothermal solutions  as in hot 

springs on land or in the deep sea where plates are 

spreading or volcanoes are active

➢Chemical weathering caused by  slightly acidic rain water 

reacting with mineral grains to rocks to form new minerals 



IDENTIFICATION OF MINERALS

Physical properties

Determining chemical composition in a lab  (need to 
know chemical composition—no lab involved)

Crystal structure (X-ray diffraction) If crystal structure 
is to be determined, specimens used will clearly 
show the structure.



PHYSICAL PROPERTIES



HARDNESS—resistance to being scratched



Cleavage—breaking in certain crystal planes



Cleavage in calcite

Halite



Fracture----broken in direction other than 
cleavage planes    

Conchoidal—shell-like



MORE PHYSICAL PROPERTIES
Luster (metallic, vitreous (glassy), adamantine (diamond-

like), resinous, earthy, dull etc.) [nonmetallic luster will NOT 
be accepted]

Streak---color of powdered mineral (need streak plate)

Specific gravity (density compared to water—no unit)

Heft---how “heavy” if feels in your hand

➢ Diaphaneity—quality of transparency

➢ Tenacity – mineral’s behavior when deformed or broken



AND STILL MORE PROPERTIES

REACTION WITH ACID

FLUORESCENCE– glowing when exposed to 
ultraviolet light

MAGNETISM

SMELL/TASTE

DOUBLE REFRACTION

PIEZOELECTRICITY– electrical properties when 
under pressure

RADIOACTIVITY



THESE  MINERAL HABITATS MAY NEED EXPLANATION
NOTE:  THESE ARE NOT THE ONLY HABITATS

• bytroidal---“grape clusters”

• druzy---”tiny sparkling crystals”

• dendritic---”branching”

• geodic---”rounded/oblate masses on

inside of  cavity”

• pisolitic---”small spherical particles”

• hopper---”funnel shaped”



MINERAL GROUPS BY COMPOSITION

SILICATES

Silicon and oxygen combine to form a structure 
called the silicon-oxygen tetrahedron. This silicon-
oxygen tetrahedron provides the framework of every 
silicate mineral.  Looking at the silicate family , it is 
the largest on your list.   There are several quartz 
varieties.



Biotite mica K(Mg, Fe)AlSi3O10(OH)2

Muscovite mica KAl2(Al2Si3O10)(OH)2

KAlSi3O8 CaAlSi3O8 (Na,K)AlSi3O8

orthoclase                          plagioclase                  anorthoclase

pinks whites

(should be identified as

K-feldspar and not 

specifically as orthoclase

or microcline)



CARBONATES

Minerals that contain the elements carbon, oxygen, and 
one or more other metallic elements

CaCO3 (calcite)

OXIDES/HYDROXIDES

Minerals that contain oxygen or hydroxide ion and one 
or more other elements, which are usually metals

SiO2 (quartz), Al2O3 (corundum) 

Fe2O3 (hematite), Fe3O4 (magnetite), FeO(OH)·nH2O 
(limonite)



BORATES

Minerals containing one of several negative borate ions 

consisting  of boron and oxygen

Only one on mineral sheet

PHOSPHATES

Minerals  containing phosphate ion PO₄³⁻

Most notably turquoise and apatite



HALIDES

Minerals that contain a halogen ion plus one or more other 

elements : e. g. NaCl (halite), CaF2 (fluorite)

SULFIDES

Minerals that contain sulfur (mainly): e.g.  ZnS (sphalerite), 

PbS (galena), HgS (cinnabar), FeS (pyrite; not a source of iron)

SULFATES

Minerals that contain the sulfate ion:  e.g.

CaSO4·2H2O (gypsum)

NATIVE ELEMENTS

Minerals that exist in relatively pure form:  e.g.

gold, silver, copper, platinum, diamond



POLYMORPHS---SAME CHEMICAL 

COMPOSITION; DIFFERENT CRYSTALLINE 

STRUCTURE



KNOW WHAT MINERALS ARE 

ASSOCIATED WITH ROCK-

FORMING ENVIRONMENTS



➢SEDIMENTARY ROCKS

Carbonate minerals, either precipitated directly or by 
organisms, make up most biochemical and chemical 
sedimentary rocks. Other minerals include quartz, 
feldspars, clays, oxides/hydroxy-oxides (iron ores)

➢OCEANIC CRUST

Mafic minerals: e. g.  Olive, pyroxene, amphibole

➢MINERALS FORMED UNDER METAMORPNIC CONDITIONS

metamorphism forms such minerals as  talc, chlorite,  
serpentine, garnet, staurolite



ADDITIONAL INFORMATION

 Ores are minerals that are mined for profit, especially the metal

*bauxite is no longer classified as a mineral because it is an ore of aluminum

galena----lead

hematite----iron

 Gems or gemstones are precious or semiprecious stones, especially  when cut 
and polished (not necessarily minerals)

pearls (not a mineral; organic)

opal

ruby----red variety of corundum (Al2O3) with impurities, such  as chromium

emerald---green variety of beryl (Be3Al2(SiO3)6), such as vanadium

sapphire---blue variety of corundum with impurities such as iron and

chromium



 Some minerals are used in their pure form.

calcite---chalk, limestone

corundum---abrasive for polishing and grinding

gold---jewelry

pure gold is 24 karat

white gold is a mixture of platinum and gold

gypsum---wallboard, plaster of Paris, fertilizer

halite---table salt, food preservation, road safety

kaolinite---acid-neutralizing medicine, aspirin 

additive

quartz---glass, silicon chips

sulfur---medicines, matches, gunpowder



CRYSTAL SYSTEMS



Minerals  are classified into crystal systems 
based on the ordered arrangement of atoms, 
ions, or molecules that because of the nature 
of the particles form symmetrical patterns that 
repeat along principal directions in 3-D space.

There is a lot more to crystal systems than 
the following classification.  It is a simple one.  
I have no idea what nationals will expect you to 
know.



DETERMINATION OF CRYSTAL SIZE

➢need seed crystal

➢time and space for growth

➢the slower the water evaporates, 
the larger the crystal

➢the slower the magma cools, the 
larger the crystal



This classification is based on the relationship 
between the lengths of the sides compared to one 
another and the angles at which they intersect.

The edge lengths of a crystal are represented by 
the letters a, b, and c.  The angle at which the faces 
intersect are represented by the Greek letters α, β, 
and 𝛄. 

Crystal systems determine the cleavage patterns.



CUBIC OR ISOMETRIC

a  =  b =  c; α = β =  𝛄 = 90°

halite



ORTHORHOMBIC

a ≠ b ≠ c; α = β =  𝛄 = 90°

The sides are not equal               aragonite



MONOCLINIC

a ≠ b ≠ c; α ≠ 90° β =  𝛄 azurite



TETRAGONAL

a  = b ≠ c; α = β =  𝛄 = 90° zircon

all angles are 90°



TRICLINIC

a ≠ b ≠ c; α ≠ β ≠ 𝛄 ≠ 90° microcline



HEXAGONAL

a = b ≠ c; α = β = 90°, 𝛄 = 120°

quartz



TRIGONAL (OLD NAME RHOMBOHEDRAL)—

SOMETIME CONSIDERED TO BE A SUBCLASS OF THE 

HEXAGONAL SYSTEM

a = b = c; α = β = 𝛄 ≠ 90° calcite







• This is an idealized progression of minerals produced by cooling 
magma

• Can infer from the minerals present in a rock the relative 
conditions under which the material had formed.

• Put simply, the high temperature minerals, the first  to crystallize 
from magma, are most unstable at  surface and quickest to 
weather (break down) because the surface is most different from 
the conditions under which they were created. 

• The low temperature minerals are much more stable because the 
conditions at the surface are similar to the conditions under which 
they formed.



GEOCHRONOLOGY---DATING OF 

ROCK FORMATIONS AND 

GEOLOGIC EVENTS

One example is zircon, which contains a 

small amount of uranium  and also 

actinium  and the half-lives of these can 

be used for dating the mineral



SOLID SOLUTIONS

 A solid solution series is formed when there are intermediary 

minerals between two isomorphous end-member minerals that 

experience substitution of elements in one or more atomic 

sites. This substitution occurs when an element in a mineral 

formula can be replaced by another of similar size and 

changed to make a new mineral.

An example: Plagioclase feldspar group, which 

contains Albite and Anorthite as the end members, and 

minerals varying in amounts between these two minerals

https://www.bing.com/search?q=Plagioclase&filters=sid%3a82aab120-159a-9d34-d7b6-c16b30b75b62&form=ENTLNK
https://www.bing.com/search?q=Albite&filters=sid%3a5cb26ba0-8c52-eeb9-d579-78e828b1f71f&form=ENTLNK
https://www.bing.com/search?q=Anorthite&filters=sid%3ad9f7baf5-0966-8afa-36e4-d5dca19ab693&form=ENTLNK


An endmember in mineralogy is 

a mineral that is at the extreme end of a 

mineral series in terms of purity of its 

chemical composition. Minerals often 

can be described as solid solutions with 

varying compositions of some chemical 

elements, rather than as substances with 

an exact chemical formula.



LABRADORITE IS A 

CALCIUM-

ENRICHED 

FELDSPAR WHICH 

HAS THE FORMUAL 

((Ca, Na)(Al, Si)4O8

***An intermediate 

mineral



PHASE DIAGRAMS ---T VS. P
Triple point—the temperature and pressure at 

which all three phases exist

Critical point– the end point of the equilibrium line 

between the liquid and gas phase; no phase 

boundary



PHASE DIAGRAMS---T VS. COMPOSITION

The white area 

represents the 

existence of 

both solid and 

liquid



SILICATE 

CLASSIFIATIONS

BASED ON



Isolated tetrahedra(nesosilicates):  olivine is 

the best example of this structure.  The 

tetrahedron, with silicon in the middle with a +4 

charge and has 4 oxygen atoms, each with a -2 

charge, leaving bonding open for two iron or 

magnesium cations, each with a charge of +2



Island (Sorosilicates pairs)--- epidote is an 

example



CHAIN SILICATES (INOSILICATES)--THE SILICON-OXYGEN 
TETRAHEDRAL GROUPS SHARE HALF OF THEIR OXYGEN ATOMS  TO 
FORM STRAIGHT CHAINS OF INDEFINITE LENGTH  — FORMERLY 
CALLED METASILICATES: 

PYROXENE GROUP AND AMPHIBOLES



RING OR CYCLOSILICATES  

Contain rings of linked SiO4   
tetrahedra.  The Si:O ratio is 
1:3.   tourmaline is an example

Three ring configurations can 

occur:

Si3O9

Si4O12

Si6O18



SHEET SILICATES (PHYILLOSILICATES)---interconnected  six member rings of  SiO4
-4 tetrahedra 

that extend outward in infinite sheets. Three out of the 4 oxygens from each tetrahedra are 
shared with other tetrahedra. This leads to a basic structural unit of Si2O5

-2    

mica and talc are example                             most contain hydroxyl ion  OH-



Framework silicates (tectosilicates; formerly called 

polysilicates), polymeric silicates in which the silicon-oxygen 

tetrahedral groups are linked by sharing all of their oxygen 

atoms with other such groups so as to form a three-

dimensional structure or network

Examples are quartz, feldspar



ROCKS

are aggregates of one or more minerals; or bodies of 

undifferentiated mineral matter (e.g., obsidian); or of 

solid organic matter (e.g., coal) 

form the part of Earth called the lithosphere exposed 

at the surface or underlying the oceans

classified by method of formation; each method of 

formation has own characteristics of identification

the rock cycle explains how rocks change from one 

type to another



THE ROCK CYCLE



Know processes that drive the rock 
cycle 

*internal heat from within the 
Earth which is responsible for igneous 
and metamorphic

*external energy from the sun that 
weathers and moves sediments that 
form sedimentary rocks



Igneous

Formed by solidification of molten rock ---

magma or lava

Sedimentary 

Formed by lithification of sediment (sand, silt, 

clay, shells)

Metamorphic

Formed by transformations of preexisting  

rocks the solid state



IGNEOUS ROCKS

Columnar 

Jointing—

Basalt -- forms

hexagons



IGNEOUS ROCK FORMATIONS    

P

L

U

T

O

N

I

C

VOLCANIC

PLUTON IS 

ALSO 

KNOWN AS

A STOCK



IGNEOUS ROCKS ARE CLASSIFIED BY 

TEXTURE AND COMPOSITION

Texture refers to size of crystals and is caused by 
differences in cooling rates

*Coarse-grained---slow

*Fine-grained---rapid

*Glassy---extremely rapid

*Porphyritic refers to different rates of cooling which 
results in different crystal sizes in same rock

*holes are due to gases escaping when cooling





REMEMBER THAT GRANITES:

need only to contain quartz and feldspar

*the quartz can be any color, but always 
has a glassy texture

*the feldspar is mostly anorthoclase 
feldspar  (light pink to dark pink)

*if there is a black mineral, it is probably 
hornblende or biotite mica

*salt and pepper granite has plagioclase 
feldspar (white) instead of orthoclase



SEDIMENTARY ROCKS



Three steps

1
2

3



ORIGIN OF SEDIMENT

Produced by weathering and erosion or
by precipitation from solution

Weathering = chemical and mechanical 
breakdown of rocks

Erosion = processes that get the 
weathered material moving



Two main groups:

Clastic--- bits and pieces (detritus) produced by 

weathering and erosion of preexisting rock and 

deposited by (wind/water); classified by grain size

Chemical or non-clastic--- formed when dissolved  

substances precipitate from water (travertine) or 
are deposited by dying organic matter (coal)





KNOW RELATIONSHIP BETWEEN TEXTURES/COMPOSITION 

TO DEPOSITIONAL ENVIRONMENTS.

SOME EXAMPLES
 Alluvial fans are sites of deposition of immature angular gravel, sandstone and mud. 

When these sediments get cemented or lithified, they turn into, respectively breccia, 
arkose and shale.

 Sandstone is an example of sedimentary rock that is found in many coastal ecosystems 
which are still included in shallow marine environments.

 Swampy areas accumulated organic material that leads to the formation of coal (know the 
coal stages)

 River/stream (fluvial)---deltas, levees

 Lake (lacustrine)---mudcracked, alkali deposits

 Wind (aeolian)--- sand dunes, loess loosely compacted yellowish-gray deposit of 
windblown sediment  (extensive deposit in Midwest U. S.



KNOW PRIMARY BEDDING STRUCTURES AND 

IMPLICATIONS ABOUT DEPOSITIONAL 

PROCESSES

Plane bedding
Ripple marks



Cross bedding Fossil tracks



METAMORPHIC ROCKS



Regional and contact metamorphism

Pre-existing rockLarge area of mountain 

building





GRADE OF METAMORPHISM AND INDEX               

MINERALS



METAMORPHIC INDEX MINERALS

DETERMINE DEGREE OF METAMORPHISM



ECONOMIC IMPORTANCE/USES OF 

SOME ROCKS

Sedimentary rocks--- sources of building materials

Sedimentary rocks--- economically important because they 
are associated with oil and gas deposits

Chalk is used in manufacture of cement/lime

 Igneous rocks are used in construction

Pumice ---abrasive material used in cleaning, polishing, and 
scouring

Metamorphic rocks --- used in concrete 
aggregate/roofing/gravestones, etc.



RELATIONSHIP OF TEMPERATURE, PRESSURE, AND DEPTH TO TYPES 

OF METAMORPHISM AND METAMORPHIC FACIES (A BODY OF 

ROCK DISTINCT FROM ADJACENT STRATA BASED ON OBSERVABLE 

CHARACTERISTICS)



ANOTHER WAY TO SHOW IT



KNOW WHERE REGIONAL/CONTACT 
METAMORPHISM OCCUR



KNOW WHERE BLUESCHIST AND ECLOGITE 

FORM IN SUBDUCTION ZONES (OCEANIC-

CONTINENTAL PLATE CONVERGENCE)



KNOW WHERE GREENSTONE/GREENSCHIST 

FORM FROM BASALT OR GABBRO AT 

OCEAN CRUST DIVERGENT BOUNDARIES



THIN SECTIONS FOR MINERALS

Two terms require definitions.

➢ Birefringence—the ability of anisotropic minerals* to split plane-polarized light  

light waves that vibrate in a single plane)-into two rays as it passes through 

them

➢ Extinction--- term used that describes when cross-polarized light dims, as 

viewed through a thin section of a mineral in a petrographic microscope.

➢ https://en.wikipedia.org/wiki/Extinction_(optical_mineralogy)

➢ https://viva.pressbooks.pub/petrology/chapter/2-7-properties-under-cross-

polarized-light/

*having different properties in different directions so light passes through them in 

different ways/velocities due to different chemical bonds (refract light differently)

https://en.wikipedia.org/wiki/Extinction_(optical_mineralogy)
https://viva.pressbooks.pub/petrology/chapter/2-7-properties-under-cross-polarized-light/


SOME EXAMPLES OF MINERALS   (NOT THE ONES 

ON YOUR GUIDELINES---HA, HA!!)

Twinning in Sanidine              cleavage plane in hornblende

Birefringence in monazite       Extinction on previous slide



EXAMPLES OF THIN SECTIONS FOR 

IGNEOUS ROCKS

fine –grained porphyritic



Vesicular                gas pocket glassy



EXAMPLES OF THIN SECTIONS  OF 

SEDIMENTARY ROCKS

rounded particles angular particles



Sandstone     vs.     arkose



Foraminifera in 

limestone

Crinoid stem in limestone



FOLIATED METAMORPHIC ROCK


