Rocks and Minerals
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Goal: Students will be able to describe the characteristics an object must possess to
be classified as a mineral.
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be classified as a mineral.
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Goal: Students will be able to describe the characteristics an object must possess to
be classified as a mineral.

What makes up an
environment?

» Living - plants, animals, bacteria, etc.

> Non-living - rocks, minerals, man-made
materials.
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Goal: Students will be able to describe the characteristics an object must possess to
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Goal: Students will be able to describe the characteristics an object must possess to
be classified as a mineral.




Goal: Students will be able to describe the characteristics an object must possess to
be classified as a mineral.

Minerals

> Natural (not man-made).
> Non-living (inorganic).

> Solid, with a crystalline atomic structure.
(Atoms are arranged.)

- Definite composition. (Certain elements or
compounds.)
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Goal: Students will be able to describe the characteristics an object must possess to
be classified as a mineral.




Goal: Students will be able to use different properties of minerals.

Properties of Minerals
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. Metallic - reflect light only from their out
Looks like a metal.

. Non-metallic - can be glassy, dull, pear!




Goal: Students will be able to use different properties of minerals.

- resistance to being scratched.

Moh's Hardness Scale - ranges from 1 (softest)

AN Copper Penny Windowﬁ
\ ~
\K) ' Glass Porcelain
, , 3.5 Iron Nail 5.5 Steel File Streak
Fingernail Plate
2.5 4.5 6.5 7.5
: 2 | 3 4 | 5 6 | 7 | 8 9 10

Talc Gypsum Calcite Fluorite Apatite Feldspar Quartz  Topaz Corundum Diamond



Goal: Students will be able to use different properties of minerals.

Isolated silicate

Crystal Shape

Single chain Pyroxene
structure group

- The way atoms arrange
controls the shape and
properties of the mineral.

Double chain Amphibole

=g L o Crystal shape is very
specific fo a mineral.

» Substances that share the
Temotrs 4 ,  Clay oroup same composition can still
be different minerals
because of their crystal
structure.

Framework silicate ¢ x
structure 2 Feldspar group
i w







Goal: Students will be able to use different properties of minerals.




Goal: Students will be able to use different properties of minerals.

Cleavage and Fracture

o - the tendency of some minerals to break
along smooth, flat planes.

o - breakage along curved surfaces or
surfaces that are not parallel.

Halite forms cubic crystals  Calcite crystals are Quartz crystals are  Minerals in the mica
that cleave parallel to the rhombohedral and  hexagonal but fracture family split into thin,
crystal faces. cleave parallel to the along curved surfaces. flexible sheets.
crystal faces.




Goal: Students will be able to use different properties of minerals.

Biotite and muscovite micas exhibit
one excellent direction of cleavage.

Orthoclase and plagioclase feldspars
exhibit two good directions of cleavage
at approximately 90deg from each other

Hornblende (an amphibole) has
two good directions of cleavage
at 124 deg. from each other.

Galena has three good directions
of cleavage that form two 90deg.
angles (cubic cleavage)

Calcite has three good directions
of cleavage that form angles of
105 deg. in one plane and 75 deg.
in another

Fluorite has four good directions
of cleavage (octahedral cleavage)




Goal: Students will be able to use different properties of minerals.

Density
= Mass/Volume

Pyroxene
3.2-3.9

Amphibole
2.9-3.8

Mica

2.6-3.2 The density of most

Fel minerals is in the range of
o aspar 2510 3.5 Y3

Quartz

2.7 Magnetite Galena Mercury
— 5.2 7.5 13.6

-

| |

2 4 6
Graphite
2.2

Density in 9/,,,3
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Goal: Students will be able to use different properties of minerals.

Other Special Properties

Maghetism
Taste
Feel (greasy or slippery)

Reacts with acids



Goal: Students will be able to use different properties of minerals.

Properties of Common Minerals

["T Y]
HARD- g 5 COMMON DISTINGUISHING
LUSTER NESS O|w COLORS CHARACTERISTICS USE(S) COMPOSITION® MINERAL NAME
1-2 silver o black sireak, pencil lead, .
v gray greasy feel lubricants c Graphite
3 metallic gray-black streak, cubic cleavage, ore of lead,
E 25 L silver density = 7.6 g/em® batteries PBS Galena
=
= black 1o black sireak, ore of iron, ;
E 55-85 v silver magnetic steel Fes04 Magnetite
brassy green-black streak, ore of .
8.5 v yellow (fool's gold) sultur FeS Pyrite
& |55-65 metallic silver or ore of iron, .
g ) v sarhy red red-brown sireak oty Fe,0q Hematite
white to ceramics, "
1 v areen greasy feel paper Mg45i,04p(OH}s Tale
yellow to "y g
2 v i white-yellow streak sulfuric acid S Sulfur
white 1o easily scratched plaster of paris, . g
2 v pink or gray by fingemnail drywall G030 Selenits gypeum
colorless 1o flexible in i i
2-25 yvellow Sin thesls paint, rocfing KAl5Sis040(0H) Muscovite mica
colorless fo cubic cleavage, food additive, :
25 v white salty taste melis ice NaCl Halite
black to flexible in construction K(MgFe),
25-3 ¥ dark brown thin sheets materials AISis0,0(OH)s Eiotits mica
colorless bubbles with acid, cement, P
. I 4 or variable thombohedral cleavage lime Q0 Calcite
¥ PP T
3 colorless bubbles with acid building ;
L 35 v or variable when powdered slones CaMg{COa}z Dolomite
«
= colorless or cleaves in hydrofiuoric "
E A v variable 4 directions acid oy i
2 5.8 v black to cleaves in mineral collections, (Ca,Na) (Mg,Fe Al} Pyroxene
dark green 2 directions at 90° jewelry (Si.A)20¢ {commonly augite}
55 i black o cleaves at mfnerai collections, CaNa(Mg,Fely (Al Fe,Ti}y
. dark green 56° and 124° jewelry Sig09,(0,0H}); {commenly hornblende}
white 1o cleaves in ceramics, : Potassium
N ¢ pink 2 directions at 90° glass KAS5Oy (commonly orthociase)
white to cleaves in 2 directicns, ceramics, :
6 v gray strialions visible glass (Na.Ca}AISi3Og Plagioclase feldspar
green to cemmoenly light green fumace bricks, . :
6.5 gray or brown and granular jewelry (Fe.Mgj2Si0, Olivine
colorless or glassy lusier, may form glass, jewelry, .
f variable hexagonal crystals electronics ot Quartz
B dark red often seen as red glassy grains  jewelry (NYS gem), "
bt ¥ to green in NYS metamarphic rocks abrasives Fegfl;Six0rz Gamet
*Chemical symbols: Al = aluminum Cl = chiorine H = hydrogen Na = sodium $ =sulfur
C = carbon F = flucrine K = potassium O = oxygen Si = silicon
Ca = calcium Fe =iren Mg = magnesium Pb = lead Ti = fitanium

v’ = dominant form of breakage



Goal: Students will be able to use different properties of minerals.

Mineral Groups

» Minerals are broken up into groups based on
their composition (what they are made of).



Goal: Students will be able to use different properties of minerals.

What are minerals at Earth's

surface made of?

Average Chemical Composition
of Earth’s Crust, Hydrosphere, and Troposphere

ELEMENT HYDROSPHERE | TROPOSPHERE
(symbol) Percent by mass | Percent by volume Percent by volume Percent by volume .

Oxygen (O) 46.10 94.04 33.0 21.0
Silicon (Si) 28.20 0.88

Aluminum (Al) 8.23 0.48

Iron (Fe) 563 0.49

Calcium (Ca) 415 1.18

Sodium (Na) 2.36 1.11

Magnesium (Mg) 2.33 0.33

Potassium (K) 2.09 1.42

Nitrogen (N) 78.0
Hydrogen (H) 66.0

Other 0.91 0.07 1.0 1.0




o

Goal: Students will be able to use different properties of minerals.

Silicates

The most common
mineral group is
the Silicates.
They are made up
of mostly silicon
and oxygen.

Silicate
minerals

Mica 5%

Other
minerals

Pyroxene

11%

Quartz
12%

Sodium/calcium
feldspar
39%

Potassium
feldspar
12%




Goal: Students will be able to use different properties of minerals.
Silicate ion (Si04*")

Silicon ion
(Si*h)

Quartz

structure “

Oxygen ions (O%")

Isolated Single Double

tetrahedra chains chains
‘} ‘”
“ r e

d" 4 4 )

From “Understanding Earth”, Press et al.

Olivine Pyroxene Amphibole = Muscovite Feldspar



Students will be able to use different properties of minerals.

Isolated silicate .
structure & Olivine

Single chain Pyroxene
structure group

Double chain Amphibole
structure group
Sheet silicate Mica group

structure Clay group
Framework silicate Quartz
structure Feldspar group
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Goal: Students will be able to identify each step of the rock cycle, and use the rock
cycle chart in the ESRT.

What are rocks?

o A substance that is or was a natural part of the solid Earth,
or lithosphere. Rocks are made up of a variety of minerals.

> Rocks are broken up into three groups based on how they
formed.

» Igneous
» Sedimentary

o Metamorphic



Goal: Students will be able to identify each step of the rock cycle, and use the rock
cycle chart in the ESRT.

P Metamorphic Rock

[\

Heat and

Pressure

P Sedlmentary Rock

g ; -
-' - - 'l-
P T
LY -

Heat and
Pressure

Weathering
and Erosion

&Jruf

N _
_g'

Weatherlng
and Erosion

v
P Sediment

Compactlng
and Cementing

&

Weathering
and Erosion

| Melting Cooling

*

P Igneous Rock



http://www.deleoscience.com/earth-science/rocks-and-minerals/simulations/rock-cycle

Goal: Students will be able to identify each step of the rock cycle, and use the rock

cycle chart in the ESRT.
Rock Cycle in Earth’s Crust




Igneous Rocks



Goal: Students will observe how rate of cooling affects mineral crystallization.

Igneous Rocks

Igneous rocks - form from hot, molten (liquid)

rock material that originated deep within
Earth.

Liquid rock within the Earth is called magma.

Liquid rock at Earth's surface is called lava.



Goal: Students will observe how rate of cooling affects mineral crystallization.

Igneous Rocks

» Igneous rocks are broken up into two groups

based on where they formed and what they are
made of.

o Intrusive - formed inside the Earth from
magma.

o Extrusive - formed on the Earth's crust
from lava.









Goal: Students will observe how rate of cooling affects mineral crystallization.

Yellowstone Caldera

Yellowstone hotspot upper mantle magma and heat source




Goal: Students will observe how rate of cooling affects mineral crystallization.
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C B U.S. Geological Survey (USGS)
\

Kanaga Volcano — Here's a photo from Kanaga
Volcano, one of the most southerly members of the
Aleutian Islands chain. In the foreground is a stunning
view of a lava flow from a 1906 event. According to
records, a trapper living on the island in 1906
experienced several earthquakes and witnessed lava
pouring down both east and west sides of the cone.

You can learn more about Kanaga Volcano, see
images, and read about current past activity at
http://on.doi.gov/Kanaga. Photo credit: Michelle
Combs, USGS.

You can also follow USGS Volcanoes on Facebook
(https://tb.com/USGSVolcanoes/) to learn about
volcanic events, eruption anniversaries, and more.

#USGS #science #volcanoes #Alaska #Aleutians
#landscape #lava




Goal: Students will observe how rate of cooling affects mineral crystallization.

Igneous Rocks

o Igneous rocks are broken up into two groups based on
where they formed and what they are made of.

d

Intrusive - formed inside the Earth from magma. Took
a long time to cool, and therefore have large crystals.

Extrusive - formed on the Earth's crust from lava.
Cooled quickly, and therefore have small crystals.
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therefore formed big

crystals.







A couple minutes...



Rock cooled very rapidly,
therefore did not form
crystals.




Goal: Students will be able to use the "Igneous Rock Chart” in the ESRT.

IGNEOUS ROCKS

CHARACTERISTICS

MINERAL COMPOSITION
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Goal: Students will be able to use the "Igneous Rock Chart” in the ESRT.
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Goal: Students will be able to use the "Igneous Rock Chart” in the ESRT.

IGNEOUS ROCKS

o
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o
i
o
<
o
<
-
)

MINERAL COMPOSITION

ENVIRONMENT OF FORMATION

INTRUSIVE
(Plutonic)

LIGHTER

LOWER
FELSIC

(rich in Si, Al)

(relative by volume)

100%

Scheme for Igneous Rock Identification
Non-
Vesicular
(gas
pockets)
I

= .
=0 Coarse Non
— vesicular
Very
coarse

DARKER

IGHER

AFIC
rich in Fe, Mg)

100%

non-
crystalline



Goal: Students will be able to use the "Igneous Rock Chart” in the ESRT.

o]

Felsic vs. Mafic

Felsic rocks are made of less dense material
usually found at Earth's surface. They are
usually lighter in color.

Mafic rocks are made of dense material
usually found within Earth. They are usually
darker in color.



Ultramafic

Color Dark '- »r

Si02 40%

MgO 48%

Major mineral Pyroxene
content and/or olivine

50%

15%

Pyroxene and
Plagiocalse feldsapr

Intermediate

60%

2.5%

Biotite
Alkali Feldspar
Quartz

Felsic

Light

70%

0.95%

Quartz
Alkali Feldspar



Atmosphere (gas)

;

Hydrosphere —— @=L

(liquid) Oceanic crust

Lithosphere *- = -

T

Mafic [
Rock

(strong solid) " " .

Asthenospheré {ﬁeak solid) I

Continental
crust

-II 2 +. .: ‘.‘_ 60

Color

-} 80

Lighter

-0 (Sea level)

~ 20

Depth (km)

-~ 100

"L 190



Goal: Students will be able to use the "Igneous Rock Chart” in the ESRT.

IGNEOUS ROCKS

CHARACTERISTICS

MINERAL COMPOSITION
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Sedimentary Rocks




Goal: Students will be able to use the
"Sedimentary Rock Chart" in the ESRT.

Sedimentary Rocks

» Most sedimentary rocks are made of the
weathered remains of other rocks that have
been eroded and later deposited as sediment
in layers.

» Others may form chemically or biologically.






Goal: Students will be able to use the

"Sedimentary Rock Chart” in the ESRT.

Scheme for Sedimentary Rock Identification

INORGANIC LAND-DERIVED SEDIMENTARY ROCKS

TEXTURE

GRAIN SIZE

Clastic
(fragmental)

ROCK NAME

COMPOSITION COMMENTS
Rounded fragments
Mostly
quartz, Angular fragments

feldspar, and

Sand : :
clay minerals;
(0.006 to 0.2 cm) may contain
Silt fragments of
{(0.0004 to 0.006 cm) other rocks

and minerals

Fine to coarse

Sandstone

MAP SYMBOL

Very fine grain

Siltstone

Compact; may split
easily

CHEMICALLY AND/OR ORGANICALLY FORMED SEDIMENTARY ROCKS

—_— o — i — A — W —

TEXTURE GRAIN SIZE COMPOSITION COMMENTS ROCK NAME MAP SYMBOL
_ Halite Rock salt
L Fine Crystals from
i to hemical 7
Crystalline chernica W
i coarse Gypsum precipitates Rock gypsum / %
— crystals and evaporites
Dolomite Dolostone :; ;7; ﬁ/
; Precipitates of biologic ] |
Cry+stalllne_r or | | Calcite origin or cemented shell Limestone
bioclastic Microscopic to fragments b
very coarse Compacted
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Goal: Students will be able to use the
"Metamorphic Rock Chart” in the ESRT.

Metamorphic Rocks

> Rocks that are subjected to conditions of heat
and pressure, but do not melf.

» These rocks are changed from their original
form, including changes in texture, mineral
content, hardness, density, as well as other
visible signs of change.



5! i
1.; i--- Plagmclase feldspar
L = .




Goal: Students will be able to use the
"Metamorphic Rock Chart” in the ESRT.

Metamorphic Rocks

» Visible signs of change:

» [oliation - repetitive layers of parallel
crystal growth formed by intense
pressure.

» Banding - separation of light and dark
minerals into layers.






Goal: Students will be able to use the
"Metamorphic Rock Chart” in the ESRT.

How do metamorphic rocks form?

o Need intense heat or pressure to change original rock.

o - when a large mass of rock experiences
intense heat and pressure.

o Contact Metamorphism - rocks are exposed to intense heat, but
not pressure. This happens when magma or lava tfouches or comes
near another rock.

o Recrystallization - forming of different mineral crystals without
melting. Leads to:

- Larger crystals
> New minerals

- Foliation development
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Goal: Students will be able to use the

"Metamorphic Rock Chart” in the ESRT.

Contact Extrusion
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Goal: Students will be able to use the

"Metamorphic Rock Chart” in the ESRT.

Scheme for Metamorphic Rock Identification

TEXTURE | Sazb. | COMPOSITION | mMETAMGRAHISM COMMENTS

ROCK NAME MAP SYMBOL

: Low-grade
Fine metamorphism of shale

= Regional
é% (Heat and Foliation surfaces shiny
W= Fine pressure from microscopic mica Phyllite
0 to increases) crystals
< | medium 1o in % (S Platy mica crystals visible
= E - 3 o from metamorphism of clay Schist
== E g E or feldspars
: Clw T
Qe Medium E g0 A High-grade metamorphism; .
pr e to o mineral types segregated Gneiss
@ coarse 2 into bands

o | Cabon | Regonal | Metamophiom o

: Various rocks changed by
Fine ,Eﬂ{;gf’s Cﬁ”‘aCT heat from nearby Hornfels
n (heat) magma/lava
<
- Metamomphism of .
O _— Quartz quartz sandstone Quartzite
z :
g to Regional
coarsé | Galcite and/or Metamorphism of
dolomite or limestone or dolostone Marble
contact
Coarse Various Pebbles may be distorted

minerals or stretched




Rock Cycle in Earth’s Crust
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Rocks and Minerals
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