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Quartz
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Intrusive Igneous Rocks

Granod iorite

http://earthsci.org/education/teacher/basicgeol/igneous/igneous.html#KindSoflo
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1) Igneous rocks form directly from the crystallization of a magma or lava

2) Three primary tectonic settings of global-scale magmatization are divergent
boundaries, subduction-related convergent boundaries, and hot spots.

3) Tectonic environment controls the type of magmas generated, and hence the
types of igneous rocks that form at each of the three tectonic settings.

4) Magma reaching the surface is termed lava, typically forming a volcano.

5) The type of igneous rock formed is controlled by two factors: magma
composition and cooling history; also determines naming of igneous rocks

6) Magma compositions vary from mafic to intermediate to silicic-felsic.
7) Texture controlled by cooling history; Mineralogy by magma composition

8) Coarse-grained igneous rocks that cooled very slowly at depth are termed
Intrusive or plutonic

9) Fine-grained igneous rocks that cooled quickly at or near surface are termed
extrusive or volcanic.

'10)Identification of igneous rocks based on two criteria: textm



lgneous Rocks
Sedimentary Rocks
Metamorphic Rocks




The Rock Cycle

Three Primary

Rock Types
1) Exul!.ra
igneous rock
2)

Burial,
sedimentation

3) Sedimentary

. Molten rock from within the Earth's core
Kev CO nc ept - core and manlle provide heat energy

The Rock Cycle is Perpetuated by Several Major Processes
1) Magmatlc ActIVIty

Al e Sediment
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The Rock Cycle

Three Primary

Weathering

Transportation

Foels Types e
1) Sedimentary 7
2) X

3) Sedimentary

Igneous rocks form by the cooling and crystallization of
underground magmas and erupted lavas.

Igneous rocks are classified by two mineral criteria:

1) Type and % of minerals 2) Crystal size & aﬁ_



Magma and Lava = Mother Igneous
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The of an igneous rock is primarily controlled by the
or lava that it cooled from.
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Common Igneous
Rock-Forming
Minerals

1) Plagioclase

2) Potassium Feldspar
3) Quartz = 7 . ,_ |
4) Muscovite = N TR
9) Biotite
10) Hornblende

Biotite

11) Augite (pyroxene) (i . N

12) Olivine o 1

13) Tourmaline -
]_4) Garnet B uscavite
15) Magnetite




Igneous Rock Classification

The of COMPOSITION

primarily controlled
Py e | e | byotite] Ancesits | Bamelt
=l Eee | e

Minerals Present

IgﬂeOUS I’OCk |S NA-PLAG AMPHIBOLE PYROXENE OLIVINE
primarily controlled COMPOSITION

by the of

Its parent crystallizing

magma or lava.

or lava
that it cooled from.
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 http://geology.csupomona.edu/alert/igneous/igclass.htm




Ultramafic:
v' Very Iron — Magnesium Rich COMPOSITION

v Super undersaturated in silica = e
v Mantle rocks = Peridotite m
allC.

. . . Rhyolite] Andesite | Basalt

v Iron—Magnesium-Calcium Rich - ---
- ags jnl P k)

v Undersaturated in silica cular m
v' Oceanic rocks = Gabbro and Basalt i

Minerals Present

. . e . NA-PLAG AMPFHIBOLE PYROXENE OLIVINE
v’ Between Mafic and Sub-Felsic/Silicic

v’ Saturated in silica COMPOSITION
v" Volcanic Arc rocks = Diorite and Andesite

Sub-Felsic/Silicic:
v' Between Sub-Mafic and Felsic/Silicic
v/ Saturated in silica
v Volcanic Arc rocks = Granodiorite and Dacite

v Sodium — Potassium - Aluminum Rich
v Very Oversaturated in silica

__ Continental rocE: I.and v

. http://www.rockhounds.com/rockSho
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Cooling and Crystallization of a Magma
Bowen’s Reaction Series

v’ Early forming minerals pes” ek
are Fe-Mg-Ca rich and | mamete oiving
silica poor @ high temps [ :
: 8
5 5 a Pyroxene g
v’ Later forming minerals s :
. . E allfgabbra) i
become more richer in Na [ £
and silica @ mod temps & AT 5
) ) Ei_ [und::#:;mrih)
v’ Last forming minerals § Biotite Mica ¥ 100% Sodium
are mOSt “Ch In K and Graniic Potassium Feldspar
e faronite fthyolite) +
silica @ low temps Muscovite Mica

+
Cluartz

v' Final rock type depends mostly on initial magma composition

o http://www.rockhounds.com/rockshop/rockkey/index.htmi
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Light-Colored Dark-Colored

Composition FELSIC INTERMEDIATE MAFIC ULTRAMAFIC
Granite Diorite Gabbro Peridotite
Rhyolite Andesite Basalt

Rock types

100
Orthoclase

feldspar

oo
o

S N
{\(“ ’1.\&

Quartz &06"4— Plagioclase s §~"
@o feldspar L

o2
&

o)
o

Pyroxene

N
o

N
o

Olivine

Percentage of mineral by volume

Amphibole

Silica content

Sodium and potassium content

Iron, magnesium, and calcium content >

Temperature at which melting starts 1 200°C>




Phaneritic Texture:

v Coarse Grain Size = Slow Cooling
v Plutonic Rocks = Coarse-grained

Aphanitic Texture:

Porphyritic Texture:

Vesicular Texture:

v Fine Grain Size = Fast Cooling
v Volcanic Rocks = Fine-grained

v’ Large crystals in aphanitic groundmass =
slow cooling followed by rapid cooling
v Porphyry Rocks = Mixed-grain

v Fine-grained to glassy with Cavities
v' Lots of tiny vesicles = pumice
v Fewer larger vesicles = scoria

Glassy Texture:

'LQ.byd.an' Is'dark in-color r o 020w
v Pumice is light in color

v’ Little to no crystals = natural glass
v’ Super rapid cooling

http://www.rockhounds.com/rockshop/rockkey/index.html

COMPOSITION

Felsic ind diat Malic
(light color) ik color)
cular

Minerals Present

x-?sulg:]l;in NA-CAPIAG | carlaG | PYROXENE
wnpiac | AmpiBote | PYROXENE | OLVINE

COMPOSITION

-
E
X
-
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lgneous Rock Pairs

Classification by texture

Classification by composition
‘magnesium (Mg) + iron (Fe) = mafic

feldspar + quartz (Si) = felsic

Extrusive Intrusive
Fine grained Coarse grained
Basalt gabbro
Andesite diorite
Rhyolite granite
- Basalt
Fast

Cooling

Rhyolite -




Formation and texture

Yelcanic ash Pumica 1. Pyroclasts form

e from airborne lava
e O i s in violent eruption
_pm—y A TR
J:__;._-r_;,..-r- o
' /ﬁ 2. Extrusive

Extrusive rocks ignEGI.IE rocks.
Cool rapidly on the
Earth’s surface

Pyroclasts

3. Intrusive igneous
rocks. Cool slowly
in the Earth’s interior
allowing large
crystals to form

Intrusive rocks ; _ : _ - Pnrphyr}r starts to

v : grow below the
surface but before
solidification is
brought to the
surface

Porphyry
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v Intrusive -Plutonic
v Coarse-grained
v Cooled Slowly




Porphyritic Aphanitic

porphyritic andesite

Aphanitic Texture

v' Extrusive -Volcanic
v" Fine-grained
v Cooled Rapidly

-Phenocrysts

v' Combo Plutonic -Volcanic

—Groundmass

v" First cooled Slow, then Fas
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Color Index of Plutonic Rocks

LI L ST
LSS than 5% =00 VIOFe than 807
HAMK minerdis Ak minerals HaATK minerais

AR 3 e




lgneous Rock Classification

IGNEOUS ROCKS CLASSIFICATION

st

1. Color Index [ - 7
Estimate the rock’s Felsic
color index (Cl): |

%% of mafic mineral =y
crystals or darkness = ¥
of the rock. |

Ultramafic

100%
Felsic Intermediate Mafic Ultramafic
(0 to 15%6 mafic crystals) (16 to 45% mafic crystals) (46 to 85% mafic crystals) (= 85% mafic crystals)
100% — - — — - —!
[ Muscovite el 5 S

Quartz

Plagioclase S
Fel
eldspar \0 p

1

2. Minerals e e i
Identify minerals [
in the rock, if I
[

I

possible, and 60—
their parcent
(by volume) of

the whole rock. - Pth%ssium | QO

Skip this step if eldspar | s
mineral crystals (K-Spar) 1 2 Qlivine
are not visible or 40 1

are too small to
identify.

Amphibole

3. Texture(s)

Identify the rock’s 4. Rock Name: Select name below, based on data from steps 1-3.
textura(s).
Peg\';gfy“'“‘:: PEGMATITIC PEGMATITIC PEGMATITIC PEGMATITIC

z e S GRANITE DIORITE GABBRO
E —_— _ C— —
w1 et GRANITE DIORITE GABBRO PERIDOTITE
o s (SYENITE, if no quartz)
@ YR il ==
E Phenocrysts' PORPHYRITIC PORPHYRITIC PORPHYRITIC PORPHYRITIC
= Joh = PHENSING GRANITE DIORITE GABBRO PERIDOTITE

groundmass

PHenochyete PORPHYRITIC PORPHYRITIC PORPHYRITIC

in an aphanitic Tl

groundmass RHYOLITE ANDESITE BASALT
Aphanitic: RHYOLITE ANDESITE BASALT

fine-grained

=
o S Cannot be
= Glassy OBSIDIAN dktingalhed
= e = —r | from basalt in
w = SCORIA hand samples
5 ~ PUMICE . {resembles a sponge) (KOMATITE)
=y Vesicular {abundant tiny vesicles-like meringue; o

very lightweight; white or gray; floats in water) VESICULAR BASALT

(has few scalttered vesicles)
Pyroclastic or VOLCANIC TUFF (fragments = 2 mm)

Eragmishal VOLCANIC BRECCIA (fragments > 2 mm)




lgneous Rock Classification

3
3
D
e

™

3 65 90
Highly Modified IUGS Classification

of Phaneritic Igneous Rocks IUGS Classification of Volcanic Rocks

Granitic Plutonic Rocks \Volcanic Rocks

Ternary Diagrams:

1) Top corner = quartz; Bottom L. corner = K-spar; Bottom R. corner = Plag

2) Fields indicate tri-mineral proportions in terms of percenta‘g_



A Three Step Process

1) Determine Composition
v" Color Index (plutonic only)
v' Color darkness (volcanic)
v Mineralogy (observable)
2) Determine Texture
v’ Specific intrusive texture?

v’ Specific extrusive texture?

3) Name the Rock

v' Use Flowchart

Practical Use for Rock?

IGNEOUS ROCK ANALYSIS AND CLASSIFICATION

STEP 3: Texture

STEP 1 & 2: Cl and Mineral Composition

Quartz (gray)

Plagioclase Feldspar (white)

INTRUSIVE ORIGIN

Potassium Feldspar
(K-Spar) (pink)

FELSIC MINERALS (light-colored)

Muscovite Mica (brown)

Biotite Mica (black)

Amphibole (dark gray)

EXTRUSIVE (VOLCANIC) ORIGIN

Pyroxene (dark green)

Color Index (Cl):
the percent, by
volume, of mafic
minerals in a rock.
See top of Figure
5.3 and GeoTools
¥ sheet 1.

Olivine (green)

Pegmatitic

(crystals >1 cm):

very slow cooling,
viscous magma,
and/or good nucleation

Phaneritic

(crystals 1-10 mm):
slow cooling,

viscous magma,
and/or good nucleation

8 Porphyritic

(large and small crystals):
slow, then rapid cooling
and/or change in magma
viscosity or composition

Aphanitic

(crystals <1 mm):

rapid cooling, fluid lava,
and/or good nucleation

Glassy
rapid cooling and/or very
poor nucleation

Vesicular

(like meringue):
rapid cooling of
gas-charged lava

Vesicular
(some bubbles):
gas bubbles in lava

Pyroclastic or
Fragmental:
particles emitted from
volcanoes

STEP 4: Igneous Rock Classification Flowchart

Texture is
pegmatitic,
or phaneritic

no quartz..
K-spar < Plagioclase..........c.ccoceueveuceniane
Cl=45-85 :
Cl = 85-100 (< 15% felsic minerals)...............

Feldspar > mafic minerals |<K—spar > Plagioclase iquartz present...

Feldspar < mafic minerals

aphanitic and/or
vesicular

Texture is

felsic (Cl = 0-15) and/or pink, white, or pale brown
intermediate (Cl = 15-45) and/or green to gray............
mafic (Cl = 45) and/or dark gray to black........
mafic with abundant vesicles (resembles @ SPONGE).........cecicocuveerieceuneececccririn
intermediate or felsic with abundant tiny vesicles-like meringue, floats in water...

Glassy texture

Pyroclastic (fragmental) texture

‘:i fragments < 2mm
fragments > 2mm....

.ANDESITE?*
...BASALT??

GRANITE™?
SYENITE'?

PERIDOTITE

RHYOLITE®? + Also refer to

Figure 5.3

SCORIA
PUMICE

OBSIDIAN |

VOLCANIC TUFF
VOLCANIC BRECCIA

'Add pegmatite to end of name if crystals are > 1 em (e.g., granite-pegmatite).
*Add porphyritic to front of name when present (e.g., porphyritic granite, porphyritic rhyolite).

*Add vesicular to front of name when present (e.g., vesicular basalt). *__—___—_———j




A Three Step Process

1) Determine Composition
v'Color Index min % (plutonic only)
v'Color index darkness (volcanic)

v'Mineralogy (observable)

2) Determine Texture
v’ Specific intrusive texture?

v Specific extrusive texture?

3) Name the Rock

v' Use Flowchart

v

Practical Use for Rock?

1. Color Index
Estimate the rock’s
color index (CI):

% of mafic mineral
crystals or darkness

Felsic }‘

IGNEOUS ROCKS CLASSIFICATION

Ultramafic

of the rock. e (IR
0 100%
Felsic g Intermediate ! Mafic - Ultramafic
(0 to 15% mafic crystals) : (16 to 45% mafic crystals) : (46 to 85% mafic crystals) | (> 85% mafic crystals)
100%
Muscovite [ J : S
1 1 =) 1 &
) | | S &
: : & , \&\“\
80— | I § 1 b\
i i @
Plagioclase ! Qb\ ! “©
e : Feldspar ! \0( ; 00
. Minerals 1
Identify minerals 1 00 &'
in the rock, if I xS O’bl
possible, and 60— I e 6(\ i i
their percent I O I {Q\ i
(by volume) of I \~x 1 &‘b 1
the whole rock. Potassium I D 1 < i
Skip this step if Feldspar I (Q eo 1 s
mineral crystals (K-Spar) | ot 1 % 1 Olivine
are not visible or 40 1 \é 1 = I
are too small to [ O 1 X i
identify. [ N 1 Q@ 1
I 1 QQ
Q 1
: ({o‘?'o Pyroxene :
20 1 QG 1 [
I i
Q\o 1 1
I @vb i 1
i {  Amphibole ;
i i
3. Texture(s)
Idemify( t?e rock’s 4. Rock Name: Select name below, based on data from steps 1-3.
texture(s).
feomaite PEGMATITIC PEGMATITIC PEGMATITIC PEGMATITIC
Z | coasegrained GRANITE DIORITE GABBRO PERIDOTITE
g
il Faeetie S GRANITE DIORITE GABBRO PERIDOTITE
3 9 (SYENITE, if no quartz)
=]
E I”nh:';?]‘;fg;ﬁl'c PORPHYRITIC PORPHYRITIC PORPHYRITIC PORPHYRITIC
= groundmass GRANITE DIORITE GABBRO PERIDOTITE
Eenbcrysts‘ PR e ey S B TR
; o PORPHYRITIC PORPHYRITIC PORPHYRITIC
'_E;‘rgﬂn?fnh]:;‘g‘c RHYOLITE ANDESITE BASALT
ikt RHYOLITE ANDESITE BASALT
g C t by
= I OBSIDIAN annot be
o Cheeey distinguished
S SCORIA from basalt in
hand samples
2 : _ AlleiE ; (resembles a sponge) (KOMATITE)
2 Vesicular (abundant tiny vesicles-like meringue;
= very lightweight; white or gray; floats in water) VESICULAR BASALT
E (has few scattered vesicles)
Pyroclastic or VOLCANIC TUFF (fragments < 2 mm)
AL VOLCANIC BRECCIA (fragments > 2 mm)




Igneous Rock Identification Procedure

Observe and record the rock’s TEXTURE

v/ Pegmatitic

v Phaneritic

v Aphanitic

v’ Porphyritic

v Fragmental

v’ Others = vesicular or glassy

IF Phaneritic or Pegmatitic- Identify and record the
minerals and the volume % of dark minerals = coror INDEX.

Note: Color index applicable for course-grained rocks ONLY!

IF Aphanitic or Porphyritic = no to some observable minerals,
then estimate composition by the ovERALL ROCK COLOR.

Note: (“light” = felsic/silisic, “medium” = intermediate, and “dark” = mafic).




Granite, Diorite and Gabbro - used for flooring, countertops, walls,
steps, cobblestone paving, gravestones, and various landscaping applications

Volcanic Rock - used for various landscaping applications

http://www.stonecontact.com/library.asp


http://www.stonecontact.com/library.asp

lgneous Rock References

_:_"'".--._‘_
—— e

http://www.union.edu/PUBLI
» http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mi



http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineral.html
http://www.union.edu/PUBLIC/GEODEPT/COURSES/geo-10/mineral.htm
http://www.cobweb.net/%7Ebug2/mineral.htm
http://www.rockhounds.com/rockshop/rockkey/index.html
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Weathering
and Erosion

Transport

Burial,
Compaction, and Deposition
Lithification

1%, @
Cement/.'g%:_: A

Sedimentary Rock

Pre-Lab Internet Link Resources
1) http://www.rockhounds.com/rockshop/rockkey/index.html

2) http://earthsci.org/education/teacher/basicgeol/sed/sed.html#to
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1)

2)

)

4)

S)
6)

7)

8)

Sedimentary rocks form by depositing, compaction, and cementing of sediment
grains, and/or precipitation of crystals from an aqueous solution

The type of sedimentary rock formed is controlled by two factors: 1) type of sediment
and 2) depositional environment

The five primary depositional environments of sedimentation worldwide are 1)
lakes and river systems, 2) alluvial fans and deserts, 3) shorelines, 4) continental
margins (shelves, slopes and rises) , and 5) deep ocean floor.

Source rock, climate, weathering, erosion, and deposition conditions control the
nature of the deposited sediments, and hence the types of sedimentary rocks that
form at each of the five sedimentary sites described above.

Sedimentary rocks formed by cementing of clastic grains are called detrital rocks.

Sedimentary rocks formed by the precipitation and/or cementing of shell, skeleton, or
plant material are called biochemical rocks.

Sedimentary rocks formed by the precipitation and cementing of material directly
from an aqueous solution like seawater are called chemical rocks.

Identification of sedimentary rocks based on two criteria:

v Texture & . ~—
/ Compositor —



Sedimentary Rocks in The Rock Cycle

Key Points: _ Weathering

7Mmy

1) Part of rock cycle involving
materials, conditions and
processes at or near Earth’s
surface

2) Begins with weathering of
uplifted, exposed rock

3) Continues with the erosion
(removal and transportation)
of weathered sediment

The Rock Cycle
4) Finishes with the deposition
and lithification of sediment

- T -



Water Cycle = Mother Sedlmentary

fie rUJrJlJJL Cycle

Conde m.ltion

I

l

t \

el ——\
I
B ‘ M
t o snnw f Water Storage i
...-.- H

I - ’
[

Precipitation e Atmosphere

i Grou nd Water ‘
Unfiltration,




basal lavas VOLCANIC

arupﬁng_; to
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prd
[
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LITHOSPHERE

= .
ic melt . plastic mantla _
plastic mantle 1 older sedimeants W - z -
(source of us rocks) rocks N mrlr'ran-mus rooks)

metnmnrpiliﬂ h"‘*..
rocks forming %,
SO
b SUBRDUWETED
CHLEAMN FLOOR

PLATE{OCEAMIC
LITHOSPHEREY

1) Source regions for sediments are primarily convergent plate boundaries

2) Depositional sites for sediments are primarily the edges of ocean basins

—



MULTIPLE FACTORS INTERACT TO CREATE SEDIMENTARY ENVIRONMENTS
THE EARTH SYSTEM

A Organic
CLIMATE Geographic processes and
SYSTEM location and | | Transport | | organisms
plate tectonic | | agent and | | that modify
SEtting medium sediments Climate

N\ J

Sedimentary environment
o Glacier, v

Sediments deposited

W Wy e

Desert lake F8SGN7 NSO
“‘aa-r

\ LI w""_‘,' s P OContinental margin

xs} @ Tidal flat—__

-_\Desert

U ’
_cu«,&%___o Rivers
- .




CLASTIC DEPOSITIONAL Anastomosing River
ENVIRONMENTS

aa A i 1 CrevasaeSplay
w4 watland Lake fh\f"hn S0

raided @ ..gh.

Riverdfs 4=

Alluvial Fan

Sand-size

Silt-size

fone @ e

3

limestone

a a1

. VISIBLE GRAINS CLAY-SIZED GRAINS IN SOLUTION
Clay-SIZG Quartr sand Clay minerals CalCr,
Lithics {e.g. kaalinite) CaMg(0O0,),
Cl S. Feldspar Tron oxides CasO,
aSt |Ze Resistent minerals MaCl



SEpIMENTARY Rock MobELS

Average Continental
SnipLE Igneous Source Rock

{TRANODIORITE

Ipear MopeL
Fog ToE FVOLUTION oF OMPLETE
EATHERING
SEDIMENTARY ROCKS

i
| Weatheri!éegroducts |

Separation During
Transportation

_“-—-—-___—'-—.-._
Sa”datone -
shale limestone

4 n 2

VISIBLE GRAINS CLAY-SIZED GRAINS IN SOLUTION
T L Clay minerals LSty
Lithics i s1ed CaMg(CO,),
t {e.g. kaolinite) CaSO,

Feldspar Iron oxides NaCl

Resistent minerals
\ / A

SILICICLASTIC ROCKS CHEMICAL ROCKS |BICCHEMICAL ROCKS
+—— CARBONATE ROCKS —*

Oolitic rocks | Micrites
Intraclast rocks | Fossiliferous rocks
|

Dolomite (Dolostone) |  fFeletal rocks

Peat and Coal

L.8. Fichter, 1993, 2000
Bitp:peollab, frseduFichier/SedReokedelass bl




Sediment Clast Types

Siz Clast Soriinc|

Clast

£ >~
4

angular  sub-angular sub-rounded pounded well
_ _ rounded

1) Clast size is a function of transport time and medium

v’ An indicator of depositional environment
2) Clast shape is a function of transport distance and time

v An indicator of sediment “maturity”




Four Fundamental Components of Sedimentary Rocks

Intergranular  Porosity []

porosity (Space with no mineral matter;
Intragranular commonly filled with water)

porosity Primary porosity
' Secondary porosity

Grainsd

(oand grains,
fossils,
ooids,

efc) g ' <4~ Cement O

(Chemically
precipitated
mineral
material)

Matrix i

(Fine-grained
(clay-sized) LBR 6/2002
sediment)




1) Siliciclastic
SILICICLASTIC ROCKS

v' Breccia and Conglomerate
lnull-ml

aeR
v’ Sandstone

v' Siltstone
v Shale

o

-
=
=]

1f266

j
&
:
5

2) Biochemical

v' Limestone and Coal CHEMICAL ROCKS [BIOCHEMICAL ROCKS
+— CARBONATE ROCKS —

Dolitic rocks Micrites
Intraclast rocks Fossiliferous rocks

Dolomite (Dolostone) | Pelletal rocks

3) Chemical Other Biochemical Rocks

Chert
v. Chert, Rock Salt, and G Rock Salt (Halite)

Gypsum

v’ Biogenic origin

v’ Clastic and Crystalline

organic origir

v' Crystalline http://earthsci.org


http://earthsci.org/mineral/mineral.html

Breccila Texture:

Conglomerate Texture: PFEEReS
v Very coarse-grained e . ol ders

v Very coarse-grained
v Angular fragments

v" Deposits lose to source

256 mm

v Rounded Fragments
v Deposits far from source reg

G4 rmm

4 mm

v’ Coarse to medium-grained ]:'

v’ Mostly quartz and feldspar o

v' Deposits in moving waters | v ) e

E 2 | 14mm

Siltstone texture: s |
v Fine-grained = silt-sized | 4 | 1B

v’ Mostly quartz and feldspar : A

Shale lexture:

—

v'Deposits in fairly quiet waters

v’ Very fine-grained = clay-sized
v Mostly clay
v" Deposits in very quiet waters

Sediment GRAVEL

Rock RUDITES:

(conglomerates, breccias)




Sparite Texture:

v’ Coarse-grained crystalline
v’ Carbonate minerals
v' Halite and Gypsum

v With or without fossils

Micrite Texture: Clastic and Crystalline

v' Fine-grained crystalline
v’ Carbonate minerals

. : . Fossiliferous Texture:
v With or without fossils

v Abundant fossils
v' Either crystalline or
clastic groundmass

v Usually carbonate rich

Coguina Texture:
v Coarse-grained
v Mostly shell material
v’ Carbonate minerals

Microcrystalline texture:

v Extremely fine-grained
v ] :



Sedimentary Rock Structures




« A Three Step
Process

1) Find Rock Composition
v' Detrital? Crystalline?
v" Mineralogy?

2) Find Texture
v' Grain size?
v' Shape?
v Fossils?

3) Name the Rock

SEDIMENTARY ROCK ANALYSIS AND CLASSIFICATION

STEP 1: STEP 2: STEP 3:
What is the rock's What are the rock’s textural Rock Name(s)
compaosition? and other distinctive properties?
[Rouncied grains CONGLOMERATE
Mhairity graneel f= 2 mm)
Anguiar graing BRECCLA
&)
E haostly quartz grains QUARTZ SANDSTONE g
5 k - x 7
) I'-;r:tl_? ruc m;m. Maindy sand (1/16 = 2 mmj B r.*ru-_w,- feldepar and qi:mz ARKOSE %
o feldspar, clay) weathered Sand is mixed with much .
E from other rocks: silt and/or clay (rmud) GRAYWACKE
i |
Mostly silt
E 3E {1/256 - 1/16 mem) Breaks inlo blocks or layers SILTSTONE g
Tt | ;
Crumbles or breaks into [
£Z | Mosty clay blocks S 2
2y (< 1/256 mm) =]
= Feanily (aplts aagily) SHALE =
= | Dull brown with Porous and easy 1o break PEAT
a Mainty plant visible plant fragments mpart tha plant fragments
__E | fragments or charcoal T o el Bttt
% E I Of porus and sooty |
gg’ | Wmmmmmwminm CALCIRUDITE
e e e —
% E Mostly sand-sized fragments. May have a few langer shalls. CALCARENITE
OB Mainily fosail shells, shell | !
i = fragments, or microfossils h;t:;h' wery fing grained 1o microcrystaline mass of calcite MICRITE
| microfiossis
% s Efforvesces in diute HO : z = g
8% Porous, poory cementad mass of shells and shell fragments COCLINA v
| | W
= I . | =
Mostly fina ned, aartty, chaliky, -coloned mass AL
m_- ______________ af nw”g?m a2 i 1 =
' | Crystalline to microcrystalline bands of calcite crystals TRAVERTINE

Mainhy crystals of calcite o
aragonite, CaC0,

[ Spherical grains ke tiny beads {< 2 mm) with
Conceninc laminations

CHEMICAL (INORGNIC):
Chamically precipitated crystals

Effervesces in dilute HC1 OOLIMC LIMESTONE

inky dolomite Effervesceas in dilute
% Microcrystalien S o f powoered | DOLOSTONE
Mainty varities of quartz, Microcrystaiine, |
S0, (chalcadony, flint, i Scratches glass CHERT
i b ety conchoidal fractunm |

: | Crystals formed as
Mainhy halte, NaCi InOMaEnc chamical Salty tasty ROCK SALT

precipitates
Crystals formed as
gypsum, nonganic chamical Can be scraiched

%ﬁm precpitates with your fingemnal ROCK GYPSUM
rrinerals, ke imonte Amorphous.or Devk-colored, | morsrone
and hematite rmacrocrystaling usually brown or rsd-gray




Discussion and Examination

http://www.rockhounds.
http://www.union.edu/PUBLIC/GEODEPT/COURSES/geo-1



http://www.union.edu/PUBLIC/GEODEPT/COURSES/geo-10/mineral.htm
http://www.cobweb.net/%7Ebug2/mineral.htm
http://www.rockhounds.com/rockshop/rockkey/index.html

Granulite

E0E)

Pressure, ko (C

4(04)

2([02)

100 200 300 400 500
Temperature (°C)

200 1000

Intro to Earth Systems

ENVI 2020
L RaySRECOREAISHUCIONT s

http://earthsci.org/education/tea

http://csmres.jmu.edu/geollab/Fichter/MetaRx/Metaalp



http://www.rockhounds.com/rockshop/rockkey/index.html
http://csmres.jmu.edu/geollab/Fichter/MetaRx/Metaalphab.html

1) Metamorphic rocks form by recrystallization and/or neocrystallization of
preexisting rock (parent rock) in the solid state.

2) Most cases of metamorphism occur at or near tectonic plate boundaries.

3) Agents of metamorphism include heat, pressure, reactive fluids, and stress.
4) Two metamorphic processes are recrystallization and neocystallization.

5) Three major types of metamorphism is regional, contact and dynamic.

6) The two primary criteria for classifying and identifying metamorphic rocks
are composition (mineralogy) and texture (grain size and grain orientation).

7) Two major metamorphic rock groups are 1) foliated and 2) nonfoliated.
8) Metamorphic rock composition controlled by parent rock composition.

9) Texture controlled by combination of metamorphic agents (foliated includes.
stress; nonfoliated no stress involved).

10) Slate, phyllite, schist and gneiss are the foliated metamorphic rocks.

“11) Marble, quartzite, hornfels, and granofels-are the nonfoliat*



The Rock Cycle

Three Primary
Rock Types

1y

- R
Extrusive nhtaive N 11., =k

igneous rock igneous
2) rock
Burial,

sedimentation

3) Sedimentary

Matten rock from within the Earth's core Sedimentary

core and manltle provide heal energy rock

Focus of this presentation is on Metamorphic Rocks




Heat + Pressure = Mother Metamorphic

Metamorphic

|I —_"|__
J L; Presgj_r_e___ﬂw |

Heat and
pressure

. Hot Chemically-Reactive Fluids and Tectonic Stresses Too!




QOceanic- Continental- Continental-
oceanic oceanhic continental
convergent Divergent convergent convergent
plate plate plate Continental plate

boundary bhoundary boundary rift valley boundary
——,

Trench Fracture zone- %
3 Shield — 4 Mid-ocean®

volcano Y ridge

= Conhnentah;_—_,

pl ate

Continental
crust
Subduction Subduction
Zone Zone

Lithosphere

© 2001 BrooksfCole - Thomaoh Learning

Vast majority of metamorphism takes place at plate boundaries — Why?

1) Heat 2) Elevated Pressure 3) Magma and Hot Fluids 4) Tectonic Stresses

- —



Tectonic Settings of Metamorphism Regional

metamorphism

1) All types of plate boundaries
2) Hot spots

3) Any other region undergoing
mountain building and/or
magmatic activity

Types of Metamorphism | Andesitic WOl /A ow T & High P ‘

1) Regional Metamorphism (RM) “h“;:“ W / / Metamqrphism
v’ Due to deep burial

/ Asthenosphere l

J
a

v From Low T + Low P to High T + High P
2) Contact Metamorphism (CM)
v’ Caused by close proximity to magma and/or very hot fluids
v From High T + Low P to High T + High P
3) Dynamic Metamorphismi(bM)

. Y Caused byshearingforces in active fault zones
v  From Low T + Low P to Mod T + Mod P ‘



1) Deep Burial = Pressure + Heat + Tectonic Stresses

v’ Process termed Regional Metamorphism

v Metamorphic conditions = Low to High grade

v" Produces foliated textures w o
+ )
v’ Slates, schist, and gneisses * *

2) Magma Contact = High Heat + Fluids //
v’ Process termed Contact Metamorphism

v Metamorphic conditions = Low to High grade Metamorphic Grade

. High Gradse
v" Produces non-foliated textures f atbie

Ouartzite

v’ Quartzite, Marble, and Hornfels e senist  oneis

Granite :
Basalt Greensc



Temperature-Pressure Chart

Th e F ac | es CO nce pt Generalized Metamorphic Facies Boundaries (after Yardley, 1988)
1) The presence of a Key Mineral in a —
metamorphic rock indicates a unique | ¥ Ll
set of Temperature-Pressure | e homils
1+1 30 F_’riF'um:prert_liln}purupsil'fila
conditions Granuits | X2 | AE= abte- epidote

HBL = hornblence
P = priens

Pressure, ko (GPa)

= :
Approximate Depth (km)

2) A specific range of temperature- A
pressure values constitutes a given 404
Metamorphic Facies 202 S8

T B T T g T T
100 200 300 400 500 G600 Y00 800 800 1000

3) Each Metamorphic Facies is | 2 o i
associated with a unique tectonic
setting

Epidote

4) Low-grade metamorphism occurs at
low temperatures and pressures

hMuscovite
Biotite

Hornblende

5) High-grade metamorphism occurs at
high temperatures and pressures

Staurolite




Metamorphic Rock Classification

Original Rock

Texture

Rock Name

Metamorphic
Process

Metamorphic
Grade

Comments

muidstone

muistone

muidstone

mudstone
granite

Foliated

Foliated

Foliated

Foliated

slate

phyllite

schist

gneiss

regional

regional

regional

regional

lower

moderate

mod-high

high

breaks into plates {slaty cleavage)
more shiny and crenulated than slate

different schists recognized on the hasis of mineral
content

well-developed light and dark banding

guartz sandstone

limestone

hasalt

Mon-foliated

Mon-foliated

Hon-foliated

guartzite

marhle

metabasalt

contact

contact

contact

low-high

low-high

low

sugary texture composed of interlocking quartz grains;
relatively hard; won't fizz with acid

sugary texture composed of interlocking calcite grains;
relatively soft; may fizz with acid

greenish color due to chlorite

Metamorphic rocks are classified according to several criteria:

1) Origin = parent rock

2) Texture-Fabric

3) Composition-Mineralogy
4) Metamorphic process

-~

5) Grade of metamorphism




Parent Rock - Metamorphic Rock Pairs

v fine

'sheen' from fine mica

schist * jSchistocit | green chlorite
Basalt | Am pholite black amphibole

Blue—

B ochist [ 7

Lime-
:_.#ﬁ(

blue amphibole




Metamorphic Rock Classification

Texture

i

Rock
name

Slate

OMmcC
Dominant mineral composition
mm: = .

regional

low
graode

Original
rock

shale

Phyllite

regional

X

¥
- 7%
C H':i'
A g
™ =2

Schist

regional

medium
grade

chljprite

shale

coarse
grainesd

'I:nndod"l

fine
groined

Gneiss

Mornfels

regional

contoct

high
grode

shale
or

granite

shale

Quartzite

contact
roqﬂ;nul

quartz
sandstons

Nonfoliated

coarsae
groined
reoction|no rexction|

with HCllwith HCI

Moarble

contact

or
regional

limestone
or
dolomite







Slaty
v’ Foliated = Flat, tight-layered sheets
v Very Fine Grained

v Little to minerals observable
Phyllitic
v’ Foliated = Mildly wavy, sheets

v' Fine-grained
v' Sheen-like luster = mica minerals

Schistose
v’ Foliated = wavy, flaky layers
v Medium to course grained
v Observable mineralogy
v" Lots of mica and quartz

Gneissic
v’ Foliated = dark and light mineral bands
v' Medium to course grained



http://www.rockhounds.com/rockshop/rockkey/index.html
http://www.pitt.edu/%7Ecejones/GeoImages/6MetamorphicRocks/Slate/SlateRedCUp.jpg
http://www.pitt.edu/%7Ecejones/GeoImages/6MetamorphicRocks/Slate/SlateRedCUp.jpg

prototlith low-grade metamorphism high-grade metamorphism

¥R EaNT g T
% L

&
Ry T o
B SeoRR Sl

P MRy

Ko g : T~
SN TR
1X (no mag.) 1X (no mag.) W ol :‘?\\'\' S el 5 WX .

shale (sed. rock) schist gneiss FO I | ated

sub-microscopic clays microscopic micas visible micas visible mafic & felsic mins
bedding plane cleavage slaty cleavage schistosity gneissic banding Textu res

SIATEY CIEAVAGE
clay minerals convert to chlorite
§| minerals line up

45
..‘ perpindiculyr

i
ﬁg_ﬁi to directed stress
.‘b

)i

rr2ica, ammphibole, gtz ,‘E&fsar
comrapletely intermiixad

Ak

Frorr fight colore qt;z,-'?éfd;ﬁpﬁf-

1) Foliated textures result from deviatoric tectonic stresses

2) The type of foliated rock fabric is a function of metamorphic grade
v" Foliation character changes with intensity and duration of metamorphism

3) The type of roliated rocksabric |STalSerafiitinCtio NNeIKeCK comﬁosition



Microgranular Macrogranular

v’ Crystalline v’ Crystalline

v Nonfoliated = Equant-shaped grains v Nonfoliated = Equant-shaped grains
v" Very fine- to fine-grained v Medium to coarse-grained

v’ Massive-looking rock v Massive-looking rock

v Little to no minerals observable v |dentifiable minerals

v Example = Hornfels v’ Example: Marble

Granular Fabric

e

' Hornfels




Metamorphism of Parent Rocks

Textural Changes in Mono-Minerallic Metamorphism

prototlith non-foliated metamorphic rock prototlith non-foliated metamorphic rock

DY

sandstone (sed. rock) quartzite limestone (sed. rock) marble
quatrz sand grains intergrown quartz crystals shell fragments (calcite)  intergrown calcite crystals
cement (silica) (no void spaces) cement (calcite) (no void spaces)
void spaces void spaces

Quartz-rich Rocks Calcite-rich Rocks
v’ Mono-minerallic rocks are typically non-foliated.

v Texture described as “polygonal granular”

R



Questions:

iy
2)
3)

4)
5)
6)
7)
8)

Most Common Types of Metamorphic Rocks

Which are foliated?
Which are nonfoliated?

Which are
monomineralic? Slate Phyllite  Schist
Which are high grade?

Which are low grade?
Which looks mica-rich?
Which are hard?

Which are soft?

Marble Quartzite Mylonite







0.25 mm




Scheme for Metamorphic Rock Identification

Texture | SREMN | COMPOSITION | wETAMORSHISM COMMENTS ROCK NAME | MAP SYMBOL

. Low-grade Slate
Regional metamorphism of shale -
(Heat and Foliation surfaces shin
y from
pressure microscopic mica crystals Phyliite
increase
with depth) i e
Platy mica crystals visible from )
metamorphism of clay or Schist
feldspars
- High-grade metamorphism; =
1 D etermine Text ure some mica changed to feldspar; GheiEs
segregated by mineral type
into bands
v i i ) Contact Various rocks changed by
Foliated or Nonfoliated? Fine | Variable e heat from nearby Homfels
magma/lava
i i Metamarphism of quartz Quartzite
to Regional
coarse | Calcite and/or or Metamorphism of Marble
dolomite limestone or dolostone
Contact
Various minerals ;
Coarse in particles opfgt?leighn;gy be distorted Metaconglomerate
and matrix

A Three Step
Process

FOLIATED
MINERAL
ALIGNMENT

GARNET

FELDSPAR
PYROXENE

AMPHIBOLE

<
]

QUARTZ

v' Grain size?

NONFOLIATED

2) Determine Composition
v" Mineralogy?

3) Name the Meta Rock and its Parent Rock




Classification of Metamorphic Rocks

(Granular)

Key to Common

Fused

quartz
grains

Diensa,

>

@UARTZITE

compact
conchoidal
fracture

>

RORNFELS

Schistose; quartz/]
f-a:ldspalra;':nlil:a
complate
irﬂ&i’mf}tﬁrg

Gamnet, staurclite,

sillimanite
may be present

>

SCHIST

Banded into light

£ dark -ﬂ:,r

ampkibale) lAYETS

>

GMEISS

Metamorphic Rocks

N

Follated

. black,
Crat: ot luctare
often rings
when struck

Slatey cleavages
into smooth

flat sheets

>

SLATE '

cleavage Gresn; Slatey cleavage B
g:;tgll:s‘m' sctl?istwssajicly;z > PAYLLITE
be visible may be folded
Reacts
without Limestone
%"‘ Re wiith powdering > MARELE
= hyd oric
= acid Must be Dolomitic
powdered - -
g to react MAREBLE
=
Softer than Slippery Teel; 2
= fingernail m?:ﬂ.:ﬂl;rytalc PSOAPSTONE
i
= Harder than Greasy feel; SERPEN-
— fingemail reegi a}ﬁ:lnw. > TINITE

1 {Shale), =late, and phyllite completes intergrade with sach other.
2 Socapstone may be weakly foliated.

Iristimctions may be difficult.

Scratch Glass

Softer Than Glass

—



Metamorphic Rocks

Discussion and Examination
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