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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)ldentification of igneous rocks based on two criteria: texture and




The Rock Cycle

a.r"—‘\_h‘
Th ree Primary 1NE!-EI|J'IEFiI'IQCJ\;—.’_j)
Rock Types . /

1)
2)
3) Sedimentary

Burial,
sedimentation

. il,-'-"_:':'.-. i ‘ 3 i - WHAIR i I carm: ‘ e .q____'l' (] : ary
KeV Conce pt- core and mantle pmﬁ.r!r = heal energy rock

The Rock Cycle is Perpetuated by Several Major Processes
1) Magmatic Activity.
2) Uplift:and VMountain Building
3) Weathering; Erosion, Deposition, and Burial o o' Sediment




The Rock Cycle

Three Primary
Rock Types

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

Igneous rocks are classified by two mineral criteria:

K

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




I\/Iagma and Lava I\/Iother Igneous

[

of an igneo-us rock is primarily controlled by the
or lava that it cooled from.

of an igneous rock is primarily controlled by the
of its parent crystallizing magma or lava
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Volcano

Volcanic Zone l

Subvolcanic : L =
Zone | == I e e i s i Sill
Plutonic Laccolith
Zone Plutons
Zone of Countryrock
Silicic Magma
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- Mafic Magma
Generation

Femeénias Olivier




Medium

cooling speed,

medium
crystal size

Slow cooling,
large crystals
Qrow

Fast cooling, fine crystal size
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Common
Rock-Forming
Minerals

1) Plagioclase
2) K-Feldspar
3) Quartz

4) Muscovite
5) Clay

6) Calcite

Olivine Ca-Plagioclase Feldspar

7) Gypsum

8) Halite

9) Biotite

10) Hornblende
11) Pyroxene

Limonite

Orthoclase feldspar

Biotite

12) Olivine et
13) Tourmaline G
14) Garnet . '@‘

LS
L]

15) Magnetite
16) Hematite

Quartz

Muscavite




Cooling and Crystallization of a Magma
Bowen’s Reaction Series

v’ Early forming minerals [ 100% Calcum
are Fe-Mg-Ca rich and romete  Oiiving
silica poor @ high temps

Pyroxene

v’ Later forming minerals
become more richer in Na
and silica @ mod temps

Decreazing Temparatures

Increasing resistance to weathering

Amphibole \
v' Last forming minerals Biotite Mica ¥ 100% Sodium
are most rich in K and
silica @ low temps Muscgvite Mice

Potassium Feldspar




Ultramafic:
v Very Iron — Magnesium Rich

v Super undersaturated in silica =5 —

v Mantle rocks = Peridotite gk celeg m
M f_ Coarse|] Granite eridntite

aric:
. . . Rhyolite] Andesite | Basalt
v Iron—Magnesium-Calcium Rich - _m’
" . M \ad P .
v Undersaturated in silica cular HIEES
v Oceanic rocks = Gabbro and Basalt i)

Minerals Present

v’ Between Mafic and Sub-Felsic/Silicic B

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

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
v' Continental rocks = ~“and

@ http://www.rockhounds.com/rockShop/roc




Light-Colored Dark-Colored

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

Rock types

100
@ Orthoclase
= feldspar
© 80
2 & &
= 2 <
T 60 Quartz 3\&"\-— Plagioclase —= ssf
2 o feldspar o%\o
= S Pyroxene
S 40
@
ap
i)
c NS \CA
S ¥ NS potite L Olivine
)
B Amphibole

0
<:70% Silica content 40%
< Sodium and potassium content
Iron, magnesium, and calcium content >

700°C - Temperature at which melting starts 1 200“C>




Igneous Rock Classification

COMPOSITION

Felsic o diat Mafic
(light color) | Intermediate L. color)

Y T e
T T
cular

Minerals Present

mAC-—>xm-

-
E
X
T
U
R
E

QUARTZ
K-FELDSPAR
NA-PLAG

NA-CA PLAG | CAPLAG PYROXENE
AMPHIBOLE J PYROXENE OLIVINE

COMPOSITION

http://geology.csupomona.edu/alert/igneous/igclass.htm



Phaneritic Texture:
v Coarse Grain Size = Slow Cooling

v Plutonic Rocks = Coarse-grained

Aphanitic Texture:
v Fine Grain Size = Fast Cooling COMPOSITION

v i = Fine-qarai Felsi Mafi
Volcanic Rocks = Fine-grained ol A m
-
v' Large crystals in aphanitic groundmass = Rhyolite| Andesite

slow cooling followed by rapid cooling Pl

v Porphyry Rocks = Mixed-grain T

Vesicular Texture: shard I:I:::‘::EGP“:::;G PYROXENE
v Fine-grained to glassy with Cavities Atk

v’ Lots of tiny vesicles = pumice COMPOSITION
v Fewer larger vesicles = scoria

mAacC—H>xm-—

Glassy Texture:
v’ Little to no crystals = natural glass
v' Super rapid cooling
v" Obsidian is dark in color
v' Pumice is light in color -

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




lgneous Rock Pairs

Classification by texture
Extrusive Intrusive

Fine grained Coarse grained
Basalt gabbro
Andesite diorite
Rhyolite granite

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

feldspar + quartz (Si) = felsic

. Basalt

Fast
Cooling ~

- Rhyolite-




Formation and texture

1. Pyroclasts form
from airborne lava
in violent eruption

Pyroclasts Volcanic ash Pumice

2. Extrusive
igneous rocks.
Cool rapidly on the
Earth’s surface

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

Intrusive rocks ; : : 4. Purphyryr starts to
: 3 grow below the
surface but before
solidification is
brought to the
surface




k.;

Flel tcrops l

OFSsIs 200%

3y
» L
P, VOl

3 v

v Intrusive -Plutonic
v Coarse-grained
v Cooled Slowly




Porphyritic

porphyritic andesite

Groundmass

Aphanitic

'ﬁ;fl 'lfd 3

Aphanitic Texture
v' Extrusive -Volcanic
v Fine-grained
v Cooled Rapidly

v Combo Plutonic -Volcanic

v’ Coarse-grained phenocrysts
in a fine-grained groundmass

v" First cooled Slow, then Fast




Glassy Vesicular Fragmental

Obsid ian Vesicular Basalt

.

53

B

oo
Obsidian




OESIS 004




Color Index of Plutonic Rocks




Igneous Rock Classification

1. Color Index
Estimata the rock's
color index (GI):

%6 of mafic minsral
crystals or darkness
ot the rock.

Felsic
(0 1o 1520 maflc crystals)

d

2. Minerals
ldentify minerals
in the rock, if
possible, and
thair percent

(oy velume) of
the whals rock.
Skip this step if
mineral crystals
ara not visible or
arc too small to
identify.

60—

40—

3. Texturel(:

Muscovite

Pelassivm
Feldspar
(K-Spar)

groundmass

Identity the rock's &4,
textural(s).
PEQ\:;;’“”“: FPEGMATITIC
E coarse-grained GRANITE
g e =
Fhaneritic:
w i GRANITE
o= SCoarse gisnag (SYENITE, if no quartz)
2 = =
E Phenoorysls'
: X PORPHYRITIC
= in a phaneritic SRAMNITE

Phenaorysts’
in an aphanitc
groundmass

PORPHYRITIC
RHYOLITE

Aphanitic:
fine grained

RHYOLITE

Intermediate
(16 to 45% mafic crystals)

(> 85 % mafic Grystals)

Ultramafic -

Ultramafic

Plagioclase
Feldspar

Clivine

Rock Name: Select name below, based on data from steps 1-35.

PERIDOTITE

PEGMATITIC
PERIDOTITE

Glassy

Vesicular

EXTRUSIVE ORIGN

PUMICE

(abundant tiny vesi
very lightweight; white

FEGMATITIC FPEGMATITIC |
DIDRITE GABEBRC
= Jli=e
DIORITE GABBRO
PORPHYRITIC PORPHYRITIC
DIORITE GABBROC
- — — | IS
PORPHYRITIC PCRPHYRITIC
ANDESITE BASALT
ANDESITE BASALT
CBESIDIAN
SCORIA
(resembles a sponge}
icles—like meringue;
or gray; floats in water) VESICULAR BASALT
(has few scattered vesicles)

Pyroclastic or
ragmental

VOLCANIC TUFF (fragments = 2 mm)

VOLCANIC BRECCIA (fragments = 2 mm)

PORPHYRITIC
PERICOTITE

Cannot be
distinguished
from basalt in
hand samples

(KOMATITE)




Igneous Rock Classification

Highly Modified IUGS Classification ;
of Phaneritic Igneous Rocks IUGS Classification of Volcanic Rocks

Granitic Plutonic Rocks Volcanic Rocks




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 1 & 2: Cl and Mineral Composition

STEP 3: Texture

e

Quartz {gray)

Plagioclase Feldspar (whits)

INTRUSIVE ORIGIN

Potassium Feldspar
{K-Spar} (pink)

FELSIC MINERALS (light-colored)

Muscovite Mica {rown)

Biotite Mica (black)

Amphibole (darx aray)

Pyroxene (dark green)

Color Index (Cl):
the parcent, by
volume, of mafic
minerzals in 4 rock.
See top of Figure
H 5.3 and GeoTools
el 4 shest 1.

| Olivine {grzen)

EXTRUSIVE (VOLCANIC) ORIGIN

Pegmatitic

{crystals =1 cm):

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

Phaneritic

(crystals 1-10 mmy):
siow cooling,

viscous magma,
and/or good nucleation

# Porphyritic

o (arge and small crystals):
slow, then rapid cooling
and/or changs in magma
viscosity or compaosition

Aphanitic

(crystals <1 mm):

< rapid cooling, fluid lava,
4 and/or good nucleation

Glassy
rapid cocling and/or very
poor nuclzation

“| Vesicular

(like meringue):

rapid cooling of
gas-charged lava

Vesicular
(soms bubbles):
8 gas bubbles in lava

‘| Pyroclastic or
Fragmental:
particles emitted from
volcanoes

STEP 4: Igneous Rock Classification Flowchart

/ Feldspar » mafic minerals !r.:

Texture is

—— K-spar > Plagioclase —— quartz present... GRANITE 2

TG QUEMZ..n SYENITE™®

‘| pegmalitic, < ~K-sper < Plagioclase.................. DIORITE ™#
i i, K < Plagioclase......c..ne i
i tpnaikc “{ Feldspar < mefic minerals -=———"C1=45-85..... GABBRO'*
Sl N A ~Cl=85-100 (< 15% felsic minerals)... PERIDOTITE
—‘ - felsic (Cl = 0-15) andfor pink, white, e pale Brown................. . RHYOLITE? 3‘93:’?;”
| Textura is -~ imermediate (Cl = 15-45) and/or green to gray. ...................... ...ANDESITE* Sl
aphanitic and/or &= mafic (Cl = 45) and/or dar< gray to black.. BASALT#?
vesicLlar .~ mafic with abundant vesicles (resembles a SpoNge).....o v SCORIA
intermediate or felsic with abundant tiny vesicles-like meringue, floats in water,.. PUMICE
GIASSY TXIUME [ +erisssserssmssstssmissssssssasssssssesasssinssssesanssssssssssassansmsanss s OBSIDIAN
Pyroclastic (fragmental) texture fragments <2mm ... VOLGANIC TUFF
——— fragments > 2mm VOLCANIC EREGCIA

"Add psgmatite to end of name if crystals are > 1 ¢m (e.g., granite-pegmatite).
*Add porphyritic to front of name when present (e.g., porphyritic granite, porphyritic ryaite).
*Add vesicular to front of name when present (e.g., vesicular basalt),




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

Practical Use for Rock?

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

% of mafic mineral
crystals or darkness

Felsic l

IGNEOUS ROCKS CLASSIFICATION

Ultramafic

of the rock. s
' 100%
Felsic ! Intermediate ! Mafic : Ultramafic }
(0 to 15% mafic crystals) | (16 to 45% mafic crystals) | (46 to 85% mafic crystals) | (> 5% mafic crystals)
100% e — = ;
Muscovite _— y o i < \‘e
i : V‘b : Q’Q‘?’
' ) @Qy : §
I
80— | I ‘\é 1
\ ! 1 @ I «
1 @ } \o
! g 1 O“ | o
2, Minerals ol 1 0\ .
Icdentify minerals Q ,§-
in the rock, if # Oob
possible, and 60 . 1 D
their parcent f i o [
by volume) o 1
%hé whcls: '}ock Potassium | | ,§s’a 1 0(@0
Skip this step if Faldspar | | & é | i
mineral crygdtals (K-5pan) i / \\0‘ ‘n,‘\é\_‘ Olivine
are not visible or _ 1 1
are too small to 40 A c,\- 1 a%‘- B
icientify. I N | @ =
I 1 T
< (f‘a‘ ! =
/:/ 04 : Pyroxeng 1
= =Elhe 1 i
20 ///" 1 ('s‘;g-\l‘ i
e | \‘\_\ 1
e 1 g Vsl i et
4 ; | Amphiboie \"\
[1] i i e ‘i
3. Texture(s)
Identify the rock's 4. Rock Name: Select name below, based on data from steps 1-3
texcture(s). =k
Fe'iﬂ;?"ic- PEGMATITIC PEGMATITIC PEGMATITIC PEGMATTIC
g coarsc grained GRANITE DIORITE GAEBRO PER
E —— —
o He
E | et GRANITE | DIORITE GABBRO PERIDOTITE
B (SYENITE, if no quartz)
=] ———— i = )
£ [FEosuk PORPHYRITIC ' PORPHYRITIC PORPHYRITIC ' PORPHYRITIC
2 S sl GRANITF DIORITL GABBRC FERIDOTITE
Phenocryste. FORPHYRITIC PORPHYRITIC PORPHYRITIC
2;133" ek RHYOLITE ANDESITE BASALT
o= sedtEtd | : M SR =
Aphanitic:
fine-grained RHYOLITE | ANDESITE BASALT
= = | =lE s
g Glassy OBSIDIAN dgm;gltsﬁem
2 =T from basalt in
E = SCORIA - hand samples
g : BT ; {resembles a sponge) (KOMATITE)
Vesicular (Abundant tiny vesicles-ike menngue:
E very lightweight; white or gray; floats in water) ma:lfzsr{’ssléﬁéfm& ]
ew vesicles)
Pyroclastic or VOLCANIC TUFF (fragments <2 mm)
Fragmental 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- |dentify and record the

minerals and the volume % of dark minerals = COLOR INDEX.
Note: Color index applicable for course-gqrained rocks ONLY! OR

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).

Steb _@E NAME the ROCK — based on texture/composition combo




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.cobweb.net/~bug2/mineral.htm

RHPYAWWW . TOGKRONTCS "CQIAIOCKS TODAOCKKEVANCEXT TN
http://www.union.edu/PUBLIC/GEQDEP T/COURSES/qco=10A
http://academic.brooklyn.cuny.edu/geology/grocha/mineral/mineralhtmi
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Weathering
and Erosion

Burial,
Compaction. and Depasition
Lithification
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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#top




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

2) 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.

8) ldentification of sedimentary rocks based on two criteria:
v Texture '
v' Composition




Sedimentary Rocks in The Rock Cycle

Key Points: - Weathering

1) Part of rock cycle involving mmm m N
materials, conditions and 11
processes at or near Earth’s - A

R
\ .l""f,.f -l",l"‘.;lll.i.l'

nepmhm

2) Begins with weathering of
uplifted, exposed rock

3) Continues with the erosion
(removal and transportation)

of weathered sediment

The Rock Cycl
4) Finishes with the deposition e ixock Lycle

and lithification of sediment




Water Cycle Mother Sedlmentary

Water Storage

1)Agents Sun Water, A|r and Grawty

2) Processes = Weathermg, Erosion and Deposition




basalt lavas VOLCANIC
erupting to ARC

MID-OCEAN RIDGE ™™™ E“"'*"'“‘“ _%‘_ s
s Y —---.-_ -:'-' T —_——— e "=t =

= -sedimentary _~—__™

e i T e
e

e o PR
- L T
— T OTEAMIL 5 ocean Noor Basali S
LITHOSP o : oo

CONTIMENTAL
ITHOSPHERE

 melii s plastic manitle” i~ rigid mantle

plastic mantle : older sedimesnt - i .
(source of s rocks) rocks ¥ Ll Bt rocks)

matamorphic
rocks forming

SUBDUETED
CHLEAMN FLOOR
PLATE{OCEAMIC
LITHOSPHEREY

1) Source regions for sediments are primarily convergent plate boundaries

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




MULTIPLE FACTORS INTERACT TO CREATE SEDIMENTARY ENVIRONMENTS

THE EARTH SYSTEM =
' Organic
e CLIMATE Ceog-raphm processes and
' Hydrosphere SYSTEM A location and Transport organisms
T . plate tectonic | | agent and | | that modify
—— setting medium ot e i Climate

e T
Sedimentary environment

_ R
' Tiﬂ, ISTEM ‘ °G|acier_; v

w‘vg”f'_t I k ‘-\I'K \ ; ; ] L . - Sediments deposited
esert lake o\~ i
> o - T o - z . ;
o o y = c; |‘ﬂ%~m i 0 Continental margin
’ . T t SRR
L : idal flat—__ 5\\3\“

Turbidity
e )):fcurrents




RS ==

SN Tidal Flat 7

limestone

VISIBLE GRAINS CLAY-SIZED GRAINS IN SOLUTION
Quartz sand z Cal0y,
Lithics (e Eaatinin

Feldspar Tron oxides
Resistent minerals




SEDIMENTARY Rock MobELS

Average Continental
SIMPLE lgneous Source Rock
IpearL MobEL —l [IRANODIOR rnfl
I
For rae EvoLurion or OMPLETE
EATHERING

SEDIMENTARY ROCKS

| Weatm"rg%egmum |

Separation During
Transportation

MNear Shelf Far Shelf
et s snes s L JONSIREORE e s e il aons SR L
= : o e e A S
shale limestone
VISIBELE GRAINS CLAY-SIZED GRAINS IN SOLUTION
Quartz sand CaCO,
Lithics {?;yﬁ,i,';f;ft: \ CaMg(CO,),
Feldspar Toem oitdes CasS0O,
NaCl

ke-intzntrﬂ/ sio,

SILICICLASTIC ROCKS CHEMICAL ROCKS |BIOCHEMICAL ROCKS
e e +—— CARBONATE ROCKS —
Oolitic rocks Micrites

Intraclast rocks I Fossiliferous recks
Dolomite (Dalostone) |  Felletal recks

8l Other Chemical Rocks [OH

Chert
Rock Salt (Halite)
Gypsum

L.8. Ficheer, 1993, 2000
betp:/fgeollab jims.edslFichier/SedRtsedclass. bimd]




o kit

Sediment Clast Types

angular
Near-to-

~ — source
Sand-size

Far-from-
source

2oorly Sorted “ery Poorly Sorted

Silt-size

Iay—size

is a function of transport time and medium

v An indicator of depositional environment
is a function of transport distance and time

v An indicator of sediment “maturity”
is a function of transport medium

v" An indicator of depositional environn




Four Fundamental Components of Sedimentary Rocks

Intergranular Pgrgsi’[yD
porosity (Space with no mineral matter;
Intragranular commaonly filled with water)

porosity Primary porosity
Secondary porosity

Grains

(Sand grains,
fossils,
ooids,
etc. )
(Chemically
precipitated
mineral
material)

Matrix l

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

sediment)




1) Siliciclastic
v Breccia and Conglomerate
v' Sandstone
v’ Siltstone
v' Shale

2) Biochemical
v' Limestone and Coal
v Biogenic origin
v' Clastic and Crystalline
3) Chemical
v Chert, Rock Salt, and Gypsum

~ SILICICLASTIC ROCKS

| CHEMICAL ROCKS [BIOCHEMICAL ROCKS

+— CARBONATE ROCKS —

Dolitic rocks | Micrites

Intraclast rocks | Fossiliferous rocks
|

Dolomite (Dolestone) |~ Felital rocks

| Other Chemical Rocks [Other Blochemical Rocks

Chert Peat and Coal
Rock Salt (Halite) '

Y Wan] C oriain . N

v Crystalline

http://earthsci.rg'f- :




Breccia Texture:

v Very coarse-grained

v Angular fragments

v Deposits lose to sourceteyiuit

Conglomerate Texture: PRgiss
v Very coarse-grained N e Boulders

9E6 mm Sadiment. GRAVEL

v Rounded Fragments ==

. ] B4 1 Rock PLDITES:
‘/ DepOSItS far frOm source reg ' " [ebbles (conglorrerate s, arecc as)
: 3 - 4 mm
Granules
2 mm

v Coarse to medium-grained
v’ Mostly quartz and feldspar | = | _
v’ Deposits in moving waters | %4 T Megium Sang | Tocks: SANDSTONES

e (zrenites, wazkes)
;

Siltstone texture: : 3 | mm——
v’ Fine-grained = silt-sized i || A e
v Mostly quartz and feldspar 3 | = [l
v'Deposits in fairly quiet waters

Sadiment. SAND

Fine Sand

Sadiment. MUD

Flnl LllTITE

Shale Texture: seomenT anan et
v Very fine-grained = clay-mzed Em s

CLAY SILT

v Mostly clay
v Deposits in very quiet waters




Sparite Texture:
v’ Coarse-grained crystalline
v Carbonate minerals
v" Halite and Gypsum

v With or without fossils

Micrite Texture:
v' Fine-grained crystalline
v' Carbonate minerals
v/ With or without fossils &

v’ Coarse-grained
v Mostly shell material
v Carbonate minerals

Microcrystalline texture:

v’ Extremely fine-grained
v' Smooth, massive looking
v Deposits in quiet waters
v Chert'and Travertine

Micrite

Fine grained s N

calcite -

Fossiliferous Texture:
v Abundant fossils
v’ Either crystalline or
clastic groundmass
v Usually carbonate rich




Sedimentary Rock Structures

= e Lo

s S : g % s 4 : ' . Photagraphis o)

*" Graded Bedding




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?
[Rounciad grains CONGLOMERATE
Mainhy grined (= 2 mim)
Angular grains BRECCIA
&)
= Iostly quartz grains OUARTZ SANDSTONE g
g k 1 |
) m&m&u. Maindy sand (1716 = 2 mm) Mainby leldspar and quanz . ARKOSE . %
o faldspar, clay) weathensd Sand is mieed with much f
E from other rocks sitt and/or clay (mud) ! GRAYWACKE
i [ :
Mostly silt
E EE |m2 Y i6mm | Bredksnobocsorimyes | SILTSTONE g
E | :
Crumbles or breaks into [
£Z | Mostly clay blocks CLi STone 3
gv [ 1/256 mm) g
= Fisgila (splts aasily) SHALE
= Dull browr with Porous and easy to break PEAT
irly plant visibile plant fragments apart the plant fragments
gﬂ fragments or charcoal and bit
%E Bilack Dﬂfﬂﬂwwmmm BITUMINOUS COAL
Mostly visible shells and shell fragments cermanted into
gé’ ey | CALCIRUDITE
éE | Mostly sand-sized fragments. May have a few langer shells. CALCARENITE
3@ | Mainly fossil shells, shell : :
= s | fragmants, or microfossils Mastly very fine grained 1o microcrystaline mass of caicite | MICRITE
B crvecosnomseney | mocsss ¢ 00 |MOE 0 |y
e
8% | Porous, poory cementad mass of sholls end shel fragments COCUMA E
- 3 =
Mostty fine grained, earthy, chalky, bght-colored mass ALK
= T qrmﬁ?mus i S =
Main als of calcite or line to microcrystalling bands of calcite crystals TRAVERTINE
Spherical grains Eka finy beads [« 2 ) with
2 Effervesces in diute HC1 Concen w .20 DOLIMC LIMESTONE
3) dolomita Effervescas in dilut
E m Microcrystallon S oo f powdered DOLOSTONE
Mainhy varietios of quartz, ' :
DE 8400, {chalcedany, flint, Microcrystaling, Scmatchas glass CHERT
Z3E prs b ecaleadinteyd conchoidal fracture
g. Crystals formed as
Mainhy halite, NaCl inorganic chamical Salty tnste ROGCK SALT
E%‘ precipitates
Crystals formed as
X gypsum, o chemical Gan be scratohed ROCK GYPSUM
OE %‘.m,o RN o with your fingemall
O | Mostly iron-bearing
. Amorphous or Dark-colored,
mﬁhm reCrocrystatne v | or - grary IRONSTOMNE




Discussion and Examination

Sediments and
entary Rocks

e e ey
I e e g

http://www.cobweb net/~bug2/mineral.htm
http://www.rockhounds.com/rockshop/rockkey/inde Xt
http://www.union.edu/PUBLIC/GEODEPT/COURSES/geo-10/mineralthtm




o
"Conditions

 rect S - Eclogite
in nture /
/ Vet granite meting cure |
g 4 o0& | &= sillimanite
T1202) = | A= andaluste
& : Hfls= hornfels
=10 (1.0) ] e MR . PriPum = prebnite-pumpellyite
= P Granuita R AE= dbie- epidole
E0E : 2 | HBL= hornblends
- E | P = pyroene
& ({08

4104

2102)

100 200 300 400 500
Termperature (°C)

Intro to Earth Systems
ENVI 110 Lab

Ray ReCtOF = |nStrU CtOf h_t___tp.:l_/www.rokhuns.cq/rocl;st.hop/rockk.ey/index.htmI

http:ﬁéérthsci.org/education/teacﬁer?&aslc S

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




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.

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

)
)
4) Two metamorphic processes are recrystallization and neocystallization.
)
)

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

/) 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, quartzité,' hornfels, and granofels are the nonfoliated n




The Rock Cycle

Three Primary Q
Rock Types ‘."'n."ealher.ing W

1)
2)

Burial,
sedimentation

3) Sedimentary e

; *bl QE"

I-E';ﬁ?"#. r[}d‘fﬁ'ﬂ _:-I---tl:u..l._g":_': H i 3 L -|. b=
core and mantle prm# de heal energy
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= - B

" rock

Focus of this presentation is on Metamorphic Rocks




Metamorphic
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Hot Chemically-Reactive Fluids and Tectonic Stresses Too!




QOceanic- Continental- Continental-
oceanic oceanic continental
convergent Divergent convergent convergent
plate plate plate Continental plate
boundary bhoundary boundary rift valley boundary

Continental:

Continental

Oceanic Asthenosphere crust

crust i
Subduction Subduction

zone Zone

Lithospher

@ 2001 Brooks/Cole - 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 _.Ht_mf:.n?l_.
1) All types of plate boundaries metamorphis

2) Hot spots

3) Any oth_er region undergoing ST g SR
mountain building and/or ic Sl &
magmatic activity ithosphere™ _.%_;G} fi— Lilkosphere | ‘
=] -

= i _"—--.___‘_v :-l' .-"f-’.
Types of Metamorphism Andesitic 94

1) Regional Metamorphism (RM) Asthenmi:]"i:i:m ’
v’ Due to deep burial | 3 Aathmmph‘m
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 Metamorphism (DM)
v' Caused by shearing forces in active fault zones

v From Low T + Low P to Mod T + Mod P

/ AowT & High P
~ /  Metam Tph]bm |




1) Deep Burial = Pressure + Heat + Tectonic Stresses

v’ Process termed Regional Metamorphism

v Metamorphic conditions = Low to High grade
v" Produces foliated textures

v’ Slates, schist, and gneisses

2) Magma Contact = High Heat + Fluids
v’ Process termed Contact Metamorphism
v Metamorphic conditions = Low to High grade

v" Produces non-foliated textures
v Quartzite, Marble, and Hornfels

Dynamic
Metamorphism

Contact
Metamorphism

t

Wt
+
Heat -
)

Heat

Stress

Metamorphic Grade

igh Grade
Marble
Ouartzite
Gneiss
Granite
Basalt




Temperature-Pressure Chart

The Facies Concept

Generalized Metamorphic Facies Boundaries (after Yardley, 1988)

LT

1) The presence of a Key Mineral in a
metamorphic rock indicates a unique
set of Temperature-Pressure

KEY
K = kyanite
e S = gillinranite
oAy : ; = | A= andaluste
0] Amphibolit Hils = hornfels

conditions

A specific range of temperature-
pressure values constitutes a given
Metamorphic Facies

Each Metamorphic Facies is
associated with a unique tectonic
setting

Low-grade metamorphism occurs at
low temperatures and pressures

High-grade metamorphism occurs at
high temperatures and pressures

=10 (1.0)

F 808

i sp8

410.4)

203 -

300 400 500 600 OO
Temperature (°C)

100 200

Temporature, = C
S00
Chiorite

Epidote

Biotite

Hornblende
Staurolite

Garnet

Pyroxene

800 900 1000

PrPum = prebnite-purnpellyite
AE= gbile- epidote

HEL= hornblends

PX = pyriscens




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)
maore 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

Non-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

'sheen' from fine mica

mica coarsedvisible

| gelschistocity| green chlorite
PRI = WNOWOBIIEY  Banding | black amphibole
b} wl - Chistocity| blue amphibole
schist
e MNone/ Calcite dominates

vanding minors give color

Cuartz dominates
minors give color




Metamorphic Rock Classification

Texture

Rock

= e —— Dominant mineral composition

Original

Folioted

Nonfoliated

name rock
= 7 L o e
- 28 Slate regional ;2 o - shale
e ._'= > P
:E '- -
L]
= 8| Phyllite | regional | £+ % shale
| - ~
i 'o:
= E’ -
T z Schist regional - shale
sels o
oc| 3 , _ c® 3 shale
=| 2| Gneiss regional | ®¢g | © or
A ‘s _ granite
EE Hornfels con tact shale
o
i? r— contact qu:ritz
g artzite sandstona
EE _E'E raanrnul |
§'§ 89 contact P limestone
o> Bf Mﬂrbli w o or
£5 regional b dolomite




Schist




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

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
v Observable mineralogy
v Quartz, feldspar, biotite, and amphibole

+  http://www.rockhounds.com/rockshop/rockkey/index.html ‘Garnet Gneiss Close-Up




prototlith low-grade metamorphism high-grade metamorphism

400 X X 1X (no mag.) 1X (no mag.) RN

shale (sed. rock) schist gneiss FOI |ated

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

Siater CieAvAGE BANDING
clay minershs convert 1o chlorte _ ~hrlrtte goaes Fo nied. gtz feldsp: qrica. iz foldspar

.ru.r.a Frrnglibe fc iz, J"L-l:.f ,P.?r

eqreqa:‘a Lt barr
cormpletel\. irtermived

Srearrs fight cofered gréefeldsprar

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 foliated rock‘fabric is alse afunctioniofirock composition




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

7]
s 0.5 mm &
-

bric

T i
i 1 p '|.1
. %

Marble




Metamorphism of Parent Rocks

Textural Changes in Mono-Minerallic Metamorphism

prototlith non-foliated metamorphic rock

sandstone (sed. rock) quartzite
quatrz sand grains intergrown quartz crystals
cement (silica) (no void spaces)
void spaces

Quartz-rich Rocks

prototlith non-foliated metamorphic rock

limestone (sed. rock) marble
shell fragments (calcite)  intergrown calcite crystals
cement (calcite) (no void spaces)
void spaces

Calcite-rich Rocks

v’ Mono-minerallic rocks are typically non-foliated.

v Texture described as “polygonal granular”




Most Common Types of Metamorphic Rocks

Questions:
1) Which are foliated?

2) Which are nonfoliated?

3) Which are
monomineralic? Slate Phyllite  Schist

4) Which are high grade?
5) Which are low grade?
6) Which looks mica-rich?
7) Which are hard?

8) Which are soft? Quartzite Mylonite




Schist




Amphlbollte

Quart ite




Scheme for Metamorphic Rock Identification

| | =
A Three Step | B
Process

Low-grade

e i =
Regional metamorphism of shale

(Heat and Foliatian s in) Phyllite
4 7 MiCTuscop & T

FOLIATED
MINERAL
ALIGNMENT

[}
with depth)

MICA
QUARTZ
FELDSPAR
AMPHIBOLE
GARNET

PYROXENE

i tamarphism;
ad to feldspar;

1) Determine Texture

v Foliated or Nonfoliated? | Var ol | ; Horfee

| Metamorp Quartzite

v' Type of foliation? |

or Metamorphism of Marble
. limestone or dolostone

v' Grain size?

]
w
=
-
(o]
L
=
(=]
=

Contact

Pebbles may ke distorted Metaconglamera
or stratched

2) Determine Composition
v' Mineralogy?

3) Name the Meta Rock and its Parent Rock




Classification of Metamorphic Rocks

(Granular)

Follated

Non-Foliated (Granular)

Key to Common

Metamorphic Rocks

N

Translucent Fused
pale colors [ | Quartz P QUARTZITE
grains
Dark, dul Dense,
opague - el oo 3 HORNFELS
colors;
- fracture
S{;I;;i;ﬁeﬂqﬂnrﬂf Gamet, staurolite,
el SCHIST
L ?ﬂmlm masyillhemnﬁe.m ’
schistose ar
handed Bandaduinllc light
A" Fark it I GNEISS
ampisha le) lAYETS
. black,
s il lusto: Slatoy ulsdvasy 3 scaTE'
Fine grained; bl flal sheets
cleavage Grean, Slatey cleavage 1
bl Sl showeak | 3wl PAYLLITE
be visible may be folded
Reacts
without Limestone
Re with powdering P ‘MaRBLE
hyd oric
id e i 3| Dolomitic
to react MAREBLE
Softer than Slippery Teel; =
I o diluie fingernail mostly talc PISOAPSTONE
" rezelfon
o . Harder than Greasy feel; SERPEN-
fingernail reegiayé?{llow. > TINITE

2 Socapstone may be weakly foliated.

1 (Shale), slate, and phyllite complete intergrade with each other. Distinctions may be difficualt.

Scratch Glass

Softer Than Glass

—



Metamorphic Rocks

Discussion and Examination
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