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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

1) Extrusive
igneous rock

2) Burial,
£ sedimentation

3) Sedimentary

Magma Radioactive Prooe2es g
Malter rock from wﬁhln li'-m Earﬂa‘smm Sedimentary

core and mantie provide heal energy rock

Metamorphic rocks form by changing the texture and/or
mineralogy of a parent/source rock into another rock in

stress and/or fluids activity -



Classification of Metamorphic Rocks
CLASSIFICATION OF ROCKS

1) Sedimentary W Metamorphic
2) A% Intrugive  Extrusive /\

Biologic ‘ Foliated  Non-foliated

3) Limestone Gabbro Basalt

Dolostone Diorite Andesite

Evaporites Granodliorite Dacite
Conglomerate  Coal Granite Rhyolite  Slate
Breccia Chert Schist
Sandsione Gneiss
Siltstone
Mudstone
Shale

Like the other rock types, metamorphic rocks are classified
based on both Texture and Composition

The primary division on metamorphic rock classification is

whether a metamorphic rock is foliated (layered) or%



Metamorphic
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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
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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







prototlith low-grade metamorphism high-grade metamorphism
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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
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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



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
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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



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




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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