‘Metamorphic Rocks
Chapter 7
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M etamor ph IsSm

Thetransmon of one rock |nto another

by temperatures and/or pressuresunlike
those in which it formed

»* Metamor phic rocks are produced from
* |gneousrocks
e Sedimentary rocks
e Other metamorphic rocks



M etamor ph | sm

I\/Ietamorphlsm progresses mcrementally
from low-gradeto high-grade

% During metamor phism the rock must
remain essentially solid
* M etamor phic settings

- Contact or thermal metamor phism —
driven by arisein temperature within the

host rock



Metamor ph IS

I\/I etamorphlc settlngs

- Hydrothermal metamor phism —chemical
alterations from hot, ion-rich water

- Regional metamor phism
(EOccursduring mountain building

(HPr oducesthe greatest volume of metamor phic
rock

(HRocks usually display zones of contact and/or
hydr other mal metamor phism



Agents of metamorphlsm

H eat

- The most important agent

- Recrystallization resultsin new, stable
minerals
- Two sour ces of heat

(EContact metamor phism — heat from magma

(FAn increase in temperature with depth dueto
the geothermal gradient



Agents of metamorphism
% Pressure (stress)
- Increases with depth

- Confining pressure appliesforces equally
in all directions

- Rocks may also be subjected to differ-
ential stresswhich isunegual in different
directions



Origin of pressurein
metamor phism

Figure 7.3



Agents of metamorphism
% Chemically active fluids

- Mainly water with other volatile com-
ponents

- Enhances migration of ions

- Aidsin recrystallization of existing
minerals



Agents of metamor phlsm

% Chemically active fluids

- Sour ces of fluids
(HPor e spaces of sedimentary rocks
(H-racturesin igneous rocks
(EHydrated minerals such as clays and micas



Agents of metamor phlsm

The |mportance of parent rock

- M ost metamor phic rocks have the same
overall chemical composition asthe
parent rock from which they formed

- Mineral makeup determines, to alarge
extent, the degreeto which each
metamor phic agent will cause change



Metamorphic textures

Texturereferstothesze shape and
arrangement of grainswithin a rock

# Foliation —any planar arrangement of
mineral grainsor structural features
within arock

- Examples of foliation

(HPar allel alignment of platy and/or elongated
minerals



Metamorphic textures
& Foliation ' '
- Examples of foliation

(HPar allel alignment of flattened mineral grains
and pebbles

(ECompositional banding

(ESlaty cleavage whererocks can be easily split
Into thin, tabular sheets



Metamorphic textures
% Foliation
- Foliation can form in various ways
including
(HRotation of platy and/or elongated minerals

(HRecrystallization of mineralsin thedirection
of preferred orientation

(EChanging the shape of equidimensional
grainsinto elongated shapesthat are aligned



Development of foliation due
to directed pressure

Figure 7.4



Metamorphic textures
Fol.iate.d téxturés - -
- Rock or dlaty cleavage

(EClosely spaced planar surfaces along which
rocks split

(ECan develop in a number of ways depending
on metamor phic conditions and parent rock



Metamorphic textures
Fol.iate.d téxturés - -
. Schistosity
(Elaty minerals are discer nible with the

unaided eye and exhibit a planar or layered
structure

(HRocks having thistexturearereferred to as
schist



Metamorphic textures
Fol.iate.d téxturés - -
- Ghassic
(Euring higher grades of metamor phism, ion

migration resultsin the segregation of
minerals

EGnassic rocks exhibit a distinctive banded
appear ance



Metamor phic textures
% Other metamor phic textures
- Those metamor phic rocksthat lack
foliation arereferred to asnonfoliated

(EDevelop in environments wher e defor mation
ISminimal

(ET ypically composed of mineralsthat exhibit
equidimensional crystals



Metamor phic textures
ﬁOther .met.amo.rphictéxtu.res. -
- Porphyroblastic textures

(H_arge grains, called porphyroblasts,
surrounded by a fine-grained matrix of other
minerals

(HPor phyroblasts aretypically gar net,
staurolite, and/or andalusite



Common metamor phlc rocks

Follated rocks

- Slate
E/ery fine-grained
(EE=xcellent rock cleavage

(EM ost often generated from low-grade
metamor phism of shale, mudstone, or
siltstone



Common metamorphlc rocks

Follated rocks

- Phyllite

(Esradation in the degree of metamor phism
between date and schist

(Hlaty minerals not large enough to be
Identified with the unaided eye

(Eslossy sheen and wavy surfaces
(Exhibitsrock cleavage

(EComposed mainly of fine crystals of
muscovite and/or chlorite



Figure 7.11



Phyllite

Figure 7.12



Common metamorphlc rocks

Follated rocks

- Schist
(EM edium- to coar se-grained
(Elaty minerals predominate
ECommonly include the micas
(Elhe term schist describesthetexture

(ET o indicate composition, mineral namesare
used (such as mica schist)



Mica schist

Figure 7.13



Common metamorphlc rocks

Follated rocks

- Gnhelss
(EM edium- to coar se-grained
(EBanded appearance
(EHigh-grade metamor phism

(EOften composed of white or light-colored
feldspar-rich layerswith bands of dark
ferromagnesian minerals



Gneisstypically displays
a banded appearance

Figure 7.8



Common metamorphic rocks
No-nfol-iate.d rdcks - -
- Marble
(ECoar se, crystalline

Par ent rock was limestone or dolostone

(EComposed essentially of calcite or dolomite
crystals

(HJsed as a decor ative and monument stone
(EExhibitsa variety of colors



Marble —a nonfoliated
metamor phic rock

Figure 7.14



Common metamorphic rocks
No-nfol-iate.d rdcks
- Quartzite

(H-ormed from a parent rock of quartz-rich
sandstone

(Fuartz grains are fused together



Quartzite

Figure 7.15



I\/I etamor phl C environ ments

Contact or thermal metamorphlsm

- Occursduetoarisein temperature when
magma invades a host rock

- A zone of alteration called an aureole
formsin therock surrounding the magma

- Most easlly recognized when it occurs at
the surface, or in a near-surface envir on-
ment



Contact metamor phism

Figure 7.16 A



M etamor phl C environ ments

Hydrother maI metamorphlsm

- Chemical alteration caused when hot, ion-
rich fluids, called hydrothermal solutions,
circulate through fissures and cracksthat
develop in rock

- Most widespread along the axis of the
mid-ocean ridge system



M etamorphl C environments

% Reglonal metamorphlsm

- Producesthe greatest quantity of
metamor phic rock

- Associated with mountain building



Regional metamorphism

Figure 7.19 B



Metamor phic environments
Other metamdrphic e.nvir-onrhent-s -
- Burial metamor phism

(FAssociated with very thick sedimentary strata

(ERequired depth varies from onelocation to
another depending on the prevailing
geothermal gradient

- M etamor phism along fault zones
(EOccurs at depth and high temperatures
(Ere-existing minerals deform by ductile flow



Metamor phic environments
Other metamdrphic e.nvir-onrhent-s -
- mpact metamor phism

(EDccurswhen high speed projectiles called
meteorites strike Earth’s surface

(HProducts are called impactites



Metamor phic rocks and
assocliated environments

Figure 7.21



M etamorphl C ZONEes

3 Systematlc varlatlons N the miner alogy
and often the textures of metamor phic
rocksarerelated to thevariationsin the
degree of metamor phism

% | ndex minerals and metamor phic grade

- Changesin mineralogy occur from
regions of low-grade metamor phism to
regions of high-grade metamor phism



Metamor phic zones
% |ndex minerals and metamor phic grade
- Certain minerals, called index minerals,
are good indicator s of the metamor phic
conditions in which they form
- Migmatites
(EHighest grades of metamor phism that is

transitional to igneousrocks

(EContain light bands of igneous components
along with areas of unmelted metamor phic
rock



Metamor phic zones in the
Northeastern Unlted States

Figure 7.23



End of Chapter 7



Therock cycle

Figure 1.11



