Metamorphism, Metamorphic
Rocks, and Hydrothermal Rocks

Chapter 15
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Metamorphic Rocks

« Metamorphisnrefers to solid-state
changes to rocks in Earth’s interior

— Produced by increased heat, pressure, or
the action of hot, reactive fluids

— OId minerals, unstable under new
conditions, recrystallize into stable ones

* Rocks produced from pre-existing or
parent rocksn this way are called
metamorphic rocks

 Metamorphic rocks common in the
old, stable cores of continents, known
asCraton



Characteristics of Mountain Belts

e Ancient mountain belt®jfllions of years old) have eroded nearly
flat to form the stable coresr@tong of the continents
— Primary rock type in cratonsnetamorphic rocks
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Relationship to Earth’s Systems

o Metamorphism takes plaag depth in the solid
earth, so it involves no interaction between earth
systems at the surface.

 However, the atmosphere may have been altered |
metamorphism in the geologic past.

 Formation of Himalayan mountains.



Copyright © The McGraw-Hill Companies, Inc. Permisgion required for reproduction or display.

YounlgHa;r::;g;e;i;'l belt Tibetan plateau (Asia) Greenhouse eﬁECt -
e : Warmer climate
| e, by during that part of

(ndi) Ve e - Earths history

Copyright @ The McGraw-Hill € Ine. quired for reps or displ

B Continent-continent collision (Surface vertical scale exaggerate a

10 million |\
yearsago | A

30 million |
years ago |

CaCO3 + SIO2 CaSiO3 + CO2 o
Calcite Quartz Wollastonite carbon years ago
(a mineral) dioxide

71 million _|
years ago ;

o - ~
! land mass - .

iy e S =
1 U“'
s L




Metamorphism

In previous chapters, we saw how deeply buried
rocks melt to form magma when temperatures are
hot enough

What happens to rocks that are deeply buriec
are not hot enough to melt completely?

They becomerhetamorphosed

In nearly all cases, a metamorphic rock has a
textural difference from the parent rc



Limestone Marble

Fine-grained Crystalline

If the limestone is composed entirely of calcite, then metamorghisem
marble involved no new minerals,
only a change in texture.



Metamorphism
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Factors Controlling Metamorphic Rock
Characteristics

e Texture and mineral content of metamorphic
rocks depend on:
— Parent roclcompositiol
— Temperaturauring metamorphism
— Pressureduring metamorphism
— Effects offluids, such as water
— Time




Factors Controlling Metamorphic Rock
Characteristics

e Parent rock composition

— Usually no new material (other than water) is added to rock durin
metamorphism

— Resulting metamorphlc rock WI|| have S|m|Iar composition to
parent roc e 3 e e




Factors Controlling Metamorphic Rock
Characteristics

« Temperature during metamorphism
— Heat for metamorphism comes fratarth’s deep interior
— All minerals stable ovdmite temperature range
— If range exceededgw mineralgesult
— If temperature gets high enoumeltinc will occur

Continenlal crust
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Metamorphic Rock ==
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* Pressureduring
metamorphism

— Confining stresapplied
equally in all directior
— Pressure proportional tiepth

within the Earth

 increases ~1 kilobar per 3.3 km
of burial within the crust

— High-pressure minerals more
compact/morelense

A B
courtesy of the Hational Science Foundation-funded REVEL Project, University of Washingtan



Factors Controlling Metamorphic Rock
Characteristics
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Compressive stress

e Pressure

— Often lead to forces that are not equal it prP
all directions differential stresp o

— Compressive stregauses flattening
perpendicular to stre —

— Shearingcauses flattening by sliding
parallel to stress

— Planar rock texture of aligned minerals .
produced by differential stress is known ==
asfoliation

» Foliation increases witpressureandtime

Ve Dough flattened
s by shearing



Foliation

When a rock has a planar texture, it is said ttobated.

There are three very different textures (from Istnte
highest degree of metamorphism) are all variation o
foliation and are important in classifying metamuom
rocks.

Slaty texture: If the rock splits easily along flat and
parallel planes

Schistose If needle-shaped minerals have grown parallel
to a plane

Gneissic If the new minerals separated into distinct (ligh
and dark) bands.
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Foliated Rocks

Low-grade Increasing metamorphism _ High-grade

Use your browser's "back" button to return to the data page.




Metamorphic grades as indicators of the pressuie al
temperature where the rock formed, and of the mec




Non-foliated vs. foliated rock under
microscope
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Factors Controlling Metamorphic Rock
Characteristics

e Fluids
— Hot water (as vapor)
— Rising temperature causes water to be released from unstable
minerals
— Hot water very reactive; acts as rapid transport agent for nr
lons
 Time
— Metamorphism, particularly from high pressures, may take
millions of years
— Longer times allow newly stable minerals to grow larger and
Increase foliation



Metamorphic Rock Classification

e Classification based aonck texture

—Foliated (layered) vsnon-foliated(non-
layered

—Foliated rocks named based on type of
foliation (slaty, schistose, gneissic)

—Non-foliated rocks named based on
composition



Dupyrﬂght@ The Ill:f.:rm-HIII Gump:uring, Ine. Pm@uiun requirad for rnqruduct!un or display.

V-VIRSEERE Classification and Naming of Metamorphic Rocks (Based Primarily on Texture)

Nonfoliated
Name Based on Mineral Content of Rock
Usual Parent Rock Predominant
Rock Name Minerals Identifying Characteristics
Limestone Marble Calcite Coarse interlocking grains of calcite (or, less commonly, dolomite)
Dolomite Dolomite marble  Dolomite Calcite (or dolomite) has rhombohedral cleavage; hardness
intermediate between glass and fingernail. Calcite effervesces in
weak acid
Quartz Quarizite Quartz Rock composed of interlocking small granules of quartz. Has a sugary
sandstone appearance and vitreous luster; scratches glass
Shale Hornfels Fine-grained micas A fine-grained, dark rock that generally will scratch glass. May have a
Basalt Hornfels Fine-grained few coarser minerals present
ferromagnesian
minerals, plagioclase
Foliated

Name Based Principally on Kind of Foliation Regardless of Parent Rock. Adjectives Describe the Composition
l{e.g., biotite-garnet schist)

Typical Characteristic

Texture Rock Name Minerals Identifying Characteristics

Slaty Slate Clay and other sheet A very fine-grained rock with an earthy luster. Splits easily into thin,
silicates flat sheets

Intermediate  Phyllite Mica Fine-grained rock with a silky luster. Generally splits along wavy

between slaty surfaces

and schistose

Schistose Schist Biotite and muscovite  Composed of visible platy or elongated minerals that show planar
amphibole alignment. A wide variety of minerals can be found in various types of

schist (e.g., garnet-mica schist, hornblende schist, etc.).
Gneissic Gneiss Feldspar Light and dark minerals are found in separate, parallel layers or

lenses. Commonly, the dark layers include biotite and hornblende; the
light-colored layers are composed of feldspars and quartz. The layers
may be folded or appear contorted



Types of Metamorphism

e Contact metamorphism
— High temperaturés dominant factor
— Producesion-foliatedrocks

— Occurs adjacent to magma bodies
Intruding cooler country rock

— Occurs in narrow zone (-100 m
wide) known as contaetureole

— Rocks may be fine- (e.qg., hornfels) or
coarse-grained (e.g., marble, quartzite




Contact Metamorphism




Types of Metamorphism

* Regional metamorphism

— High pressuras dominant factor

— Results in rocks witfoliatedtextures

— Prevalent in intensely deformed mountain ranges

— May occur over wide temperature range

— Higher pressure and temperature will produce irsgdmetamorphic grac
— Prograde metamorphism of shale produces:

slate

phyllite

schist

gheiss




Regional Metamorphism
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Bedding
planes

Undeformed
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Phyllite




Schist
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Gneiss
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Types of I\/Ietamorphlsm

» Partial meltingduring metamorph|sm
producesnigmatites

— Migmatitesexhibit both intrusive igneou
and metamorphic textures o

Shock metamorphisis produced b' 8=
rapid application of extreme pressurmw
— Meteor impacts produce this

— Shocked rocks are found around and
beneathmpact craters




Plate Tectonics and
Metamorphism

* Regional metamorphism associated
with convergent plate boundaries
— Pressure proportional to depth

— Temperature varies laterally at
convergent boundari

— Wide variety of
metamorphic grade




Hydrothermal Processes

* Rocks precipitated from or altered by hot
water are referred to aydrothermal
— Common atlivergent plate boundaries

 Hydrothermal processes:
— Metamorphism
« Water transmitpre-existing iondetween grains

— Metasomatism
 Water addsew iongo the rock

e Formation ofhydrothermal rocks

« Water passes through rocks gmdcipitates new
mineralson walls of cracks and in pore spaces

» Metallic ore depositeften form this way\(eing




At Divergent Boundaries
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Submarine Hot springs and
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Hydrothermal Rocks
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Hot springs

Vein material deposits in

Cold water descending
fractures as water ascends

along fractures in rock

W= Water vapor from
solidifying magma

Magma
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Hydrothermal Rocks
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