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l e which of the three metamorphic agents was dominant. lllustrated here are some of the common
metamorphic environments associated with plate movement, and whether the temperature and pressure
, tnis erwironment Is considered low, moderate, or high. The third agent of metamorphism, fluid activity,
& ough playing an important role in metamorphism, isn’t shown here, but is discussed in the text.
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minerals form, as shown by the colored bars. The progressive appearance of cantain minerals, known
minerals, alows geologists to recognize low-, intermediate-, and high-grade maetamorphism.
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TABLE 7.1

Metamorphic
Texture Rock

Foliated Slate

Phyliite

Schist

Gneiss

Amphibolite

Migmatite

Nonfoliated Marble

Quartzite

Greenstone

Hornfels

Anthracite

Classification of Comm

Typical Mineral
Clays, micas, chlorite

Fine-grained quartz,
micas, chlorite

Micas, chiorite, quartz,

tale, hornblende,
garnet, staurolite,
graphite

Quartz, feldspars,
hornblende, micas

Hornblende,
plagioclase

Quartz, feldspars,
hornblende, micas

Calcite, dolomite

Quartz

Chlorite, epidote,
hernblende

Micas, gamets,
andalusite, cordierite,
quartz

Carbon

w1 Metamophic Rocks

Metamorphic
Grade
Low

Low to medium

Low to high

High

Medium to
high

High

Low to high

Medium to
high
Low to high

Low to medium

High

Characteristics
of Rocks

Fine-grained, splits
easily Into flat pieces

Fine-grained, glossy or
lustrous sheen

Distinct foliation,
minerals visible

Segregated light and
dark bands visible

Dark, weakly foliated

Streaks or lenses of
granite Intermixed
with gneiss

Interiocking grains of
calcite or dolomite,
reacts with HCI

Interlocking quartz
grains, hard, dense

Fine-grained, green

Fine-grained,
equidimensional
grains, hard, dense

Black, lustrous,
subcencoidal fracture

Parent Rock

Mudrocks, volcanic
ash

Mudrocks

Mudrocks,
carbonates, mafic
igneous rocks

Mudrocks,
sandstones, felsic
igneous rocks

Mafic igneous rocks

Felsic igneous
rocks mixed with
sedimentary rocks

Limestone or
dolostone
Quartz sandstone

Mafic igneous rocks

Mudrocks

Coal
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hapter Summary

Metamorphic rocks result from the transformation of
- other rocks, usually beneath Earth's surface, as a conse-
quence ol one or a combination of three agents: heat,
pressure, and Huid activity.

Heat for metamorphism comes from intrusive magmas,
extrusive lava flows, or deep burial. Pressure is either
lithostatic (uniformly applied stress) or differential
(stress unequally applied from different directions).
Fluids trapped in sedimentary rocks or emanating from
intruding magmas can enhance chemical changes and the
formation of new minerals.

‘The three major types of metamorphism are contact,
dynamic, and regional.

Contact metamorphism takes place when a magma or
lava alters the surrounding country rock.

Dynamic metamorphism is associated with fault zones
where rocks are subjected to high differential pressure,

Regional metamorphism occurs over a large area and is
usually caused by tremendous temperatures, pressures,
and deformation within the deeper portions of the crust.

Metamorphic grade generally characterizes the degree to
which a rock has undergone metamorphic change.

Index minerals—minerals that form only within specific
temperature and pressure ranges—allow geologists

to recognize low-, intermediate-, and high-grade
metamorphism.

Metamorphic rocks are primarily classified according
to their texture. In a foliated texture, platy and elongate
minerals have a preferred orientation. A nonfoliated
texture does not exhibit any discernable preferred
orientation of the mineral grains.

12. Why is metamorphism more widespread along con-
vergent plate boundaries than along any other type of
plate boundary?

13. Using Figuré 7.19, go to a point that is represented by
200°C and 2 kbar of pressure. What metamorphic facies
is represented by those conditions? If the pressure is
raised to 12 kbar, what facies is represented by the new
conditions? What change in depth of burial is required
to effect the pressure change from 2 to 12 kbar? -

14. How do metamorphic rocks record the influence of
differential pressure in their structures and mineral
textures? o

15. What specific features about foliated metamorphic
rocks would make them unsuitable as foundations for

Foliated metamorphic rocks can be arranged in order of
increasing grain size, perfection of their foliation, or both.
Slate is fine grained, followed by (in increasingly larger
grain size) phyllite and schist; gneiss displays segregated
bands of minerals. Amphibolite is another fairly common
foliated metamorphic rock. Migmatities have both
igneous and high-grade metamorphic characteristics.

Marble, quarltzite, greenstone, hornfels, and anthracite
are common nonfoliated metamorphic rocks.

Metamorphic zones are based on index minerals and are
areas of rock that all have similar grades of metamor-
phism, that is, they have all experienced the same inten-
sity of metamorphism.

A metamorphic facies is a group of metamorphic rocks
whose minerals all formed under a particular range of
temperatures and pressures. Each facies is named after its
most characteristic rock or mineral.

Metamorphism occurs along all three types of plate bound-
aries, but is most common at convergent plate margins.

Metamorphic rocks formed near Earth’s surface along

an oceanic—continenflf convergent plate boundary

result from low-temperature, high-pressure conditions.
As a subducted oceanic plate descends, it is subjected to
increasingly higher temperatures and pressures that result
in higher-grade metamorphism.

Many metamorphic rocks and minerals, such as marble,
slate, graphite, talc, and asbestos, are valuable natural
resources. In addition, many ore deposits are the result of
metamorphism and include copper, tin, tungsten, lead,
iron, and zinc.

dams? Are there any metamorphic rocks that would
make good foundations? Explain your answer.

16. How can aureoles be used to determine the effects of
metamorphism?

17. Describe the two types of metamorphic texture, and
discuss how they are produced.

18. If plate tectonic movement did not exist, could there be
metamorphism? Do you think metamorphic rocks exist
on other planets in our solar system? Why?

19. Why should the average citizen know about metamor-
phic rocks and how they form?

20. Discuss the role each of the three major agents of
metamorphism plays in transforming any rock into a
metamorphic rock.
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Important Terms

aureole (p. 171)

contact (thermal) metamorphism (p. 170)
differential pressure (p. 169)

dynamic metamorphism (p. 174)

fluid activity (p. 169)

foliated texture (p. 176)

heat (p. 169)

index mineral (p. 174)

Review Questions

1. To which metamorphic facies do metamorphic rocks
formed under low-temperature, low-pressure condi-

tions belong?

a granulite;

b zeolite;

c. amphibolite;
d blueschist;

e. eclogite.

2. Which of the following metamorphic rocks displays a
foliated texture?

a. marble;

b. _____ quartzite;
C. greenstone;
d. schist;

e. hornfels.

3. Concentric zones surrounding an igneous intrusion and

characterized by distinctive mineral assemblages are
a. thermodynamic rings;
b. ____ hydrothermal regions;
¢. _____ metamorphic layers;

v d._____ regional facies;
e aureoles.

4. Which is the correct metamorphic sequence of increas-

ingly coarser grain size?

a, gneiss —> schist —> phyllite —> slate;
b. ____ phyllite —> slate —> schist —> gneiss;
¢ schist —> slate —> gneiss —> phyllite;
d.
e

— slate —> phyllite —> schist —> gneiss;

slate —> schist —> phy¥le —> gneiss.

5. The metamorphic rock formed from limestone or
dolostone is called

a. quartzite;
b. _____ marble;

c. hornfels;

d. greenstone;
e schist.

lithostatic pressure (p. 169)
metamorphic facies (p. 182)
metamorphic grade (p. 174)
metamorphic rock (p. 168)
metamorphic zone (p. 182)
metamorphism (p. 168)
nonfoliated texture (p. 178)
regional metamorphism (p. 174)

)

6. In what type of metamorphism are magmatic heat and
fluid activity the primary agents of change?
a, dynamic;

b. _____lithostatic;

<. contact;

d regional;

e thermodynamic.

7. From which of the following rock groups can meta-
morphic rocks form?

a, plutonic;
b. _____ sedimentary;
& metamorphic;
d. _____ volcanic;
e. all of these.
8. Along what type of plate boundary is metamorphism
most common?
a. divergent;
b. ____ transform;
c. aseismic;
d. ____ convergent;
e. ____ lithospheric.
9. Pressure resulting from deep burial and applied equally

in all directions on a rock is
a directional;
b. _____differential;
(< lithostatic;
d. shear;
¢ unilateral.

10. Which of the following is not an agent of metamorphism?
a pressure; ‘
b heat; <
c. fluid activity;
d. ____gravity;
e none of these,

11. Where does contact metamorphism occur, and what
types of changes does it produce?
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