Rocks

IC

& Metamorph

Metamorphism




[N

. extraterrestrial y 7\""'\\ -
. extrusive : degassing materials condensation & precipitation ) dissolution ) Sed imen t a ry
'gheous rocks volcanism ) erosion R - 9?:?“8“‘;2'? A k
ice d ash fall impact transport by wind, and moving water and ice b L d ] x_“ ro c S
: dust |
mechanical and chemical sorting z evapo ration
weathering sediments -
- aj g : transpiration
dacite’ e X gravel, sand, silt, mud, clay Waves Q.70
~-volcanic, tuff: =z ) = peat
rhyolite = S TS S /f—‘\_\vggggoozo currents y peat
s LT B . r XY, o 0
basalt yiplal i i ioor, }“Ery 4, I ,a N, J S0 ¢ rock
SHEFETE £ 8 A 1T E NG S gee reef gypsum
Eui .,.“\.E“E.fiﬂ El-cﬁ! skl %\(;.r)"d —}(\E"\}O buildup salt
lava flows \9‘-35 == & Qe collap_se bioaccumulation & bioturbation
LIALL h%. precels lime sediments
" II diabase = ¥ !
e 111 \©
unconformity. =
granodiorite :_:
- intrusive . =
5y - = b . =]
swigneous rocks = N =
i PG . g ((\?(\\”e- ’,\,&; z o =
I % granite 2 K,\;:_ conglomerate—s% o
- g = L] a »
= . 5 il o oy [} g
igneous | g ¥ Aol M ttina, :
. g uplift \®  basalt o D‘UG /7 (%% AEMET LRI Soromaooosmonc] B
RACLCEUIS = 9C,000,00 00 S oS o g o saa G005}
rocks s @ 2
_g greenstone
eridotite’ 15
e ¥5
ednic g
,ust » ").:... E
= earthquake ;\
)/
2
. S 3 o) marble
The 3 -
(] a
L ; tectonism / metamorphism
k quartzite A folding & faulting ; recrystalliztion
ROCk %/\/\ /}"\—"J;;\f“\c\\_/} schist continental metamor hic
e N - s ‘ .
CyCIe . anses % ' crust P .
subduction - g heat and pressure rOCKs b
lllustrated

ecologite increases with depth

_




Metamorphic Rocks

= Changed rocks- with heat and pressure
= But not melted
= Change in the solid state

= Textural changes (always)
= Mineralogy changes (usually)



Metamorphism

* The mineral changes that transform a parent
rock to into a new [ 1)%
exposure to , stress, and fluids unlike those
in which the parent rock formed.
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Geothermal gradient
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Types of Metamorphism

= Contact metamorphism —
— Happens in wall rock next to intrusions
iIs main metamorphic agent




= Contact metamorphism




Contact Metamorphism

= Local- Usually a zone only a few meters
wide

= Heat from plutons intruded into “cooler”
country rock

= Usually forms nonfoliated rocks
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Limestone Marble




Types of Metamorphism

= Hydrothermal metamorphism —
— Happens along fracture conduits

FLUIDS are main metamorphic
agent

Copyright © The McGraw-Hill Companies, Inc. Permission required
Vein material deposits in
fractures as water ascends
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Cold water descending
along fractures in rock

olidifying magma
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Types of Metamorphism

= Regional metamorphism —
—Happens during mountain building
— Most significant type

— STRESS associated with plate
convergence &

associated with burial
(geothermal gradient) are main
metamorphic agents




= Contact metamorphism

= Hydrothermal metamorphism

= Regional metamorphism

Wide range of pressure and
temperature conditions

e oo wh"“ e across a large area
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ther types of Metamorphism

= Burial
= Fault zones
= Impact metamorphism
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Metamorphism and Plate Tectonics

= Fault zone metamorphism

= Mélange- chaotic mixture of materials
that have been crumpled together




Stress

(pressure)

* From burial beneath
younger sediments

(lithostatic stress

-equal in all directions)

From tectonic stress at
convergent margins
(differential stress

-different in all
directions)
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Metamorphic textures

= Texture refers to the size, shape, and
arrangement of grains within a rock

= Foliation — any planar arrangement of

mineral grains or structural features
within a rock

= Examples of foliation

—Parallel alignment of platy
and/or elongated minerals
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Recrystallization

Of minerals in the
direction of preferred
orientation

Change of shape

equidimensional grains
changed into elongated
shapes that are alignhed

A. Original |
quartz grains

s _;_{ I*

! | . .
Change in shape Recrystallization
B. Grains deformed!| //C. Grains distorted
by slippage along || | as ions move from
plains withinthe || /| more stressed to
crystalline structure “-H"-.x ;‘f," less stressed sites
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D. Flattened rock exhibiting distorted quartz grains




Metamorphic Rock Names: 2 Types:

1. FOLIATED Metamorphic Rocks
= Named mainly from their foliation type

NAME FOLIATION TYPE

—Slate Slaty texture
(Phyllite)

—Schist Schistocity

—Gneiss Gneissic Texture

2. NON-FOLIATED metamorphic rocks




Foliated Metamorphic
Textures

= Slaty texture

(Phyllite)

= Schistosity

= Gneissic texture

(Note increase in size of crystals)




= Slaty texture
— Closely spaced planar surfaces along which rocks split

— Formed by alignment of microscopic mica through
rotation, recrystallization, and change in shape.

= Rock Name: Slate Parent: Shale
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Slate and Phyllite
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= Schistosity

— Foliation formed mainly by visible platy minerals
(muscovite, biotite)

= Rock Name: Schist

— with modifier for dominant mineral: biotite schist, muscovite
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= Parent: Slate




" Gneissic Texture
—Foliation due to segregation of minerals into:

—light bands of nonferromagnesian silicates (quartz,
feldspar, muscovite)

—dark bands of ferromagnesian silicates (biotite,
amphibole, pyroxene)
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= Gneissic Texture

— Highest grade of metamorphic rock (most heat &
stress)

= Rock Name: Gneiss -with modifier for dominant dark
mineral: biotite gneiss, hornblende gneiss




Metamorphic grade in foliated rocks

* For same parent rock (i.e., shale), transitions from slate
to gneiss indicate increasing depth of burial inside a
mountain belt along a convergent plate boundary
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crystalline

coarsely crystalline



Metamorphic grade in foliated rocks

* For same parent rock (shale), transitions from slate to
gneiss also display change in metamorphic minerals.

| Increasing Metamorphism :f:s
-
Low Grade (200%) Intermediate Grade High Grade (800°)
Chlorite
Muscovite (mica)
Biotite (mica)
Minarg[ Garnet
Composition Stauralite
Sillimanite
Quartz
Feldspar
No
Rock Type alteration Slate Phyllite Schist Gneiss Melting



Metamorphic Rock Names: 2 Types

1. FOLIATED Metamorphic Rocks —layered or
banded

2. NON-FOLIATED metamorphic rocks

= Named mainly from the mineralogy
inherited from their parent rock

NAME MINERAL PARENT

Marble Calcite Limestone

Quartzite Quartz Quartz Sandstone



Nonfoliated metamorphic rocks

Quartizite — formed from quartz-rich
sandstones, often have a “sugary”
surface




Nonfoliated metamorphic rocks

Marble — metamorphosed limestones
and dolomites, texture is inter-grown
calcite x-tals




Engineering with Metamorphic

= Jointing

= Foliation sheets - anisotropy
= Weathering products

= Discontinuity infilling

= Grade variablilty
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