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. Types of Granitoids

Mineralogically:

v'Essential minerals - Quartz , Feldspar

v'/Accessory minerals — Biotite, muscovite, amphibole. 7 i
v'Other  accessories are zircon, apatite, ilmenite, & 5.5
magnetite, sphene, pyrite etc. o ¢

Texturally:

Medium to coarse grained crystalline rock generally
exhibiting Hypidiomorphic texture and Intergrowth
textures (Perthite, Antiperthite, Myrmekite, Graphic,
Granophyric, Rapakivi).

The granites could be classified based on
mineralogy, geochemistry and tectonic
emplacement:

v'Chemical classification (alumina saturation,
S-I-A-M classification etc.)

v Tectonic classification (Based on plate
tectonic setting)




IUGS classification of Granitoids based on Mineral composition

PLUTONIC ROCK TYPES Q

Q = quartz
A = alkali feldspar
P = plagioclase feldspar

Quartzolite

numbers = percent Q or P
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International Union of the Geologic Sciences (modified)
Classification of igneous rocks

35

Highly Modified IUGS Classification IUGS Classification of Volcanic Rocks
of Phaneritic Igneous Rocks



Classification of Granitoids based on Chemical composition

biotite pyroxene aegirine
muscovite hornblende riebeckite
cordierite biotite arfvedsonite
andalusite Ay

garnet

moles

b

Peraluminous Metaluminou Peralkaline

Alumina saturation classes based on the molar proportions of Al,O,/(CaO+Na,0+K,0)
(“A/CNK?”) after Shand (1927).



Alphabetical Classification of Granites (SIAM classification)
1. S-type Granitoid

"Derived due to partial melting of

=more common in collision zones.
*Peraluminous granites [i.e., Al,O; > (Na,O +
K,0+CaO)] and have Fe,O,/FeO ratio < 0.3.

~characterized by MUSCOVite,biofiteand:

2. |-type Granitoid

»Derived due to partial melting of Igneous
protolith.

=Derived from igneous or meta-ignheous
rocks of lower continental crust subjected to
partial melting due upwelling of mantle
material to higher levels.

»Generally metaluminous granites, and have
Fe,O,/FeO ratio > 0.3.

scharacterized by presence of
hornblende/alkali amphiboles * biotite.




3. M-type Granitoid

=Derived due to fractional
crystallisation of basaltic magma
(direct Mantle source).

=Relatively Plagioclase rich
(plagiogranite of ophiolite).
=Associated with Gabbros and
Tonalites in the field.

4. A-type Granitoid (Anorogenic
type)

=emplaced in either within plate
anorogenic settings or in the final
stages of an orogenic event.

»High SiO, (~73.81%)

| ]

ppm)

Presence of f[llOfite SNNan
important characteristic of A-type
granites.

Lithology

Typical
Thickness

Deep-sea sediments

1 ¢. 0.3 km

Basaltic pillow lavas

Sheeted dike complex

Isotropic gabbro
Foliated gabbro

Plagiogranite

Layered gabbro

Wehrlite
diapir

Wehrlite
Chromite pod

Ultramafics Gabbro

Harzburgite
Mafic dikes

Dunite

4:

0.3-0.7 km

1.0-1.5 km

2-5 km

up to.7 km
(exposed)




SIAM Characteristics

Table 18-3. The S-I-A-M Classification of Granitoids

Type| Si0, |[K,0INa,0| Ca, Sr | Al(C+N+K)* | Fe*IFe*" | cr,Ni | &0 | *"Sri™sr Misc Petrogenesis
M | 46-70% [ high lowy To] fo17] <% | <0705 | Low Rb, Th, U | Subduction zone
Lows LIL and HES| or ocean-intraplate
Mantle-derived
| 53-76% | high in | low: metal- | moderate | low < %o | <0.705 high LILIHFS Subduction zone
mafic | uminous to med. Rb, Th, U Infracrustal
rocks | peraluminous hornblende Mafic to intermed.
magnetite Igneous source
S | 65-74% high low high | Oy high | » %% | =0.707 |variable LIL/HFS | Subduction zone
high Rb, Th, U
metaluminous bictite, cordierite Supracrustal
Als, Grt, llmenite | sedimentary source
B high Na,O o var War | O yar var low LILIHFS Anorogenic
— 7% high peralkaline high Feflvlg Stable craton
high GalAl Rift zone
High REE, Zr
High F, CI

* moiar AlzO3/{Ca0+Na;0+K;0)

Data from W hite and Chappell {1983), Clarke (1992), Whalen (1985)




Chemical (Tectonic) Types of Granite

biotite pyroxene aegirine
muscovite hornblende riebeckite
cordierite biotite arfvedsonite

andalusite o
garnet

moles

i~

Peraluminous Metaluminous Peralkaline

S-type Granites I-type Granites A-type Granites
high 8Sr/86Sr low 87Sr/86Sr low 87Sr/%°Sr




Classification based on Tectonic emplacement

Magmatism
takes place
. - . after the - L
Mountain building resulting . Magmatism within
from compressive stresses orogenic plate or at a spreading
associated with subduction. event plate margin.

,_I_"_l_“_l_\

OROGENIC TRANSITIONAL ANOROGENIC
Oceanic Continental Arc Continental Post-Orogenic Contintntal Mid-Ocean Ridge,
Island Arc Collision Uplift/Collapse | Rifting, l;!ot Spot | Ocean Islands
’: granitoid == - ' """:_ - "““ R ” AR U R I S o) A Sy
T = B TR VNSNS bR SitS (57 R
underplated X : .
mantie meits
SS ['ft plume
(M-Type) (S-Type) (I-Type) (A-Type)

Granitoids occur in areas where the continental crust has been thickened by
orogeny, either continental arc subduction or collision. The majority of granitoids
are derived by crustal anatexis, however, mantle may also be involved. The mantle
contribution may range from that of a source of heat for crustal anatexis, or it may
be the source of material as well.



II. Ophiolite sequence

Ophilites are fragments ofoceanic crust and Upperimantlé that have been

uplifted and emplaced on continental margins.

Spreading above subduction zone

——

e B

Sole formation above old crust

I
sl “

Final emplacement onto continent

l




750-700 Ma

680-660 Ma

650-640 Ma

Suduction : Island arc formation
Caic-alcaline

Stromatolites magmatism

& quartzites

Obduction : formation of mélange

future mélange ophiolite
Matrix & blocks

: =
4+ W
LTI
SEE I ki

Matrix: Serpentinite & Sediments
Blocks: Ophiolites & Sediments

Obduction & Collision : HT greenschist conditions

S Na-Amphiboles more or less N
Maitrix & blocks dismembered ophiolite

-

Collision : Syn-tectonic magmatism
S Bou-Azzer Saghro N

Granodiorite

Bousquet et al., 2008



Ophiolites consist of five distinct layers.

>

The first layer is the youngest and is primarily sediment
that was accumulated on the seafloor.

The second layer is pillow basalt. Pillow basalt is
characterized by large pillow. When erupting lava
encounters the cold sea water, the outside of the lava
immediately crystallizes, forming a thick crust. The
extremely hot lava still inside the blob, oozes out of the
crust and instantly crystallizes again.

The third layer consists of sheeted dikes and sills.
Sheeted dikes form by rising magma within the earth's
crust. As the sheeted dikes cool fractures and cracks
occur in the rock.

The fourth layer consists of Gabbro. Isotropic
(massive) gabbro, indicates fractionation of magma
chamber. Layered gabbro, resulting from settling out of
minerals from a magma chamber.

The bottommost layer is peridotite, which is believed to
be mantle rock composition.

oediment —

Fillow —
basalt

oheeted —
dikes

Layered—
gabbro

Layered —

ultrarmafic
rocks

Unlayered —

ultrarmafic
racks




Typical

==19)09.00P7.0)8 9.9 =~ o Lithology Thickness
7&!;:93; ﬁia’f’ X LAX XX X I
PilowBasals ) o oy PYTE T RS L Decp-scasediments | § c. 0.3 km
] Basaltic pillow lavas : " 4 0.3-0.7 km
Sheeted dike complex 1.0-1.5 km
bkl ', A = lIsotropic gabbro
& Laye,ea Penmg P Foliated gabbro "
Plagiogranite
Sea level
_ Layered gabbro 2-5 km
. 4 Deep-sea sediments Layer 1 )
b= Basaltic pillow lava L Layer27 ooanic orust 2
£ |Diabase sheeted dikes E Wehrlite
o . . Layer 3 Lo diapir
® | Plagiogranite Gabbro 8
=-4— Seismic Moho
Ultramafic cumulates a— Petrologic Moho
Residual mantle peridotite Layer4  Mentle Wehrlite
Chromite pod
. 0 S : Gabbro
Dunite: more than 90% olivine, typically Ultramafics
with Mg/Fe ratio of about 9:1. Harzburgite up t0.7 km
Webhrlite: olivine + clinopyroxene (Augite; ) (exposed)
- .. Mafic dikes
diopside).
Harzburgite: olivine + orthopyroxene Dunite

(enstatite),
Lherzolite: olivine + enstatite + diopside



https://en.wikipedia.org/wiki/Dunite
https://en.wikipedia.org/wiki/Wehrlite
https://en.wikipedia.org/wiki/Harzburgite
https://en.wikipedia.org/wiki/Lherzolite

Rock in the Earth's mantle is very rich in iron
and magnesium silicate minerals (ultramafic).
Where hot mantle rock rises near the surface
(at a spreading center) it undergoes partial
melting, forming mafic rocks like gabbro and
basalt. The crust under the ocean typically
preserves an ordered arrangement ranging
from mantle rock (at depth), intrusions,
volcanic flows, and marine sediments on top.
This rock series is called an ophiolite sequence.

Ophiolite Sequence
marine sediments

undersea volcanic deposits
(pillow basalt and other deposits)

(gabbro)

mafic and ultramafic intrusions

S ultramafic rocks (mantle rock)
(pyroxenite, peridotite, and where altered, serpentinite)

As oceanic crust is subducted and accreted
onto the continental margin, its mafic

and ultramafic rocks may experience

a variety of physical and chemical changes.
In many cases, the rock passes through
multiple metamorphic conditions before
being reexposed at the surface. This
explains why so many mafic and ultramafic
rocks occur in the coastal ranges of
California. ﬁ’@':a

mafic dikes, sills, and layered intrusions




Oceanic
crust

Upper
mantle

©2001 Brooks/Cole - Thomson Learning

Deep-sea
sediments

Pillow
lavas

Sheeted
dikes

Massive
gabbro

Layered
gabbro

Peridotite

Crustal Sequence

Mantle Sequence

Pillow
Lavas

Sheeted
Dykes

Gabbro

Layered
Gabbro

Moho
Transition
Zone

Semail Thrust

Metamorphic
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Lithology

km SHALE AND CHERT

g R
PILLOW LAVAS

-
1

SHEETED DIKES
AND
DIKE BRECCIAS

DIORITES
TTONDHJEMITES

GABBRO

ANORTHOSITE TROCTOLITE
FELDSPATHIC DUNITE

CLINOPYROXENITE CHROMITE L

HARZBURGITE

LHEROZOLITE

AMPHIBOLITE
GREENSCHIST
PHYLLITE

Interpretation Oceanic crust equivalent

SEDIMENTS
EXTRUSIONS

INTRUSIONS

CUMULATES

GEOPHYSICAL MOHO

= | PETROLOGICAL MOHO

| DEPLETED MANTLE

PRIMARY MANTLE

METAMORPHIC AUREOLE

Layer 1

Layer 2

Layer 3

MANTLE



KM be@edt Pillow basalt
' |
T

| Dikes!

Crust
Massive gabbro!
Layered gabbro:
Mantle Peridotite’

Metamorphic sole



Lithology

Deep-Sea Sediment |

Layers

ical |\ ormal Ocean Crust

s (km)| P wave

| ave. | vel. (km/s)

Basaltic Pillow
Lavas

05 | 1.7-20

Sheeted dike
complex

2A&2B

0.5 20-56

Gabbro

Layered Gabbro

2C

1.5 6.7

Layered peridotite

4.7 71

Unlayered tectonite
peridotite

upto?

8.1










lll. Metamorphism

It is a process leading to changes in mineralogy and/or texture in a rock.

The boundary between
diagenesis and
metamorphism is defined by
noting the first occurrence of
a mineral that does not occur
as a detrital or diagenetic
mineral in surface sediments,
(e.g. chlorite, epidote,
lawsonite, laumontite, albite,
zeolite,...).

Formation of some of these
minerals requires a
temperature of at least 150-
200 °C or 1500 bars or depth
of about 5 km under normal
geothermal conditions. The
upper limit of metamorphism
is defined as the beginning of
appreciable melting.
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Agents of Metamorphism

Heat is the most important source of energy
allowing the formation of new and more stable
mineral and textural reconstruction and
recrystallization during metamorphism.

Pressure (measured in bars - 1 kb is
approximately each 3 km depth). Pressure
changes both a rock's mineralogy and its
texture. Pressure comes in different varieties;
confining pressure, directed pressure (or
stress), burial pressure and fluid pressure.

A. Uniform pressure 8. Differential stress

Axis of midiocean ndge

Seawater sinks,
heats up, and rises
as hot springs

Chemically Active Fluids (ion transport):
In some metamorphic settings,

dissolvedions): Many metallic ore

deposits form in this way.

Press & Siever S



Metamorphism is
analogous to

_ transition of clay
to porcelain.

Unmetamorphosed
sediment

Low-grade
hornfels

Intermediate
hornfels

(a) Heat radiated from a large pluton can produce a metamorphic
aureole, in which hornfels develops. Grade decreases progressively

away from the pluton contact.

At Point A, temperature = 20°C, pressure = 1 bar.

After collision, Point A is 15 km
beneath the Earth's surface.

(c) Dynamothermal metamorphism happens when one part of the
crust shoves over another part, so that rocks once near the surface

end up at great depth.

Original rock

(b) Shearing of a rock under plastic conditions causes original crystals to
divide into tiny crystals without breaking to form a mylonite. Mylonite has

strong foliation.

" Hot water rises and
_ reacts with rock.

Water
heats up.

- vid AP Ean
L e y

\eal e OINY 2l i
(d) The heat of rising magma at a ridge axis heats water, which
then convects. The hot water reacts with the crust and forms
metamorphic minerals.




Type of metamorphism 1km

1- Contact metamorphism
(Pyrometamorphism) occurs when

nreasing Temperat

magma invades cooler rock. Here, & 1

S SR y 2 \'.\/
R : ; 2o N G s
,\\/\*’u'r: e
magma. These large aureoles often o
consist of distinct zones of ’(({75'(\_;’;-
metamorphism. Near the magma body, S Ne

high temperature minerals such as —
garnet may form, whereas farther away L85 4 Sy DEntE

&
2!

such low-grade minerals as chlorite are e
produced. L
- N \,\’I -
SAaY

Shales baked by igneous contact form T 7 O -
very hard fine-grained rocks called o }M“’?‘t
HORNFELS. Calcareous rocks (dirty [ jaalieed =

limestone — \
Ilmestones)_ when subject_ to contact : ‘,i_/%gg%%@
metamorphism an alteration by hot f

fluids produce rocks called SKARNS.




2- Metamorphism along Fault
Zones is known as dynamic
metamorphism. In some cases, rock
may even be milled into very fine
components. The result is a loosely
coherent rock called fault breccia
that is composed of broken and
crushed rock fragments. This type
of localized metamorphism, which
involves purely mechanical forces
that pulverize individual mineral
grains, IS called cataclastic
metamorphism.

Much of the intense deformation
associated with fault zones occurs
at great depth. In this environment
the rocks deform by ductile flow,
which generates elongated grains
that often give the rock a foliated or
lineated appearance. Rocks formed
in this manner are termed
mylonites.

Mylonite has

very tiny grains.
e Original rock

(b) Shearing of a rock under plastic conditions causes original crystals to
divide into tiny crystals without breaking to form a mylonite. Mylonite has
strong foliation.



3- Regional Metamorphism.

The metamorphic rock produced
during regional metamorphism are
associated with mountain building
(orogenic metamorphism -
convergent plate boundaries).
During these dynamic events, large
segments of Earth's crust are
intensely squeezed and become
highly deformed.

As the rocks are folded and faulted,
the crust is shortened and
thickened, like a rumpled carpet.
This general thickening of the crust
results in terrains that are lifted
high above sea level.

In regional metamorphism, there
usually exists a gradation in
intensity. As we shift from areas of
low-grade metamorphism to areas
of high grade metamorphism.

Phyliite




Index Minerals

» Typical transition 1n mineralogy due to
progressive metamorphism of shale

Increasing Metamorphism /

Low Grade (200°) Intermediate Grade High Grade (800°)

Mineral
Composition
Sillimanite
Quartz
Feldspar
Rock Type - ’Af’bh‘te” ~ Gneiss Melting




phyllite "%,

e

schist

The most common names
you will come across are
derived from the
metamorphosis of the
sedimentary rock shale.

As the temperature increases,
the grain size of the minerals in
a metamorphic rock increases.

The preferred orientation/alignment
of minerals increases with pressure
& temperature giving you foliation.

At the point where the
rock partially melts a
migmatite is formed.
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Metamorphic 50-300°C 300-450°C Above 450°C
Environment
Metamorphi Grad v [ wemedme [ Hen
Rock Name SLATE SCHIST GNEISS
Minerals not visible with || Rock is medium to coarse || Rock is coarse grained
the naked eye or with a grained with visible grains || and usually banded with
hand lens, rock shows of mica or other alternating layers of light
slaty cleavage, is usually || metamorphic minerals. and dark minerals.
Rock Description dark-colored. A product || Often shiny due to Foliation bands may be

of low-grade
metamorphism of shale or
mudstone.

reflection of mica on
foliation planes. Product
of intermediate grade
metamorphism of shale,
slate, phyllite, basalt or
granite.

folded. Product of high
grade metamorphism of
shale, schist, granite or
many other rock types.




Increasing temperature

Eclogite
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4- Burial metamorphism
Metamorphic effects attributed to
increased pressure and
temperature due to burial (NO
TECTONICS). Range from
diagenesis to the formation of
zeolites, prehnite, pumpellyite,
laumontite, etc.

Diagenesis and lithification start
when rocks reach  several
kilometers depth. Continued
burial leads to low grade burial
metamorphism. It is common for
sedimentary structures in the
unaltered rocks to remain in the
metamorphosed rocks, indicating
relatively little recrystallization.
This style of metamorphism
grades into regional
metamorphism with increasing
pressure and temperature. Burial
metamorphism is found in deep
sedimentary basins.

Increasing pressure and
increasing compaction

New sediment
settling
L




5- High-pressure low- temperature
metamorphism: This metamorphism
is associated with subduction zones.
It is called high pressure/low
temperature metamorphism where the
subducting plates has been cooled by
Interaction with seawater.

6- Hydrothermal metamorphism:

(caused by hot H,O-rich fluids and
_
This style of metamorphism i
distinguished by _
and changes in rock composition. It

occurs when —(or

convicts) through rock. This‘happens|
with'underwatervolcanismi Pressures

are usually low and temperatures
moderate. By dissolving components
that are least compatible within the

rocks, hydrothermal metamorphism

Sulfides and massive ore bodies are
associated with it.

Sulfides and oxides
of iron, manganese,
copper leached
hot basalt




7- Ocean-Floor
Metamorphism: It
affects the oceanic
crust at ocean ridge
spreading centers. It is
another example of
hydrothermal

metamorphism.

Highly altered chlorite-
guartz rocks- distinctive
high-Mg, low-Ca
compaosition.

Metamorphic rocks
exhibit considerable
metasomatic alteration,
notably loss of Ca and
Si and gain of Mg and
Na. These changes can
be correlated with
exchange between
basalt and hot seawater
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increase temperature
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Metamorphic Facies

A metamorphic facies includes rocks of any chemical composition and hence of
widely varying mineralogical composition, which have reached chemical
equilibrium during metamorphism under a particular set of physical conditions.

Temperature in Centigrade

200 300 400 500 600 700
hydrothermal deposits contact metamorphism
(adjacent to an
igneous intrusion)
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Pressure (Kbars)

12

Not found
in nature

Temperature (°C)

20

40

Depth (km)



Pressure

Facies of Low Pressure Faciesof "Medium™io! Facies of Very High
High Pressure

1) Albite-epidote hornfels

facies, 1) Zeolite facies, 1) Glaucophane-lawsonite
2) Hornblende hornfels 2) Prehnite-pumpellyite schist facies.

facies, metagreywacke facies, 2) Eclogite facies.

3) Pyroxene hornfels 3) Greenschist facies,

facies, and 4) Amphibolite facies, and

4) Sanidinite facies. 5) Granulite facies.

Generalized Metamorphic Facies Boundaries (after Yardley, 1988)

16 (15)

KEY
14 (14) - wuguitemelhgctm K= it
Blueschist S

i -4o§ S = sillimanite
f-~12 (1.2) A = andalusite

L % Hfis = homfels

=~10(1.0) A | PrPum = prehnite-pumpellyite
g2 o | AE= abte- epidote

g 508 T | HBL= homblende

o g PX = pyroxene

g ) 3

100 200 300 400 500 600 70O 800 900 1000
Temperaure (°C)



Facies Mafic rocks Ulltramafic rocks Mudrocks Calcareous rocks

Zeolite Analcime, Ca-zeolites, Serpentine, brucite, Quartz, clays, illite, Calcite,

prehnite, zoisite, albite chlorite, dolomite, albite, chlorite dolomite,
magnesite quartz, talc,
clays

Prehnite- pumpellyite Chlorite, prehnite, Serpentine, talc, Quartz, illite, Ezll;:_ﬁ_’t e
albite, pumpellyite, forsterite, tremolite, musc:_u'.rite, albite, ’
epidote chlorite chlorite quartz, cdays,

(stilpnomelane)

talc, muscovite

Greenschist Chlorite, actinolite, Serpentine, talc, Quartz, plagioclase, Calcite,
epidote or zoisite, tremolite, brucite , chlorite, muscovite, dolomite,
albite, (magnetite) diopside, chlorite, biotite, garnet quartz,

pyrophyllite, (graphite) muscovite,
biotite

Epidote- amphibolite Hornblende, Forsterite, tremolite, Quartz, plagioclase, Calcite,

dolomite
actinolite, epidote or talc, serpentine, chlorite, muscovite, ’
Toisite, chlorite, (magnetite) biotite, (graphite) quartz,

muscovite,

biotite,

tremolite




Amphibolite Hornblende, plagioclase, | Forsterite, tremolite, Quartz, plagioclase, Calcite,
(sphene), (ilmenite) talc, anthophyllite, chlorite, muscovite, dolomite,
chlorite, orthopyroxene | biotite, garnet, quartz, biotite,
staurolite, kyanite, tremolite,
sillimanite, (graphite), | forsterite,
(ilmenite) diopside,
plagioclase
Granulite Hormblende, augite, Forsterite, Quartz, plagioclase, Calcite, quartz,
orthopyroxene, orthopyroxene, augite, | orthoclase, biotite, forsterite,
plagioclase, (ilmenite) hornblende, garnet, Al- | garnet, cordierite, diopside ,
spinel sillimanite, wollastonite,
orthopyroxense humite-
chondrodite, Ca-
garnet,
plagioclase
Blueschist Glaucophane, lawsonite, | Forsterite, serpentine, Quartz, plagioclase, Calcite,
albite, aragonite, diopside muscovite, carpholite, aragonite,
chlorite, talc, kyanite, chloritoid | guartz,
forsterite,
diopside,
tremolite zoisite
Eclogite Mg-rich garnet, Forsterite, Quartz, albite, Calcite,
omphacite kyanite(ruble | orthopyroxene, augite, | phengite, talc, kyanite, | aragonite,
) garnet garnet quartz,
forsterite,

diopside




Albite- epidote
hornfels

Hornblende hornfels

Pyroxene

hornfels

Sanidinite

Albite, epidote or zoisite,
actinolite, chlorite

Hornblende, plagioclase,

orthopyroxene, garnet

Orthopyroxene, augite,

plagioclase, (garnet)

Orthopyroxene, augite,
plagioclase, (garnet)

Serpentine, talc,

tremolite, chlorite

Forsterite,

orthopyroxene,
hornblende, chlorite,
(Al-spinel),
(magnetite)

Forsterite,
orthopyroxene, augite,
plagioclase, Al-spinel

Forsterite,
orthopyroxene, augite,
plagioclase

Quartz, plagioclase,
muscovite, chlorite,

cordierite

Quartz, plagioclase,

muscovite, biotite,
cordierite, andalusite

Quartz, plagioclase,

orthoclase, andalusite,
sillimanite, cordierite,
orthopyroxene

Quartz, plagioclase,
sillimanite, cordierite,
orthopyroxene
sapphirine, Al-spinel

Calcite,
dolomite,

quartz,

tremolite,

talc, forsterite

Calcite,
dolomite,

quartz,
tremolite,
diopside,
forsterite

Calcite, quartz,

diopside,
forsterite,
wollastonite

Calcite, quartz,
diopside,
forsterite,
wollastonite,
monticellite,
akermanite




Plate Tectonic Settings of Metamorphism
Convergent Plate Margin

At all three types of convergent

boundary (ocean-ocean, ocean-

COﬂtInent, COﬂtInent- Contlnent), hlgh A Convergent Plate Boundary
stresses, high deposition rates and Folded sedimentary
volcanism can be found. Folded sedimentary COntpyms el

frckn  (Ithosphere)

Oceanic cr

Amphibolite to granulite facies are found ithospher
within the cores of mountain belts.
Greenschists occur at shallower depths
within  the Dbelts. Blueschists are
produced by the rapid subduction of
sediments and oceanic crust where high : .
pressures can be reached before ﬁzg’;ﬁphism i‘(’:‘t’;fg:;‘}fg"

temperatures within the subducted crust
can be rised.

Regional metamorphism

Eclogite facies are reached within the
subducting crust when it reaches depths
of 20 to 25 km. Hornfels are found in
contact aureoles around shallow
intrusions where hot magma heats the
surrounding rocks.



The uplift of mountains results in regional metamorphism. Baking of "country"
rock by igneous intrusions produces Contact metamorphism. Faulting of highly
stressed crustal rocks results in Cataclastic metamorphism. Rapid sedimentation
and subsidence offshore produces Burial metamorphism. Lastly, Zeolite facies
metamorphism occurs within the accretionary prism located arc ward of the
trench.

A Convergent Plate Boundary |
Folded sedimentary =
rock

Folded sedimentary

rocks Sea level

Continental crust
(lithosphere)

Dynamic Contact/thermal
metamorphism metamorphism Regional metamorphism
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High-temperature,
high-pressure zone

(amphibolite-granulite facies) High-temperature,

low-pressure zone

(contact metamorphism)
Low-temperature, Trench
high-pressure zone
(blueschist facies)

K -?é A

Asthenosphere

Metamorphic facies produced along oceanic-continental boundary
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Divergent Plate Margin

A unique form of metamorphism occurs at divergent plate boundaries. New plate
is created by the upwelling of hot mantle. Partial melting produces new oceanic
crust through which water percolates, or convects, and is heated. Where it exits
the rock, water temperatures can be as high 450 °C, and are commonly as high as

350 °C (high water pressure at the sea floor prevents boiling). As the heated water

copper and zinc! The basalt incorporates magnesium and sodium from the water,
altering its composition and mineralogy.

\

‘Shock metamorphism
Bl i ‘ - : : Contact metamorphism
\ Regional metamorphism
Burial metamorphism e *
Depth (km) 11 = TR 4

Ocean ridge (hydrothermal) metamorphism

High strain {(cataclastic) metamorphism
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Sediment and basalt scraped
off subducting plate

Thrust faults
and folds

Deep-sea
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End of Lecture



