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I. Types of Granitoids

Mineralogically:

✓Essential minerals - Quartz , Feldspar

✓Accessory minerals – Biotite, muscovite, amphibole.

✓Other accessories are zircon, apatite, ilmenite,

magnetite, sphene, pyrite etc.

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:

✓Mineralogical classifications (IUGS

classification)

✓Chemical classification (alumina saturation,

S-I-A-M classification etc.)

✓Tectonic classification (Based on plate

tectonic setting)



IUGS classification of Granitoids based on Mineral composition





Classification of Granitoids based on Chemical composition

Alumina saturation classes based on the molar proportions of  Al2O3/(CaO+Na2O+K2O) 

(“A/CNK”) after Shand (1927). 



1. S-type Granitoid

▪Derived due to partial melting of

Sedimentary and meta-sedimentary rock

(sedimentary protolith).

▪more common in collision zones.

▪Peraluminous granites [i.e., Al2O3 > (Na2O +

K2O+CaO)] and have Fe2O3/FeO ratio < 0.3.

▪characterized by muscovite, biotite and

marginally higher SiO2 contents

2. I-type Granitoid

▪Derived due to partial melting of Igneous

protolith.

▪Derived from igneous or meta-igneous

rocks of lower continental crust subjected to

partial melting due upwelling of mantle

material to higher levels.

▪Generally metaluminous granites, and have

Fe2O3/FeO ratio > 0.3.

▪characterized by presence of

hornblende/alkali amphiboles ± biotite.

Alphabetical Classification of Granites (SIAM classification)



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.

▪Formed in subduction zone.

4. A-type Granitoid (Anorogenic

type)

▪emplaced in either within plate

anorogenic settings or in the final

stages of an orogenic event.

▪High SiO2 (~73.81%)

▪High F contents (6000 to 8000

ppm)

▪Presence of fluorite is an

important characteristic of A-type

granites.

Ophiolite Sequence







(S-Type)(M-Type)

Mountain building resulting

from compressive stresses

associated with subduction.

Magmatism

takes place

after the

main

orogenic

event.

(I-Type)

Magmatism within

plate or at a spreading

plate margin.

(A-Type)

Classification based on Tectonic emplacement

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 of oceanic crust and upper mantle that have been

uplifted and emplaced on continental margins.





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.



Dunite: more than 90% olivine, typically

with Mg/Fe ratio of about 9:1.

Wehrlite: olivine + clinopyroxene (Augite;

diopside).

Harzburgite: olivine + orthopyroxene

(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
















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

III. Metamorphism

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.



Chemically Active Fluids (ion transport):

In some metamorphic settings, new

materials are introduced by the action of

hydrothermal solutions (hot water with

dissolved ions). Many metallic ore

deposits form in this way.

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.

Heat is the most important source of energy

allowing the formation of new and more stable

mineral and textural reconstruction and

recrystallization during metamorphism.

Agents of Metamorphism





Type of metamorphism

1- Contact metamorphism

(Pyrometamorphism) occurs when

magma invades cooler rock. Here, a

zone of alteration called an aureole (or

halo) forms around the emplaced

magma. These large aureoles often

consist of distinct zones of

metamorphism. Near the magma body,

high temperature minerals such as

garnet may form, whereas farther away

such low-grade minerals as chlorite are

produced.

Shales baked by igneous contact form

very hard fine-grained rocks called

HORNFELS. Calcareous rocks (dirty

limestones) when subject to contact

metamorphism an alteration by hot

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.



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.













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.



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 H2O-rich fluids and

usually involving metasomatism).

This style of metamorphism is

distinguished by high fluid content

and changes in rock composition. It

occurs when hot water percolates (or

convicts) through rock. This happens

around plutons and in association

with underwater volcanism. Pressures

are usually low and temperatures

moderate. By dissolving components

that are least compatible within the

rocks, hydrothermal metamorphism

can produce very exotic deposits.

Sulfides and massive ore bodies are

associated with it.



7- Ocean-Floor

Metamorphism: It

affects the oceanic

crust at ocean ridge

spreading centers. It is

another example of

hydrothermal

metamorphism.

Highly altered chlorite-

quartz rocks- distinctive

high-Mg, low-Ca

composition.

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







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.





Facies of Low Pressure

1) Albite-epidote hornfels

facies,

2) Hornblende hornfels

facies,

3) Pyroxene hornfels

facies, and

4) Sanidinite facies.

Facies of Medium to

High Pressure

1) Zeolite facies,

2) Prehnite-pumpellyite

metagreywacke facies,

3) Greenschist facies,

4) Amphibolite facies, and

5) Granulite facies.

Facies of Very High

Pressure

1) Glaucophane-lawsonite

schist facies.

2) Eclogite facies.









Convergent Plate Margin

At all three types of convergent

boundary (ocean-ocean, ocean-

continent, continent- continent), high

stresses, high deposition rates and

volcanism can be found.

Amphibolite to granulite facies are found

within the cores of mountain belts.

Greenschists occur at shallower depths

within the belts. Blueschists are

produced by the rapid subduction of

sediments and oceanic crust where high

pressures can be reached before

temperatures within the subducted crust

can be rised.

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.

Plate Tectonic Settings of Metamorphism



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.



Accretinoary wedge













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

passes through the fresh basalt, it leaches out silica, iron, sulfur, manganese,

copper and zinc. The basalt incorporates magnesium and sodium from the water,

altering its composition and mineralogy.











https://opentextbc.ca/geology/chapter/7-3-

plate-tectonics-and-metamorphism/
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