Igneous Rocks and Bowen's Reaction Series

Name________________

Date____________

Igneous Rocks and their Melting Points



(KEY)

Igneous Rocks and Magma

The term igneous comes from the Latin word ignis meaning, "fire".  The name is given to rocks formed at very high temperatures, cooled and solidified (crystalized) from molten material.  This molten material, called magma, contains a very high proportion of silicon and oxygen so the minerals that crystallize from it are mostly silicates.  This is why silicates are "rock forming minerals".

Factors affecting Melting Point

Magmas originate at depths where the temperature is great enough to melt rock.  These depths are normally between 50 and 250 km.  Several factors affect at what depth the rock will melt, and these include:

1. Effects of Pressure

2. Effects of Dissolved Gases

3. Effects of Two or More Minerals

4. Effects of Solid Solution and other Sources of Heat

DO WORKSHEET "FACTORS AFFECTING MELTING POINT" THEN - Write a summary statement about how each factor affects the melting point of a rock:
1. Effects of Pressure - 























2. Effects of Dissolved Gases - 






















3. Effects of Two or More Minerals -






















4. Effects of Solid Solution and other Sources of Heat - 


















_____________________________________________________________________________

Igneous Rocks and Magma

The term igneous comes from the Latin word ignis meaning, "fire".  The name is given to rocks formed at ______________________________, _______________and _______________ (crystalized) from molten material.  This molten material, called _______________, contains a very high proportion of _______________and _______________so the minerals that crystallize from it are mostly _______________.  This is why silicates are "______________________________".

Factors affecting Melting Point

Magmas originate at depths where the temperature is great enough to melt rock.  These depths are normally between _______________.  Several factors affect at what depth the rock will melt, and these include:

1. _____________________________________________

2. _____________________________________________

3. _____________________________________________

4. _____________________________________________

DO WORKSHEET "FACTORS AFFECTING MELTING POINT" THEN - Write a summary statement about how each factor affects the melting point of a rock:
1. Effects of Pressure - 























2. Effects of Dissolved Gases - 






















3. Effects of Two or More Minerals -






















4. Effects of Solid Solution and other Sources of Heat - 


















______________________________________________________________________________
Bowen's Reaction Series
The geologist, Norman Bowen, studied how silicate minerals form from magma.  From extensive experimentation in the lab and observation in the field, he found that minerals crystallize from the melt in a particular manner.  In Bowen’s honour, the sequence of crystallization is called Bowen’s Reaction Series.  You can see a chart of it in your textbook, page 37.  There are two branches to the series: the continuous reaction and the discontinuous reaction.  

The continuous reaction is based on plagioclase feldspar.  It results from the interchangeability of calcium and sodium in the plagioclase feldspar structure.  At the high temperature end of this reaction series is the calcium rich plagioclase feldspar, anorthite, CaAl2Si2O8 that melts at a higher temperature than the sodium rich plagioclase feldspar, albite, NaAlSi3O8, that forms at the low temperature end.  The proportion of silica in the feldspar also changes along the reaction series - at the calcium rich end the proportion of silica is smaller than at the low temperature, sodium rich, end.

The discontinuous reaction series involves ferromagnesian minerals.  Like the continuous reaction series it also proceeds from high to low temperature, but in this case, as crystallization occurs the increasingly silicic melt that remains becomes more and more out of balance with the already formed crystals.  Consequently, the first forming crystals are reabsorbed by the melt as the cooling proceeds.  Thus, if there is sufficient silica in the melt, (1) olivine is reabsorbed by the melt to produce pyroxene, then (2) pyroxene is converted to the amphiboles, and finally, (3) the amphiboles react with the melt to produce sheet silicates (biotite).  At the end of his sequence, (4) any remaining melt will be silica rich and it crystallizes to produce potassium feldspar, muscovite mica, and quartz.

Types of Magma

As you might expect, not every magma proceeds through this whole sequence of steps.  A mafic magma, a magma rich in iron and magnesium, for example, will completely crystallize before it reaches the lower temperature stages of the discontinuous reaction series whereas in a silicic magma, one that is rich in silica and poor iron and magnesium, the early formed olivine and pyroxene minerals will be reabsorbed by the melt and therefore will be absent from the resulting rock.  Mafic magmas produce rocks rich in iron and magnesium that are dark in colour.  Silicic magmas produce rocks composed largely of light coloured feldspar and quartz.  For this reason, these rocks are sometimes called felsic rocks.

Magma Modification

Magma composition may be modified after the melt is formed.  The result is a product that would have a different composition than the original magma composition.

A. Fractional crystallization

Fractional crystallization is the main way melt composition can be changed.

In this process, early-formed crystals are physically removed from the remaining magma and so are prevented from reacting with it.  The early-formed crystals settle out of the magma and are isolated from the melt by later crystals settling above them. The result is that the remaining melt becomes more silica rich, iron + magnesium poor in composition. SEE Figure below.
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B. Assimilation
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Overall magma composition can also be changed if magma assimilates the rock around it, incorporating pieces of it, melting and mixing it in.  As magma intrudes country rock (the rock intruded into; a.k.a. wallrock), bits of that rock may be broken off by the force of the invading magma and caught up in the molten mass.  Some is assimilated through melting, but some may be preserved as xenoliths (meaning xeno = Foreign lith = rock caught up in a genetically unrelated magma) SEE diagrams below.

(left) Schematic showing assimilation


(right) Photo of a rock after assimilation producing xenoliths (dark rock) within felsic magma intrusion.  The xenoliths originate from the surrounding countryrock (not shown in photo).

C.  Magma mixing

Two melts combine to produce a hybrid melt of intermediate composition between them.  Magma mixing is rare.

Bowen's Reaction Series
The geologist, ____________________________, studied how silicate minerals form from magma.  From extensive experimentation in the lab and observation in the field, he found that __________________________________________ in a particular manner.  In Bowen’s honour, the sequence of crystallization is called __________________________________________.  You can see a chart of it in your textbook, page 37.  There are two branches to the series: the ______________ ______________and the ____________________________.  

The continuous reaction is based on ____________________________.  It results from the interchangeability of ______________ and ______________in the plagioclase feldspar structure.  At the ____________________________end of this reaction series is the __________________________________________feldspar, anorthite, CaAl2Si2O8 that melts at a higher temperature than the __________________________________________ feldspar, albite, NaAlSi3O8, that forms at the ____________________________end.  The proportion of silica in the feldspar also changes along the reaction series - at the calcium rich end the proportion of silica is smaller than at the low temperature, sodium rich, end.

The discontinuous reaction series involves ______________________________.  Like the continuous reaction series it also proceeds from ____________________________, but in this case, as crystallization occurs the increasingly silicic melt that remains becomes more and more out of balance with the already formed crystals.  Consequently, the first forming crystals are reabsorbed by the melt as the cooling proceeds.  Thus, __________________________________________, (1) ______________ is reabsorbed by the melt to produce ______________, then (2) ______________is converted to the ______________, and finally, (3) the ______________react with the melt to produce ______________ ______________ (biotite).  At the end of his sequence, (4) any remaining melt will be ______________and it crystallizes to produce ____________________________, ____________________________, and ______________.

Types of Magma

As you might expect, not every magma proceeds through this whole sequence of steps.  A ____________________________, a magma ______________in ______________and ______________, for example, will completely crystallize before it reaches the lower temperature stages of the discontinuous reaction series whereas in a ____________________________, one that is ______________in ______________and poor iron and magnesium, the early formed olivine and pyroxene minerals will be __________________________________________ and therefore ________________________________________________________.  ____________________________produce rocks ______________in ______________and ______________that are ______________in colour.  ____________________________ produce rocks composed largely of ______________coloured feldspar and ______________.  For this reason, these rocks are sometimes called ____________________________.

Magma Modification

Magma composition may be modified __________________________________.  The result is a ______________that would have a ____________________________than the _____________________________.

A. Fractional crystallization

Fractional crystallization is the main way melt composition can be changed.

In this process, ____________________________are ___________________from the remaining magma and so are prevented from reacting with it.  The early-formed crystals settle out of the magma and are isolated from the melt by later crystals settling above them. The result is that the __________________________________________, ____________________________in composition. SEE Figure below.
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B. Assimilation

Overall magma composition can also be changed if magma ____________________________, incorporating pieces of it, ____________________________.  As magma intrudes ______________ ______________ (the rock intruded into; a.k.a. ______________), bits of that rock may be broken off by the force of the invading magma and caught up in the molten mass.  Some is assimilated through melting, but some may be preserved as ______________ (meaning xeno = Foreign lith = rock caught up in a genetically unrelated magma) SEE diagrams below.

(left) Schematic showing assimilation


(right) Photo of a rock after assimilation producing xenoliths (dark rock) within felsic magma intrusion.  The xenoliths originate from the surrounding countryrock (not shown in photo).
C.  Magma mixing

____________________________combine to produce a ____________________________ of ____________________________between them.  Magma mixing is rare.

Rates of Cooling and Magma Textures

The major division in the igneous rocks is based on rate of cooling.  

Igneous plutonic rocks or intrusive rocks form when magma cools slowly within the earth to produce relatively large and interlocking crystals (or phaneritic = visible to the eye; 1-10 mm).  

By contrast, igneous volcanic rocks or extrusive rocks form when magma is extruded onto the surface of the earth.  Consequently, the rate of cooling is rapid and the crystals that form are relatively small (or aphanitic = need hand lense to see crystals ; <1 mm).

Magma that cool extremely quickly will have no time for crystals to grow, resulting in a glassy texture (no crystals).
Sometimes igneous rocks do not fit neatly into either the plutonic or volcanic category.  This happens when a magma that had partially crystallized by slow cooling within the earth is erupted.  Such rocks have a mix of large crystals (produced during the slow cooling stage) embedded in a matrix of small crystals.  This type of rock is called porphyry.  Sometimes the large crystals, called phenocrysts, can be identified easily and then the rock may be called feldspar porphyry or hornblende porphyry, for example, if these are the obvious crystals evident in the rock.

When volcanic rocks are produced, gases are released from the magma.  Often the magma solidifies around the bubbles of gas to make holey rocks, called vesicular texture.  Sometimes these holes are filled in later by minerals that are carried by water solutions that percolate through the rocks.  Typically, the original igneous volcanic rock may be black basalt.  Light coloured material like silica or calcium carbonate (solidified as calcite) may fill the holes.  Superficially, these rocks can look like porphyry, but in these amygdaloidal rocks the light coloured minerals conform to the shape of the hole.  Whereas in a porphyry, the matrix conforms to the shape of the large crystals.  It is also quite common to find amygdaloidal porphyry - rock which shows both mineralized holes of gas bubbles and the large crystals that formed through slow cooling of the magma.

Classification based on Composition

Once determined if a rock is plutonic or volcanic, then the name given to the rock is determined on the basis of colour.  Magmas that contain a large proportion of dark coloured minerals produce dark coloured rocks.  Plutonic rocks of this type are called gabbro whereas a volcanic of the about same chemical composition is basalt.  If the magma contains a large proportion of minerals that are lighter in colour then the rocks that form from it will also be light in colour.  The light coloured plutonic rock is granite whereas the volcanic equivalent is rhyolite.  The chart entitled "Percentage of Minerals in Igneous Rocks" in the Geology 12 Data Booklet (see handout) contains further information regarding the classification of plutonic and volcanic igneous rocks.  Use it to help in the identification of igneous rocks.

Rates of Cooling and Magma Textures

The major division in the igneous rocks is based on __________________________.  

Igneous __________________________or __________________________ form when magma __________________________within the earth to produce relatively _____________and __________________________ (or _____________= visible to the eye; 1-10 mm).  

By contrast, igneous______________________or ______________________form when magma is ____________________________________________________.  Consequently, the rate of cooling is _____________and the crystals that form are relatively _____________ (or _____________= need hand lense to see crystals ; <1 mm).

Magma that _______________________________________will have no time for crystals to grow, resulting in a __________________________ (_____________).
Sometimes igneous rocks do not fit neatly into either the plutonic or volcanic category.  This happens when a magma that had ___________________________________________________________________________________________.  Such rocks have a mix of __________________________ (produced during the slow cooling stage) _________________________________________________________________.  This type of rock is called _____________.  Sometimes the large crystals, called _____________, can be identified easily and then the rock may be called feldspar porphyry or hornblende porphyry, for example, if these are the obvious crystals evident in the rock.

When volcanic rocks are produced, ____________________________________.  Often the ____________________________________________________

_______________________________________, called _____________texture.  Sometimes these holes are ___________________________________________

_________________________________________________________________.  Typically, the original igneous volcanic rock may be black basalt.  Light coloured material like _____________or __________________________ (solidified as calcite) may fill the holes.  Superficially, these rocks can look like porphyry, but in these __________________________the light coloured minerals _______________________________________.  Whereas in a porphyry, the _________________________________________________________________.  It is also quite common to find amygdaloidal porphyry - rock which shows both mineralized holes of gas bubbles and the large crystals that formed through slow cooling of the magma.

Classification based on Composition

Once determined if a rock is plutonic or volcanic, then the name given to the rock is determined on the basis of _____________.  Magmas that contain a large proportion of _______________________________________produce _______________________________________.  _____________rocks of this type are called _____________whereas a _____________of the about same chemical composition is _____________.  If the magma contains a large proportion ____________________________________________________than the _______________________________________________________________.  The light coloured _____________rock is _____________whereas the _____________equivalent is _____________.  The chart entitled "Percentage of Minerals in Igneous Rocks" in the Geology 12 Data Booklet (see handout) contains further information regarding the classification of plutonic and volcanic igneous rocks.  Use it to help in the identification of igneous rocks.
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