IGNEOUS ROCKS

INTRODUCTION

Don’t take rocks for granite unless they deserve it. The goal of this lab is to identify the most common rocks that form from the solidification of magma and lava – igneous rocks.  The classification system used here is highly generalized but it is compatible with the one used in your lecture textbook.  Professional geologists use much more complex classifications that might have a dozen different names for rocks that, in this lab, will all be referred to as granite.  Regardless of complexity, all igneous rock classification schemes are based on the same two criteria – texture and composition.

TEXTURE

For igneous rocks, texture refers to the size and arrangement of crystals and other rock components.  Crystal size is affected mainly by magma/lava cooling rate, but silica and volatile (H20, CO2) content must also be considered.  Larger crystals form when the ions in a melt have time to order themselves into regular arrangements (crystal lattices) and are free move about.  Thus, slow cooling of a highly fluid - low silica, high volatile magma are conditions that predict the growth of very large crystals.  In nature, however, the largest crystals are generally associated with high silica magmas, because silica and volatiles tend to associate and volatile content is more important than silica in determining crystal size.  Volatile content also determines how much gas will escape from the magma when it reaches the surface.  Texture is affected if gas bubbles get trapped in the solidifying lava or if the force of the expanding gas is enough to throw the magma into the air and shred it into bits (bombs, blocks, cinders, lapilli, ash) that solidify before hitting the ground.  Crystals in igneous rocks are, in general, randomly oriented but melt flowage can sometimes cause mineral alignments and/or glass banding.  The most common igneous rock textures are:

Phaneritic – Composed of interlocking crystals that are generally large enough to be visible to the unaided eye.  If a phaneritic rock is rotated under a light source, it will sparkle somewhat as various cleavage surfaces come into alignments that reflect the light.  Phaneritic texture is most common among plutonic igneous rocks where the cooling rate is slow.

Aphanitic – Composed of interlocking crystals that are generally too small to be seen without magnification.  Generally, such crystals are too small to produce visible reflections from cleavage surfaces.  Aphanitic texture is most common among volcanic rocks (both extrusive and shallow intrusive) where cooling is rapid.

Porphyritic – Composed of both small and large, or large and very large crystals.  The actual size is not important, but the distribution of crystal size must be bimodal, which implies that sizes fall into two clear groups – phenocrysts (the larger crystals) and groundmass (the smaller crystals).  The porphyritic texture implies that cooling occurred in two stages – one slow and one fast.  It is most common in volcanic rocks where magmas partially crystallize in magma chambers before being erupted.

Pegmatitic – Composed of exceptionally large interlocking crystals.  Most crystals are larger than 1 cm in diameter, but the variation in grain size can be great.  Rocks with this texture are called pegmatites and represent the last and most hydrous/silica-rich portion of a magma to crystallize.  The high water content gives ions excellent mobility in the magma and thus the ability to form large crystals.

Glassy – Composed of no crystals, this is the texture of glass.  In extrusive volcanic rocks cooling is sometimes so rapid that the atoms solidify in unordered arrangements much like they are in a liquid.  High silica lavas are particularly likely to form glass because silica makes the magma more viscous (resistant to flow) and therefore ions are not free to move about to form crystals.  Because there are no crystals in volcanic glass, and relatively few surfaces to reflect light from, volcanic glass appears dark in color despite the high silica content usually associated with it.

Vesicular – An aphanitic or glassy texture containing small cavities (vesicles) formed by the expansion of a small bubble of gas during the solidification process.  

Pyroclastic – The bits and pieces of magma that become airborne when ejected from a volcano are collectively referred to as pyroclastics or tephra if they solidify before hitting the ground.  Rocks composed of pyroclastics are said to have a pyroclastic texture.  If the pyroclastic particles are large enough, their angularity is key in recognizing the pyroclastic texture.  If the rock is made of fine volcanic ash, it may be difficult without magnification to distinguish it from one formed by the sedimentary deposition of fine non-volcanic particles.

COMPOSITION


Silica content is the compositional “yardstick” of igneous rocks.  In aphanitic rocks, silica content is determined mainly by color.  The lighter the color – the more silica.  An important exception to this rule occurs when there is glass in the rock.  Remember that volcanic glass is dark in color yet usually high in silica.  Even small amounts of glass can appreciably darken an otherwise light-colored aphanitic rock.  Look for the telltale shine of the glassy texture to determine how much a rock’s color might be influenced by the presence of glass. 


Mineral content is a more reliable indication of a rock’s composition.  In pegmatitic and phaneritic rocks, identification of minerals is made relatively easy and accurate by the relatively large size of the crystals.  If the rock is aphanitic/porphyritic, use the mineral content of the phenocrysts over the color of the aphanitic groundmass to determine composition.  

Mineral associations are not random in igneous rocks.  Minerals crystallize in a definite order from a cooling magma as described by Bowen’s Reaction Series:

[image: image1.png]DISCONTINUOUS BRANCH CONTINUOUS BRANCH

Olivine

high temp.
l Ca-rich

leroxene (augite)
JAmphibole (horblende)
lBiotite

Plagioclase

lPotassium Feldspar
JMuscovite

low temp. luuanz





Note that there are only eight different minerals on Bowen’s Reaction Series.  The mineralogy of igneous rocks is therefore relatively simple.

	Mineral
	Diagnostic Physical Properties

	Olivine
	1. Small, equant crystals (“glassy beads”)

2. Pale green and glassy

3. No cleavage

4. Weathers quickly, highly oxidized on weathered surfaces

	Augite

(pyroxene)
	1. Blocky or lath-shaped crystals

2. Black or dark green

3. Two directions of cleavage at nearly right angles

4. Weathers quickly, oxidized on weathered surfaces

	Hornblende

(amphibole)
	1. Lath-shaped crystals

2. Black or dark green

3. Two directions of cleavage not at right angles

4. Weathers slowly, only somewhat oxidized on weathered surfaces 

	Biotite
	1. Flat, flaky crystals

2. Black or dark brown

3. Perfect basal cleavage

	Plagioclase feldspar
	1. Lath-shaped crystals

2. Usually white or gray

3. Two directions of cleavage nearly at right angles

4. Striations on certain cleavage faces

	Potassium feldspar
	1. Generally equidimensional crystals

2. Usually white, pink or salmon

3. Two directions of cleavage nearly at right angles

4. Often has exsolution lamellae

	Muscovite
	1. Flat, flaky crystals

2. Light green, tan or silvery white

3. Perfect basal cleavage

	 Quartz
	1. Usually between other minerals, poorly defined crystals

2. Colorless and glassy appearance

3. No cleavage


Minerals that crystallize on the “Discontinuous Branch” may later react with the silica remaining in the melt to form new minerals.  Olivine reacts with silica to form pyroxene.  Pyroxene reacts with silica to form amphibole, and so on down to biotite where such reactions stop.  If at any time during this process should all the silica in the melt be used up, then the reactions will stop at that point.  Olivine will only be present in a rock that formed from very silica-poor magmas, for if there had been ample silica available, then all the olivine would have been converted into pyroxene.  Quartz and olivine are therefore incompatible minerals, for had there been enough silica in the melt to form quartz, there would have been ample silica available to convert the olivine into other minerals on the discontinuous branch.  Olivine and Ca-rich plagioclase are compatible because plagioclase simultaneously crystallizes with olivine.  Plagioclase crystallization is “continuous”, because plagioclase is not destroyed by reaction with the melt like most of the minerals on the discontinuous branch are.  Plagioclase merely becomes more Na-rich and less Ca-rich at lower temperatures.  Silica-rich magmas will end up crystallizing rocks with minerals towards the bottom of Bowen’s Reaction Series, intermediate magmas will form minerals in the middle, and low-silica magmas will form minerals towards the top.  

The mineral associations and abundances that Bowen’s Reaction Series predicts are graphically represented in the simplified classification of igneous rocks below.  Textural considerations are arranged vertically.

	Magma Type
	Felsic
	Intermediate
	Mafic
	Ultramafic

	Silica Content
	High
	Intermediate
	Low
	Very Low

	Temperature
	Low
	Intermediate
	High
	Very High
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	TEXTURE
	ROCK NAME 

(Handbook page)

	Aphanitic
	RHYOLITE

(196)
	ANDESITE

(199)
	BASALT

(202)
	(Rare)

	Aphanitic

/ Porphyritic
	RHYOLITE PORPHYRY

(196)
	ANDESITE PORPHYRY

(200)
	BASALT PORPHYRY

(202)
	(Rare)

	Phaneritic
	GRANITE

(180, 181)
	DIORITE

(187)
	GABBRO

(189, 190)
	DUNITE

(193) PERIDOTITE

(195)

	Pegmatitic
	PEGMATITE

(185, 186)
	(Rare)
	(Rare)
	(Rare)

	Glassy
	OBSIDIAN

(197)
	(Rare)

	Vesicular
	PUMICE

(205)
	VESICULAR BASALT

(203) 

SCORIA
	(Rare)

	Pyroclastic
	TUFF, TUFF-BRECCIA, VOLCANIC BRECCIA

(204, 205)
	(Rare)
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