
ROCKS AND THEIR CLASSIFICATION

This part of the study guide you will learn how to identify sedimentary, igneous, and metamorphic rocks.  A table summarizing the principle means of identification will follow each discussion of a rock group. I also recommend that you read the appropriate chapters in your text on sedimentary, igneous, and metamorphic rocks. 

HOW TO IDENTIFY IGENOUS ROCKS
Texture: In the identification of igneous rocks, one should first consider the texture of the sample.  Since all igneous rocks come from magmas, the textures of igneous rocks depend on the rate of cooling of the magma. There is a complete series from rocks cooled very fast, and thus have fine-grained texture with only very small visible crystals (< 1 mm) or no visible crystals, to rocks that cool very slowly and thus develop a course-grained texture with very large crystals (> 1 mm). Rocks with a porphyritic texture have some large (visible) crystals but the background in the rock is very fine-grained.  

Sample C-2 (diorite) is an example of a coarse-grained texture developed due to slow cooling, while sample C-6 (andesite) is an example of a finer-grained texture.  You may observe some crystals in C-6, but notice that the gray background that holds the rock together is very fine to the point that even with the hand lens you cannot see crystals in the matrix. You will recall from previous class discussions that the magma for diorite and andesite was the same, one cooled faster (C-6) at or near the Earth’s surface and one cooled slower deep underground (C-2).  If a rock has any fine-grained background, even if it has crystals, it is considered in the extrusive or volcanic group.

Composition: After the consideration of the texture, one should determine the composition or color index of the sample.  The color index is the percentage of dark minerals, such as biotite and hornblende, in the sample relative to the light minerals, such as quartz or potassium feldspar. Notice the difference between the sample of granite C-1 (a felsic rock) and the sample of gabbro (a mafic rock).

Although the color index is helpful in determining the general rock type, the actual classification of igneous rocks is based on the chemical composition, or the type of minerals in the rock.  Granite has lots of felsic minerals, such as quartz and potassium feldspar, while diorite usually has less quartz and the feldspars are the light colored plagioclase (the sodium variety).  Gabbro has mostly dark colored (= mafic) minerals such as olivine, plagioclase feldspar, augite, and/or hornblende.  In the table, listing the igneous rocks, the typical minerals present in the various rock types are listed.

Some Volcanic Rocks Common in the Northwest:

Obsidian (C-11). Obsidian is a natural volcanic glass that cooled so quickly that not even microscopic crystal had time to form.  It is usually black nad/or red; it has glass-like fractures, and is usually shiny on a broken surface.  Obsidian is found in lava flows in Oregon, Yellowstone, and California, but was traded extensively to make arrowheads by the indigenous people of North America.  Although obsidian is dark in color, this rock is actually classified as felsic in composition due to it high silica content.  The dark color is created by rare iron-rich mineral that are scatter throughout the volcanic glass.  They give the rock its color in a manner similar to the way a few drops of milk can turn a glass of water white in color.

Pumice (see sample provided) is a light colored volcanic rock that has a large number of small to large holes throughout the rock.  The distinctive texture of pumice comes from air bubbles that were present in the lava and were trapped in the rock when it cooled.  Often pumice contains so much air that it will float in water.
IGNEOUS ROCK CLASSIFICATION CHART
Note: Only rock names underlined in bold will be on the rock & mineral quiz


Plutonic (Intrusive) Rocks:  Texture = Coarse-grained (crystals > 1 mm)
	ROCK NAME
	Sample #
	COMPOSITION/

COLOR INDEX
	MOST COMMON MINERALS

	GRANITE
	C-1
	Felsic
Few dark minerals
	Mostly Potassium feldspar & quartz

Fewer black minerals (= biotite & hornblende)

	DIORITE
	C-2
	Intermediate
About ½ light minerals

&  ½ dark minerals
	Light minerals = Plagioclase feldspar (minor quartz)

Black minerals  = hornblende, biotite, & augite)

	GABBRO
	C-3
	Mafic
Mostly dark minerals
	Dark plagioclase feldspar, augite, & olivine,


Volcanic (Extrusive) Rocks: Texture = Fine-grained (crystals < 1 mm), or porphyritic
	ROCK NAME
	Sample #
	COMPOSITION/

COLOR INDEX
	MOST COMMON MINERALS

	RHYOLITE
	C-5
	Felsic
Light gray or pink matrix
	May have some quartz phenocrysts (=large crystals) of white or translucent gray or rare hornblend (black)

	ANDESITE
	C-6
	Intermediate
Medium Gray matrix
	May have phenocrysts of plagioclase feldspar

(white) or hornblende (black)

	BASALT
	C-4
	Mafic
Very dark (black) matrix
	May have phenocrysts of plagioclase feldspar (white), or olivine (green)


Other Volcanic Rocks

OBSIDIAN - (#C-11), Volcanic glass usually black or dark red in color.

PUMICE – Low density, felsic volcanic rock with gas bubbles preserved in its structure as holes in the rock 

(can be light enough float in water)  

Common rocks in the Cascade Mountains  
The rocks below will not be on the rock quiz and you WILL NOT have to identify them in lab, but they are commonly found around Puget Sound so you will be asked to answer questions about them in lab.
ROCK NAME:           COMPOSITION/ COLOR INDEX

MINERALS 
Plutonic Rock 

Granodiorite   
Color & composition between


More plagioclase than potassium

(#C-21)                              
    Granite and Diorite


feldspar, quartz, some biotite, & hornblende

Volcanic Rock

 Dacite    
 Color & composition between


May have phenocrysts (large crystals) of

 (#C-20)                                   Rhyolite and Andesite


quartz, hornblende, potassium feldspar
HOW TO IDENTIFY SEDIMANTARY ROCKS

We separate sedimentary rocks into two main categories: detrital or clastic and chemical.  The clastic rocks are composed of discrete grains or fragments (= clasts) of other rocks that have been weathered and eroded into small pieces.  An example is sample D-2, a sandstone.  The sand that comprises this sample was most likely from a river, beach, or sand dune that has subsequently been cemented together by either silica (quartz) or calcite.

Aside:  How do you determine which cementing agent (quartz or calcite), will produce a rock which is more resistant to weathering? Consider the relative hardness of each cement and their resistance to dissolution.
Clastic sedimentary rocks are classified based on their Texture (= shape and size) of the different “clasts”. The size of the grains in a clastic sedimentary rock may range from extremely small clay particles (< .002 mm) on up to pieces bigger than your head.  
“Conglomerates” (D-3) and “breccias” (D-4) have grains larger than 2mm.

“Sandstones” (D-2) are composed of grains that 0.06 to 2 mm in size (= sand-sized particles)

“Mudstones” (D-15 & D-1) are composed of grains < 0.6 mm = too small to see without a hand lens.


The shape of the grains is used to distinguish between conglomerates (D-3) and breccias (D-4).  Conglomerates are composed of mostly rounded grains, while the grains in the breccia are almost entirely angular. It may be possible that a rock may have both angular and rounded fragments in the same rock. In this case it would be a conglomerate. Breccias should be almost entirely angular grains in a finer grained matrix.

Aside:  The angularity of the grains is important in interpretations of the history of the rock- Why?
Chemical sedimentary rocks are classified based on their composition (= mineral content).  Most of the "chemical" sedimentary rocks are really deposited by through the action of plants or animals, but some, such as rock salt (aka Halite) and gypsum, form through inorganic chemical precipitation as water evaporates.

“Limestones” (D-6) are composed of calcite, and thus they will always effervesce with addition of dilute HCl on a fresh fracture surface.  Limestone is usually formed out of small pieces of the shells of marine plants or animals and sometimes it contain whole sea shells. It is the most common chemical sedimentary rock on Earth.

“Coal” (D-10) is formed from ancient vegetation that was buried and thus sealed from the atmosphere so that the plant carbon did not decay/oxidize in the atmosphere. Coal is common in the Puget Sound Region. It ranges from hard and shiny (anthracite) to soft and dull (sub-bituminous) and is light in weight.  
“Chert” (D-7) is formed from shells of microscopic marine creatures in the deep oceans or by inorganic precipitation of silica. It is found occasionally in western Washington.  For example, in the San Juan Islands there are numerous exposures of ribbon chert (chert interlayered with siltstone).  
SEDIMENTARY ROCK CLASSIFICATION CHART

All Rock names underlined in bold may be on the rock & mineral quiz.
Clastic (Detrital) Sedimentary Rocks: (= Rocks formed out of discrete grains)

 

	Rock Name
	Sample #
	Sediment Name
	Sedimentary Texture =

Size & Shape of particles

	BRECCIA


	D-3
	Gravel (Angular)
	Course-grained (>2mm)

Shape = Angular grains


	CONGLOMERATE


	D-4
	Gravel (Rounded)
	Course-grained (>2mm)

Shape = rounded grains



	SANDSTONE


	D-2
	Sand
	Medium-grained (.05 -2mm)

sand-sized grains dominate rock



	MUDSTONE
(a.k.a. Silstone,

Claystone &  Shale)
	D-15

D-1
	Mud
	Fine-grained (less than .05 mm)

Individual particles too small to see*




*Mustones can be divided even further into Siltstone (silt-sized grains ranging in size from 1/16 – 1/256 mm, = D-15) and “claystone” sometimes called “shale” (= D-1), which is composed of clay-sized particles less than 1/256mm.  You should see if you can feel the difference between D-15 and D-1, but you won’t be asked to distinguish between these two rocks on an exam (just identify them both as a “mudstone”)

Chemical Sedimentary Rocks: (may have any range of grain size and shape)


	Rock Name
	Sample #
	Chemical Composition
	Additional Characteristics 

useful for ID

	LIMESTONE**

	D-6
	Calcite
	Hardness ~ 3.0

Reacts with Acid

May contain fossils of marine animals (sea shells)



	CHERT


	D-7


	Silica


	Hardness ~ 7.0

May be translucent


	COAL
	D-10
	Plant material


	Color = dark “coal” black,

May be shiny.
May contain plant fossil (including amber)



** If a limestone is composed entirely of shell material it is called “Coquina.” A limestone composed of microscopic shell is called a “Chalk.” But these specific names will not be on the rock and mineral quiz- just identify both of these rocks as limestone.
HOW TO IDENTIFY METAMORPHIC ROCKS
As in both the sedimentary and igneous rocks, texture should be your first consideration in the identification of metamorphic rocks.  
Texture: Foliation is the parallel alignment of minerals (for an example, see the biotite in sample E-4). Metamorphic rocks are divided into those with that always have foliation and those sometimes have foliation (and sometimes don’t have foliation).  Note: foliation developed at right angles to the pressure that was applied in the metamorphism of the rock. 
Foliated Metamorphic Rocks:

 Gneiss (E-2) forms at high temperatures and pressures and has coarse-grained minerals divided into bands of light and dark minerals. Gneiss commonly appears to be granite-like, but if you study them closely you will see the foliation that determines that the sample is gneiss.
Schist (E-4) will not be banded like gneiss, but instead will have foliated layers of medium-grained minerals
At first glance, slate (E-3) will look similar to sedimentary rock shale (D-1) (= a layered mudstone).   This should be expected shale is the parent rock, or original rock-type before metamorphism, of slate.  Slate is harder than shale and will have a "ring" when tapped against a hard surface.  (Note: normally shale does not have this distinctive ring, but unfortunately our samples of shale are harder than normal so the ring test is not sufficient to separate our slate samples from our shale samples.) However, usually the slate will display a higher degree of foliation while the shales are less well-layered. 

Phyllite (E-5) may be separated from slate on the basis of the phyllite's shiny character.  The shiny character is due to the development of flat minerals such as mica reflecting  light.  However, although the minerals in phyllite are larger than in slate but the grains are usually still so small that it is difficult to see them with your eye.
Non-foliated metamorphic rocks are separated by mineral composition.

Quartzite’s (E-6) are, logically, mostly (95% or more) quartz.  They are derived from the metamorphism of sandstone.  The individual grains in the sandstone (D-2) become interlocking due to the metamorphism.  Go back and find the sandstone in the previous box and compare it to the quartzite using the hand lens. Note that the grain in quartzite are interlocking where are the sandstone is composed of discrete rounded particles.
Marbles (E-7) are derived from the metamorphism of limestones. Therefore, both are mostly calcite and both will react to dilute HCl.  The difference between a limestone and a marble lies in the interlocking nature of the calcite grains in the marble. 
Note: Although quartzite and marble are classified as non-foliated metamorphic rocks, they both may be banded (weakly foliated) from impurities in the sandstone or limestone.  These banded varieties have been used extensively for building stones because they are very attractive.

METAMORPHIC ROCK CLASSIFICATION CHART
All of the rocks listed below may be on the rock & mineral quiz
Foliated Metamorphic Rocks










Rock Name
Description









	Rock Name
	Sample

#
	Mineral Size
	Description
	Parent Rock
(aka Protolith)

	Slate
	E-3
	Very-fine-grained

(too small to see)
	Surface = dull luster; may be any color, but black is most common


Foliation = flat layers
	mudstone

	Phyllite


	E-5
	Fine-grained

(< 1 mm)
	Surface = silky luster (shines in the light); may be any color, but usually dark, 

Foliation = often flat, but may be partially   

                    folded
	mudstone

	Schist


	E-4
	Medium-grained


	Surface =  mica is normally very abundant often causes this rock to shine in the light; garnets may also be common.
Foliation: Flat to folded; parallel alignment 
            of minerals should be clearly visible
	mudstone, basalt, or

impure sandstone

	Gneiss


	E-2
	Medium- to coarse- grained
	Surface = Alternating bands of light and dark minerals.

Foliation = flat to folded
	Mudstone, basalt, granite, rhyolite,

gabbro, or

impure sandstone,


Non-foliated Metamorphic Rocks
(Note the following rocks may be layered or non-layered)

	Rock Name
	Sample #
	Mineral Composition
	Additional Characteristics
	Protolith

(= parent rock)

	Quartzite
	E-6
	Quartz


	Interlocking grains of Quartz.
Hardness ~ 7.0 (will scratch glass);
May be foliated or non-foliated

sandstone
	sandstone

or chert

	Marble
	E-7
	Calcite


	Interlocking grains of calcite.
Hardness ~ 3.0 / Reacts with Acid
May be banded.
	limestone
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