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Grain or particle size characteristics of common clastic
sedimentary rocks. Note rock names.

Wentworth Size
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Useful Sources of I nfor mation on Carbonate Rock Classifications

Folk, R.L., vaea. Practical petrographic classification of limesten Bulletin American

Association Petroleum Geologists,v, p.\-vA

Folk, R. L., va1v. Spectral subdivisions of limestone types. In: Héd) Classification of

Carbonate Rocks. Memoir American Association of Petroleum Geologistsyypae.

Strohmenger, C. and Wirsing, G44). A proposed extension of Folk'saga, ya1y) textural
classification of carbonate rocks. Carbonate arapBrites, va, p. Yr-va.

Dunham, R, J.ya1y. Classification of carbonate rocks according tpa$itional texture. In: Ham
(ed) Classification of Carbonate Rocks. Memg@iAmerican Association of Petroleum Geologists,
P. VA=Y,
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Embry, A.F. and Klovan, J.E)avy. A late Devonian reef tract on northeastern Baliskand
Northwest Territories. Bulletin Canadian PetroleGeologists, vy4, p. vr.-vA). (Examine the part
dealing with modification of Dunham's classificatjo

Carozzi, A. V.,\aA4. Carbonate rock depositional Models. A microfaciggproach. Prentice
Hall, Englewood Cliffs, N.J. Advanced Referencei&en. ¢ p.

Folk, Robert yaAa.. Petrology of Sedimentary Rocks. Hemphill PubhghiCo. Austin, Texas.
(Great book, if you ever get a chance to get oab gt!!!). (I have placed the vavs edition of this

book on reserve for you in the Randal Library) Online Web Link:
http://www.lib.utexas.edu/geo/Folk Ready/entir ef olk pdf.pdf

Pettijohn, Potter, & Siever; \avr; Sand and Sandstone, p. A-Ao.

Wentworth, Chester K. vay.. Methods of mechanical analysis of sediments. &hsity of lowa

Studies in Natural History, Vol. XI, No., oy p. Wentworth.pdf (v.0c mb)

Wentworth, C.K., vavy; A scale of grade and class terms for clastic sedts. Journal of

Geology, Vol. XXX, p.rvv-ray.

Viard, J.P. and Breyer, J.A., vav4; Description and hydraulic interpretation of grasize
cumulative curves from the Platt River System. Beglitology, volxa, p. ¢yv-sya.

Dunham, R. J., a1y, Classification of carbonate rocks according to depositional texture.

In: Ham, W. E. (ed.), Classification of carbonate rocks: American Association of Petroleum
Geologists Memoir, p. VoA-AYY.

Embry, AF, and Klovan, JE, vavy, A Late Devonian reef tract on Northeastern Banks

Island, NWT: Canadian Petroleum Geology Bulletin, v. 4, p. vr.-vay.

Folk, R.L., V404, Practical petrographic classification of limestones: American Association
of Petroleum Geologists Bulletin, v. ¢v, p. \-YA.
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METAMORPHIC ROCK CLASSIFICATION

CLASIFICATION OF METAMORPHIC ROCKS

BASED ON TEXTURE
CLASSIFICATION ROCK NAME TYPICAL PARENT ROCK

Foliated Slate Shale, sandstone
Phyllite
Schist
Gneiss

Nonfoliated Quarzite Quartzose sandstone

Marble Limestone, dolomite
Amphibolite Shale, basalt

Metamorphism produces changes in the rocks whicludle thedevelopment of
foliation ("layering"), theformation of new minerals, andan increasein grain size.
The metamorphic rocks are classified accordindnéir ttexture (whether or not there

Is a visible foliation) and their composition.

Foliated Rocks

The rocks above are the common foliated metamonmltks. They are, from left
to right, mica schist, gneiss, and slate. Notieeititreasing grain size and increasing

thickness of the foliation, these are the charattes used to distinguish foliated
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metamorphic rocks. Sometimes composition adjectaresused to name these rocks.
For instance a schist with abundant garnet woulddtled a "garnet schist".

0oo0oo0oo0Do0oo0ooDo0Do0ooobo0ooobo0d0o0oobo0ooDo0oo0ooooooooag

Slate is commonly metamorphosed shale. Slate endftack or gray and has a -
distinctive breakage pattern along it's foliatidane. This breakage pattern makes the’
rock useful as a roofing material, and it was faignased to make chalkboards.

Schists contain a lot of large micas, which usubflyak apart easily. They have a

very shiny appearance. There are many possibifiiegarent rock of schists.

ooo0ooo0oooo0o0ooo0o0o0o0oo0o0o0o0oo0bo0o0ooobod0ooob0bo0ooo0o0ooo0o0ooooooooa-g
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Gneiss is one of the most distinctive metamorpbaks. Granite, an igneous rock,
may be transformed into gneiss. The minerals ptaadmoth rocks are the same but

the gneiss is notable for it's color bands, givtregstriped appearance.

Nonfoliated rocks

The nonfoliated rocks do not exhibit foliation besa of their uniformity of
composition, and the shape of their minerals. Thdute of nonfoliated rocks is
described as granular.

Marble is made of calcium carbonate and its pam@ek was limestone. Because of
the calcium carbonate, marble will fizz or bubbieaiweak acid is splashed on it.
Marble is often white, yet the presence of minargdurities may alter the color.
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Quartzite is metamorphosed from quartz-rich samastdhe rock is usually white
or light colored.

Amphibolite is composed, primarily, of amphiboledaplagioclase. The parent

rock is a mafic rock, usually basalt or gabbro.

IGNEOUS ROCKS

I gneous Rocks:

Igneous rocks (from the Greek word for fire) fonmarh when hot, molten rock
(magma)crystallizes and solidifies. The melt originategp within the Earth near
active plate boundaries or hot spots, then risgarn the surface. Igneous rocks are

divided into two groups, intrusiver extrusive depending upon where the molten

rock solidifies.

Intrusive | gneous Rocks:

Intrusive, or plutonic igneous roékrms when magma is trapped deep inside the

Earth. Great globs of molten rock rise toward tindae. Some of the magma may
feed volcanoes on the Earth's surface, but mostirsntrapped below, where it cools
very slowly over many thousands or millions of ygeantil it solidifies. Slow cooling
means the individual mineral grains have a vergltame to grow, so they grow to a

relatively large size. Intrusive rocks have a ceapsined texture.
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Extrusive | gneous Rocks:

0O o0o0o0ooooagao

Extrusive, or volcanic, igneous rotkproduced when magma exits and cools outside:

of, or very near the Earth's surface. These areoitles that form at erupting
volcanoes and oozing fissures. The magma, calledvidnen molten rock erupts on
the surface, cools and solidifies almost instawtiygn it is exposed to the relatively
cool temperature of the atmosphere. Quick cooliegms that mineral crystals don't
have much time to grow, so these rocks have afuaygrained or even glassy
texture. Hot gas bubbles are often trapped in tleched lava, forming a bubbly,

vesicular texture. Pumicebsidian and_basalare all extrusive igneous rocks.

Volcanic Eruptions:

When magma manages to migrate upward onto thecgyitfae result is volcanism (a
volcanic eruption). A volcano forms as molten racikd solidified volcanic debris are
ejected onto the surface and accumulate near tipéi@n site. In addition to rock
material, large quantities of water vapor and gasevented from volcanoes. When
magma flows on the surface the material is catied.| The release of pressure during

eruptions can produce ash clouds that may tranegl dtistances.

Crystallization:

When magma cools in the subsurface it slowly foroak through the process of
crystallization. The chemical and physical readitmat take place in cooling magma
result in the formation of interlocking mineral stgl grains (minerals such as quartz,
feldspar, and mica). The mineral grains (crystatg)of a visible size, giving the rock

a crystalline texture.

I gneous Rock Classifications:

Igneous rocks are classified by the geologic emvitent where they formed from the
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crystallization of molten material, and perhaps enanportantly, by their mineral

composition. Intrusive igneous rocks (like gramtegabbr typically display visible

mineral grains that are fairly easy to recognizehailittle training. Extrusive rocks
are more difficult to clearly identify because thaeral grains are typically invisible.
However, the general composition of an extrusiak iie reflected by its color and
density characteristics. General composition typelside felsic (which is a
mnemonic word derived from "feldspar" and "silizednd mafic (which means rich
in magnesium and iron, Fe). Felsic rocks tend tbgbe colored (white, pink,
yellow), and are typically much less dense thanaewatks that are typically dark

(gray, brown, or black).

Mineral Composition:

Rhyolite (a felsic extrusive rock) has the same mineralpmsition as granitéan
intrusive igneous rock) and is composed dominawitihhe minerals potassium
feldspar (K-spar), quartz, and lesser amountsagjiptlase feldspar, mica,
hornblende, and other minerals. Likewise, bagaihafic extrusive rock) has the
same mineral composition of the mafic intrusivekragabbro This generalized
composition of felsic and mafic can be subdividad intermediate (between felsic
and mafic composition), and ultramafic (rocks extedy enriched in magnesium and
iron). Rocks of intermediate composition includerde (intrusive) and andesif{¢ghe
extrusive equivalent). Ultramafic rocks have spesignificance, in that they
probably are derived from the mantle. They aretivadly unstable on the Earth’s

surface, and are typically metamorphadecdhature and in simplistic interpretation,

igneous rocks that make up most continental cystally have a felsic composition
(such as rhyoliteand_granite The mafic rock basais the dominant rock type that

makes up most ocean crust. Rocks of intermediatgaosition are derived from the

mixing of continental and oceanic crust.
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Batholiths and Other Plutons:

A body of rock formed from magma migrating and di®ying deep in the subsurface

0O o0o0O0o0Oo0Oooooaogao

Is called a pluton or an igneous intrusistuge intrusions, covering areas greater tharr

one hundred square kilometers are called a bdth&dtholiths typically contain
many separate intrusions that form over a relatilaeig period of time. Other types
of intrusions typically form at shallower crustapihs; these include stocks,dikes,and
sills. A stock is smaller than a batholith and tgbly represents the subsurface
passage that fed molten material to a volcanceta bf volcanoes over time. Sills
and dikes are layers of igneous rock that typidaliyn along fault zones, fractures, or
between and parallel to sedimentary layers. A l#tcis a blister-shaped intrusion.
Stocks, sills, dikes, laccoliths and other intrasiare remnants of past igneous
activity and are exposed at the surface long aftesion has stripped away any
ancient volcanoes and other overlying rocks andrsats that may have existed in
an area.

IGNEOUSROCKSand MINERALS

Andesite -- extrusive igneous rock
Basalt -- extrusive igneous rock
Dacite -- extrusive igneous rock
Diabase -- fine-textured igneous rock
Diorite -- intrusive igneous rock
Gabbro -- intrusive igneous rock
Granite -- intrusive igneous rock

Granodiorite -- intrusive igneous rock

Obsidian -- volcanic glass

Olivine -- silicate mineral
Pegmatite -- intrusive igneous rock
Peridotite -- gem quality olivine

Pumice -- light, porous, volcanic rock
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Rhyolite -- extrusive igneous rock

Tuffs -- volcanic ash matrix
e). Characteristics of Igneous Rocks
I ntroduction

As described in some of the previous topics, igsemcks are produced by the
crystallization and solidification of molten magmslagma forms when rock is
heated to high temperatures (betwéér and Y. :° Celsius) beneath the Earth's
surface. The exact temperature needed to meltisoc&ntrolled by several factors.
Chemistry of the rock material, pressure, presesfcgases (like water vapor) all
influence when melting occurs. Most of the heatunemgl to melt rock into magma
comes from the Earth's central internal region km@s the core. Scientists estimate
that the temperature of the Earth's core is about° Celsius. Heat moves from the
Earth's core towards the solid outer crust by cotiwe and conduction. Convection
moves hot plumes of magma vertically from the lowemntle to the upper mantle.
Some of these plumes melt through the Earth's dihidsphere and can produce
intrusive igneous features and extrusive igneoatifes on the surface. Heat can also
be generated in the lower lithosphere throughifnct The tectonic movement of
subducted crustal plates can generate enough drecipfessure) to melt rock. This

fact explains the presence of volcanoes along #rgimof some continental plates.

Types of | gneous Rocks

The type of igneous rocks that form from magma fisretion of three factors: the
chemical composition of the magma; temperatureotitiisication; and the rate of
cooling which influences the crystallization progeblagma can vary chemically in
its composition. For example, the amount of si(i§eD ¥ ) found in magma can vary
from Yo % to less thari® %. The temperature of cooling determines whiclesypf

minerals are found dominating the rock's compasit®ocks that begin their cooling
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at low temperatures tend to be rich in minerals mosed of silicon, potassium, and
aluminum. High temperature igneous rocks are domathédy minerals with higher
guantities of calcium, sodium, iron, and magnesitihe rate of cooling is important
in crystal development. Igneous rocks that fornotigh a gradual cooling process
tend to have large crystals. Relatively fast capf magma produces small crystals.
Volcanic magma that cools very quickly on the Earfurface can produce obsidian

(see image link) glass which contains no crystaltructures.

Geologists have classified the chemistry of ignemeks into four basic types:
felsic, intermediate, mafic, and ultramafic. Ignsaacks derived from felsic magma
contain relatively high quantities of sodium, alaonn, and potassium and are
composed of more thar® % silica. Rocks formed from felsic magma includargte
(see image link), granodiorite (see image linkgitda and rhyolite (see image link).
All of these rock types are light in color becausfethe dominance of quartz,
potassium and sodium feldspars, and plagioclasisgal minerals (Figuré-e-)).
Dacite and granodiorite contain slightly more bmstand amphibole minerals than
granite and rhyolite. Rhyolite and dacite are pomidlifrom continental lava flows
that solidify quickly. The quick solidification caas the mineral crystals in these
rocks to be fine grained. Granite and granodioaite common intrusive igneous
rocks that are restricted to the Earth's contindrdsge expanses these rocks were
formed during episodes of mountain building on terth. Because granite and
granodiorite form beneath the Earth's surface th@idification is a relatively slow
process. This slow solidification produces a rodathva coarse mineral grain. Mafic
magma produces igneous rocks rich in calcium, irand magnesium and are
relatively poor in silica (silica amounts froa® to °Y %). Some common mafic
igneous rocks include fine grained basalt (see anexx) and coarse grained gabbro
(see image link). Mafic igneous rocks tend to bek dla color because they contain a
large proportion of minerals rich in iron and magjuen (pyroxene, amphiboles, and

olivine). Basalt is much more common than gablris. flound in the upper portion of
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the oceanic crust and also in vast continental lHees that cover parts of
Washington, Oregon, ldaho, and California. Gabkraarmally found in the lower
parts of oceanic crust and sometimes in relativaiyall intrusive features in

continental crust.

Andesite (see image link) and diorite are interratgligneous rocks that have a
chemistry between mafic and felsic (silica amoumgisveerY to 1° %). These rocks
are composed predominantly of the minerals plagselfeldspar, amphibole, and
pyroxene. Andesite is a common fine grained extaugineous rock that forms from
lavas erupted by volcanoes located along contihemegins. Coarse grained diorite

Is found in intrusive igneous bodies associateti wintinental crust.

Ultramafic igneous rocks contain relative low amisuof silica (<¢° %) and are
dominated by the minerals olivine, calcium-richgatetlase feldspars, and pyroxene.
Peridotite is the most common ultramafic rock foumthe Earth's crust. These rocks
are extremely rare at the Earth's surface.
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Fine Grained Rhyolite Dacite Andesite Basalt
Coarse Grained  Granite Granodiorite Diorite Gabbro Peridotite
Quartz Calcium-Rich
Plagioclase
80 Feldspars
60 Potassium
Percent Feldspar
by a0 ORI SO Olivine
Plagioclase
Volume 20 Feldspars Pyroxene
Biotite Amphibole
0
700°C Increasing Temperature of Crystallization 1200°C

Increasing Potassium, Sodium, and Aluminum
Increasing Calcium, Magnesium, and Iron

75% Increasing Silica Content 45%

Figure) +e-): The classification of igneous rocks. This graphmdel describes the
difference between nine common igneous rocks baseidxture of mineral grains,
temperature of crystallization, relative amountsypical rock forming elements, and

relative proportions of silica and some common mafse
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| gneous Rocks and the Bowen Reaction Series

In theY4Y+s, N.L. Bowen created the following model to expl#ie origin of the
various types of igneous rocks (Figuree-Y). This model, known as thBowen
reaction serigssuggests that the type of igneous rocks that fbom magma
solidification depends on the temperature of ctiztdion and the chemical
composition of the originating magma. Bowen thesdizthat the formation of
minerals, which make upgneous rocks begins with two different chemical
sequences at high temperatures that eventuallyariatg a single series at cooler
temperatures. One sequence, thscontinuous series, involves the formation of
chemically unique minerals at discrete temperaturervals from iron and
magnesium ricimafic magma In the other sequence, known asadtetinuous series,
temperature reduction causes a gradual changes iohiamistry of the minerals that
form calcium and sodium riclelsic magma The discontinuous series starts with the
formation of rocks that are primarily composed loé tmineralolivine. Continued
temperature decreases change the minerals dongr&gncomposition of the rock

from pyroxeneg to amphibole and therbiotite. The continuous series produces light
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colored rocks rich inplagioclase feldspaminerals. At high temperatures, the
plagioclase feldspar minerals are dominated with the element calciumthW
continued cooling, the calcium in these mineralgredually replaced with sodium.
The convergence of both series occurs with a coatdrdrop in magma temperature.
In the merged series, the minerals within the atiging rock become richer in
potassium and silica and we get the formation rst fiotassium feldspars and then
the mineraimuscovite The last mineral to crystallize in the Bowen teatseries is

quartz Quartz is a silicate mineral composed of justail and oxygen (SiD.

Bowen's Reaction Series

Hiph temperature
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