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1. INTRODUCTION

Rocks comprising the lithosphere have formed by
interactions between matter and various forms of energy--
chiefly gravitational and thermal--over the 4.5 Ga history
of the Earth. The wide range of rock-forming geologic
processes and environmental conditions (intensive
parameters) of temperature (T), pressure (P), and
concentrations of chemical species related to these
complex interactions has created a similarly wide spectrum
of rock properties. Significant widely-ranging rock
properties are: (1) Texture, the size and shape of mineral
grains and amount of glass (crystalline and amorphous
solids, respectively). (2) Structure of grain aggregates,
such as bedding. (3) Composition of mineral grains
comprising the rock, their relative proportions (mode), and
the elemental and isotopic composition of the bulk rock.

Bodies of rock formed within a more or less unified
geologic system over a particular period of time are rarely
strictly homogeneous on any scale of observation. Many
rock bodies are anisotropic with regard to texture and
structure, which is reflected in anisotropic physical
properties such as elastic wave velocity.

Three main categories of rock--magmatic, sedimentary,
and metamorphic--are recognized on the basis of geologic
processes of origin and indirectly on P-T conditions.

(1) Magmatic, or igneous, rocks form by cooling and
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consequent consolidation of magma at acy P, either at
depth in the lithosphere or on the surface; these rocks
were the first to form on the primitive cooling Earth.

(2) Sedimentary rocks form by consolidation of particulate
or dissolved material derived by weathering of older rock
and deposited by water, ice, organisms, or wind on the
surface of the Earth; deposition and processes of
consolidation occur at low, near-surface P and T.

(3) Metamorphic rocks form by recrystallization in the
solid state, usually in the presence of aqueous fluids,
changing the texture, structure, and/or composition of the
protolith—the  sedimentary, magmatic, or even
metamorphic precursor. Metamorphism is the result of
significant changes in the geologic environment from that
in which the protolith originated. Temperatures of
metamorphism are elevated but submagmatic, pressures
range widely, and nonhydrostatic (deviatoric) states of
stress are comimon.

Distinguishing between these three basic kinds of rocks
is readily accomplished in most cases, but some instances
demand attention to multiple criteria [12, p. 7].
Classification within each of the three basic groups of
rocks which follows is based chiefly upon their texture
and composition as can be observed mostly in hand
sample or outcrop. These are essentially descriptive or
nongenetic classifications for the nonspecialist which
require little or no detailed laboratory analyses and
extensive training in petrology. Texture and composition
contain a wealth of genetic information, but the tools to
decipher them are beyond the scope of this brief section.

It must be kept in mind that any subdividing by
geologists of the broad spectrum of texture and
composition in rocks is mostly arbitrary or follows
tradition; boundary lines in nomenclature diagrams are for
the convenience of the user and do not denote naturally-
occurring divisions.
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2. CLASSIFICATION OF MAGMATIC ROCKS

Figure 1 presents an overview of the textural-
compositional aspects of the most common magmatic rock
types and groups that occur in relatively large volume in
subduction zone settings, but not exclusively in them.
Volcanic and plutonic (intrusive magmatic) environments
grade continuously from one to the other, as do many
textures, including:

(1) Glassy, formed by quick quenching of silicate melt.
(2) Aphanitic, microcrystalline, grains are too small to be
identifiable without a microscope. _

(3) Phaneritic, all minerals grains are large enough to be
identifiable by naked eye; formed in deep plutons.

(4) Porphyritic, larger crystals (phenocrysts) embedded in
a finer grained or glassy matrix.

Mineral associations in Figure 1 are useful aids in
classifying. Compositional modifiers--silicic, felsic,
intermediate, mafic, and ultramafic--defined chiefly on the
basis of mineral proportions but indirectly on
concentration of silica can be applied regardless of texture.

The classification of magmatic rocks has recently been
systematized by the International Union of Geological
Sciences [13] and their guidelines are followed here, with
simplifications.
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Fig. 1. Classification of common magmatic rock types
found commonly, but not exclusively, in subduction
zones. Note general mineral associations. Komatiite
is a rare but significant rock formed from extruded lava
flows almost exclusively in the Archean (>2500 Ma).
See Table 4 for mineral compositions.
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Fig. 2. Classification of phaneritic magmatic rocks
containing mostly quartz, potassium-rich alkali feldspar,
and plagioclase [simplified from 13]. Note that the
rock-type names are independent of mafic
(ferromagnesian) minerals (but see Figure 1); hence,
the relative proportions of quartz and feldspars must be
recalculated from the whole-rock mode. No magmatic
rocks contain more than about 40 percent quartz. See
Table 4 for mineral compositions.

Names of phaneritic rock types containing mostly quartz
and feldspar, but including some biotite and amphibole,
are shown in Figure 2. Three special textures in mostly
felsic rocks warrant special base names (appended
compositional prefixes are optional) as follows:

(1) Pegmatite, exceptionally coarse-grained rock; grains
generally >1 cm and locally a meter or more.

(2) Aplite, fine phaneritic, sugary-textured dike rock.

(3) Porphyry, plutonic rock containing phenocrysts in an
aphanitic matrix.

Some phaneritic rocks, known as anorthosite, are
composed of plagioclase, no quartz, and little or no mafic
minerals. Phaneritic rocks containing only pyroxene and
olivine are classified in Figure 3. These peridotites and
pyroxenites occur in some large intrusions of basaltic
magma which have experienced crystal fractionation
during cooling. But their chief occurrence is in the upper
mantle of the Earth, pieces of which commonly possessing
metamorphic texture are found as inclusions in alkali
basalt and kimberlite (see below) and in ophiolite--slices
kilometers long of oceanic lithosphere emplaced onto crust
overlying subducting plates (Table 1).

In the absence of a whole-rock chemical analysis, glassy
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Fig. 3. Classification of phaneritic rocks containing
only olivine, clinopyroxene, and orthopyroxene [13].
Rocks containing between 90 and 40 percent olivine
are peridotite. Rocks containing <40 percent olivine
are pyroxenite. See Table 4 for mineral compositions.

and aphanitic volcanic rocks can only be classified on the
basis of their phenocrysts, if present, using Figure 1 as a
guide. Preferrably, the amounts of total alkalies and silica
in a whole-rock chemical analysis in such rocks can be
plotted in Figure 4. Classification based on phenocrysts
alone is less accurate because the matrix can contain large
amounts of minerals not occurring as phenocrysts; thus an
aphanitic rock containing sparse phenocrysts of only
plagioclase could be called andesite whereas a whole-rock
analysis might reveal it to be rhyolite. The basalt field in
Figure 4 can be subdivided on the basis of degree of silica
saturation [2]; basalts containing normative nepheline are
alkali basalt whereas those without are subalkali or
tholeiitic basalt. Color is not a basis for classification of
aphanitic and glassy rocks, because they are commonly
dark colored regardless of composition; use of “basalt” for
all dark aphanitic rock should be avoided.

Wholly-glassy rocks may be called obsidian if massive,
pumice if highly vesicular (frothy), and perlite if pervaded
by concentric cracks formed during hydration;
compositional prefixes from Figure 1 or 4 may be applied,
as for example, rhyolite obsidian, basalt pumice, etc.
Glassy rocks containing phenocrysts may be labeled
vitrophyre, e.g., dacite vitrophyre.

In contrast to the volcanic rocks produced by
solidification of coherent magma, volcaniclastic rocks [2,
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6, 8, and 9] consist of clasts (fragments) produced by
volcanic processes. Volcaniclasts are classified by (1)
size, as ash (<2mm), lapilli (2-64mm), and block (>64mm;
bomb if rounded rather than angular); (2) composition, as
vitric (glass), crystal, and lithic (rock); (3) origin, as
cognate or juvenile derived from the erupting magma and
accidental, xenocrystic, or xenolithic derived by
fragmentation of older rock. Consolidated deposits of ash
and mixed ash and lapilli are known as ruff and lapilli rf,
respectively.  Volcanic breccia refers to consolidated
deposits of blocks between which is finer cementing
material; many volcanic breccias are formed by movement
of wet mud or debris flows on steep slopes of volcanoes,
and the Indonesian term lahar can be used. Agglomerate
refers to a consolidated aggregate of bombs. Explosive
eruptions produce widespread, well-sorted air-fall tuff and
unsorted ash-flow tuff and lapilli ash-flow wff, or
ignimbrite, from pyroclastic flows (nuee ardente) [6 and
9]. Compositional names may be applied to any
volcaniclastic rock, such as rhyolite lapilli tuff, dacite
breccia, etc.

Epiclastic, or sedimentary, processes move volcanic
material from the site of deposition and redeposit it
elsewhere. Because of the common difficulty [6] in
distinguishing primary volcanic, reworked volcanic, and
epiclastic deposits, a non-genetic classification based on
particle size may be employed [8]. This classification
simply uses rock names for familiar sedimentary rocks
such as sandstone, conglomerate, etc. based on grain size,
but prefixed by “volcanic”, such as volcanic sandstone.

Numerous, compositionally unusual, highly alkaline but
relatively rare rock types are not indicated on Figures 1-4
but are discussed elsewhere [13 and 17]. One intrusive
rock of this kind is kimberlite [2] which, although very

TABLE 1. Seismic structure of the oceanic crust [5] and
relation of layers below sedimentary layer to ophiolite
sequences [2].

Layer Thickness (km) Ophiolitic rocks

1 <1 (chert, limestone)
2A 0-15 basaltic lava flows
2B 0.6-1.3 sheeted mafic dikes
3A 2-3 gabbroic

3B 2-5 magmaticultramafic

mantle peridotite
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Fig. 4. Chemical classification of glassy and aphanitic
volcanic rocks [generalized from 13].

rare, is important because some contain diamond and other
upper mantle rock and mineral inclusions.

3. CLASSIFICATION OF SEDIMENTARY ROCKS

Sedimentary rocks originate through a complex
sequence of physical, chemical, and biological processes
[3 and 4]. Magmatic, sedimentary, and metamorphic
source rocks are broken down by weathering to form (1)
resistant residual particles, chiefly silicate minerals and
lithic fragments, (2) secondary minerals such as clays and
iron oxides, and (3) water soluble ions of calcium, sodium,
potassium, silica, etc. Weathered material is transported
via water, ice, or wind to sites of deposition at mainly
lower elevations. There, mineral grains drop to the
depositional surface; dissolved matter precipitates either
inorganically, where sufficiently concentrated, or by
organic processes. Decaying plant and animal residues
may also be introduced into the depostional environment.
Lithification (consolidation) occurs as deposited material
becomes more deeply buried under younger deposits; the
increasing P compacts the sediment and aqueous pore
solutions interact with the deposited particles to form new,
cementing diagenetic (authigenic) minerals.

Sedimentary rocks are thus made of four basic
constituents--terrigenous  siliclastic particles, chemical
and/or biological precipitates, carbonaceous matter, and
authigenic material. Most sedimentary rocks are made of
one of the first three constituents, which is the basis of the
classification of sedimentary rocks [4].

Siliclastic rocks are classified according to their
dominant particle size in Table 2. Diamictite is a useful

nongenetic name for any poorly-sorted rock containing
sand or larger size particles in a consolidated, muddy
matrix. Sandstones contain dominantly sand-size particles
that are mostly quartz, feldspar, and polygranular rock
(lithic) fragments. Among the dozens of published
classification schemes for sandstones [4], most geologists
have adopted that of Gilbert [19] shown in Figure 5.
Arenites are sandstones that contain little or no matrix of
particles <0.03mm (fine silt and clay) and sand grains are
cemented by carbonate or silica minerals. Wackes contain
perceptible matrix. Arenites and wackes may be further
subdivided on the basis of proportions of quartz, feldspar,
and lithic fragments (Figure 5). Not shown in Figure 5
are arkose, a loosely defined name for a feldspathic
sandstone, and graywacke, a controversial name for dark,
gray to green, firmly indurated sandstone that is generally
a lithic or feldspathic wacke. Siliclastic sedimentary rocks
made of silt- and clay-size particles are conventionally
referred to as shale, but some geologists reserve that term
only for laminated (fissile) fine-grained rocks and use
mudrock for isotropic rocks.

Chemical/biochemical rocks made dominantly of
chemical and biochemical precipitates are classified
initially by composition. Limestone and dolostone (rock
dolomite) are relatively pure aggregates of calcite and
dolomite, respectively. Rare carbonate rocks
containing substantial amounts of siliclastic material
can be classified according to Mount [14]. Detailed
textural classifications of limestones are by Durham [7]
and Folk [10]. Rare marine and nonmarine evaporite
deposits include rock salt, rock gypsum, and rock
anhydrite, which are relatively pure aggregates of the
minerals halite, gypsum, and anhydrite, respectively.
Chert is a rock made of quartz, chalcedony, and/or

TABLE 2. Classification of siliclastic sedimentary rocks
composed mostly of terrigenous siliclastic particles [3,4].

Particle (size) Rock name

boulder, cobble,
and pebble (>2mm)

conglomerate; breccia
if angular particles
sand (2-1/16mm) sandstone

silt (1/16-1/256mm) mudrock; shale if
and clay (<1/256mm) fissile




Fig. 5. Classification of sandstones according to
proporiions of quariz (), feidspar (F), and lithic {L)
fragments and clay [19].

opal. There is no consensus regarding the classification
of iron-rich (>15 weight percent Fe) sedimentary
rocks, but the terms ironstone and iron formation are
widely employed; taconite is a cherty iron formation.
Equally uncertain is the label for phosphate-rich (>15
weight percent P,O;) rocks, but phosphorite is common.

Carbonaceous rocks are principally coal, which
includes, in order of decreasing moisture and increasing
carbon and hence thermal energy content, lignite,
bituminous coal, and anthracite (the latter commonly
considered to be metamorphic).

4. CLASSIFICATION OF METAMORPHIC ROCKS

Metamorphic rocks can be classified on different
bases [2 and 19]: (1) Environment or field occurrence,
such as contact, regional; (2) P-T conditions, inherent
in the concepts of metamorphic facies, the
geographically constrained metamorphic zones, and
metamorphic grade based on relative T; (3) chemical
composition, such as calcareous, mafic, etc; (4)
protolith, expressed in labels such as metabasalt,
metaconglomerate, etc.; (5) texture and structure; (6)
composition. Of these six bases, the last two furnish
the most direct, and conventional [19], approach for
classification of the outcrop and hand sample without
resort to specialized and interpretive analyses. Because
compositions of metamorphic rocks encompass much
of the compositional spectrum of both magmatic and
sedimentary rocks, and more, a convenient threefold
division based on the manifestation of foliation is
employed. Foliation is any pervasive planar texture or
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structure in the rock [2] and, although locally a relict
bedding in metasedimentary rocks, it generally reflects
the state of stress in the metamorphic system, whether
nonhydrostatic  (producing anisotropic, foliated
texture/structure) or hydrostatic (isotropic). Foliation
also reflects metamorphic grade in many rocks because
the most strongly foliated rocks contain abundant micas
and chlorites that are stable at lower grade (lower T)
whereas poorly or non- foliated rocks dominated by
feldspars, pyroxenes, garnets, etc. form at higher T.
Because texture/structure is not quantifiable, no "box"
or triangular diagrams can be employed; rather,
definition of dominant characteristics of a
representative sample of each particular rock type [2
and 19] is listed in the following sections. Use of
compesitional and textural modifiers of the base name
is encouraged to make the rock name more specific,
e.g., mica-quartz schist, plagioclase-hornblende schist,
lineated phyllite, etc. Note that widespread plagioclase
in medium- and high-grade metamorphic rocks
generally occurs as equidimensional grains, similar to
quartz, unlike the tabular grains of magmatic rocks.

4.1. Conspicuously Foliated Rocks

These readily break with a hammer blow along
subparallel surfaces usually because of abundant platy
mineral grains, such as micas and chlorites.
Slate. Aphanitic, tougher than shale, has a dull luster.
Phyllite. Aphanitic, but because of slightly coarser
grain size than slate have a lustrous sheen on foliation
surfaces; transitional in character between slate and
schist.
Schist. Phaneritic, have weak to well-developed layers
of contrasting mineral composition, e.g., layers rich in
quartz and feldspar alternating with layers rich in mafic
minerals, commonly lineated (linear features observable
on foliation surfaces).

4.2. Weakly Foliated Rocks

Subparallel to irregular foliation surfaces and/or
compositional layers are evident but not mechanically
significant--the rock will tend to break across rather
than parallel to foliation.
Gneiss. Phaneritic, generally coarser grained then
schist; commonly contain abundant feldspar and quartz
alternating with mafic layers or lenses.
Mylonite. Generally aphanitic, but relics of once larger
grains may be surrounded by streaky foliation;
commonly quartz-rich and hence resembles chert;
produced by intense, localized ductile shear deep in
crust.









