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PREFACE

The purpose of this Quarterly is to present, in compact form, the
generally accepted conventions for naming rocks on the basis of mineralogy
and texture. Nomenclature based on chemical composition or on genesis
is not considered. An ideal classification of rocks should include petro-
graphy, genesis, and chemical composition, and should group together
genetically related rocks. This is an ideal which, as yet, has not been
achieved, and it appears that it will not be achieved to everyone’s satisfac-
tion. For the sake of intellizible communication then, our only alternative
is to drop the genetic implications of nomenclature and adopt a purely
petrographic basis. In this way, a rock may at least have an identity
while we debate its petrologic significance. This Quarterly is not, in any
way, intended as a substitute for the thorough treatment of classification
given in standard text books.

The conventions and terms presented here are those recommended
by the majority of authorities as determined from geological literature,
dictionaries, and personal communications. Many of these terms do not
have unanimous support, by any means, but only those supported by a
clear majority of American, British, and European authorities (weighted
in that order) are included. As such, this publication does not present new
classifications or new proposals, but merely existing nomenclature. The
only exception is the term “lithic sandstone” which appears on the sedi-
mentary rock chart.

The author is very grateful to the following persons, who offered
suggestions and critical comments: Professors James Brice, L. . Briggs,
Jr.. A. F. Buddington, R. H. Carpenter. G. H. Curtis, J. R. Dunn, J. R.
Hayes, George Johnson. Adolf Knopf. F. J. Pettijohn, R. J. Smith, and
F. B. Van Houten, Messrs. E. D. McKee, and W. A. Waldschmidt. The
author is especially indebted to Dr. L. W. LeRoy for valuable advice on
photography and suggestions on the manuscript, and to G. E. Myers for
preparing the rock charts for printing and for making many valuable
suggestions. However. the fact that these names are listed here by no
means implies that these people endorse this booklet.

Rock nomenclature, especially for the sediments, is in dire need of
standardization. Geologists owe it to themselves and to workers in other
sciences to use standard nomenclature. It is hoped that this Quarterly will
exert influence in that direction.

Russell B. Travis
Colorado School of Mines

January 1955
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INTRODUCTION

Rocks are classified chemically, petrographically, or genetically, de-
pending on the purpose of the classification. Each basis has its own merits,
but for general use in naming and describing rocks, the petrographic basis
has certain obvious advantages which account for its nearly universal
adoption. Even so, the petrographic basis applies only after a primary
division based on genesis has been made. (See “Primary Division,” p. 1.)
In support of this procedure, the principle followed herein, after the
primary genetic division has been made is to name rocks on the basts of
visible features, not on the basis of inference. Rock classification should
be independent of the method of examination. More precise identification
can be accomplished with a microscope than with a hand lens, but this
fact does not justify separate classification schemes. A rock is a rock and
should have an identifying name irrespective of the method of study.
Simplified charts designed for megascopic or field classification of rocks
do more harm than good if names based on them must be changed after
microscopic examination. Furthermore, they deceive students into believing
that naming rocks correctly is relatively simple. It is far better to use
complete charts (like those included in this Quarterly) at all times and
to name rocks as precisely as examination methods allow. Complete charts
reveal at a glance whether a rock may be named precisely. If not, a purely
descriptive name should be applied until a more detailed examination is
made. Simple descriptive names are informative, easily derived and do
not necessarily imply mineral composition.

Suggestions to aid megascopic identification of important minerals
are given in this text, but techniques for microscopic identification are
amply treated in standard texts and are not discussed here.

The included charts and conventions are for naming rocks, not for
describing them, although a rock name is simply an abridged description.
The degree of detail included in the rock name depends entirely on the
requirements of the situation. For example, in one situation ‘“gabbro”
or “limestone” may be sufficient, whereas, in another, “coarse-grained
uralitized biotite leucogabbro” or “light gray silty dolomitic limestone”
may be necessary. Long, cumbersome names should be avoided whenever
possible.

The igneous rock chart is, with minor exceptions, a standard chart
based on mineralogy and texture and is familiar to all geologists. How-
ever, the sedimentary and metamorphic rock charts which are also based
on mineralogy and texture,’ differ from conventional charts. The difference

1 Texture, structure, and fabric are used by different writers in different, and even in opposite senses.
For the most part, in this Quarterly, these terms are used according to Webster’'s New International
Dictionary (Merriam, 2d Ed. 1949). In places, however, the term ‘‘texture’ is used to include structure.
Geologists need a single term for all these noncompositional features of rocks. The lerm “fabric’ as
conventionally defined includes nearly all noncompositional features, and some geologists have extended
it to include all.



INTRODUCTION (Continued)

exists only in the form of the chart; the rock names have conventional
definitions. It can not be overemphasized that rock charts impose an
artificial systematization on rocks. The lines on the charts are not honored

by nature, and all gradations of composition and texture are possible.

PRIMARY DIVISION

Rocks are classically divided genetically into igneous, sedimentary,
and metamorphic. The advantages of this primary division far exceed
disadvantages of the necessary inferences and of the occasional ambiguities.
Actually, this three-fold division is not without its problems. Many rocks
such as vein rocks, metasomatites, and migmatites are not readily ascribed
to any one of these divisions. Also, on the basis of a hand specimen
without knowledge of its field relationships, it is often difficult and
sometimes impossible to make the primary division. It is not the purpose
of this Quarterly to discuss these problems in detail, but only to point out
that they exist and that they may be highly controversial.

The following outline should help the beginning student in making
this division. It is necessarily oversimplified and there are many exceptions
because it is not possible to prepare an outline that will unerringly deter-
mine the origin of every rock specimen.

I. Phaneritic® crystalline texture (phanerocrystalline).

A. Hardness of the major constituents over 51%.

1. Nondirectional structure.

a. Presence of tremolite, wollastonite, cordierite,

vesuvianite, or chondrodite........._......_.__ .. .. metamorphic
b. Absence of minerals listed in “a”......_..___..._.. .. ... 1gneous
¢ Presencelotdeldspathords o0 o P8 L oo AL 1gneous
d. Chiefly hornblende............ ... metamorphic or igneous

2. Directional structure (except flow structure
I oTicoUS fLoGks )it TR R metamorphic

B. Hardness of the major constituents under 5%.
1. Nondirectional structure.

a. High luster, normally coarse grained.

M@ anhonatetminenals N Remiui s & s S metamorphic
(See limestone p. 22)

208 Nonearbonatesminerals S e e - L0 I sedimentary

3. Serpentine (see note 1).

b. Dull luster, normally fine grained................... sedimentary

(See limestone p. 22)

2D ivectionalistructure 5e /Rl S0 SR UL S R S metamorphic

H i Clastie texture U8 S RE L Bl sedimentary (see note 2)

2 Phaneritic and aphanitic are defined on page 3. Although these terms are usually restricted to igneous
rocks, it would probably be well, in the absence of suitable equivalent terms, to extend their use to
sedimentary and metamorphic rocks. No ambiguity can arise if they are used prudently.
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ITI. Aphanitic texture SEcTION 1
A. Hardness of the major constituents over 5%5. IGNEOUS ROCKS
1. Microcrystalline texture igneous or sedim "y
__________________________ entar
, : & Y TEXTURE
2 iMieroelagtio Sextire) o il e b Dl e sedimentary
i i : t igneous rocks, and
3. Amorphous or cryptocrystalli ctur Texture is the most conspicuous feat.me.of most ig )
.p . St Rl because it forms one of the bases on which igneous rocks are classified,
s Chietlyiestlicat ol S U REE (00 T e sedimentary it is necessary to have definitions of various textures clearly in mind.
B Clletyaptage il conandel il Tow L et ags i gl igneous Following are some textural terms used in classifying and in describing

Tuid : . igneous rocks.
c. Indeterminate mixture (see note 3).
I. Degree of crystallinity

B. Hardness of the major constituents under 5%, § ; :
A. Holocrystalline — essentially all crystalline.

At S TR SR A e ta hi
SRR R SR g A B. Hypocrystalline (hyalocrystalline or merocrystalline) — in part
SSUther structiuresi R S0 iRt (O SRR sedimentary composed of glass.
3 rpenti
Serpentine (see note 1). C. Holohyaline (glassy) — essentially all glass.
O I1. Grain size
- A. Phaneritic — composed of grains individually visible to the un-
1. Se'rpen?ne 1(5i a product of hydrothermal alteration of ferromagnesian aided eye. (Plates 1-9.)
minerals and may form large rock masses. It may be regarded as i i i
igneous or metamorphic and s e i gioaar;s;ergramed—composed of grains more than 5 mm. in
2. Some ‘altered‘phaneritig igneous rocks resemble feldspathic sandstone. 2. Medium grained — composed of grains 1-5 mm. in diameter
Even in the field, the distinction may be difficult. For example, altera- \ 5 {8 Eh
: 3. Fine grained — composed of grains less than 1 mm. in diam-

tion products of basic volcanic rocks are megascopically nearly indis-

til}gl‘lishable from graywacke, with which they are commonly associated.

DlSUnCtiOn is virtually impossible if the graywacke has a high propor- B. Aphanitic — composed of grains not individually visible to the

tion of volcanic debris. unaided eye. (Plates 10-15.)

1. Microcrystalline — composed of grains individually visible
with a microscope. (Plates 51-53.)

eter.

B 'Ijh'e hard aphanitic rocks are the most difficult to distinguish. Many
siliceous, aphanitic sedimentary rocks closely resemble igneous rocks.

? 51hc1f1ed. tulffacem‘ls mudstone is indis'tinguishable in hand specimens 2. Cryptocrystalline — composed of grains not individually vis-
from certain \/OI.CHHIC rocks. Megascopically, black siliceous limestone ible with a microscope, but essentially crystalline.
is not unlike basic volcanic rocks. j ]

3. Glassy — composed essentially of glass. (Plate 15.)

III. Grain relationships

(If the following features are apparent only with a microscope, the

terms should be prefixed by the word “micro,” for example, “micro-

granular.”)

A. Granular — composed of nearly equidimensional grains. (Plates
1,2,4,6,7,and 9.)

B. Equigranular — composed of grains of nearly uniform size.
(Plates 1, 2, 3, 4, and 6.)

C. Granitic — hypidiomorphic-granular (see below). (Plates 2 and
48.)
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D. Porphyritic — composed of grains of one or more sizes in a

E.

o

]

H.

groundmass of uniformly finer grain. (Plates 10-13, 51 and 52.)
Diabasic — composed of anhedral pyroxene (or amphibole), be-
tween unoriented laths of plagioclase. (Plates 3 and 50.)
Ophitic — composed of plagioclase laths enclosed in plates of
pyroxene.

Pegmatitic — composed of grains exhibiting a wide range of size
bl;lt in general conspicuously larger than those of the parent rock.
(See standard text books for complete definition.) (Plate 9.)
Aplitic — allotrimorphic-granular, sugary; generally fine grained.

(Plate 47.)

IV. Degree of crystal face development on grains,’

A.

Terms applying to individual grains.

1. Euhedral (idiomorphic, automorphic) — completely or almost
completely bounded by crystal faces. (Plates 49 and 52.)

2. ?;h}hedral——partly bounded by crystal faces. (Plates 5 and
3. Anhedral (xenomorphic) — completely unbounded by crystal

faces. (Plates 46 and 47.)

Terms applying to igneous rock texture.

L. Panidiomorphic — composed essentially of euhedral grains.
(Plate 49.)

2. Hypidiomorphic (hypautomorphic) — composed of a mixture
of anhedral and subhedral and/or euhedral grains, (Plates 2
and 48.) '

3. Allotriomorphic — composed essentially of anhedral grains.
(Plates 1, 46, and 47.)

V. Some common voleanic rock textures.

A,

B.

C.

Vesicular—having spherical, ovoid or tubular openings (vesicles).
(Plate 13.)

Amygdaloidal — having amygdules (vesicle fillings composed of
secondary minerals),

Pumiceous — highly vesicular, finely cellular; vesicles generally
tubular. (Common in siliceous volcanic rocks.) {

- Scoriaceous — highly vesicular, coarsely cellular; vesicles gener-

ally spherical. (Common in basic volcanic rocks. )
Spherulitic — having spherical bodies of crystalline material
(spherulites). (Plate 15.)

? Terminology for degree of crystal face development on grains is not specific ivi i
I i z pecifically divided into
which apply to grains and those which apply to rock texture. For example, “idiomorphic gen:ral]yuap;;::
to gr:un:q,‘w?'harl:as. hypidiemorphie’ which should have equivalent application, generally applies to texture
The definitions as given are in accord with general usage, ’

()

leveovs Rocks

MINERALOGY
The minerals comprising igneous rocks may be grouped as follows:
I. Primary minerals — minerals crystallizing directly from magma.
A. Essential minerals — minerals which determine the root name.
B. Characlerizing accessory minerals — minerals which modify the
root name.
C. Minor accessory minerals — minerals which do not affect the name.

I1. Secondary minerals — minerals formed from the alteration of primary
minerals or deposited after solidification of the igneous body.

IEssENTIAL MINERALS

Inasmuch as identifying feldspar is the key to classifying igneous
rocks, it is important to know how to distinguish potash feldspar from
plagioclase. The most reliable criterion is the presence in plagioclase of
uninterrupted polysynthetic twinning (Plates 48 and 52). Orthoclase
may exhibit simple twinning, and perthite may exhibit small patches with
twinning striations. Sanidine, a high-temperature form of potash feldspar
found in siliceous volcanic rocks, is recognized by its vitreous (quarte-
like) luster, occurrence in volcanic rock, and common tabular habit parallel
to (010). Some plagioclase twinning is extremely close spaced, and
considerable patience and practice are required to establish its presence. It
must be remembered that striations of common plagioclase twinning appear
only on (001) and (100), and that the conspicuous grains are those show-
ing the (001) and (010) cleavages. In general then, only half the con-
spicuous grains exhibit striations. Alteration may destroy striations more
or less completely, but the green greasy saussurite formed from calcic
plagioclase (see “Secondary Minerals,” page 6) is more readily recognized
than twinning. Weathering of plagioclase and potash feldspar may vield
indistinguishable white earthy products. However, if plagioclase is pres-
ent, careful search will usually reveal small remnants exhibiting polysyn-
thetic twinning.

Mineral associations and rock color give additional, though less
reliable, clues to feldspar composition. For example, potash {feldspar and
sodic plagioclase are not common in rocks containing pyroxene or olivine,
and caleic plagioclase is not common in rocks containing abundant quartz.
Light-colored rocks normally contain potash feldspar and/or sodic plagio-
clase, whereas dark rocks normally contain calcic plagioclase. As a general
rule. feldspar grains of the same composition look alike in a given rock
(Plate 7). Therefore, it is unnecessary to examine each grain for striations.
After a few grains of each type have been examined, if more than one type
occurs, the relative proportions can be estimated. This general rule must
be used cautiously because in some rocks the difference in appearance
between potash feldspar and plagioclase is very slight.

Nepheline is nearly indistinguishable megascopically from quartz.
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The association of nepheline with cancrinite (yellow) or sodalite (blue)
is the most reliable criterion. In addition nepheline normally contains
inclusions, has a greasier luster, and is softer and more susceptible to
alteration and weathering than quartz. Usually chemical or microscopic
tests are necessary to distinguish them.

ACCESSORY MINERALS

The most common accessory minerals are listed on the igneous rock
chart. Small grains of olivine in many rocks can be detected by their
yellowish-green color, glassy luster, and iridescence. Small compact books
of biotite can be distinguished from black lustrous hornblende by the
brown fringes on the biotite where the sheets are slightly separated.“ The
sodic amphiboles, riebeckite. arfvedsonite, and barkevikite have a tendency
to more pronounced acicular or bladed habit than ordinary hornblende.
but distinction by this criterion is not always reliable. i

SECONDARY MINERALS

The most common secondary minerals are formed by the following
processes:

Kaolinization (argillization) — alteration of feldspars to kaolinite or re-
lated clay minerals. Recognized by white or light gray color, earthy
texture and odor, and absence of cleavage.

Saussuritization — alteration of calcic plagioclase to saussurite, a mixture
chiefly of albite and epidote minerals. Recognized by greasy luster,
green color, and absence of cleavage and twinning.

Chloritization — alteration of ferromagnesian minerals to chlorite.
Uralitization — replacement of pyroxene by amphibole (uralite).

Serpentinization — alteration of ferromagnesian minerals, especially oliv-
ine, to serpentine.

Silification — a secondary process by which a rock is impregnated with
or replaced by silica.

Propylitization — alteration of ferromagnesian minerals to chlorite, calcite.
serpentine, and iron ore; and alteration of plagioclase to albite and
epidote in forming a characteristic green rock, propylite. Especially
common to andesite, '

NOMENCLATURE
GENERAL CONVENTIONS

The complete name of an igneous rock should include, in order:
color, texture, alteration if any, accessory minerals, and root name, Root
names are listed in the compartments on the chart. Typical names are
“pink porphyritic medium-grained biotite granite”; “gray schistose fine-
grained epidotized hornblende granodiorite™; and “green amygdaloidal

Ieneous Rocks 7

biotite andesite porphyry.” A complete name as outlined is not always
necessary and should be abridged to fit the use. The best abridgement
is the root name prefixed by the most conspicuous feature of the rock
(or the feature that sets it off from similar rocks in the area) for example.
“pink granite,” “epidotized granodiorite.” and “amygdaloidal andesite
porphyry.” Determination of the root name is simple and straightforward,
although considerable care must be exercised in distinguishing the feld-
spars. To the root name is prefixed the name of the most abundant
accessory mineral, providing it is conspicuous megascopically or constitutes
over 10 percent of the rock. Common sense must often dictate the proper
usage; for example, minerals genetically or economically important should
certainly be mentioned regardless of abundance. As a rule, only one
accessory mineral is included in the name. If two accessory minerals are
included, the less abundant one should precede the more abundant one.
However. this convention is not established, and some authorities reverse
the above order.

An average color index for each rock type is recorded on the igneous
rock chart. This index, which is the dark-mineral percentage, applies only
to the phaneritic rocks. Actually, color index for each type ranges more
or less widely. A rock having a much smaller or much larger color index
than that given on the chart may be designated by using the prefixes
“leuco” (light) and “mela™ (dark). For example, a gabbro which has only
15 percent dark minerals should be called “lencogabbro,” whereas a diorite
with over 40 percent dark minerals should be called “meladiorite.” Sev-
eral authors have proposed specific limits for leucocratic and melanocratic
rocks but there is no unanimity. In practice. the general rule given above,
is followed somewhat loosely, but experience is requisite for its use. That
is, the student must be familiar enough with rocks to recognize an unusually
light-colored or dark-colored one. In general, if the color index deviates
by more than 10 or 15 percent from that given on the chart, the appropriate
prefix may be used. Figure 1 may be used as a guide in estimating color
index. (See also Plates 1-7.)

Color of aphanitic rocks may be expressed by the use of the rock
names “felsite” and “trap™ for light-colored and dark-colored rocks respec-
tively. These terms have the advantage of expressing both color and
texture and may be extended to aphanoporphyritic rocks (porphyritic with
aphanitic groundmass — also aphanophyric or porphyroaphanitic) to
designate the color of the groundmass. For example, plagioclase porphyry
can bhe named “plagioclase trap porphyry” or “plagioclase felsite por-
phyry” to indicate a dark-colored or light-colored groundmass respectively
(Plates 10-13). For essentially nonporphyritic microcrystalline rocks, the
name may be purely descriptive, as “red felsite” or “gray felsite” for light-
colored rocks and “trap” for dark-colored ones.

It should be remembered that the chart is designed for both mega-
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IeNneous Rocks 4

scopic and microscopic use and that some of the rocks listed can not be
megascopically identified. Names of most of these rocks, however, appear
on the chart only as special varieties of main compartment names. Excep-
tions are phonolite, nepheline latite, tephrite and theralite which will
probably not be megascopically recognized if the feldspathoid is nepheline.

PorpruYRITIC ROCKS

There are some special conventions for naming porphyritic rocks.
In the granite-thyolite series, there are the following possibilities: granite,
porphyritic granite, granite porphyry, rhyolite porphyry, porphyritic rhyo-
lite, and rhyolite. The conventions governing the use of these names are
outlined on the following chart. Although the names granite and rhyolite
are used, the chart may be applied to any series of rocks by substituting
the proper phaneritic and aphanitic names.

A b Groundmess Percent Phenocrysts
G under 12 1250 | 5075 over 75
Phaneritie Granite or Granite | Granite Granite
Porphyritic porphyry | porphyry
5 granite |
1 0.0 9% 40D ie kel : an ST ERLT N
? Yy & ys ’o '0~‘ :' Aphanitie Rhyohte. or Rhyohvte Granlte' Granite
& " .‘, ¢~\-:. . Porphyritic porphyry | porphyry
v &L A DeyAg hyolit w
'?" /8t S ] rhyolite ‘
Y IR S A
/.7: .'_‘.:' 7‘ - 7 Some geologists object to the application of the name “granite por-
X2 o' ol ._‘ '-.‘ ] ‘ phyry” to a rock with an aphanitic groundmass, regardless of the propor-
‘. s @ I_l‘ '\' .-‘ tion of phenocrysts. However, if a rock has more than 50 percent phaneritic
.0: ’ ':.’ ~ ¢ .‘ ® constituents, it is only petrographically logical that it should have a
;" l;" ¥ I ‘ H. phaneritic designation. Furthermore, aphanoporphyritic rocks are not
L d . . . . . .
. O VO /‘ . X4 uncommon in the chilled margins of some intrusive bodies. In most rocks,
= we® (OEN/N ", @ if the proportion of phenocrysts exceeds 75 percent, the porphyritic aspect
\“', ":‘ :‘ . :f'- is lost; the appearance is equigranular, and the name “granite” should be
@ ‘ . I applied. Some geologists have attempted to inject a genetic criterion for

naming porphyries by applying the name “rhyolite porphyry” to intrusive
rhyolite, and “porphyritic rhyolite” to extrusive rhyolite. This practice

= has led to the absurdity of naming intrusive nonporphyritic rhyolite “rhyo-
lite porphyry.”
Ficure 1. Percent dark minerals in a rock specimen. It is good practice to name porphyritic rocks by their phenocrysts and

color if normal rock composition is not represented by the phenocrysts.
For example, a rock containing phenccrysts only of quartz in an aphanitic
c. 40% d. 70% groundmass is certainly “rhyolite porphyry,” but the name “gray quartz
porphyry” conveys more precise information. Similarly “plagioclase
porphyry” and “feldspar porphyry” are accurate names and do not imply
exact feldspar composition.

a. 1% b. 10%
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Pyrocrastic Rocks

The three major divisions of rocks are not sharply distinct but merge
into one another. The igneous and sedimentary merge in the pyroclastic
rocks as the name implies. They may be regarded as igneous in that they
are “fire-born”; they may be regarded as sedimentary in that they are
accumulations of material deposited from air or water. In many rock
charts, pyroclastics are included with the igneous rocks. However, it seems
more logical to divide them at the point of ability of the fragments to weld
themselves together. If they are hot and tend to weld together (fuse) and
form a compact rock, they should be regarded as igneous and termed
“welded tuff.” If they are cool and do not tend to weld together so that
fragmental or clastic texture results, they should be regarded as sedimen-
tary. Many “rhyolites” are actually welded tuffs made compact and dense
by the fusing of hot pyroclastic material. In any case, the use of the root
name “tuff”’ serves to designate these rocks. (Plates 14 and 30).

DrioriTE VERsUS GABBRO

Mineralogically, the distinction between the rocks in the diorite and
gabbro columns is based on the composition of the plagioclase. If it is
more sodic than Ans,, the rock should be named diorite or andesite. If
it is more calcic than Ans,, the rock should be named gabbro or basalt.
On this basis it is not possible to have “oligoclase basalt” (mugearite)
or “labradorite diorite,” names which usually are based on chemical
analysis. Inasmuch as it is not possible to determine the composition
of plagioclase megascopically, the distinction between these rocks usually
must be made microscopically. However, there are some indirect mega-
scopic methods for ascertaining whether the plagioclase is sodic or calcic.
It should be emphasized that these methods are not infallible and that
it is wise to use some noncommittal expression like “dark phaneritic
rock,” “mafic igneous rock,” or “plagioclase porphyry” if there is doubt
about the composition of the plagioclase. In general, sodic plagioclase
alters to white or gray earthy material, whereas calcic plagioclase alters
to gray or green greasy material (saussurite). Normally sodic plagio-
clase does not occur with olivine, is rare in rocks with color indices
exceeding 50, but is commonly associated with biotite and hornblende in
phaneritic rocks. Calcic plagioclase normally does not occur with musco-
vite, but is commonly associated with pyroxene (or uralite) and although
it may occur in rocks with color indices less than 50, it is almost certain
that if the index is greater than 50, the plagioclase is calcic. It should
be kept in mind that pyroxene andesite and quartz gabbro are very
common rocks,

Icyeous Rocks i |

ORIGIN

Although the igneous rock chart is based on min?ralogy ar.ld texture
it is also genetic, in a general way, because textu‘re is determined prin-
cipally by cooling history. Slow cooling and low viscosity promote coarse
erain. Because large or deep-seated masses cool more slowly thén others,
grain size is roughly proportional to depth of origin an(.:'l/or.sue o.f the
cooling mass. This general relationship is modified by viscosity. nghly
fluid solutions in the late stages of magmatism may develop coarse-grained
dikes and other small bodies. The fact that siliceous melts are more viscous
than basic melts is apparently the reason that rhyolites are generally finer
orained than basalts. Possible genetic environments are given at the left
of each horizontal column of the chart.
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SecTioN I1
SEDIMENTARY ROCKS

Modern sedimentary rock nomenclature is based on the proposals
of Krynine (1948). The included sedimentary rock chart and most cur-
rent conventions are modifications of his proposals. Previously. most
sedimentary rock charts were not prepared for the purpose of determining
names hut were merely segregations of sedimentary rocks according to
eenesis.  With development of more precise petrographic nomenclature
for sedimentary rocks in the past few years, it seems appropriate to offer
students a chart which can be used in the same way that the igneous rock
chart is used to determine the name of a specimen. It is impossible to
show on a two-component diagram all combinations of the large number
of components forming sedimentary rocks. However, by including both
texture and major fraction composition on the same axis of reference
(horizontal}, it is possible to show most combinations representing com-
mon sedimentary rocks. As indicated on the chart, some combinations are
much more common than others. The names of rocks not included
specifically, may be derived by following the instructions at the bottom
of the chart. or in this text.

TEXTURE

The chart has three major subdivisions based on grain size. The
first step in naming a sedimentary rock is determination of the grain
size that defines the subdivision to which the rock belongs, and usually
determines the basic or root name. The modal or average grain size
determines the grain size adjective. Further subdivision of the chart is
based on grain relationships. The following terms are used:
Clastic — fragmental, composed of discrete grains; that is, each grain has

its own boundary. (Plates 19, 20, 22, 23, 26, 27, 28, 30, 55, 58, 59,

60, and 61.) Clastic material is allogenic; it has been transported

as grains to the site of deposition.

Detrital — composed of products of detrition, mechanically deposited,
hence, possessing clastic texture,

Crystalline — composed of interlocking grains; that is, each grain shares
its boundary with adjacent grains forming a mosaic. (Plates 24, 25,
29, and 56.) Crystalline material is authigenic; it has been formed
in place by chemical deposition.

Amorphous — composed of noncrystalline authigenic material.

Chemical — composed of products formed in place or chemically deposited,
hence, possessing crystalline, or amorphous texture.

Jolitic — composed of spheroids less than 2 mm. in diameter. (Plates

26 and 59.)
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Pisolitic — composed of spheroids greater than 2 mm. in diameter.
Bioclastic — composed of fragments of fossils, (Plates 27, 28. and 60.

Fissile — capable of being split, cleavable.

MINERALOGY

Most sediments are composed of mixtures of a detrital fraction and
a chemical fraction (Plates 21, 24, and 57). An uncemented sandstone is
100 percent detrital; a pure evaporite is 100 percent chemical. This is the
end-member concept introduced by Krynine (1948). Each of these frac-
tions or end members has a characteristic composition. The most abundant
or essential constituents of the detrital fraction are quartz, feldspar, clay
minerals, micas, and rock fragments (amorphous or polycomponent grains
consisting of one or more minerals). Minor or accessory constituents are
magnetite, hematite, chromite and other so-called iron ores, amphibole,
tourmaline, zircon, apatite, garnet, and micas. In some detrital rocks,
the essential constituents are pyroclastic fragments, fossil debris, or calcite.

The common essential minerals of the chemical fraction are calcite,
dolomite, chalcedony, opal, siderite, evaporite minerals, and iron oxides.
Accessory constituents are quartz, sericite, chlorite, glauconite, feldspar,
and phosphate minerals. In addition to the main detrital fraction, many
sedimentary rocks, especially conglomerates, have a matrix. a detrital
fraction that is interstitial to the main detrital fraction.

PrANERITIC DETRITAL CONSTITUENTS

The essential detrital constituents listed above are not difficult to
identify in the coarse-grained sediments but become progressively more
difficult to identify with decreasing grain size. Inasmuch as the proportions
of these constituents determine the names of the sandstones which are
economically and scientifically important rocks, it is desirable to extend
precise nomenclature to as fine-grained rocks as possible, Obviously, the
boundary between those which can be and those which can not be identi-
fied is not sharp and depends to a great extent on the composition of the
rock and on the experience of the student.

The following information may aid in dislinguishing some detrital
constituents:

Feldspars: Alteration of feldspar to white or gray earthy material in
many sandstones serves to distinguish it from quarlz. The proportion
of feldspar in many (but not all) sandstones is related to the propor-
tion of dark minerals or argillaceous material. If dark minerals or
argillaceous materials are conspicuous, feldspar probably constitutes
over 10 percent of the detrital fraction; and if abundant, feldspar
may constitute over 25 percent. Dark minerals and argillaceous

material give sandstones a gray color which, therefore. may usually
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be taken as evidence of the presence of feldspar. Extreme caution
must be exercised in depending on this relationship because it is by
no means universal,

Rock Fragments: Except for small grains of quartzite, rot:‘k fragments
are normally not difficult to distinguish from mineral grains in coarse-
grained sandstone. Chert, volcanic rocks, shale and fine-grained
metamorphic rocks are the most common varieties.

Pyroclastic Debris: Volcanic ejecta are recognized by the presence of glass
" shards, pumice, or abundant angular volcanic rock fragments.

CHEMICAL AND APHANITIC DETRITAL CONSTITUENTS

Limestone and dolomite can be distinguished with cold dilute hydro-
chloric acid (calcite effervesces vigorously; dolomite very slowly) or by
selective stain tests. Effervescence from scattered small amounts of calcite
in dolomite may give the first impression that the specimen is limestone.
Silica cement (opal or chalcedony) is readily recognized by its hardness;
calcite cement by its softness and crystallinity; clay® by its earthy.texture
and odor. It may be necessary to use hydrochloric acid to distinguish clay
and earthy calcite. Calcite and silica in aphanitic sedimentary rocks im-
part conchoidal fracture. Clay minerals may also impart conchoidal frac-
ture but give the rock a waxy luster. Highly calcareous rocks have a
noticeably higher specific gravity than argillaceous rocks. Fissility is, in
general, proportional to clay content. Carbonates and silica, as well as
abundant silt or sand, cause a blocky structure and hinder pronounced
fissility. Bentonite may be detected by its tendency to swell and disaggre-
gate in water.

In sediments, the term “carbonaceous” refers to material composed
largely of elemental carbon. Tt is “dry,” normally brittle, and in the
form of vegetable matter — twigs, leaves, etc. The term “bituminous,” on
the other hand, refers to asphaltic material and is normally “oily,”” without
definite form, oceurring as a coating on or bond between grains (Plate 20) ;
and it may have a petroliferous odor. Siderite is detected by the abnormally
high specific gravity it imparts to the rock. Other sedimentary constituents
are readily recognizable. It must be kept in mind that mixtures of all these
constituents. especially silica, calcite, and clay, are common.

NOMENCLATURE
Names of sedimentary rocks are more descriptive than names of
igneous rocks because there are fewer sedimentary rock root names. There-
fore, different rocks must be distinguished by the use of modifiers. Under
these circumstances, the distinction between the name of a rock and the

' The term “elay™ applies to certain minerals, to material composed of clay ngiumla. and tn“ﬂi‘h_'\m'{
material less than 1/256 mm. in diameter. Ambiguity ean be avoided by applying tl:?‘ terms pehle
Ipelitic) or “lutite” (lutitic) to material of clay size restricting the terms "t'la)"” _-*m'l argillaceous tu
material composed of elay materials. However, use of *‘elay’ and “‘argillaceous’ in the broad semse is
widely established and will not be altered easily.
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description of a rock is not sharp. The degree of detail of the name will
depend on the requirements of the situation and should be kept to the
minimum necessary. A more or less widely adopted convention governs
the sequence of the terms used. This convention is outlined at the hottom
of the rock chart, and the terms usually employed are discussed in order
below.

CoLor

Usually the first-mentioned feature is color, but the nomenclature
of color is expressed so differently by different people that care must
be taken in choosing the color term. A number of standard color charts
are available for reference, and geologists should use them whenever
practicable (DeFord, 1944). Otherwise, simple color terms should be
used.

STRUCTURE

Most structural features of sedimentary rocks are not evident in hand
specimens, and must be observed in the field. Some structures which may
be recognized in hand specimens are cross-bedding, lamination. ripple
marks, stylolites, and nodules.

GRAIN SI1ZE

Nomenclature for size grades of sandstone and conglomerate is given
on the chart. The quantitative way to determine grade is by mechanical
analysis using the median diameter of the material in the range indicated
by the root name. That is, in a silty sandstone, only the material in the
sand range determines the size grade term. Mechanical analysis is im-
practical for every sample, so it is necessary to estimate the median
grain size. Millimeter cross-section paper or sample sets of different sized
grains are very useful in estimating grain size. Grain shape, and angularity
may be mentioned here also but are not often included in a rock name.
Figure 2 shows the relationship between grain shape and grain angularity.

MiNoR CONSTITUENTS

Noticeable proportions of detrital material differing in grain size
from the major constituents should be represented in the name by the
appropriate qualifier: clayey (argillaceous), silty, sandy (arenaceous),
pebbly (up to 15 percent) or conglomeratic (over 15 percent). Notice-
able proportions of the chemical fraction are represented by the cement
term (See “Root name,” p. 18). "

Conspicuous mineral composition other than that implied in the
root name should be represented. The use of the adjectival form of the
mineral name as directed in the chart may occasionally lead to confusion
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with cement terms. For example. “glauconitic sandstone™ can signify
either that the sandstone is cemented by glauconite or that it contains
detrital grains of glauconite. However, “glauconitic calcareous sandstone™
would probably be understood to signify a calcareous sandstone contain-
ing glauconite as grains. Ambiguous expressions like this should be
avoided. If there is a reasonable possibility of misinterpretation, it is
better to use expressions with unmistakable meaning even if they are
somewhat awkward, for example: “feldspathic sandstone cemented by
glauconite,” or “‘glauconite-bearing feldspathic sandstone.” Gypsum and
siderite involve the same problem. It should also be mentioned here that
the term “ferruginous” should be restricted to cement composed of iron
oxide and should not be applied indiscriminately to rocks of red color.
A minor constituent term must not be used unless there is an appreciable
quantity of the minor constituent. Many conspicuously red sediments
contain less than 1 percent iron oxide. These sediments should be desig-
nated “red,” for example. “red quartz sandstone” or “red clastic lime-
stone.” not “ferruginous quartz sandstone” or “ferruginous clastic lime-
stone.” Strict adherence to this rule would greatly improve much current
usage. As a matter of fact. the term “ferruginous™ is not a good term
because it implies iron content regardless of the chemical form of the
iron. Some dark sediments contain considerably more iron than some red
ones and have more right to the name “ferruginous.” Therefore. more
specific terms such as “hematitic” or “limonitic™ are much better than
“ferruginous.” As indicated at the bottom of the chart. any other minor
constituents should he represented in the name at this point.

Root NAME

The material comprising 50 percent or more of the rock, determines
the root name. In general. cement or minor constituent composition
should not be included in the name if it comprises less than 10 percent
of the rock. However. if constituents in less amount are important in
some respect, economically, genetically, or paleontologically. they should
be represented. Bituminous shale may have much less than 10 percent

bitumen, but a geologist who failed to mention it would certainly be -

making a serious mistake. One method of including constituents under
10 percent is to use “‘bearing” as a suffix in the constituent name as sug-
cested by Krynine (1948). for example. “hematite-bearing feldspathic
sandstone.” A rock which is 50 percent chemical calcite ancd 50 percent
detrital quartz may be called “sandy limestone™ or “calcareous quartz
sandstone” with equal justification. These conventions (50 and 10 percent |
are graphically illustrated in Figure 3. 5

This diagram applies to any combination of sedimentary constituents
by substituting the proper names _for limestone and quartz sandstone, for
example, “sandy shale” and “argillaceous sandstone.” o ;

r “siliceous lime-
stone’” and “calcareous chert.”

the sedimentary rock chart.

the composition o
are for composill
constituents but inc

1. Estimate grain size 1
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The following directions may aid determination of root name from
e

o i diaith
j ivisi hart are subdivided according
ee major divisions on the ¢ ' ding
e {]the major fraction of the rock. The honzqntal d:rmfmsl
ons of the minor fraction of the rock, chiefly chemica
luding also clay and carbon.

ange and average grall
three major divisions the rock belongs.

1 size. These values deter-

mine to which of the

PERCENT QUARTZ GRAINS
50

10 1]

100 80

i tone
Calcareous Quartz Sandstone Sandy (Arenaceous) Limes

100

50

10
’ PERCENT CHEMICAL CALCITE
nd 50-percent conventions for naming sediments

Ficure 3. Ten-percent 4 ; ve
of mixed composition.

tion predominates. This

her the detrital or chemical frac ! ‘
vertical column or 1 a

s e
ther the name is 1n a clastic
vertical column (See chart).

2. Estimate whet
determines whe
“mis-ellaneous’

3. Determine the proportions and composition of the two fractions.

A. Grain size is less than 1/256 mm. :
There are two columns in this division. The left-hand cnlunlm is
for compositions as indicated at the lf:fl: Tl1e rlght—'ﬂan(li ft.‘(l umn
is for mixtures of clay and materials as indicated at the leit.

B. Grain size is 1/256 to 2 mm. :
This is the siltstone’ and sandstone size
2 : : the comp
stone”’ does not appear among tH Sipenti np i
chart. it should be substituted for “sandstone” for r?"ks_ olf_appl :‘1
priatt.‘ orain size. The two left-hand columns of this division a}:e
miscellgmcous columns and include se\'erafl textures, 1\'h€leai. l_e
olumns are for rocks with predr_nmmanﬂ.y clastic
ocks with more than 50 percent detrital fl:ac—l
tion. Major fraction composition is given at the top of eac}}: \rer}tllci
column and minor fraction composition at the left of the chart.

C. Grain size for more than 25 percent of the rock is over 2 mm.
See “Conglomerate” below.

division. Although “silt-
artment names on the

remaining vertical ¢
texture: that is, for r

s, i sstablished rule, many
cention, and although not an esl ; Y
] son to the general 50 percent conventiof, = ! ok o1 e ot |
i:colog?l;.sazp;lx;tﬂil::ginmemte;' to any rock having mare than 25 pe;;eratﬂ;,:::lt I:Aﬂwcen i
percent. The difference between eilt and clay size may be taken as t e Iniion s e
aphanitic eonstituents. Even though it is not precisely true, it is a us
work. ; )
6 1f a siltstone possesses fissility (normally due !.(i. a high }?:?\:I::
is usually called “'shale’” (or “silty <hale™) even though it may

n of elay and fine-grained silt) it
50 percent silt.
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The composition percentages which determine the name of a sand-
stone apply only to the detrital fraction, not to the entire rock. For ex-
ample, a rock consisting of 30 percent chemical calcite, 8 percent feldspar.
and 62 percent quartz is “calcareous feldspathic sandstone™ because feld-
spar comprises 8/70 or 11 + percent of the detrital fraction. The principal
constituents of the detrital fraction are quartz, feldspar. rock fragments.
and clay. Inasmuch as clay enters sandstone names as a compositional
modifier or “cement” term. only three constituents affect the root name.
It is possible, therefore, to show on a triangular diagram all combinations
of these constituents which determine sandstone nomenclature. The funda-
mental classification of sandstone is given by the triangular diagram in
Figure 4. Notice that graywacke does not appear on this diagram because.
as mentioned on page 22, additional criteria are required for its definition.

The majority of sandstones fall toward the quartz apex of the tri-
angle. Sandstones with more than 50 percent feldspar or rock fragments
are not common but for that reason alone probably deserve specific
names, for example, “feldspar sandstone” or “rock-fragment sandstone.”
However, there is no present convention for this usage. For compositions
near the center of the triangle, adjectival expressions such as “lithic
arkose” or “feldspathic lithic sandstone” are usefully proper. Any other
constituent comprising over 50 percent of a sandstone should be spevifically

QUARTZ

. Quartz

10 Sandstone
Feldspathic __
Sandstone

5,
oy '%G
& %
D Lithic 50 <

Sandstone i

( Feldspar \\ /(R UCFSﬂal; gatgment
Sandstone) \ / Rool Chi; one or
% Sandstone)
100 — 100
FELDSPAR ROCK FRAGMENTS

Fircure 4. Sandstone cluaslfvicatiun bz:ast:d On proportion of
sand-size detrital constituyents,

9
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resented in the name. for example. “olivine Salldstl’)llff' or gy]p]sum

I'epdstc:me * However. “clastic limestone” or “calearenite” is preferable to

san . VL)

“calcite sandstone.”

If the rock fragments of a lithic sandstone are predmjni;:‘an_l;l_; n{
sjes. they should be mentioned in the name, for example, ¢ .m
s -5 dstone” or “voleanic lithic sandstone.” Some aulhm's‘prcft-z to
gifhcll:d:a:h:rt a;nd quartzite fragmer‘}ts .\\'ith quartz in c.lassifyllngd s'am(i:
stones. There is good genetic justification fo.r _lhls ‘pl’U['t'.[{lIrE',.cll’l i llln"a.;t
;nuch as these constituents are difficult to distinguish me.‘t.;asr‘;aplf.ik_\m ‘1
is a practical concept. However. it is prnha.l:l_\_- more advisab el l,(I. !:(|;
nomenclature on a strictly petrographic basis and to regard chert anc
quartzite as rock fragments.

For constituents comprising le."ss than 50 percent Df}the rntrk.l an
appropriate compositional modifier is “51.’.['1. For E)\amp‘le, the fl ()}1:) nc.uf;(e
“oolite” should be used il oolites comprise over 50 percent of 1 e xack,
but if less, the term “oolitic” should be used as a non—mlnerall |.-ump05£1i
tional modifier. There are many genetic names on lh.e chart which S?‘lﬂl'l e
be used if the origin of the rock is known. \’\-'111E|1 in duul:nt.. descrlg)il\-e
nomenclature is preferred. Gilbert IIWTIillian.ls,“] urner and Gllberlt, 1953)
has proposed the terms “wacke” and “arenite” for sandsln.nes with mnlre
than 10 percent and less than 10 percent argillaceous matrix respectively.
These terms are exceedingly useful because they are purely .pf:trr_agraphu:,
readily applicable. and representative of genetic history. It is hoped that
geologists will adopt these terms,

SPECIAL SEDIMENTARY ROCKS
QUARTZITE

As mentioned on page 2, certain siliceous rocks are difficult to idunhf._\'
as igneous, sedimentary, or metamorphic. Sedimentary and met'arr?orp}_uc
processes merge in forming quartzites so that it is difficult to dlstmguu‘zh
them petrographically as well as genetically. For the sake c?f petrographic
classification, the distinction between orthoquartzite (sedimentary) and
metaquartzite (metamorphic) should be based first on ‘the presence of
metamorphic minerals and second, if no metamorphic minerals are pres-
ent, on texture. If clastic texture is still recognizable, the rock should
be called “orthoquartzite,” “sedimentary quartzite,” or “siliceous quartz
sandstone” (Plate 21). If the texture is crystalline, that is, if the original
clastic texture has been obliterated by recrystallization of the quartz
grains, it should be called “metaquartzite” (Plate 31). If in doubt, 'thf:
non-committal term “quartzite” can be used. A sandstone intermediate
between friable quartz sandstone and orthoquartzite may be designated
“quartzitic sandstone.”
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LimEsTONE

The distinction between limestone and marble is both petrographi-
cally and genetically difficult, but is usually based on the presence of
metamorphic minerals or on texture (Plates 24, 25, 32, and 34). If the
rock is coarsely crystalline with a high luster, it is probably marble. Other-
wise, it is probably limestone. Without metamorphic minerals or know-
ledge of associated rocks, this distinction may not be possible; in which
case, the term “crystalline limestone” is useful. Grain size of limestones
should always be given. Inasmuch as no established convention exists for
indicating grain size, it is best to give the average grain size in millimeters.
The Wentworth scale for sand would probably be the most practical to
use, especially because so many limestones are detrital rather than chemical
and are, therefore, actually calcite sandstones (clastic limestones or cal-
carenites). It would apply, of course, only to calcarenites.

Carbonate rocks composed of various proportions of calcite and dolo-
mite are appropriately named “dolomitic limestone” or “calcitic (cal-
careous) dolomite.” Relatively pure aphanitic limestone with smooth
texture is called “lithographic limestone” by many geologists ( Plate 25).
Some geologists have adopted a modification of Grabau’s classification for
naming carbonate rocks. In this system, the suffixes “rudite,” “arenite.”
and “lutite” denote grain size equivalent to gravel, sand, or clay respec-
tively. Composition is denoted by “cale” or “calci-" for calcite, and “dolo™
or “dolom-" for dolomite. Other carbonate minerals may likewise be
represented. Thus a “sandy calcarenite” is a sandy limestone having a
grain size in the sandstone range. This term is already rather commonly
used. An “argillaceous calcilutite” is an argillaceous limestone having a
grain size within the clay range. A “dolocalcirudite” is a dolomitic lime.
stone of gravel range grain size. These terms are intended to and should
apply only to detrital limestones, leaving the problem of nomenclature for
grain size of crystalline limestones as before, However, distinction be-
tween clastic and crystalline texture in clay-size limestones js virtually
impossible so that the suffix “lutite” can hardly be restricted to limestones
of detrital origin. Use of this system should be encouraged because it
is completely petrographic. The few names on the chart for the carbonate
rocks belie their abundance and diversity and point up the current inade-
quacy of our nomenclature, The student must be
in naming these rocks. including grain size,
other conspicuous features.

as explicit as possible
minor constituents, and any

GRAYWACKE

A strict definition of graywacke has not

e vet found universal accept-
ance. One reason is that most authorities requi

o re more than compositional
criteria for its definition. These additional requirements are firm indur-

ation, lack of porosity. little or no chemical cement, ang angular grains.
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In this Quarterly. the term “graywacke” is used in accordance :;lllhdl?ie;s:
requirements (Plate 23). Although l:}-lef‘t‘? is less agreement on the ek :
tion of graywacke than there is on definitions o.f other sedlmentarfy fr:;gss,ar
majority of authorities define it as used _herem.A _P?r(:.]tzntla]afes: ](;e(.wqepnn
and rock chips are not listed on the sedimentary rock char . ....k ‘(‘}',i ?
limits have been set. Probably most gray\\-—ac]\‘.e has f_eldspalr and roc = p_l
both in excess of 10 percent. Actually lll.ere is considerable E.OIEPU,SI .mtt?a‘
variation in graywacke. For example, in some coarse-graine ;:;:]le 1?
there is practically no matrix. Sharply anguiar.grams .of qilalizr et SFB":
and rock fragments are tightly appressed, forming an interloc }ngd ex 1;( »
rivaling normal igneous rocks in toughness. In the flm:r-grameh roc sl.
however, the matrix may compose fully h'a]f lh.e rock. One .of the mos
notable features of gravwacke is its simi‘larl't_\' to igneous rock in tolug.hr?esi
and outcrop form. In part, this similarity is dllf_? to extreme angularity l;\
grain and to the bonding strength ofhthe matrix probably prod:}:ced y
incipient metamorphism which many “true” graywackes have undergone.

The reason for these special additional criteria is thatl graywacke l1:3
a petrographically distinct rock and i§ extremely abundan't in the sharp y
folded geosynclinal belts found especially along .the contment.al‘ margins.
If the term “graywacke” is defined on the bams.of cqmposﬂmn alone,
no special name exists for these abundant and distinctive rot:ks. 'Iihei_‘e
is a tendency by some to use this term for any dark feldspat.hw or 111’_31{(‘
sandstone, a tendency which should be curbed if the name “graywacke™ is
to maintain its significance.

There are other sandstones which are like graywacke except for one
or two features. For example, they may have less than 10 percent feld-
spar. may have more chemical cement than matri)lc, or may not be exceed-
ingly coherent. These rocks, which are more like graywacke than the
other defined sandstones but which lack one or two features F:hara(rter-
istic of graywacke, may be called “subgraywacke.” The term"‘suhgray-
wacke™ is not used with a precise definition, and although it is a useful
term because it helps to restrict graywacke, it should probably be dropped.

Most graywacke compositions are represented in the upper central
part of the triangular diagram (Fig. 4). Therefore, any gra}‘rwacke may
be named according to the convention represented by the triangle. The
column for graywacke on the sedimentary rock chart could be, and per-
haps should be, omitted. In fact, the writer recommends use of .the tri-
angular diagram names, reserving graywacke for those rocks which un-
questionably qualify. It is unfortunate that some authors have rede-
fined “graywacke” as a compositional subdivision of sandstones repre-
senting deposition in a certain type of tectonic basin. The “graywat:ke"'
of some of these authors is simply argillaceous lithic arkose or feldspathic
lithic sandstone, and much confusion would be avoided if it were so
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named. The column for gravwacke has been retained because it is one of
the four basic subdivisions of sandstone in modern literature.

CONGLOMERATE

The coarse-grained detrital sediments are divided into Lwo groups
on the basis of composition. Conglomerates or breccias composed essen-
tially of one component or two related components, normally chert, quartz.
quartzite. or very hard porphyries of various kinds, are homogeneous or
unicomponent conglomerates or breccias (Plates 16 and 18). They are
named according to the main rock constituents, for example. “quartz peb-
ble conglomerate,” or “chert-quartzite cobble conglomerate.” Most intra-
{ormational conglomerates are homogenous (unicomponent ), usually con-
sisting of shale or limestone, and homogeneous breccias are very common.
Mixed conglomerates and breccias are polycomponent: they have a varied
composition of several rock types (Plate 17). Because it is awkward to
name all the constituents, the term “mixed.” “polycomponent.” or “hetero-
geneous” is included in the name. for example “gray mixed pebble con-
glomerate:” or if one component is noticeably more abundant than the rest
it may be included as a prefix to “mixed” as “granite mixed pebble con-
glomerate.” As contrasted to the convention for sandstone, the cement
term for conglomerates precedes rock composition and size terms, as “cal-
careous quarlz pebble conglomerate.” but follows other compositional
modifiers as “fossiliferous calcareous quartz pebble conglomerate” or
“tuffaceous siliceous mixed boulder conglomerate.” The terms “arkose
conglomerate™ and “graywacke conglomerate™ proposed by some authors
to signify compositions approximating those of arkose and graywacke are
ambiguous because they literally indicate conglomerates composed of
arkose and gravwacke pebbles.

ORIGIN

Because mineralogy and texture reflect environment of deposition,
the sedimentary rock chart is to a certain degree genetic, Proportion of
feldspar is the key to tectonic environment. Abundant feldspar results
from rapid deposition brought about by tectonism. Paucity or absence
of feldspar indicates stable tectonic conditions under which the sediment
was worked and reworked until the unstable constituents, feldspar Fe
ferromagnesian minerals, were destroyed. This explains the frequent
correlation between feldspar and dark minerals mentioned on page 14. A
summary of typical sediments originating in certain depositional environ-
ments modified from Krumbein and Sloss (195]} is as fﬂl!OWS:

[. Stable shelf

Quartz sandstone, clay shale. and “pure” limestone.

A\
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1. Unstable shelf

Feldspathic sandstone (some arkose). silty shale, argillaceous lime-
stone.

[11. Basin
Lithic feldspathic sandstones (and siltstones) with chemical cement
or lithic sandstones low in feldspar moderately well-sorted and
rounded. Subgraywacke common. Black shale. evaporites, impure

limestone. and dolomite.

IV. Geosyncline
Argillaceous lithic sandstone and lithic arkose, poo.r]y sort?d and
angular. Graywacke common, especially in pre-Tertiary sediments.
Micaceous siliceous shale. chert, impure siliceous limestone.
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T GRAIN SIZE <I[256 mm. GRAIN SIZE 1[256-2 mm.
TEXTURE CRYSTALLINE, CLASTIC CRYSTALLINE, CLASTIC, BIOCLASTIC, OOLITIC, ETC. L e -
OR AMORPHOUS ’ ’ f i SIZE GRADES (mm) 1/256 - 1[16. sikt: 116 - 1/8 very fine sand;
/’ 1/8- 14, fine sand; 1]4-1/2, medium sand;
1/2-1, coarse sand; 1-2, very coarse sand
co MPOSITION OF | Composition as Indigatcd Clay Minerals Composition as Indicated Chiefly Quartz
OR in left column {pui;x o Clay-Size in left column {pref;n Chiefly Calcite or Dolomite = Quartz and
appropriate names for 5 appropriate names for ) 225% Felds
l“:'I‘lAAJ oN | ity Material e $90% Quartz Feldspar 10-25% Rock Chips >10% ‘
LIMESTONE
DOLOMITE KOSE
<10% ETC. Q%‘Q*:E‘z “N?:rf'"‘ FELDSPATHIC SANDSTONE LITHIC SANDSTONE {Arkesic sandstone)
Mi F ction All varigties in the Calcite-Dolomite haori- 0t Sorclsine) HomsiE el e orl
nor Fra :
zontal column ore possible here
CLAYSTOME —mossive, blocky struchure
MUDSTONE—indurated mud Includes claystone ARGILLACEOUS
chf and siltstone LIMESTOME ARGILLACEOUS FELDS-
Minerals SHALE—finely fissile. May include much silt. ETC. ARGILLACEOUS QUARTE SANDSTONE PATHIC SANDSTONE *:E":-UC“’:“ LITHIC ARGILLACEOUS AR
or Clay-Size CLATSHALK ifimillaceas shors).—chielly ctay All voritties in the Calcite-Dolomite hori- LOESS—fine sand or sil. B toN
& = 2 e zontal cislumn are possible here, Massive, porous, coherent
Materials by
E—awells ond daoggreg i water
g SILICA CHERT—chalcedony or opo SILICEQUS LIMESTONE—disseminated
DIATOMITE (Dictomocecus sartil— | 51LICEOUS SHALE S e e silica :
= Opal = ne s T AVYORE e e SR cu:n'r‘rl LIMESTONE —containing chert | ORTHOQUARTZITE | rapstaTm oxTASQUANTEITE e sugcrous Anxose
(W) Chalced ny MMM mﬁ"#' inparth— “  MUDSTOME DIATOMITE_diatom fests rodules g_ejq_ﬂmemary ?'uanﬂ;z)' ; {Bititesnt. feldsgarta somd Chilagmuast e soncitonel Quartte orkoe
arian £rc. 3 iliceous quartz sandstone;
§ Quartz e it AN RANDREE ko All varieties in the Calcite-Dolomite hori-
e mﬂ.ll-lmt—mwllmu o silty zontal column are possible here
o
o LIMESTOME—chiefly calcite, LIMESTONE — chiefly calcite, crysialline
= massive e McARDs DOLOMITE (Doicstane] — chiefly
= C‘LCITE DOI.OMI‘I"I ‘D“_I“smif SHALE (Limy dolomite, crystalline
E 0 chiefly dolomite, massive. <hale) ste. CLASTIC LIMESTOME (Calcarenite or CALCAREOUS QUARTZ CALCAREOUS FELDSPATHIC CALCAREOUS LITHIC CALCAREOUS ARKO
R CHALK-—<chalky faxtin calcite sondstone) — clastic SANDSTONE SANDSTOME SAN
| T TUFA—very porous, frioble MARLSTOME CALCAREQUS OOLITE — > 50% oalific
o DOLOMITE '!l:‘:‘uw ceherent, denses 25-75% OOLITIC LIMESTOME — < 5000 coltic
- . carbonate EOQUIMA — shalis, listin comemt
= :ﬁﬁ-——lmd‘:‘?f-ch papRcl: borrned GRGAMIC LIMESTOME Richly foustliferaus
i— | IRON MINERALS
E Chieﬂy- HEMATITE ROCK—maisive hamatite
O 3 LIMOMITE ROCK —massive fimonite, m’y&u HEMATITE QOLITE= > 50%  soliti LIM::::!‘I”C or I:E:::TITIC“
i, e BOG IROM ORE_rarthy, smpure, limenite OIS G ;s rrugineus) LIMESTO! LIMONITIC or HEMATITIC LIMONITIC or HEMATITIC L L
& | Limonite Siderite SN S ) ] amaionl GOLITIC 1800 ORE_<50% asine ETC. (Ferruginasa) QUARTZ (Farmuginout) FELDSPATHIC iFarmmisess) UTHIC o Ao
z Goﬂhl“ Chamosite misture of won, sbco, cloy, and core ¢ SHALE T ot s All varieties in the Colcite-Dolomite horizontel NDSTOME SANDSTOME TOHE
H : MDERITE (ion corbonatel—mousive e column ore pessible here
o ematite ke
()
Humus-Yields REOMACEOUS CARBONACEOUS LIMESTONE L
ALE, ETC.— CARBOM
carbonaceous BITUMINOUS—Hackly frocture abaiized PEAT—dark semi-carbonized plant BITUMINOUS LIMESTONE RUASEL :mnm:.;us i o s&ou':g:w = CARBONACEOUS ARK:
S ANTHRACITE—conchaldal mains. remains ETC. BITUMINOUS QUARTZ B
derivatives frocture: LIGNITE—brown-block well-carbonized Al varieties n the Calcite. Dolomite horizontal SANDSTONE SITUMIMOUS FELSFATHI TTLAINOUS UTHic HITUMINOUS ARKOSE
Sa mpﬂ-fldds T—anghaitic. UMINOUS st _ e o iy SAMDSTONE HDSTONE
:. ! ’W‘:-.—bhd W Ridker ‘rt'! ol m}t remains possi
ituminous iz *
derivatives
MISCELLANEOUS
Phosplule {(olluphane} rock PHOSPHATIC OOLITE—>50% oolitic
; » PHOSPHATIC LIMESTONE FPHOLPHATIC FELDSPATH
E it ROCK SALT—massive halite o PHOSPHATIC ROCK SALT—crystalline l'ﬂ.'..‘ PHOSPHATIC QUANTE SANDSTONE SANDSTONE e %ﬁ:ﬂm PHOSPHATIC ARMOSH
vaporites sylvite ROCK ANHYDRITE—crystalline 3 e, e, ey
. . ROCK ANHYDRITE—massive SHALE, ETC. ROCK GYPSU _ All yorietiss in the Colcite-Dolomite horizontal e,
A M—crystolline
Halite and Sylvite Gyt column are possible
Anhvdi ot & GYPSUM SAND ciosiic
nhydrite SUEK Meromiie gypaum:
Gypsum
.
The names in the above chart are root nomes and should be pre nated,” etc The size grode for conglomerates should immediately nenmineral composition and should be Ic“”l’ 'm;lurl i I;:EJL:“;?:‘)LT II_Ir\ T,_:::‘c‘ :c!‘ shale,”” “gray massive, medium-groined 'J‘Ouw)nmc ir:
ceded by appropriote terms for ony significont teature of the rock precede ‘'conglomerate ammon nonmineral minor ce ous mineral not implied in the root Name conitic,” and * end " whlllrw!stc.nr on siliceous quartz pebble conglomerate,” il
The proper order s color, structure, grom size (sondsfones only), ent terms are “tuftoceous, adjective form as “micaceous,” “chlonfic, in the chert wnh e vuggy forominiferal limestone !
minor constituents, cement, and rool name, Structure includes, for “coralline,” “cloyey (argilloceou: ! ¥ i ritic " The most common cement terms o0& 308 ‘black Thin-bedded 3
example, “thin-bedded,” “massive,” “cross-bedded,” “thinly lomi-  ceous),"” and "canglomeratic * Minar mineralogy should follow the the roat nemes. Seme Typical rock namES :



CLASSIFICATION OF SEDIMENTARY ROCKS
By Russell B. Travis

GRAIN SIZE >2 mm.

TED - siltstone, sandstone

CLASTIC

UNCONSOLIDATED - gravel (rounded), rubble (angular)
CONSOLIDATED - conglomerate (rounded), breccia (angular)
SIZE GRADES (mm.) - 2-4, granules; 4-64, pebbles;

64-256 cobbles:>256 boulders

Quartz, Feldspar,

Rock Chips,

r Pelitic Matrix,
Angular grains, Tough.

Volcanic Ejecta

CHIEFLY ONE CONSTITUENT
Espedially quartz, chert,

or quartzite. Also shale

or limestone. Homogeneous
conglomerates and breccias.

SEVERAL CONSTITUENTS
Usually including unstable
constituents. Mixed
conglomerates and breccias.

GRAYWACKE—normolly greenish
gray

SUBGRAYWACKE—low in feldspor,
rock chips, or less angulor grains.
Tendency to chemical cement

' gray

US GRAYWACKE|
SUBGRAYWACKE |

SILICEOUS SUBGRAYWACKE

SUBGRAYWACKE

LIMDN)YIC or HEMATITIC

i {Ferruginous) GRAYWACKE

LIMONITIC or HEMATITIC
(Ferruginous) SUBGRAYWACKE

CARBONACEOUS GRAYWACKE
£TC. ; .

PHOSPHATIC SUBGRAYWACKE
ETC.

ASH—unconsolidated
frogments under 4 mm

TUFF—consolidoted ash

VOLCANIC BRECCIA— ~.
ongulor frogments

AGGLOMERATE—
CHETo boms

These rocks are classified on

__the proportions of vitric,
'crys:a! {mineral),

determined, the name of the
appropriate volcanic rock
con be prefixed os, ““rhyolite
vitric crystal tuff,” or sim-
ply, “rhyofite tuff *

Nome consists of chief constituent
ond size grode, for example
QUARTZ PEBBLE CONGLOMERATE
CHERT COBBLE CONGLOMERATE
LIMESTONE PEBBLE BRECCIA
ETC

Name consists of ““mixed” or “polycom-
ponent” and size grade, for example:
MIXED PEBBLE CONGLOMERATE or
MIXED COBBLE CONGLOMERATE
Name moy include composition as GRAY
WACKE-ANDESITE-CHERT PEBBLE
CONGLOMERATE

or hithic

\TE-
with stable constituent

ARGILLACEOUS MIXED (grade)
CONGLOMERATE

| GLACIAL TILL—chaotic mlxmre

~ of cloy, sond and gravel

TILLITE—indurated till

FANGLOMERATE—alluvial fan
material

SILICEOUS (rock, grade)
CONGLOMERATE
{Orthoquartzitic frock, grade]
conglomerate)

SILICEOUS MIXED (grode)
CONGLOMERATE

CALCAREOUS (rock, grade)
CONGLOMERATE

CALCAREOUS MIXED (grodd
CONGLOMERATE |

LIMONITIC or HEMATITIC
(Ferruginous) {rock, grode)
CONGLOMERATE

LIMONITIC or HEMATITIC
(Ferruginous) MIXED (grode)
CONGLOMERATE

CARBONACE! US lrock, grade)
CONGL TE

IITUMlNOU rock, gmﬂe)
CONGLOMERATE

. CAIIONACEOUS MIXED fgvode)
CONGLOMERATE

BITUMINOUS MIXED (grode)
CONGLOM!MT! .

PHOSPHATIC {rock, grode)
CONGLOMERATE

PHOSPHATIC mxto {grade)
CONGLOMERA’

aywacke currently has two meanings.

To some, it denotes a

Idspar-quartz sandstone with more than 20 (or 15) percent pe-
i= matrix. To many others, it has retained its original meaning;
at is a very hard, firm sandstone without porosity or chemical

‘1nent

In addition, these “'true’’ graywackes typically have ex-

2mely angular grains, a pelitic matrix, and a dark color

FREQUENCY OF OCCURRENCE

This size type indicates COMMON ROCKS.

This size type indicates UNCOMMON ROCKS.
This size type indicates RARE ROCKS.
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METAMORPHIC ROCKS

Inasmuch as names of most metamorphic rocks are simply struc-
ture terms prefixed by constituent mineral names, the need for a meta-
morphic rock chart may be questioned. It has been included for two
reasons: (1) the chart helps the student systematize the subject in his
thinking and is thus an aid to learning; (2) it lists combinations of
minerals and fabrics that are common and accessory minerals that are
normally included in a name.

TEXTURE AND STRUCTURE

Generally, the most conspicuous feature of metamorphic rocks is
structure. Following are some common terms which apply to metamorphic
rocks.
blastic — a suffix to textural or structural terms indicating metamorphic

origin. (Plates 40, 41, 42, and 66.)
blasto — a prefix to textural or structural terms indicating relic fabric in

a metamorphic rock.
lineation — parallel directional structure expressed in one direction only.
foliation (schistosity) — parallel directional structure expressed in two

directions imparting a tendency to split into layers. (Plates 38-45.)
granulose (granoblastic) texture — granular texture with nondirectional

structure. (Plates 31-34.)
hornfelsic structure — nondirectional structure. (Plates 31-35.)
cataclastic structure — structure developed by crushing and granulation.

(Plates 36 and 37.)
mylonitic siructure—foliated, fine-grained cataclastic structure. (Plate 36.)
slaty structure — foliation in aphanitic metamorphic rocks which permits

splitting into thin sheets. (Plate 38.)
schistose structure — foliation due to parallel orientation of phaneritic

flaky, lamellar or occasionally rod-shaped minerals. (Plates 40-42.)
phyllitic structure — foliation intermediate between slaty and schistose,

that is, aphanitic but exhibiting a sheen due to oriented micaceous

minerals. (Plate 39.)
gneissose (gneissic) structure — foliation due to alternation of granulose

and schistose bands. (Plates 43-45.)
migmatitic — a term based on genesis denoting mixed igneous and meta-

morphic origin. Bands, veins, and pods of granitic rock in an essen-

tially metamorphic host. (Plate 44.) o
flaser struciure — cataclastic structure in which lensoid remnants of origi-

nal rock are set in a mylonitic groundmass. (Plate 37.)
augen structure — lensoid grains in finer grained groundmass w
or may not be cataclastic. (Plate 45.)

hich may
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MINERALOGY

i ll\glr;)erlals cc’)I{nprlsmg metamorphic rocks are divided into groups |
. - i = X
;re (s elow. h'oscj in I are rock-forming or essential minerals which
i 0 common in igneous or sedimentary rocks. Those in II are char
acterizing accessory mi Is whi i -
g y minerals which may not oc

A : S occur in abundance, except
ly, but are charactenstlcally metamorphic. P

i
~y . I
Essential Minerals Characterizing AcIcessor)' Minerals
}()?5;::}? o gffrlf'lte Tremolite Andalusite
Pla";Odase par C;ﬁt]fg Wo“as‘tonite ( Chiastolite )
Calzite : .011te. Vesuvianite Sillimanite
il eIPentlxle Ch(')ndrodite Kyanite
0 omite Hornblende Epidote Staurolite
Muscovite Pyroxene Spinel Graphite
Grossularite Actinolite
Chloritoid Glaucophane
Anthophyllite
Cordierite

The fl.I‘St seven minerals in II are common products of contact é
;r;(;f)phlsm (w%tﬁ or w}i}hout metasomatism) of carbonate rocks 21(11(11::]}?(2?:j
clation with marble and with each other aid in their re iti
Wollastonite is distinguished from tremolite by jts clegy il
Epldqte and vesuvianite may be distinguished) ];tys t(}izaZﬁffai:e??i'rly 9?7
of epldot'e or by the tetragonal form of vesuvianite. Otherwise lfhlc o
not be dlstmguished megascopically. The chiastolite variet of, gyl i
occurs exclusively as porphyroblasts in slates and schiﬂtz andan' alflte
acterized by nearly square prismatic crystals marked Mat th s
diagonal lin(.es of carbonaceous inclusions forming a black cross eSendS bV
als'o oceurs in porphyroblasts, but commonly as orthorhombic . e tauro?lte
twins. Kyanite is readily recognized by its blue color and 4 {letrathn
h.ardness. Sillimanite is recognized by its fine grain, fihy Laar”
silky luster, and occurrence in compact schists. Cordie,rite iO:_-l]%f 7 g
recognize even microscopically, but because it is importani rr] flCl‘llt *
every effort should be made to establish its presence or absen W
.rocks it forms conspicuous “knots” (Plate 42), but in oth C~e.'In avE
Inconspicuously among the other constituents. i i

NOMENCLATURE

Most metamorphic rock names are derived by prefixine th
of the most abundant minerals to a structural term f e 1€ names
» 10T example “quart,.
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mica schist” or “wollastonite hornfels.” If one of the characterizing
accessory minerals is present even though not abundant, its name is
included also, for example “sillimanite-quartz-mica schist” or “garnet-
wollastonite hornfels.”” In aphanitic porphyroblastic rocks, only the
mineral forming the porphyroblasts may be prefixed to a structural term,
for example “chiastolite slate.” If no minerals are recognizable, color
may be the only prefix to the root name (structural term), for example
“gray phyllite” or “green slate.” The names of some metamorphic rocks
with nondirectional structure do not include a structural term, “marble,”
“metaquartzite,” and “skarn” for example. However, appropriate quali-
fiers are prefixed to these names in the same way they are to structural
terms as outlined above. Rocks with nondirectional structure which do
not have special names take “hornfels” as the root name, preceded by
essential mineral names, for example “glaucophane-albite hornfels” or
“tremolite hornfels.” Aphanitic rocks with nondirectional structure, if
known to be metamorphic, may be called “hornfels” without any qualifier
other than color. The term “rock” is useful to denote rocks whose genesis
is uncertain. For example, a rock consisting essentially of hornblende
may be igneous or metamorphic, and naming it “hornblende rock” avoids
commitment pending further study. Essential mineralogy of gneisses and
migmatites may be expressed by use of the appropriate igneous rock name
as indicated on the chart.

Rocks of known parentage or which contain new minerals but retain
the original structure, are named by prefixing “meta” to the original
rock name, for example “metadiabase,” “metaporphyry,” and “metacon-
glomerate.” Rocks which are somewhat foliate, but which have been
little recrystallized, are not truly metamorphic and retain the original
names. However, the term “schistose” may be prefixed as a structural
term, for example “gray schistose feldspathic sandstone” or “pink schis-
tose biotite rhyolite.” The use of “schistose” in this way is noted here
because there is complete gradation between nonmetamorphic schistose

rocks and schists. 4

Metamorphic processes merge into igneous processes at two points;
very low-grade metamorphism and very high-grade metamorphism. It is
difficult to ascribe one origin or the other to borderline rocks. At the
low-grade end are serpentine and talc. These minerals (and rocks) origi-
nate from hydrothermal alteration of ferromagnesian minerals by late
magmatic fluids or by fluids of extraneous origin. Alteration by late
magmatic fluids is commonly called “autometamorphism,” but is actually
part of the igneous process. Much, but not all, pegmatitization, saussuri-
tization, as well as uralitization are autometamorphic processes. The prob-
lems involved in classifying these various processes are those involved in
metasomatism in general. Some metasomatic processes are ascribed to
metamorphism, others to magmatism, but there is no unanimity among
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geologists on the division. Perhaps magmatic metasomatism should in-
volve syngenetic fluids and metamorphic metasomatism epigenetic fluids,
but the problem is too complex to be treated here. Serpentine is the
most abundant rock in this dual igneous-metamorphic category and is
included in both the igneous and metamorphic rock charts. Tale rocks are
less abundant.

At the high-grade end are rocks formed in the zone of remelting and
are mixtures of truly igneous and truly metamorphic rocks. These are.
in part, migmatites. Many of these rocks can be recognized as mixtures
— but others are indistinguishable from metamorphic gneisses. Inasmuch
as the name “migmatite” has genetic implication whereas “gneiss” is simply
a structural term, the root name “migmatite” should be restricted to rocks
whose mixed genesis is apparent.

ORIGIN
Kinp ANp GRADE OF METAMORPHISM

A great deal about the origin of metamorphic rocks may be inferred
from mineralogy and structure on the basis of a few simple rules. The
chief agents of metamorphism are heat and directed stress. Hydrostatic
stress is much less effective and chemical solutions, although they may
produce spectacular mineral assemblages and economically very important
rocks, are only locally important. There are two aspects of metamorphism
which serve to classify it: kind and grade (degree). Kind of metamorphism
is determined by directed stress; and grade, by heat. The two basie changes
taking place in a rock undergoing metamorphism are mechanical structural
changes due to directed stress, and mineralogical recrystallization and
reconstitution due principally to heat. Therefore, structure reveals the
kind of metamorphism; and mineralogy. the grade. The following correla-
tions may be used as a rather general guide to interpreting structure and
mineralogy, but there are many exceptions:

I. Nondirectional structure — contact (thermal) metamorphism
A. Little recrystallization — low grade
B. Formation of hydrous metamorphic minerals — moderate grade
C. Formation of anhydrous metamorphic minerals — high grade
(may also be high grade regional metamorphism)
II. Directional structure-— regional (dynamothermal) metamorphism

A. Granulation, no recrystallization — very low grade regional or
mechanical metamorphism

B. Slaty or phyllitic structure — low grade

C. Presence of andalusite or cordierite — polymetamorphism; com-
monly contact or regional
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D. Schistose or gneissose structure — low grade to high grade
1. Green mica and green amphiboles — low grade
2. Biotite and black amphiboles — medium grade
3. Anhydrous minerals — high grade

E. Migmatitic structure — plutonic or ultrametamorphism; extreme
regional
Facies classification is the modern genetic classification of mclg-
morphic rocks and is based on mineralogy and, to some extent, on S:tl:llL-
ture. Each facies consists of all rocks, regardless of bulk composition,
: i 1t o.
developed under a certain set of metamorphic conditions. Each is n:)co?
nized by certain critical mineral assemblages. Use of this system to o t.am‘
a more detailed genetic classification than has already been given requires
microscopic examination and much more elaboration than is pertinent to
the purpose of this Quarterly.

ParenT Rock

As a general rule, the bulk camposit}on of a melamorp.h.i(: rur;kdis lile
came as that of the parent. On the basis of. bulk composition aln re.tlu,
fabric, the nature of the parent rock may be inferred. For exall:sp e, 1_?3 ;:
morphic rocks rich in silica must have come from parents rich in si 1( :
rocks rich in ferromagnesian minerals, from parents rich in feyromagnes.tgn
minerals, etc. The mineralogy may be differer}t but excluclll_ng the mellilj
somatic processes mentioned above, .the cht'amlcal composition n?rma ¥
undergoes little change, so that chluntef schist, amphibolite, 03 .pz r-(}xt;?f.
hornfels may be derived from gabbro, diabase, or basalt. depending on the
kind and grade of metamorphism.
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CHARACTERIZING

NONDIRECTIONAL STRUCTURE

Massive or Granulose

DIRECTIC

COLOR CHIIEF ACCESSORY T ol
MINERALS 0 i e Mechanical Metamorphism
INERALS FlzehGrga_ned Medium or Coarse Grained || . LS
(Aphanitic) (Phaneritic) Cataclastic Slaty
n——
ring wi PH
QU‘R]’Z Thse rocks ore formed by crushing ond sheariog with
anly mingy recrystallization 1f "“;‘ il el E
FELDSPAR METAQUARTZITE METAQUARTZITE s g'«:“’.ld'h;dmmrch:;- i ine I
CM.ClTE MARBLE MARBLE grained. Mast af them, however, are foliote. ”
LIGHT DOLOMITE BRUCITE MARBLE e, A e e :
SOAPSTONE—chisfly 1aic MOLITE MARSLE FLASER GRANITE, FLASER DIORITE, <
TALC : WOLLASTONITE MARBLE FLASER CONGLOMERATE, ETC.—
HORMNFELS—ony metamorphic T 1l
MUSCOVITE rock with nondirectional REMOLITE HORNFELS flaser structure .
structure WOLLASTONITE HORNFILS AUGEN GMNEIS5S—augen structure &
SERICITE c‘ttiﬁll-!cla'rt HORNFELS— ULTRAMYLONITE—partiolly hused mylonite
#ieeEllicoe i Resks. with caly mimoe deformation moy be cofled ’“"
M it ::::::: nwlr:)l:u."rmp.hwr Sihass ey mok-pripaty
uscovite matamarphee. rocks.
Seritite
Sillimanite
Kyanite Maost slates are dark col
a3 d
co[d[«“e 051 siates are aark colore
Tremolite
Wollastonite
Albite METAQUARTZITE
Andalusit METAQUA MARBLE
4 alusite QUARTZITE R
ph;m ) MARBLE CHONDRODITE MARBLE
lNTERMEDIATE ABOUT EQUAL PROPORTIONS Dioog?:elu SKARM.__pyroxen garmet corbonote ;:::,.:'f_s,::.(. HOT'“’",‘ I
psi . ARN-— oy e gornat cortondte
“I‘Itludes REd OF LIGHT-COLORED AND Enstatite ;o::::::‘_m‘e"" tald 4 ﬁ:f:ﬁ: nosHmis)
i LS—any metamarphic ITE HORNI
or Brown i Staurolite Lowith nondirectiona AMTHOPHYLLITE HORMFELS
) DARK-COLORED MINERALS Glaucophane sock i irectiona CALC-SILICATE HORNFELS
Anthophyllite S P BN rINILs SERPENTINE®
Pyrophyllite CORDIERITE-ANTHOPHYLLITE
Chloritoid ki
Adtinolite
Tourmaline
Epidote
Chiastolite
Olivine
Serpentine
QU“RTI Chlorite
Biotite
UARTZITE
CALCITE Gaclite MARBLE
Chondrodite PHITE MARBLE
DOLOMITE Scapaite METAQUARTZITE A MITE MARBLE SILTY SLATE
FELDSPAR MARBLE OLIVINE MARBLE e GREEN SLATE
CHLORITE SKARM.—pyvosane gornet-<orboncte FRARN o BT BLACK SLATE
haentels ACTINOLITE MARBLE SPOTTED SLATE
DARK HORNBLENDE GRAPHITE MARBLE ACTINOLITE-EPIE0TE HORRIEY ANDALUSITE SPOTTED SLATE
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EPIDOTE MAGHETITE 2900, pgt s
OLIVINE SiaroLTe <l harbiends
AM lahe
and or plog'™
MAGNETITE
_:.—m =
As con be noted from the chart, noming o metomorphic rock consists chietly of pre . i
tixing the structural term with mineral names or an oppropriote rock name  The rock r'r:E“P!'f“NE s a product ‘of hydrothermal alteration which some ¢
} ey consider o be angreous process and others  metamorphac proct
nome indicates either the onginal rock, if recogrizable, or the new mineral composition this teastn, vitpentine, appears both on this. chort and on the igneo

The pretix “meto,"” as "metagaobbro,” “"metasondstone,” “metatutt”” etc | s applied to
rocks that hove undergone considerable recrystallization but have largely retomed their
original fobric. Most of the minerals hsted os occessones are genetically impartant and

if present should be included in the rock nome regordless of their guonnity

chart




CLASSIFICATION OF METAMORPHIC ROCKS

By Russell B. Travis

lMI. STRUCTURE (Lineate or Foliate)

Regional Metamorphism

Plutonic Metamorphism

Phyllitic Schistose

Gneissose

Migmatitic

LLITE is intermediate
ween slate and schist.
differs from slate in
t crystallization of
aceous minerals im-
ts a sheen to the rock;
itfers from schist in
t grains are too small
megascopic identifi-
ion.

QUARTZ-MICA SCHIST
TALC SCHIST

SILLIMANITE SCHIST
ALBITE-MICA SCHIST
QUARTZ-SERICITE SCHIST
KYANITE SCHIST

CALCITE SCHIST (Schistose marble)

LONITE o phyllite awing ifs
grain to mylonitization

RHYOLITE GNEISS

QUARTZ PORPHYRY GNEISS

QUARTZITE GNEISS

SILLIMANITE GNEISS

GRANULITE—banding due
to elongated quartz or
feldspar grains

MICA SCHIST
CHIASTOLITE SCHIST
ANDALUSITE SCHIST
STAUROLITE SCHIST
KYANITE SCHIST
PYROPHYLLITE SCHIST
GARNET-MICA SCHIST
SERPENTINE®
TOURMALINE-MICA SCHIST
ANTHOPHYLLITE SCHIST
STAUROLITE-KYANITE SCHIST
SILLIMANITE-GARNET SCHIST
GRAPHITE SCHIST

CALCITE SCHIST (Schistose morble)
SCHISTOSE QUARTZITE

GRANITE GNEISS
SYENITE GNEISS
MONZONITE GNEISS
GRANODIORITE GNEISS
ANORTHOSITE GNEISS
TRACHYTE GNEISS
CONGLOMERATE GNEISS
ARKOSE GNEISS
SANDSTONE GNEISS
AUGEN GNEISS—augen
structure
BIOTITE GNEISS
STAUROLITE GNEISS
PLAGIOCLASE GNEISS
GARNET GNEISS
MUSCOVITE-BIOTITE-QUARTZ
GNEISS
KYANITE GNEISS
GRANULITE—banding due
to elongated quartz or
feldspar grains

GREENSCHIST

CHLORITE SCHIST

CHLORITOID SCHIST

GLAUCOPHANE SCHIST

AMPHIBOLITE
(HORNBLENDE SCHIST)

ACTINOLITE SCHIST

GRAPHITE SCHIST

PYROXENE SCHIST

EPIDOTE-CHLORITE SCHIST

HORNBLENDE- BIOTITE
SCHIST

BIOTITE-CHLORITE SCHIST

SERPENTINE*

TOURMALINE SCHIST

EPIDOTE AMPHIBOLITE

GARNET-PYROXENE AMPHIBOLITE

GARNET-CHLORITE SCHIST

QUARTZ DIORITE GNEISS

DIORITE GNEISS
GABBRO GNEISS

PERIDOTITE GNEISS

DIABASE GNEISS

PYROXENE GNEISS
GRAYWACKE GNEISS
EPIDOTE GNEISS
GARNET-BIOTITE GNEISS
SKARN GNEISS
AMPHIBOLITE GNEISS

These rocks have a gneiss-
ose, streaked, or irregular
structure produced by inti-
mate mixing of metamor-
phic and magmatic materi-
als. When they can be rec-
ognized as "'mixed rock,’’
they are called migmatite or
migmatite gneiss. They may
originate by injection (in-
jection migmatite, injection
gneiss, or lit-par-lit gneiss),
or by differential fusion.
Many so-called migmatites
probably originate by par-
tial granitization or by met-
amorphic differentiation.
But at great depth these
processes apparently do not
differ substantially from the
igneous processes forming
migmatite, so the products
are usually indistinguish-
able.

Migmatites are named by
prefixing the rock name of
the granitic material to the
appropriate root as ‘granite
migmatite,” ““monzonite in-
jection migmatite,” etc.

hori

FREQUENCY OF OCCURRENCE

This size type indicates COMMON ROCKS.
This size type indicates UNCOMMON ROCKS.
This size type indicates RARE ROCKS.

For
iock
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Prate 3. Quartz diabase exhibiting diabasic texture. For magnified thin
section see Plate 50. Color index about 60. (x1%)

Prate 2. Medium-grained biotite-hornblende diorite exhibiting
hypiodiomorphic-granular texture. Color index about 40. (x2)
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PrateE 4. Moderately coarse-grained peridotite with allotriomorphic-granular texture Prarg 5. Coarse-grained anorthosite exhibiting cataclastic texture. Large dark .lalhs
(not readily apparent). The glistening grains are brown biotite. Color index of plagioclase in lighter colored groundmass of crushed plagioclase. Color index
100. (x1%2) 0. (x1%)
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quartz monzonite porphyry. Large pale-
dmass of quartz, plagioclase, biotite and

Prate 7. Medium-grained hornblende-biotite
colored grains of orthoclase set in a groun
hornblende. Color index about 10. (x11%)

PLAIL 6. C()dlsﬁ- raine pyroxenite e.’(hlbltln hypldlomotphl(,-ﬂlanulal texture.
e ) 4 d / 1 : g o
1 11
(& mp)S(,d dIIIlO&l entirely of Bllhhedlal pyroxene. COIO lllth 100. (XI/‘.’)

——
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Prare 8. Graphic granite exhibiting graphic texture. Gl
of quartz in perthite. (x1)

: i iotite. (x%%)
assy hieroglyphs PrLATE 9. Granite pegmatite. Large grains of quartz, perthite, and bioti
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Prate 10. Rhyolite porphyry. Abundant gray, glassy phenocrysts of quartz, large pale Prate 11. Dacite porphyry. Round phenocrysts of quartz and white lﬁth‘SIlﬂl)C‘l
phenocerysts of sanidine and sparse phenocrysts of biotite in light-colored aphanitic ) phenocrysts of plagioclase in gray aphanitic groundmass. (x3)
groundmass. For magnified thin section see Plate 51. (x3)
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PraTE 12. Dagite porphyry with abundant, large, zoned phenocrysts of plagioclase and
lt_ass conspicuous phenocrysts of quartz in green aphanitic groundmass. For magni-
fied thin section see Plate 52. (x2)

Cr.ASSIFICATION OF Rocks

Prate 13. Vesicular olivine trap porphyry (olivine basalt porphyry).
Glassy phenocrysts are olivine. (x1)
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Prate 14. Banded welded tuff with black phenocrysts of hiotite and pale, inconspicu- Prate 15. Spherulitic obsidian. Spherulites composed of narrow laths of
ous DheﬂOCI:YSfS of quartz and sanidine. Pyroclastic texture is apparent only potash feldspar in radial arrangement. (x1%2)
under the microscope. For magnified thin section see Plate 54. (x3)
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Prate 17. Mixed pebble conglomerate. A polycomponent conglomerate composed of
pebbles of chert, quartzite, sandstone, and aphanitic igneous rock in a sand
matrix. (x%)

Prate 16. Chert pebble conglomerate.

A homogeneous conglomerate composed of

pebbles of chert in a sand matrix. (x34) (Photo by L. W. LeRoy)
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Prate 18. Limestone breccia, A homogeneous breccia composed of pebble
fragments of limestone in a black siliceous matrix, (x

size

Prate 19. Fine-grained quartz sandstone.. f‘ur magnified
thin section see Plate 55. (x3)
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Prare 20. Fine-grained bituminous quartz sandstone. (x1)

CrassiFicaTioN ofF Rocks

Prate 21. Medium-grained orthoquartzite. Although the
interstices of this specimen have been filled completely
with authigenic quartz, the clastic texture is still
vaguely visible. (x1)
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PLATE 22. Red medium-grained arkose with large muscovite flakes (glistening graine)
F s A 5 y = . & nsy., A i e g ‘
or magnified thin section see Plate 58. (x3) Prate 23. Medium-grained graywacke. This specimen is dark
olive green and as tough as fresh igneous vock. Megascopi-
cally visible are feldspar, rock frazments, minor quartz and
a chloritic rock paste matrix. (x3)
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PraTe 24. Argillaceous limestone,
giving hackly fracture, (x2)

Note rough aphanitic texture,

Prate 25. Lithographie limestone. Note smooth aphanitic texture.
giving conchoidal fracture. (x2)
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PraTE 26. Calcareous oolite. For magni-
fied thin section see Plate 59. (x2)

3 4t - ey
PraTe 27. Brachiopod limestone (organic limestone). (x112)
(Photo by L. W. LeRoy)
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Prate 28. Coquina. (xIls)

Prate 29. Crinkly laminated rock gypsum.. (x12)




