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PREFACE.

It was early perceived that the field parties of the Geological Survey
occasionally had favorable opportunities for the collection of important
rock types not readily accessible to others, and that, by systematic
cooperation, these parties, without much additional expense, could in
the course of years gather a large collection of duplicate type speci-
mens of rocks which would be valuable to educational institutions for
the purposes of teaching.

This collection was started in 1882, under the directorship of Maj,
J. W. Powell, and at first contemplated 200 suites containing only 100
specimens each of typical rocks belonging about equally to the two
great groups, sedimentary and igneous.

To Messrs. Becker, Hague, and Emmons was assigned the collecting
of the crystalline rocks, while the others were to be obtained by Messrs,
Gilbert, Powell, Chamberlin, Hague, and Kerr. The work progressed
steadily for several years, but, in order that important types not met
by any of the field parties in their regular work might be obtained. it

_ was found necessary to assign more definitely the task of completing

the series and preparing it for distribution.

Although the responsibility for the selection, numbering, and arrange-
ment of the series rests almost wholly with the present writer, these
were determined after much correspondence and conference with his
colleagues and were controlled largely by circumstances. Although
most of the specimens in this collection are intended to illustrate rock
types, there are a number—such as concretions (33-36), dike (57), jointing
(103, 123), and others—intended to illustrate special features, and it has
been thought best to treat each with its kind among the classified rocks
rather than under a separate heading.

Acknowledgments are due to nearly all the geologists of the Survey
and to many persons outside who have generously aided in collecting
specimens within their reach. Special acknowledgment should be
made to Prof. C. H, Hitchcock, who collected all the specimens from
New Hampshire.

In the preparation of this bulletin, 29 specimens have been described
by Prof. J. P. Iddings, of the University of Chicago; 16 by Prof. W.
S. Bayley, of Colby University, Waterville, Maine; 9 by Mr. Whitman
Cross, of the United States Geological Survey; 5 by Mr. George P..

Merrill,of the United States National Museum; 5 by Prof. J. E. Wolff, of
11
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Harvard University, Cambridge, Massachusetts; 4 by Mr. George Otis
Smith, of the United States Geological Survey; 3 by Mr. G. K. Gilbert,
of the United States Geological Survey; 3 by Mr. Waldemar Lindgren,
of the United States Geological Survey; 3 by Prof. C. R. Van Hise, of
the State University, Madison, Wisconsin; 2 by Mr. Bailey Willis, of
the United States Geological Survey; 2 by Mr. H. W. Turner, of the
United States Geological Survey; 2 by Mr. Walter Harvey Weed, of
the United States Geological Survey; 1 by Prof. E. B. Matthews, of
the Johns Hopkins University, Baltimore, Maryland; 1 by Prof. Flor-
ence Bascom, of Bryn Mawr College, Bryn Mawr, Pennsylvania; 1 by
Prof. L. V. Pirsson, of the the Sheffield Scientific School in Yale Uni-
versity, New Haven, Connecticut; and 1 by Mr. S. Weidman, of the
University of Chicago; in all of which cases the descriptions are duly
accredited in the text. All of the descriptions not thus accredited and
the other portions of the bulletin have been prepared by the present
writer, who desires to acknowledge the aid he has received from
Microscopical Physiography of Rock-making Minerals, by J. P. Iddings
(translation of Rosenbusch); the excellent Handbook of Rocks, by J. F.
Kemp; Petrology for Students, by Alfred Harker; Stones for Building
and Decoration, by G. P. Merrill; Rocks, Rock-weathering, and Soils,
by the same author, as well as to the more complete works on petrog-
. raphy, especially those of Rosenbusch and Zirkel.

J. S. DILLER.
JUNE 9, 1897,
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THE EDUCATIONAL SERIES OF ROCK SPECIMENS.

By J. S. DILLER.

THE STUDY OF ROCKS.
INTRODUCTION.

A rock is a large mass of mineral matter forming an essential part of
the earth. Granite and sandstone are rocks made up of a number of
minerals, but in other rocks, as, for example, limestone and serpentine
when pure, the mass is composed wholly of one mineral. In still other
exceptional cases, like obsidian, the mineral matter may be in a wholly
amorphous condition, like glass—not made up of any definite min-
eral or minerals. The material of which the rock is composed may
be loose, as sand and gravel, or cemented (lithified), as sandstone and
conglomerate.

Rocks may be studied (1) in the field, as large masses, where their
greater structural features and relations to other rocks are discovered;
and (2) in the laboratory, where only hand specimens (stones) are
available for investigation. The science of rocks is petrology. It is the
branch of geology that treats of the origin, mode of occurrence, struc-
ture, composition, and alteration of rocks. The branch of petrology
that embraces a knowledge of the structural (megascopic and micro-
scopic), mineralogic, and chemical characters of rocks is petrography,
The knowledge of rocks especially as masses of minerals, acquired
largely by microscopic and other laboratory methods, is called by some
lithology.

It is hoped that the lithology and petrography to be learned in
studying this educational series of rock specimens may arouse an
interest in the study of petrology, and also in that of geology, of which
the former is a part.

STRUCTURAL FEATURES. OF ROCKS.

Among the first features of rocks noted by an observer are those
arising from structure. They may be megascopic—that is, large enough
to be seen by the unaided eye—or microscopic, visible ouly with the aid
of a microscope. ,

Fragmental or clastic, brecciated, agglomerated, conglomerated, pebbly,
granular, eryptoclastic or compact, horny.—Specimens 10, 11, and 12 are

all made of fragments and illustrate a kind of structure characteristic
13



14 THE EDUCATIONAL SERIES OF ROCK SPECIMENS. [BULL.150.

of such rocks, viz, clastic. Clastic rocks composed of fragments of
igneous rocks are said to be pyroclastic. Specimens 79 and 99 are
pyroclastic. Clastic or fragmental structure, as it is sometimes called,
may be coarse or fine, according to the size of the component parts,
and other designations may be applied to it on account of variation in
the shape of the fragments. When thé fragments are angular the
structure is brecciated (11). If they are coarse, with occasional large
blocks of many shapes and sizes irregularly intermingled with finer
material, the structure is agglomerated. When the fragments are dis-
tinctly rounded pebbles the structure is conglomerated (10). Such
pebbles intermingled with sand produce pebbly structure (12). Rock
composed of sand, either angular or well rounded, has psammitic or
sandstone-like structure (12-19). It is also called granular (fragmental
granular); but this term has a wider application than the others, for

granites (67), diorites (94), gabbros (109), and similar igneous rocks, '

whose mineral constituents form distinet, angular, often interlocking
grains, are also granular (crystalline granular) but their fundamental
structure is crystalline and not fragmental, as is the case with sandstone.

In specimens 21 and 22, whose fragments, although visible in thin
sections under the microscope, are so small that they can not be seen
by the unaided eye, the structure is cryptoclastic or compact. The
structure of specimen 134 is more than compact; it is especially fine
and close, with the great hardness and conchoidal fracture of flint, due
to the induration it has experienced in contact with an igneous rock.
Its structure is horny or flinty.

Stratified, banded, cross bedded, laminated.—Most fra,gmental rocks
are formed in water, and the material of which they are composed is
‘stratified, i, e., arranged in layers and beds (strata), as illustrated in the
accompanying Pl I, which represents a series of parallel horizontal
strata consisting chiefly of sandstones. A stratum may be thick or
thin, and may contain one or more layers. Inspecimen 16 anindistinct
banded structure is due to the presence of differently colored layers in a
larger stratum of sandstone. A similar structure is produced in igne-
ous rocks by flowing (see below). The layers are usually parallel to
the stratification, but in some cases, as in the lower beds of PL I, the
layers run dngoncmlly across the stratum and produce cross bedding.
The bedding may be thick and without layers or it may be thin, as in
PL I, and also in specimen 17, where the fine material is arranged in
sheets so thin that it is called laminated. This structure is often well
illustrated in deposits of sedimentary clay.

Unstratified or massive.—Successive flows of lava, where they spread
over a flat country, arrange themselves in sheets so as to show a bedded
structure similar to that of stratified rocks, but igneous rocks gener-
ally, such as gabbros, diorites (P II), granites, etc., show no such
arrangement. They are unstratified—that is, massive.

Flow structure, streaked.—Rhyolites and other acid lavas are usually
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viscous at the time of their eruption, and occasionally preserve lines

- produced by flowing. Specimen 80 shows a streaked arrangement of its

black glass, due to this canse. The elongated parts may be drawn out
50 as to form bands and produce banded structure. All structures of
this kind are included under the general synonyms fluzion structure,
fluidal structure, and flow structure. When not visible to the unaided
eye it may frequently be seen under the microscope in the stream-like
arrangement of the small crystals and other material variously colored.

Porous, cavernous, cellular, pumiceous, vesicular—Specimens 23 and 29
are full of small irregular cavities, and their structure is porous. Both
are hot-spring deposits, and the porous structure originated at the time
the rock was formed. In specimen 153 the cavities are larger. It is
cavernous. Similar structures occur in acid voleanic rocks. The special

" form illustrated by specimen 100 occurs most frequently in basic lavas.

The cavities are nearly round cells or vesicles, produced by expanding
vapor contained in the molten rock material at the time of its eruption.
This structure is cellular. Sometimes the lavais so inflated by expanding
vapors as to be froth-like, pumiceous, as in specimen 59. Pumice is
usually a product of highly explosive volcanic eruptions. Vast quan-
tities of it were thrown into the air by the great eruption of Krakatoa
in 1883. When there are but few cells, so that they appear as separate
vesicles, the rock is vesicular. The cells and vesicles of lava are formed
while it is yet viscous, and if the lava atterward moves, the cells wiil
be elongated in the direction of motion.

Amygdaloidal.—After vesicular lavas sohdlfy, percolating waters
frequently deposit mineral matter of various kinds in their cavities.
Quartz, calcite, zeolite, etc., are deposited in the cells, producing, as in
specimen 139, an amygdaloidal structure. The almond-shaped kernels’
filling the cells are known as amygdules.

Vitreous or glassy, perlitic, devitrified. ~—Specimen 60illustrates vitreous
or glassy structure, so named on account of similarity to artificial glass.
It is limited to igneous rocks, and results from the chilling of molten
rock material (magma) so suddenly as not to permit an appreciable
amount of crystallization before it becomes solid. Specimen 61 is almost
wholly glass, and is divided by sets of more or less goncentric fissures, so
as to give it the globular (perlitic) structure characteristic of perlite.
Some very ancient acid volcanic rocks which were originally glassy have
by slow crystallization gradually lost their glassy chiaracter and become
devitrified. Specimen 136 illustrates this feature. The minerals devel-
oped are chiefly quartz and feldspar. '

Orystalline, porphyritic, holocrystalline, hypoerystalline, amorphous, lith-
oidal, even-crystalline granular.—In specimen 90 the prominent white
portions are feldspar crystals, the dark blade-shaped crystals are horn-
blende, and the hexagonal ones are mica. These forms result from crys-
tallization. Therock structure produced by crystallization is crystalline,
a feature which is common to many igneous and metamorphic rocks.
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Specimen 90 is a good example of one type of crystallinerock. The feld-
spar, hornblende, and mijca each has its own peculiar form, i. e., is idio-
morphic. The gray portion of the rock appears uniform to the unaided
eye. Itisthe groundmass,in which the prominent crystals (phenocrysts)
are embedded, producing the porphyritic structure. In a thin section of
90, it may be seen under the microscope that all the gray matter of the
groundmass is crystallized. There is no amorphous matter (base) pres-
ent; the rock is completely crystalline, i. e., holocrystalline. Granites,
syenites, diorites, and similar igneous rocks, as well as gneiss, mica-
schist, and others among the metamorphics, are holocrystalline. The
other extreme is represented by obsidian (60), in which there may be
no visible crystallization, its structure being amorphous. Many lavas,
such as 62, 63, 82, 86, 101, etc., contain various proportions of both crys-
talline and amorphous material, and their structure is said to be hypo-
crystalline. Specimen 62 is an acid lava having a low degree of crys-
tallization. On account of its compact, stony character the structure is
called lithoidal. In granite the minerals crystallized under circum-
stances that made them interferc with one another and prevented the
development of perfect crystals, such as produce porphyritic structure.
On the other hand, the mineral grains are angular, interlocking, and of
approximately equal dimensions, so that the rock is even-crystalline
granular.. Even-crystalline granualar structure is so well illustrated by
granite (66-69) that it is often called granitic or granitoid. The various
minerals, instead of being bounded each by its own peculiar form (idio.
morphic), as are the phenocrysts in porphyritic rocks, have irregular
angular forms determined by interfering crystallization; each takes the
form imposed on it by its growing neighbors, and is allotriomorphic. In
‘specimen 90, among the phenocrysts of feldspar, hornblende, and mica
there are occasional prominent round grains of quartz embedded in the
gray groundmass. These grains of quartz differ from the other pheno-
crystsin not being idiomorphic. They lack the crystalline form peculiar
to quartz and are said to be anhedral.

Phanerocrystalline, cryptocrystalline, compact, aphanitic.—The series
of terms already noted designate structures arising from varying
amounts of crystalling and amorphous material. There is still another -
series (besides coarse and fine), to designate the size of the crystallized
grains. When the particles are sufficiently large to be visible to the
naked eye the structure is phanerocrystalline. When the particles are
so fine as to be visible only with the aid of the microscope the structure
is microcrystalline or cryptocrystalline. Very fine-grained igneous rocks,
like fragmental ones, are said to be compact. In diabases and diorites
compact structure has been called aphanitic. A

Pegmatitic, granophyric, graphic—In granite, quartz-porphyry, and
rhyolite, quartz and feldspar sometimes intercrystallize in parallel posi-
tions so as to produce, in certain sections, a graphic appearance. The
structure is pegmatitic, granophyric, or graphic, and is well illustrated
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in graphic granite (fig. 1), of which there is no specimen in the collec-
tion. When the structure is so fine as to be visible only under the
microscope, it is micropegmatitic, microgranophyric, or micrographic.

Spherulites and lithophyse.—In some acid lavas there is a low grade
of erystallization, illustrated by specimen 62, in which there is a more
or less distinet radial arrangement of the crystalline particles and
development of spheroidal bodies (spherulites). These are more dis-
tinct under the microscope between crossed nicols, when each is marked
by a black cross. The hollow spherules (lithophyse) contained in speci-
men 62 form its most conspicuous feature. The lithophyse often show
concentric shells, and are lined by a multitude of minute crystals. Like
spherulites, they are found chiefly in acid lavas, especially in the
lithoidal form of rhyolite.

Microlites or crystallites, and globulites.—Crystals vary in size, and may
be so smallas to be visible only under the microscope. HExtremely minute
crystals are called microlites or crystallites. Feldspar and augite occur as
microlites. Generally
microlites are acicu-
lar, or rod-shaped,
and, although crys-
tallized and doubly
refracting, are not
determinable miner-
alogically. Besides
these there are other
extremely minute

bodies which do not e

possess crystall(y Fia. 1.-—Pegmatitrie' structure of graph'{c granite. The dark areas
5 o are quartz; the light, feldspar. The figure was prepared from a
ngth form and do specimen loaned by Mr. G. P. Merrill, of the National Museum.

not sensibly affect

polarized light. The simplest of these are round and are termed globu-
lites. They are common in hypocrystalline lavas, especially basalt and
rhyolite. Branching hair-like forms are called trichites and straight
ones belonites.

Concretionary, oolitic.—The spheroidal forms lately noted are found
in igneous rocks. Forms somewhat similar, but of different origin, are
found in stratified rocks. Specimen 34 shows a piece of fern embedded
in sand, which has been indurated in nodular form about the fern by
the deposition of carbonate of iron collected from the surrounding rock.
Such a structure, formed about a center by additions to the outside, is
coneretionary. Specimens 33 and 35 also are coneretions; so is each
of the many little round grains in specimen 30, as well as in 26 and 31.
When, as in 26, they are abundant and so small that the mass resembles
the roe of fish, the structure is oolitic.

Secretionary, geode.—A nodule that is hollow and lined with crystals,
as specimen 36, is a geode. 1t is a secretion, and is formed in a cavity

Bull. 150. 2
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by coating its walls and then gradually making additions on the inside.
Amygdules, as illustrated in specimen 139, are secretions and are of the
same general character as the geode.

Shaly structure, slaty cleavage, foliated or schistose, schist, gneiss.—
Some ﬁlie-grained fragmental rocks, whether laminated (17) or not
(21 and 22), may be much more easily splitinto irregular chips or plates
- parallel to the stratification than perpendicular to it, and the structure
that renders them thus fissile, being characteristic of shales, is called
shaly structure. Specimen 122 may be split readily into thin sheets,
like roofing slate (122). The character that renders such splitting
possible is called slaty cleavage, since it is a common feature of slate.
Shaly structure is parallel to the stratification and is determined in the
deposition of the material, but slaty cleavage may be parallel or inclined
to the plane of stratification, and is induced by movements in the mass
due to pressure in the process of mountain building. (See description
of specimen 122.) Specimen 129 splits readily in one direction and yet.
it possesses neither shaly structure nor slaty cleavage, but- has what
is usually denominated foliated or schistose structure, This fissility is
due to the parallel, more or less lenticular arrangement of foliated and
other minerals. The plane of easiest splitting is through the sheets or
lenses of the foliated mineral. Foliated structure is a common feature
of metamorphic rocks, both sedimentary and igneous. When the
foliated structure is coarse the rock is gneiss, and when fine the rock is
schist. Tormerly the term gneiss had a mineralogic significance, but
here, following Gordon! and Kemp,* the writer uses it in -a structural
sense only. Gmeiss is well illustrated in the collection by specimen
128, which may be called conglomerate-gneiss as well as metamorphic
conglomelate ‘Specimens 137 and 138 also illustrate gneiss, and 129
131, and 133 are good examples of schist.

Jointing, rhombohedral, columnar.—Rocks are frequently intersected
by divisional planes called joints, which divide them into more or less
regular bodies. PL III represents jointing in metamorphic rocks, in
which the several systems of fissures divide the rock into rhombohedral
bodies, illustrated by specimen 123. Inigneousrocks the jointing gives
rise to columns (P1. 1V), like those of the Giant’s Causeway aud Fingal’s
Cave. Specimen 103 is a small column.

METHODS OF PHYSICAL ANALYSIS.

‘Within the last thirty years great advances have been made in the
study of rocks, especially in the appliances for their detailed chemical
and physical investigation in the laboratory. Chemical analysis gives
the sun total of the chemical elements they contain, but in most cases
this does not disclose the mineral composition of the rocks analyzed,

1C. H. Gordon, Bull. Geol. Soc. America, Vol. VII, p. 122,
2 J.F, Kemp, Handbook of Rocks, p. 95.
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nor does it throw any light on their structure, which is closely related
to their origin and history. For these we must depend on physical
analysis.

There are three important methods of partial or complete physical
analysis of rocks: (1) By means of heavy solutions, (2) by means of an
electro-magnet, the rock in both cases being used in the form of small
particles, and (3) by means of a polarizing microscope, thin sections of
rock being used. _

The first method depends for its efficiency upon a difference in the
specific gravity of the minerals composing the rocks, and is quantita-
tive as well as qualitative; the second depends upon the relative mag-
" netic susceptibility of the associated minerals; and the third depends
upon their optical properties. The lastis by far the most importarct and
complete method, and when practicable should be employed first, as it
will certainly furnish information of value in the application of the
other methods. It is chiefly qualitative, determining the minerals and
structural elements of rocks, but atfords also a means of estimating
approximately the quantitative relations of the minerals.

SPECIFIC-GRAVITY METHOD.

If a mixture of dry sawdust and iron filings be thrown into water
the sawdust will float and the iron filings will sink, the two being sepa-
ratéd by means of a liquid whose specific gravity is between those of the
mixed substances. Minerals of which rocks are composed differ in
specific gravity, and by employing heavy liquids of intermediate spe-
cific gravity the minerals may be separated. The best liquids for this
purpose readily mix with water, so that their specific gravity can be
conveniently changed by the addition or evaporation of water.

Preparation of the material.—The rock to be investigated should be
pulverized by stamping (not grinding) in a mortar. To separate the
grains and dust a series of sieves or bolting cloths may be used. Those
found most generally useful are bolting cloths Nos. 10 and 16, The
grains which go through No. 10 and not through No. 16 are usually of
the best size for separation in the heavy liquid, and, having been rubbed,
are clean and free from dust.

“-Solutions most commonly used.—Thoulet brought into general use a
solution of potassium iodide and mercuric iodide mixed in the propor-
tions of KI to Hgl, as 1 to 1.24, With this solution a specific gravity
of 3.196 may be obtained. It is readily miscible with water, and as
easily' evaporated, so that its specific gra,vu:y may be conveniently
changed as desired.

Cadminm borotungstate, barium mercuric iodide, and methyl iodide
have been used, but the separation of minerals having high specific
gravity is most easily attained by ineans of a solution prepared by
mixing nitrates of silver and thallium in the proportion of 1 to 1.
For the methods of preparing the solutions and descriptions of the
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apparatus used, as well as its manipulation in making the separation,
reference may be made to the following works:

Mikroskopische Physiographie der Mineralien und Gesteine, I. Band
(die petrographisch wichtigen Mineralien), by H. Rosenbusch, third edi-
tion, pp. 226-250.

Translation of the above, Vol. I, by J. P. Iddings (third edition, 1893),
pp. 98-107,

Lehrbuch der Petrographie, by F. Zirkel, second edition, Vol. I, pp.
94-108.

American Journal of Science, December, 1895, third series, Vo] L,
D. 446.

To convey a more definite idea of this method of analysis,a descrip-
tion may be here inserted of the Smeeth separating apparatus, which
is illustrated in fig. 2.

This consists of.a wineglass-shaped base (@), with a hollow standard,

a tube (b) to contain the heavy liquid in which the separation ta,lxes
place, and stoppers (¢ and d) to close the upper and
lower ends of the tube.

All of these separate parts have ground fittings,
80 as to be water-tight. To-make a separation,
place the tube b in @, as in the figure, but with -

. the stoppers ¢ and d removed. T'ill the tube b
about three quarters full of the heavy solution;
add the rock powder, then the stopper ¢, and after
the tube has been shaken so as to thoroughly wet
the powder allow it to stand for separation. The
particles heavier than the liquid will sink to the
bottom and those lighter will rise to the surface,

~ On account of adhesion among the particles some

of the heavier ones will be lifted to the top, while

lighter ones will be pulled down to the bottom.

These may be liberated by stirring both portions

oz at the same time with a small glass rod inserted

¥e. zl:gs;‘);‘;"r‘;t::l’”“ from above. By repeating the stirring several times
it is possible to secure a complete separation.

It will be readily seen that by inserting the stopper d the tube b,
with its contents of heavy liquid and light material floating on top,
may be removed and the heavy material washed out of « for study.

The tube b may be again inserted in ¢ and the stoppers removed,
allowing the heavy liquid to fill the standard of a. Distilled water
may be added to the liquid to lower its specific gravity, so that the
next heavier particles will sink and separate as before. Thus by suc-

- cessive additions of small quantities of water a powdered rock com-
posed of many minerals differing in specific gravity may be %epa,nted
into its constituents.

~ In making mineral separations it is especially desirable to discover
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as closely as possible the specific gravity of the mineral separated, and
this may be accomplished approximately by determining the specific
gravity of the solution at the time of separation. There are several
ways of doing this: (1) By means of indicators of known specific
gravity; (2) by using the Westphal balance; or (3) by using Solomon’s
apparatus for determining the specific gravity of liquids. Only the
first two of these need be noticed more fully here.

With a series of indicators, the specific gravity of which has been
accurately determined, the specific gravity of the liquid may be found
by placing the indicators in the liquid. These indicators may be suit-
able fragments of minerals, or other specially prepared material. Those
heavier than the liquid will sink; the others will rise; if one has the
same specific gravity as the liquid it will remain suspended and thus
indicate the specifie gravity of the liquid. If several such indicators
are placed in the tube with the powder to be separated, the specific
gravity of the material may be approximately determined by compari-
son at the time of separation.

A simple but efficient series of indicators has been devised in the
petrographic laboratory of Harvard University, under the direction of

" Prof.J.E.Wolff. To prepare them, seal upby melting at one end a num-

ber of short lengths of small glass tubes; put in each a certain amount
of mercury or lead, so that they will form a regular series increasing in
weight from the lightest to the heaviest; seal up the other end of each,
leaving a short piece of platinum wire projecting to form a loop or hook
by which the indicator can easily be removed from the heavy liquid. It
is best to make a large number of these at once, and then by successive
dilutions of the heavy solution to determine the specific gravity of the
series by using the Westphal balance. Thus solutions are obtained in
which the minerals remain exactly suspended, and by measuring with
the balance the specific gravity of the solution, that of the minerals is
determined. .

The Westphal balance, made by G. Westphal, of Cella, province of
Hanover, Germany, is illustrated in fig. 3. It consists of a base with
an upright hollow cylinder a, in which slides the rod b, controlled by
the screw ¢. On ) is supported the frame d, which at ¢ forms the ful-
crum of the beamn f, The base may be leveled by the screw g, and when
ais vertical and the two points at & are together the beam f is horizon-
tal. From the hook k hangs the sinker I. The liquid whose specific
gravity is to be determined is put in a glass vessel m, and the specific
gravity is weighed directly by a decimal series of weightsand riders hung
at k or upon the dividing beam f between ¢ and k. The specific gravity
indicated by the riders in the figure, that at k having the value 2, is
2.915..

As the particles of different minerals in the same rock vary greatly
in size, structure, and hardness, it is not to be expected that all of them
will be present in the powder prepared for separation in the same pro-
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portion as in the original rock. In fact, some of them may disappear
entirely in the dust while the powder is preparing for separation.
Upon examination of the powder it is generally found also that many
of the grains, instead of being homogeneous, are composed of more
than one mineral. TFurthermore, different minerals may have the sane
specific gravity. For these reasoms it is not possible by using heavy
liquids to make accurate mineral analyses of rocks, but only a rough
approximation of their mineral composition can be attained. This
method, however, affords a most convenient means of obtaining sep-
arately considerable quantities of' particular rock-forming minerals for
study. ‘ ' _

Thin laminated minerals may be separated from others by allowing

.13

] | ]
F16. 3.—Westphal balance. . .
the rock powder to glide gently over paper, or to fall upon the moistened
sides of a glass funnel. On account of their shape they sink slowly in
water, and may be separated to some extent by vigorously stirring the
powder in water and, after allowing it to stand a few moments, decant-
ing quickly. ' : ,
ELECTRO-MAGNETIC METHOD.

Magnetite may readily be removed from rock powder prepared as
already indicated, by passing an ordinary magnet closely over the
powder spread out upon paper. With a much stronger magnet—an
electro-magnet—a number of other minerals, such as amphibole, pyr-
oxene, olivine, epidote, garnet, etc., having considerable iron in their

)
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composition, may be lifted from the paper and thus separated from
feldspar, quartz, and other nonmagnetic minerals. By varying the
magnetic moment of the instrument the iron-bearing minerals may be
more or less completely separated from one another.

MICROSCOPIC METHOD,

As minerals differ among themselves in the forms of their crystals,
s0 also they differ in their effect on light which passes through them.
The optical properties of minerals are directly dependent on crystallo-
graphic relations, and afford especially valuable data for their deter-
mination in rocks.

Petrographic microscopes are arranged W1th reference to studying
rocks by transmitted ordinary and polarized light so that the optical
properties of their component minerals may be discovered.

In the accompanying cut (Pl V) is shown such a microscope,'
description of which is here given.

The screw supporting the arm between the pillars allows the instrument to bo
inclined at any angle. The main tube is provided with a cloth lining, into which
the drawtube carrying the ocular is fitted. There is a coarse adjnstment by rack
and pinion, and a fine adjustment by a micrometer screw. The mirror is both flat
and concave and the mirror-bar is adjustable.

Coming now to the pecunliarly petrographical features, we have the lower nicol-
prism, or polarizer, inclosed in a cylindrical metal box, both ends of which are pro-
tected by glass. This box is capable of a complete revolution, and is provided with
a graduated silvered circle and index. It is leld by a cylindrical frame, in which
it may be raised or depressed at will by a rack-and-pinion movement. This frame
is attached to the under side of the stago by a swinging arm, so that the whole polar-
izing apparatus may be thrown to one side if desired. A strong compound lens may
Le screwed upon the upper end of the polarizer whenever strong illumination or
converged polarized light is ncedéd.

The circular stage (9.5 cm. in diameter) is provided with a beveled silvercd edge,
graduated to degrecs. Upon this is mounted, for smooth and concentric revolution,
the admirable mechanical stage known in the manufactnrers’ catalogue as No. 1052,
This carries an index for reading the graduated circle, and is also provided with
silvercd graduations for its two rectangnlar movements, whereby any point within
a section can be readily located. The upper sliding bar, which carries the object,
has been shortened, so as to be flush with the revolving stage only when pushed to
its extreme limit on eitherside. With this, square orshort rectangular glasses must
be used for mountmg, which will avoid any interference with the revolution of the
stage.

Into the nose piece, just above the objective, is an opening, intended to receive
the four following accessories, cach mounted in a sepavate brass frame: (1) A Ber-
trand lens for magnifying the interference figures; (2) a quarter undulation mica
plate; (3) a quartz wedge; (4) a Klein quartz plate or a gypsum plate, with red of
the first order.

The centering of the various objectives is secured by two screws, having motions
at right angles to each other,

'lhe upper nicol-prism, or analyzer, is inserted in the tube, in order to avoid the
diminishing of the size of the field, which is unavoidable when the prism is placed
over the ocular as a eap. To accomp‘lish this, and at the same time to keep the

1 Manufactured by the Bausch & Lomb Optical Company, Rochester, New York.
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tube dust-tight, the nicol is inclosed in one side of a double-chambered box. The
other side is left vacant, and the box may be slid to and fro as ordinary or poLu'wed
light is desired. A metal sheath protects this box from above.!

For the microscopic study of rocks the material is best prepared in
the form of thin sections.

Preparation of thin sections.—For the preparation of thin sections of
rock, a thin but strong chip about as large as a 25-cent piece is selected.
The chip is held in the hand and ground smooth on one side. The
grinding may be done on a fine sandstone, emery stone, whetstone, or
iron plate on which emery, first coarse (No. 70) and finally fine (Hour),
is used to make the surface perfectly smooth. It is much more con-
venient, however, and less laborious to grind on a revolving iron plate
mounted on the top of a vertical axis to which power is applied by the
foot or from some other source.

After making a smooth plane surface as large as t;he chlp will permit,
cement it with Canada balsam to a piece of heavy glass about 1 inch
square in the following manner. Place the square glasses and ground
chips on a small, gently heated brass table. When the chips are
thoroughly dry, place on -the glasses some balsam, hardened by evap-
orating part of the turpentine, and press the flat side ot the chips on
the glasses, so as to remove all bubbles of air. When cooled, the chips
should adhere firmly to the glass.

A cement which is preferred by some to Canada balsam is obtained
by slowly melting together a mixture of 16 parts by weight of viscous
Canada balsam and 50 parts of shellac. and keeping them heated for
some time. The mass, as it completely cools, may be drawn out in
strings and rolled between the hands into convenient rods about 1 c¢m.
thick and 20 to 30 cwm. long.

Holding the chip by means of the thlck glass, atter mounting as
above described, grind down its other side carefully until the rock shows
signs of breaking away. The glass should be thick, so as not to bend,
and should be pressed evenly, so that the section may be groung
uniformly throughout. Finer emery (No. 120) should be used toward
the last, on a perfectly flat iron plate, and for the final grinding the
finest washed emery (No. FFFF), on a smooth glass plate, until the
section is completely trausparent.

The extra balsam around the section should be removed with a warm
knife blade and the section thoroughly cleaned by washing it first
in alcohol with a soft camel’s hair brush, and finally with clean water.
It is then put, section upward, in a shallow bath of turpentine for some
hours, until the balsam is dissolved and the thin section completely
loosened from the thick glass. After removal from the bath it is care-
fully washed again, to prepare it for transfer to a thinner glass. The
thoroughly cleaned object-glass on which the section is to be finally

1Copied from a paper on a new petrographic microscope of American manufacture, by the late
Prof. G, H. Williams: Am.Jour. Sci., Feb., 1888, 3d series. vol. XXXV, pp. 114-117, ¢
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‘mounted is placed on a small table as before, and a drop of balsam is

placed on it from the bottle (fig. 4) by pressing the rubber bulb. The
sections are then carefully transferred by sliding them with mounted
needles from the thick glass to the drop of balsam. The balsam, heated
by alamp beneath the table, becomes more liquid, and the section is
manipulated by the mounted needles until all parts of it above and
below are covered with balsam and all bubbles are removed. Bubbles
are easily removed by pricking them with a heated needle. When the
balsam has been evaporated sufficiently, a bit of it removed by a mount-
ing needle will not adhere to the thumb-nail if applied while yet fluent.
It must be heated gently and not too long, else it will become too
brittle. The thin cover glasses, having been thoroughly cleaned with
alcohol and water, are then put on the section and pressed down gently,
50 as to squeeze out the
superfluous balsam.
which, after cooling, is 1c¢
moved and the cover sc¢:
tion cleaned as before,
Oriented and other sec- i
tions are often desired of i |
rocks which .may not be (
chipped. In such cases, I|
to obtain a slice for grind- I=
ing, it is necessary to have | |
a rock saw. An appara- i
tus combining both saw H ||
and grinding disk with ~—
motive power was devised
by the late Prof. George H. Williams. It contains a storage battery
and an electric motor, a grinding disk, an emery wheel, and a diamond
saw.! Diamond saws may be made by taking a flat circular sheet-tin
(tinned iron) disk 6 or 8 inches in diameter and placing it in a vise
between flat. wooden disks, allowing the tin to project one-fourth of an
inch all around. 7Tlace a knife-edge across that of the tin disk at an
angle of about 15 to 20 degrees and strike it a blow,so as to cut a
nick an eighth of an inch deep into the edge of the disk. Repeat this
operation until the entire periphery of the tin disk has been notched
or nicked, the nicks to be about one-tenth of an inch apart, cut in
directions which may vary in different quadrants of the disk. While
nicks in the same quadrant of the disk’s edge should be parallel, those
of adjacent quadrants should be nearly perpendicular to each other.
Mix diamond dust or bort with a little oil to make it adhere, and fill
the nicks, using a small pointed stick. Lay the edge of the tin disk on
a flat iron and hammer gently on the sides along the edge, so as to

¥1a. 4.~Balsam hottle.

" IFora complete description of this machine Ly Profeséur Williams, see Am. Jour. Sci., February,

1893, 3d series, Vol. XLV, p. 102,
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close the nicks and hold the diamond dust.
buried in the nick the saw will not cut at first.

A very serviceable saw may be made of annealed iron wire, as illus-
trated in fig. 5. ¢ is an endless wire (gauge 16) running over two
pulleys, ¢ and b, 18 inches in diameter. To the lower pulley, b, the
power is applied by a shaft. These pulleys at work should make about
250 revolutions a minute. The upper one is pulled up on a sliding
frame by the weight and cord g, to keep the wire stretched. The ends of
the wire must be carefully soldered together and filed smooth., Water

. If the dust is deeply
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Fia. 5—Wire saw, United States Geological
Survey. a,b,pulleyswithV groove; ¢, endless
iron wire; d, frame; e, guide; f, bolts, three-
fourths inch; g, tension; &, clamp; i, water
tube.

should be dropped by the tube ¢
where the specimen to be cut is
pressed against the wire, which may
be supplied with emery by the fin-
gers of the operator. The wire
may be used as a scroll saw and a
slice may be thus cut out of the
middle of the specimen. This saw
has been successfully used in the
petrographic laboratory
United States Geological vaey
for thé last seven years.

In the same laboratory the grind-
ing apparatus represented in fig. 6
has been found equally successful.
The cast-iron frame @ carries the
steel spindle 0, to which is screwed
on top the cast-iron plate ¢, 124
inches in diameter. The plate re-
volves when at work about 1,200
times a minute, in a box, d d, and is
underlain by a block of same size,
e, to’ prevent emery from getting to
the spindle. Separate plates may
be kept for coarse and fine grinding,
and a buff wheel may be fitted to
the same spindle for polishing. For
grinding and polishing large speci-

mens for exhibition a larger plate may be used.
Soft, porous material may be hardened by heating it in Canada

of the

balsam, and when cooled a section may be made as already indicated.
Rock powder may in many cases be most conveniently studied by
mounting it between a glass slide and cover in a drop of water. To
study the internal structure and optical properties, one must avoid the
total reflection from the surface of the particles, and it is better to
mount the powder, which should be of nearly uniform size, in a snb-
stance whose index of refraction is nearly the same as that of the
powdered mineral. For this purpose glycerin (n = 1.46), Canada

Y
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balsam (n = 1.54), and a concentrated solution of iodide of potassiumn
and mercury (n = 1.73) have been used, but for preservation Canada
balsam is preferred. To secure a uniform distribution of the powder
in the balsam, put a thin film of solid balsam on the central portion of
the slide and spread the powder properly on it, then upon heating it
slightly the powder will adhere. . It can then be covered with balsam
dissolved in ether or chloroform and furnished with a glass cover.

Three ot the methods of physical analysis by means of which rocks
may be separated more or less completely into tlieir mineral compo-
nents have been given in the preceding pages. In applying the first
and second of these methods, the observer discovers some of the
important properties of the minerals by which they are distinguished
fromm one another, but their final -
determination generally depends
largely upon the microscopic and
optical study of the separate
grains,

The third method, the micro-
scopic method of rock analysis, is
by far the most comprehensive, and .
affords the most valuable means of
discovering not only the mineral
composition but also the structure
of rocks, and throws much light
upon their genesis and history. To
apply it successfully it is neces- \\\\\\\\\\\‘\\,.\\\\“\\\\\\\\\ s
sary to know something of minerals, ZZ R T
especially of their Ol)ticit], proper 1@, 6.—Grinding u]{parm‘.us, Uiiited States Geo-

. . logical Survey.
ties. Inthe succeeding chapter are
given brief descriptions of the minerals which play a part, more or less
important, in any of the rocks of the series. Ouly brief mention is
made of their optical properties.

Full and systematic accounts of rock-making minerals may be found
in the works of Dana,' Rosenbusech,’ Zirkel,® and Fouqué and Michel
Lévy.! :

"For-the convenience of English and American students an excellent
translation of Rosenbusch has been made by Prof. J. I’. Iddings.®

“\\\\\\\\\\\\

I
T T

V12 inches

THE PRINCIPAL ROCK-MAKING MINERALS.

-Although there are over 800 spéqies of minerals, there are only about
100 which enter, to any considerable extent, into the composition of

1System of Mineralogy of J. D. Dana, 6th ed., by Edward S. Dana; New York, 1892,

2Mikroskopische Physiographic der Mineralien und Gesteine, von H. Rosenbusch; Band I: Die
petrographisch wichtigen Mineralien; 1892,

3Lelirbuch der Petrographie, von Dr. Ferdinand Zirkel; Vol. I; Leipzig, 1893,

Minéralogie micrographique, Roches éruptives frangaises, par Fouqué et A, Michel Lévy; 1879,

5Microscopical Physiography of the Rock-making Minerals; An Aid in the Study of Rocks, by
H. Rosenbusch; translated and abridged for Use in Schools and Colleges by Joseph P. Iddm;,s Third
Edition, 1893.
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rocks, and scarcely a score of them are of prime importance as rock

constituents. Rock-making minerals have been variously -classified
according to their conditions and the part they play in the constitution
and history of rocks. .

Those minerals whose presence is necessarily implied in the defini-

tion of the rock are essential minerals, while the others present are

nonessential or accessory. This is well illustrated by granite, of which

the essential minerals are quartz, orthoclase, and a ferromagnesian sili-
cate. They are always present, otherwise the rock would not be
granite. Apatite, magnetite, titanite, and a number of other minerals
are accessory in granite, because they may be present or absent with-
out affecting the kind of rock.

Minerals present in the rock at the time of its origin are original
or primary minerals. The others now present are secondary minerals,
in that they originated in the rock after it was formed. Secondary
minerals may originate within a rock either from the alteration of
primary minerals or from the accession of new material from without.
Orthoclase, which is an original constituent of granite, is frequently
altered to muscovite, quartz, and kaolin, all of which, when so derived,
are secondary minerals. A granite may contain at the same time not
only the essential and original quartz and muscovite, but also some
secondary quartz and muscov1te which have resulted from the altera-
tion of the feldspar.

The mineral matter of rocks is in one of two conditions, either amor-
phous or crystalline. The amorphous condition arises in the solidifica-
tion of matter from a molten or gelatinous state under such circam-
stances as prevent its crystallization. In this way glasses and opals
are produced.

The degree of crystallwamon in solldlﬁcatlon from a molten condition
‘depends chiefly on the rate of cooling. Ifvery sudden, practically all
the material becomes glass, but in other cases, where the cooling is
slower, some of the matter crystallizes, and the amount that becomes
glass grows less and less as the rate of cooling decreases. It follows
that, it allowed to cool slowly enough, all the mineral matter will erys-
tallize and the rock will become holocrystalline. While many lavas,
like pumice (59), obsidian (60), and perlite (61), are glassy, and others,
like nevadite (64) and dolerite (105), are holocrystalline, a large num-
ber of volcanic rocks, like many basalts, andesites, and rhyolites, con-
tain more or less glassy material. The chemical composition of the
glassy material found in rocks vagies greatly, not only in its original
constitution, but in proportion to the degree of crystallization in the
solidification of thelava. Under the microscope between crossed nicols
glass is seen to be isotropic and generally to contain minute but more or
less distinct erystals.

Opal is hydrated silica; composition, 8iO,+aq. Like glass, it is
wholly isotropic, unless affected by internal strains which give it anom-
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alous double refraction. Hardness, 5.5 to 6; specific gravity, 2.2; infusi-
ble, and so distinguishable from glass, which is fusible. It forms irreg-
ular patches, strings, and veins, as well as psendomorphs after various
minerals, in altered acid eruptive rocks. Its mostimportant occurrence
isin siliceous sinter deposited by many hot springs and geysers (23), and
in silicified wood (37).

In the following list are given the minerals commonly found in rocks,
but it must not be supposed that all are equally important and abun-
dant. The most important mineral of unaltered sedimentary rocks of
mechanical origin is quartz, on account of its ability to withstand attri-
tion, as well as its resistance to solvents, both chemical and organic.
Calcite and dolomite, although of no importance among sedimentary
rocks of mechanical origin, are of greater importance than quartzin the
unaltered sedimentary rocks of chemical and organic origin. Among
the igneous and metamorphic rocks, quartz, the feldspars, nephelite,
leucite, the amphiboles, the micas, the pyroxenes, and olivine are the
most important rock-making minerals, and are generally regarded as
of prime significance in their classification. Magnetite, zircon, and
titanite are of somewhat less importance, while the scapolites, garnet,
tourmaline, topaz, epidote, andalusite, cyanite, sillimanite, staurolite,
chlorite, tale, and serpentine are of nearly equal importance.

MINERALS ILLUSTRATED BY THIS SERIES OF ROCK SPECIMENS.

The minerals of the succeeding list are arranged according to their
systems of crystallization, which bring together generally those having
similar optical and other properties.

Isomelric system.

Pyrite. Fluorite. Haiiynite.
Magnetite. Garnet. Noselite.
Chromite. Leucite. Analcite.
Spinel. Sodalite. Perofskite.

Tetragonal system.
Rautile. ' Zircon.

Hexagonal system.

Graphite. Quartz. Apatite.
Pyrrhotite. Tridymite. Nephelite.
Hematite. Calcite. Cancrinite.

I[lmenite-leucoxene. Dolomite. Tourmaline.

Orthorhombic system.

Marcasite. Pyroxenes (orthorhombic). Phrenite.
Andalusite and Chiastolite. Olivine. Tale.
Topaz. Fayalite.

Staurolite. Zoisite.
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Monoclinic system.

Gypsum. Chlorite. Zeolites.

Pyroxenes (monochmc) Epidote. Feldspars (monoclinic).
Amphiboles. . Allanite. :

Micas. Titanite.

Triclinic system.
Feldspars (triclinic). Microcline. Plagioclase.
Homogeneous aggregates.

Serpentine. Glauconite. Limonite.
Kaolin.

MINERALS OF THE ISOMETRIC SYSTEM.

Pyrite—Disulphide of iron. Composition, FeS,. Isometric. When
well crystallized, usually appears in the form of cubes or pentagonal

dodecahedrons, Fine-granular, sometimes radially fibrous, forming

nodules. Brittle;-hardness, 6 to 6.5 Specific gravity, 4.8 to 5.2.
Luster, metallic; color, pale brass-yellow. Streak, grayish black.
Opaque. Before the blowpipe on charcoal or in a closed tube gives
off sulphurous odors and becomes magnetic. Often occurs as crys-
tals and grains, rarely in large masses. In many rocks, both sedimen-
tary and igneous, but is always an accessory constituent. It is read-
ily distinguished by its color, hardness, and chemical reaction. It
occurs as small grains, generally microscopic, in minette (91), campton-
ite (92), diorite (93), garnetiferous gabbro (109), and hornblende-schist
(131). Marcasite (page 37) is essentially like pyrite in all respects
"excepting crystallization and its easier altemblhty Instead of being
isometric, it is orthorhombic.

Magnetite—Magnetic oxide of iron. Composition, Fe;0,. Isometric,
octahedrons common, dodecahedrons less common, and generally ocecurs
in irregular grains. When massive, often granular. Hardness, 5.5 to
6.5. Specific gravity, 4.9 to 5.2, Color, iron black. Streak, black.
Opaque. Strongly magnetic. Magnetite occurs occasionally in large
deposits, and is mined as a valuable ore of iron. It is one of the most
widely distributed accessory constituents of igneous and metamorphic
rocks, in which it occurs as microscopic crystals and grains. Being

~strongly magnetic it is readily recognized. Tt forms the whole of
specimen 146, but in most of the other metamorphic and igneous rocks
it can not be seen without the aid of the microscope unless the rock is
powdered and brought under the influence of a magnet, when the little

1The scale of hardness by Mohs and that of fusibility by Von Kobell, used in these descriptions, are
ag follows:

Hardness.—1. Tale. 2. Gypsum. 3. Calcite. 4. Fluorite. 5. Aptmte. 6. Feldspar. 7. Quartz.
8. Topaz. 9. Corundum. 10. Diamond.

Fusibility. —1. Stibnite: fusible in the flame of a candle in large fragments; 2. Natrolite: fusible
in the flame of a candle in small fragments; 3. Almandite garnet: infusible in the flame of a candle,
but easily fusible before a blowpipe, even in somewhat large pieces; 4. Greenactinolite: fusible before
the blowpipe in rather fine splinters; 5. Orthoclase: fusible before the blowpipe in finer splinters;
6. Bronzite: before the blowpipe becomes rounded only on the finest points and thinnest edges.

| A
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grains of magnetite will leap forth. Grains of magnetite resemble
chromite and ilmenite, but may be distinguished from them by the
strong magnetism and the lack of definite blowpipe reaction showing
the presence of chromium or titanium.

Chromite—Isometric, generally in regular octahedrons. Composi-
tion, FeCr,0,. Color, black, but in thin sections by transmitted light,
brown. Hardness, 5.5. Specific gravity, 4.3 to 4.5. It commonly
occurs in serpentine and olivine and is closely related to picotite, from
which it differs chiefly in the amount of chromium it contains. It
occurs in the olivine of saxonite (114) and in serpentine (145).

Spinels.—The spinels are aluminous minerals whose crystals are
regular octahedrons. The common varieties are given in the table:

The common varictics of spincl.

: Specific -
Formula. Color. gravity. H.
Spinel ........... MgAlOyeeviiemiiiaaeaaaaaa, Red.eeee et 3.5-4.1 8
Pleonaste. ....... (MgTe)(AlFe),04.cemeemnnnnnnn. Dark green ........... 3.6 8
Hercynite ....... FeAlLOg ccvevnennnnnn .:.| Dark green ceaaeo..... 3.9 7.5-8
Picotite.......... (FeMg)O(AICr),0,4 Yellowish brown ..... 4.0 8

The first two occur most commonly in gneiss, while the last, occurring
in eruptive rocks, is generally enveloped by olivine. All the spinels
are accessory minerals, usually small, but unchangeable, for they
remain perfectly fresh in rocks whose other minerals are -decomposed.
Although the spinels occur in many of the rocks of the collection, they
are most common in the olivine of the basalts and peridotites, but are
visible only in thin sections with the aid of the microscrope. Picotite
occurs in the olivine of quartz-basalt (101) and olivine nodules (104),
and pleonaste has been observed in cortlandite (113).

Fluorite.—Calcium fluoride. Composition, CaF,. Isometric crystals,
usually cubical. Hardness, 4. Specific gravity, 3.1 to 3.25. Luster,
vitreous. Color, various, usually bright, making pretty cabinet speci-
mens. Occurs generally in veins, and rarely in small particles as an
accessory constituent ot rocks, as in the biotite-granite (67) of Platte
Canyon, Colorado.

Garnets.—Silicates of aluminum,iron, manganese, chromium, calcium,
and magnesium. The principal varieties are given in.the table:

T'he principal varieties of garnet.

Formula. Color. 2?:3:2;
Grossularite ....... CagAlSizOpg cvnieeenianiiiinieaenees Pale green or yeliow. ..| 8.4-3.75
Almandite......... FegAl,Sig0yg ceeeevnvnnns P . RoQueuenernnnnnnanannn, 3.5-4.3
Melanite........... CagleSig0g cevvcennreeieneecnennnnan. Black ..oooeiivnanae, 3.6-4.3
Common garnet. . ..| Isomorphous mixture of three above..| Reddish brown, yel- |..........

lowish red.

Spessartite ........ MngALSiz0 5. ceerrnieaaeaiiennaaanns Red or yellow.......... 3.74.3
Pyrope ............ MgaALSIZ0 g ccnciirneiiiiniaenaans Blood-red......... S 3.7-3.8
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Isometric crystals, usually rhombic dodecahedrons, Hardness, 6.5 to
' 7.5. Luster, vitreous-resinous. Transparent. Sometimes massive, form-
ing garnet rock. As an accessory constituent it occurs usually in crys-
tals in altered rocks, both eruptive and sedimentary. In the collection,
crystals of common garnet appear in garnetiferous gabbro (109), mica-
schist (130), and garnetiferous hornblende-schist (141). Pyrope appears
in kimberlite (112). ]

Leucite—Silicate of aluminum and potassium. Composition, KAl-
Si,0;. Probably isometric, with the characteristic roundish crystals
icositetrahedral, generally in grains, rarely massive, granular. Hard-
ness, 5.5to 6. Specific gravity, 2.4 to 2.5. Luster, vitreous. Color, white
or gray. Translucent to opaque. Infusible, but decomposed without
gelatinization by hydrochloric acid. Resembles analcite, but distin-
guished by infusibility and greater hardness.

In thin sections under the microscope leucite is polyhedral or round.
Small erystals are practically isotropic, but larger ones show compli-
cated twinning lamelle between crossed nicols, and frequently contain
numerous inclusions arranged in zones. Leucite is known only in
igneous rocks, chiefly in volecanics. It occurs in orendite (72), where,.
although abundant, it can be seen only in the thin section with the
microscope. :

Sodalite.—OChlorosilicate of aluminum and sodium. Composition,
Na,Al;Cl8i;0,;.  Isometric. Crystals dodecahedral or octahedral.
Hardness, 5.5 to 6. Specific gravity, 2.1to2.3. Luster, vitreous. Color,
blue, greenish, or gray. Easily and completely soluble in hydrochloric
acid. On standing, gelatinous silica separates out, and when the solu-
tion is evaporated crystals of common salt appear. Heated in a closed
tube, blue varieties become white. Before the blowpipe, at 3.5 they
fuse, with intumescence, to a colorless glass.

Under the microscope, cross sections of its crystals are quadratic or
hexagonal, and appear isotropic, with a low index of refraction. Soda-
lite occurs chiefly in granular-crystalline igneous rocks of the nephelite-
leucite series. It occurs in some parts of pulaskite (74), and also in the
nephelite-syenite (77) of Litchfield, Maine, where its small blue grains
may be seen occasionally in a hand specimen.

Haiiynite and noselite. —Sulphureto -silicate of uluminum, sodlum, cal-
cium. Composition, an isomorphous mixture of NasAl (80,)8i;0,,
and Na;CaAly(SO,)Si;0;,. The members rich in sodium are called
_ moselite, while those rich in calcium are called haiiynite. Isometric
crystals as in sodalite. Hardness, 5.5 to 6. Specific gravity, 2.3 to
2.5. Color, blue, gray, red, or various. Heated in a closed tube, unlike
sodalite it retains its color, but before the blowpipe at 4.5 it fuses to a
white glass.

Both haiiynite and noselite gelatinize easily in hydrochlorie acid, and
on evaporation abundant needles of gypsum are found in the case of
haiiynite, but few or none in the case of noselite. Noselite in some
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rocks has a characteristic dark border. Haiiynite and noselite ave fre-
quently full of inclusions. Haiiynite occurs in the theralite (75) of
Gordons Butte, Montana.

Analeite—Hydrous silicate of aluminum and SOd] um. Composition,
NaAlSi,O4H:0. 1t is one of the zeolites, and, although sometimes a
primary constituent, in this series of rocks it is always a secondary min-
eral, frequently resulting from the alteration of nephelite or leucite.
It resembles leucite, and may be distinguished by fusing at 2.5 and
gelatinizing in hydrochloric acid. It occurs in the groundmass of por-
phyritic theralite (76), and possibly also in camptonite (92).

Perofskite—Calcium * titanate. Composition, CaTiO; Isometric.
Crystals generally very small octahedrons or rounded grains. Hard-
ness, 5.5. Specitic gravity, 4.1 to 4.4. Luster, metallic. Grayish
yellow or brown. Has high index of refraction and anomalous double

‘refraction. It frequently occurs in melilite, nephelite, and leucite
rocks, and also in some peridotites. It occurs abundantly in kimberlite
(112), but can be seen only with the aid of a microscope.

MINERALS OF THE TETRAGONAL SYSTEM.

Rutile—Titanic oxide. Composition, TiO, Tetragonal crystals,
generally prismatic but sometimes in grains, and also extremely
minute microscopic crystals in certain schists and slates. Hardness,
6 to 6.5. Specific gravity, 4.19 to 4.25. Luster, metallic, adamantine,
Color, yellow, brownish, or red. High index of refraction. Not affected
by acids. It is often an original accessory mineral, but in other cases
it appears to be secondary from titanite or ilmenite. Rutile is common
in gneisses, mica-schist, and rocks rich in hornblende and angite. The
hairlike crystals often seen in quartz are supposed to be rutile. It
occurs in the quartzite of Eurcka, Nevada (118), the phyllite of Ladies-
burg, Maryland (126), and the schistose biotite-gneiss of Manhattan
Island (132). ‘

Zircon.—Silicate of zirconium. Combositio'n, ZrSi0,. Tetragonal,
Crystals usually small, square prisms, ending in pyramids. FHardness,
7.5. Specific gravity, 4.05 to 4.75. Colorless to yeilow, pink, violet, or
brownish. TLuster, adamantine, translucent. Double refraction strong,
with high index of refraction. Infusible, not affected by acids except-
ing by concentrated sulphuuc acid when the mineral is in powdered
form.

Zircon is one of the most widely distributed original accessory min-
erals in many igneous rocks as well as metamorphosed sediments,
Like spinel, it does not decompose readily, but remains unaltered in
the residual material of the crystalline rocks in which it was contained.
It may sometimes be obtained by washing such material. It is con-
tained in hornblende-biotite-granite (68), nephelite-syenite (77), schis-
tose biotite-gneiss (132), and many other specimens of this series.

Bull. 150—3
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MINERALS OF THE HEXAGONAL SYSTEM.

Graphite—Nearly pure carbon. Hexagonal crystals, flat six-sided
tables, and foliated grains. Harduess, 1 to 2. Specific gravity, 2.09
to 2.23. Luster, metallic. Color, iron-black. Opaque. Thin lamelle,
flexible, but not elastic. Feel, greasy. Infusible and not affected by
acids. It is widely disseminated as a pigment in the older metamor-
phic rocks and oceasionally occurs in beds, It occurs in metamorphic
conglomerate (128¢%). '

Pyrrhotite.—Sulphide of iron, often contmnmg nlckd Composition,
chiefly Fe,S; to Fe,;S.. Ilregular opaque grams of a bronze-yellow to
coppet-red color and metallic luster. Magnetic, and thus readily dis-
tinguished from pyrite. - Occurs in cortlandite (113), but is usually
microscopic; occasionally it may be seen among the scales of talc in
steatite (142).

Hematite.—Ferric oxide. Composition, I'e;0;. Hexagonal. Crystals
usually thin hexagonal plates. In transmitted light, blood-red. TLuster
of crystals splendent, hence called specular iron. Sometimes irregular
scales. Hardness, 5.5 to 6.5. Specific gravity, 4.5 to 5.3. Color, iron-
black to red. Streak, red. Usually opaque, but when thin enough to
be transparent is blood-red in transmitted light. Is infusible, but
becomes magnetic when heated.

Micaceous hematite and red hematite of themselves form rock masses,
often of large size, occurring in beds among the metamorphic rocks,
chiefly Archean. Specular iron is widely distributed as an accessory
constituent of acid eruptive rocks. It is one of the first minerals to
crystallize, and in the form of minute red scales is usually included by
the minerals of later crystallization. Occurs forming almost the whole
of specimen 121, and also in 52 and 120, as well a$ in many others.

Ilmenite.—Mainly ferrous titanate, but variable in composition.
Formula commonly FeTiO; Hexagonal. Crystals rhombohedral, but
generally in irregular grains. Hardness, 5 to 6. Specific gravity, 4.5
to 5.2. Color, black and opaque. Luster, submetallic. Streak, nearly
black. Not magnetic, or feebly magnetic; less so than magnetite. It
frequently alters to a white or yellowish-brown, strongly refracting
substance, called leucoxene, which, although it contains titanium, is of
variable chemical composition. Ilmenite is a widely distributed ingre-
dient of eruptive rocks, especially diorite, diabase, gabbro, and perido-
tite, and is found less frequently in metamorphic sedimentary rocks.
It occurs in. kimberlite (112). Leucoxene occurs in aporhyolite (136)
and in the residual sand of diabase (148).

Quartz.—Pure or nearly pure silica. Composition, Si0,. Hexagonal.
Six-sided prisms terminated by six-sided pyramids. In eruptive rocks
the prismatic faces are very short or altogether absent, so that the faces
of the two terminal pyramids come together, forming bi-pyramidal
crystals. Hardness, 7. Specific gravity, 2.6. Generally colorless in
rocks, but sometimes smoky or bluish.
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Under the microscope it .is clear and transparent. It is uniaxially
positive, and these features nsually distinguish it from other minerals
with which it is associated. It often contains numerous extremely
minute cavities filled with water or liquid carbon dioxide in which there
is a bubble in continuous rapid motion. :

Quartz is one of the most important and widely distributed of all
rock-forming minerals, in both altered and unaltered sedimentary and
igneous rocks. It is an essential constituent of granite, quartz-diorite,
rhyolite, and dacite, as well as of quartzite, many gneisses, schists, and
sandstones.

Rock-making quartz occurs in three phases: granitic phase, porphy-
ritic phase, and clastic phase.

Granitic quartz is such as occurs in granite. It is the youngest origi-
nal constituent of the rock, and fills the irregular spaces left between
the other minerals. Its form is therefore determined by its surround-
ings—that is, it is allotriomorphic. It is usually filled with fluid incla-
sions. The quartz in gneiss, mica-schist, and other similar crystalline
rocks is irregular, granular, and closely related to granitic quartz. It
forms veins and sometimes contains gold. In California the auriferous
gravels are derived from rocks containing such veins. Granitic quartz
is well illustrated by that in the granites (66 to 69); and that in many
of the gneisses (132 and 137), schists (119, 129 to 131), and veins (25)
is closely related to it. Jaspilite (120) is composed lat'ge]y of quartz
of this character.

Porphyritic quartz usually has well- developed crys’cal form-—that is,
it is idiomorphic. Fluid inclusions are common, but not so abundant as
in granitic quartz, and, furthermore, 1)01phy1‘1tlc quartz often contains
glass inclusions. In many cases crystals of porphyritic quartz have
been corroded by the magma in which they originated and reduced to
round grains; that is, they have become anhedral (90) or are completely
destroyed. " Porphyritic quartz is illustrated by nevadite (64) and dacite-
porphyry (90). It belongs wholly to igneous rocks.

Clastic quartz is such as is found in sandstones and conglomerates
of sedimentary origin. It is illustrated in specimens 3 to 5, 10, 12
to 19. Some of the quartz found in rocks is oceasionally in the form of
chalcedony, which is optically negative and usually fibrous. Of such
material agates are composed. Silica in the amorphous state usually
contains water and is called opal.

Tridymite.—Pure silica. Composition, SiO,, like quartz. Hexagonal
crystals, usually minute, thin tabular forms. Imbricated, like tiles
on aroof. Within rocks tridymite is always of microscopic dimensions,
It is found chiefly, almost exclusively, in acid volcanic rocks. It occurs
in lithoidite (62) and aporhyolite (136). '

Calcite.—Calcium carbonate. Composition, CaCO, Hexagonal.
Crystals thombohedral, but massive in limestone. Hardness, 2.5 to 3.5.
Specific gravity, 2.5 to 2.7. Rhombohedral cleavage perfect, so that it
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may generally be split with ease into rhombohedrons. Sometimes col-
orless and transparent (Iceland spar) and used to illustrate double
refraction. By placing it on a dot on white paper two dots appear.
Often yellowish gray or white. Infusible, but glows and becomes lime.

Effervesces readily in cold hydrochloric acid. When powdered, will |

effervesce in strong vinegar. .

Calcite is one of the most important and widely distributed of min-
erals in rocks. It forms essentially the whole of many limestones (28
to 31, 39, 40, 42, etc.), is the cementing material in calcareouns frag-
mental rocks (12), and is generally abundant in the altered -basic
eruptives, ' :

Under the microscope it is usually clear and may be distinguished
by its cleavage—two sets of lines crossing at an acute angle—and its
peculiar pinkish-yellow gray, often irridescent, colors between crossed
nicols. A '

Dolomite.—Carbonate of calcium and magnesium. Composition,
(CaMg)CQ,, in which varying amounts of magnesia may be replaced by
iron or manganese. Hexagonal. Crystals, cleavage, color, and optical
and other properties very like those of calcite, but it may usually be
distinguished from the latter by means of the characteristic that, unless
powdered, it does not eflfervesce readily in acetic or cold dilute hydro-
chloric acid. Hardness, 3.5 to 4. Specific gravity, 2.8 to 2.9.

Dolomite, like calcite, is widely distributed, often in crystals whose
cross sections under the microscope appear triangular, six-sided, or
rhombic. It is an essential constituent of limestone and massive dolo-
mites. Much of the limestone in the United States is dolomite. It
occurs in specimens 116 and 117 of the collection, also as a secondary
product in the kimberlite (112) of Kentucky. ' ‘

Apatite.—Calcinm phosphate 4 calcinm chloride or fluoride. Comypo-
position, 3(CayP,0q)+Ca(CIF1),. Hexagonal, crystals generally micro-
scopic, six-sided prisms. Granular in erystalline schists. Hardness, 5.
Specific gravity, 3.16 to 3.22, Usually colorless or whitish under the
microscope. Rather high index of refraction, so as to appear to stand up
in surrounding minerals of later crystallization by which it is included.
Soluble in nitric acid without gelatinization, and the solution gives,

with ammonium molybdate, -a yellow precipitate. Moistened with sul--

phuric acid and heated, it colors the ame pale bluish green. This dis-
tinguishes it from nephelite, with which it is often associated. Widely
distributed as an original accessory constituent of granular igneous
rocks; common, but less abundant, in basic lavas. Reddish-brown
grains of apatite may be seen in the magnetite (146) from Port Henry,

New York. It is a microscopic constituent of granite (68), pulaskite

-(74), nephelite-syenite (78), dacite-porphyry (90), and many other rocks
of this series.

Nephelite.—Silicate of potassium, sodium, and aluminum. Composi-
tion probably NaAlSiO,, in which one-fourth of the Na is generally

-
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replaced by K. Hexagonal. Orystals six-sided prisms, or massive.
Hardness, 5.5 to 6. Specific gravity, 2.6. Colorless. Luster vitreous
in crystals, but greasy when massive. Tuses at 3.5 into colorless glass.
Gelatinizes in acid. The glassy colorless variety in younger volcanic
rocks is nephelite; the massive form, usually with greasy luster and
often colored, in intrusive rocks is sometimes called eleolite. They are
identical in chemieal composition. Nephelite readily alters to zeolites.
They are essential constituents of a whole series of extrusive and intru-
sive igneous rocks. Nephelite occurs in phonolite (73), pulaskite (74),
theralite (750 and 76), and, in the phase commonly called eleolite, in
nephelite-syenite (77 and 78). ’

Cancrinite.—Silicate and carbonate of aluminum, sodinm, and hydro-
gen. Composition, Na,HAL(CO,)Si,0,. Hexagonal. Crystals columuar
and massive. Hardness, 5 to 6. Specific gravity, 2.42 to 2.5. Colorless
and rransparent when fresh, but frequently yellow and of other colors.
Fuses easily, eftervesces in hydrochloric acid, and when heated gelati-
nizes. Like nephelite, cancrinite alters to zeolites, and as yet has been
found only in nephelite-syenite. It occurs in that of Litchfield, Maine
(77), usually as conspicuous yellowish grains.

Tourmaline.— Silicate and borate of aluminum, magnesium, and iron;
of complicated composition. Hexagonal. Crystals usually three-sided.
Hardness, 7to 7.5. Specific gravity, 2.94 to 3.24. Color, usually black;
luster, vitreous. Readily distinguished under the microscope by its
strong absorption when the longer axis of the section is perpendicular
to the short diagonal of the polarizer. Tourmaline occurs in granitic
igneous rocks, especially near the borders of regions of contact meta-
worphism and in fissure veins, It occurs commonly also in the members
of the crystalline schists; for example, mica-schist (130) and quartz-
schist (119). It occurs also in phyllite (126) and other altered rocks.

MINERALS OF THE ORTHORHOMBIC SYSTEM.

Marcasite.—Iron disulphide. Cowmposition, FeS,. Orthorhombic.
Before the blowpipe, on charcoal or in a closed tube, gives off sulphurous
fumes and becomes magnetic. Color, pale bronze-yellow. Like pyrite

.in all essential respects, excepting form of crystallization, by which

means alone are the two distingnishable. Marcasite alters much more
easily than pyrite. Marcasite is illustrated by specimen 35. The gen-
eral form of its crystals is suggested by the points projecting from
the surface of the nodule. Doth pyrite and marcasite readily change
to limonite. In specimen 35 the marcasite is almost wholly changed to
limonite. .

Andalusite and chiastolite.—Alnminum silicate. Composition, AL,SiOs.
Orthorhombi¢. Crystals generally in square thick-set prisms, rarely-
in rounded grains. HMardness, 7 to 7.5. Specific gravity, 3.1 to 3.2.
Color, various, often reddish brown or dark; under the microscope
usually colorless or reddish; when colored, is pleochroic. Transparent.
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replaced Cleavage quite perfect, parallel to prismatic faces. Infusible.
Saturated with cobalt solution after ignition and then again ignited,
becomes blue. Oceurs in argillaceous rocks affected by contact meta-
morphism, less commonly in mica-schists and gneisses of the Archean,
and rarely in granites.

Chiastolite is andalusite containing carbonaceous matter so arranged
as to form light and dark squares or a cross on a cross section of a
crystal. It is especially abundant in some zones of contact metamor-
phism, and is well illustrated by the chiastolite-schist (135) near
Mariposa, California.

Topaz.—A fluosilicate of aluminum. Composition, A1,SiO,F,. Ortho-
rhombic. Crystals usually short, flattish prisms, rarely in grains.
Hardness, 8. Specific gravity, 3.52 to-3.56. Color, light yellow, blue,
or colorless. Transparent, infusible, and only partially attacked by
sulphuric acid. - Often contains inclusions of hematite and ilmenite
and minufe cavities filled with water or earbonic acid in a liquid state.

Crystals of topaz occasionally occur in cavities of the rhyolite
(nevadite, 64) of Chalk Mountain, Colorado.

Staurolite—Silicate of iron and aluminum. Composition, HALFe-
Siy)3.  Orthorhombic. Generally erystallized in short prisms, often
twinned, forming a cross. Hardness, 7 to 7.5, Specific gravity,
3.3 to 3.8. 'Color, usually brownish; under the microscope pleochroic.
High index of refraction, and yields brilliant colors between crossed
nicols.

Stanrolite does not occur in igneous rocks, but appears in crystalhue
rocks, especially of the Archean, in gneiss, mica-schist, and others poor
in amphibole. It is found also in rocks highly altered by contact meta-
morphism, and is well illustrated by prominent crystals in the stauro-
lite-mica-schist (133) of Charlestown, New Hampshire.

Pyroxenes.—The pyroxenes are silicates chiefly of iron, magnesium,
and calcium, and form a series with considerakie range of chemical
composition., With the amphiboles, micas, aid olivine they are the
mostimportant rock-forming ferromagnesian silicates in igneous masses.
Pyroxenes may be divided according to their crystallization into three
groups—rhombic, monoclinic, and triclinic. At this place only the
" rhombic pyroxenes, enstatite, bronzite, and hypersthene, will be consid-
ered. Their crystals are prismatic. Cleavage parallel to the pinacoidal
planes is sometimes better developed than that of the prismatic planes.
Enstatite contains less than 5 per cent of iron, bronzite from 5 to 14
per cent, and hypersthene over 14 per cent. While enstatite in thin
sections is colorless and not pleochroic, hypersthene is usually greenish,

light red, or brownish, and strongly pleochroic. The most important 4

distinguishing featnre under the microscope is the parallel extinction
in prismatic sections and distinct rectangular cleavage in orosé sec-
tions, which are usually octa,gonaxl with four of the sides larger than
the others,
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The orthorhombic pyroxenes, especially hypersthene, are important
rock-forming minerals, oceurring in many andesites and basalts, as well
as gabbros and peridotites, but are of little consequence in rocks of
sedimentary origin, either unaltered or metamorphic.

Enstatite (MgSiO,) occurs as an essential constituent in saxonite

- (114), also in some of the olivine nodules (104), and occasionally in

basalt. It occurs also in the pyroxenite (110) from near Baltimore.
Bronzite occurs in the feldspathic peridotite (111) of the same region.
Hypersthene occurs in hypersthene-andesites (86 and 87), and forms an
important part of the gabbro (108) of Mount Hope.

A fibrous substance having the composition of serpentine, but usually
forming pseudomorphs, resulting from the alteration of orthorhombic
pyroxene, is bastite. 1t occurs in peridotite from near Baltimore (111).

Olivine.—Silicate of magnesiumi and iron. -Composition, (MgTe),-

~ 8i0,. Orthorhombie. Crystalsshort, prismatic. Sections usually four,

six, or eight sided. Often granular. Hardness, 6.5 to 7. Specific grav-
ity, 3.3t03.45. Colorless or yellowish. Decomposed, with separation of
gelatinous silica, by heated hydrochloric acid. Under the microscope,
in thin section, olivine is seen to be without distinct cleavage and to
have a high index of refraction. Its rough surface apparently rises
above the adjacent minerals, and becomes brilliantly colored between
crossed nicols.

Three phases of olivine have been distinguished: (1) That of gran-
ular igneous rocks, such as olivine-gabbros and peridotites, where it is
granular; (2) that of porphyritic-igneous rocks, where it forms promi-
nent crystals, as in many basalts; (3) that of crystalline schists, where
it occurs as an accessory constituent. - In the first two cases it is one
of the minerals which erystallize early in the solidifying molten mat.

ter, and includes only such minerals as magnetite, ilmenite, picotite,

ete., of earlier crystallization. Iniguneous rocks itis always an original,
and generally an essential, constituent.

Olivine alters to calcium carbonate, iron oxide, silica, and serpentine,
and a large proportion of the masses of serpentine exposed among the
metamorphic rocks have resulted from the alteration of rocks rich in

. olivine. The process will be described under rocks of the peridotite

series (110 to 114) and serpentine (145). Specimens 104 and 114 illus-
trate granular olivine. The porphyritic form may be seen in porphy-
ritic theralite (76); also in kimberlite, as illustrated in P1. XXXIX.

Fayalite.—Silicate of iron. Composition, Fe,Si0,. Orthorhombic,
usnally in minute tabular erystals. Hardness, 6.5. Specific gravity,
about 4. Color, light yellow, but upon exposure generally becomes
opaque, dark brown, or black. Tuses readily to magnetic globule and
gelatinizes in acids. The minutenonmagnetic crystalsin the lithophys:e
of specimen (62) are fayalite.

Zoisite.—Silicate of calcium and aluminum. Composition, HCa,Al,
8i;0y;. Orthorhombic. Usually in columnar aggregates. Hardness, 6.
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Specific gravity, 3.25 to 3.36. Has two cleavages, at right angles to
each other, one perfect and the other imperfect. Usually colorless or
gray. Index of refraction high, but double refraction low, and between
crossed nicols its color is a feeble blue. Epidote, which it resembles,
gives brilliant colors between crossed nicols.

It occurs in some altered gabbros (143), and more commonly in horn-
blende-schists (131%), but is much less common than epidote.

Prehnite.—A silicate of lime and aluminum. Composition, H,Ca,Al,-
8i30;,. Orthorhombie,but usually in irregular plates. Hardness,6t06.5.
Specific gravity, 2.8 to 2.95. Colorless or greenish. Fuses at 2 with
intumescence, and then readily gelatinizes in acid. Occurs only as a
secondary mineral in basic eruptive rocks (102), but occasionally may
be an original constituent of calcareous rocks and crystalline schists.

Tale.—Hydrous silicate of magnesium. Composition, Mg;H,S8i,0;,.
Orthorhombic. Usually occurs in plates or rods. Basal cleavage
perfect, giving it a foliation like mica, but soft (hardness, 1), and not
elastic. Specific gravity, 2.8. Colorless in thin scales, but in larger
bodies usually greenish or gray, with pearly luster and greasy feel.
Like muscovite, gives brilliant colors between crossed nicols, but may
be distinguished by the fact that after ignition, if it is moistened with
a solution of nitrate of cobalt and heated again, it becomes when
cooled pale red. ‘

Tale is an essertial constituent of talc-schist and steatite (142), and is
not uncommon among metamorphic rocks. In basic eruptive rocks it
sometimes appears as a secondary mineral, resulting from the altera-
tion of hornblende. ‘

MINERALS OF THE MOXNOCLINIC SYSTEM.

Gypsum.—Hydrous calcium sulphate. Composition, CaS80,+2aq.
Monoclinic, crystals tabular, but in rocks generally irregular, granular,
lamellar, or fibrous aggregates. -Hardness, 2. Specific gravity, 2.2 to
2.4. Colorless to gray and yellowish. Yields water in a closed tube,
is slowly soluble in hydrochloric acid without gelatinization or effer-
vescence, and fuses rather easily. Occurs in beds as gypsum rock.
It is of chemical origin and is interstratified with other sedimentary
rocks. ,

Pyroxenes (monoclinic).—The pyroxenes are silicates, chiefly of iron,
magnesium, and calcium, with sufficient variation in chemical compo-
sition and physical properties to give rise to a number of species. The
orthorhombie pyroxenes are treated on page 38.. The only monoelinic
forms which appear in this series of rocks are augite, diallage, diopside,
and egirite. Crystals, short prismatic. Also in irregular grains.
Hardness, 5 to 6. Specific gravity, 3.23 to 3.5. Color, grayish white,
ranging through green and black. By transmitted light it is usually
greenish, yellowish, or pale brownish. Sections parallel to the prism
show one cleavage, and between crossed nicols the extinction angle
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may be as large as 45°. Corresponding sections of orthorhombic pyrox-
enes have parallel extinction, and those of amphibele only a swmall
extinction angle. Cross sections are often nearly square, with slightly
truncated corners, or octagonal, with sides of nearly equal length.
They show two directions of cleavage nearly at right angles. Diallage
differs from augite in having, besides prismatic cleavage, a distinct
parting, parallel to the orthopinacoid, giving diallage a more or less
lamellar structure. Like bronzite, diallage often contains minute
inclusions which give it a metallic sheen.

Augite is one of the most common essential primary minerals in igne-
ous rocks. The phenocrysts of dolerite (105) and theralite (76) are
augite. In granular form augite constitutes a large part of diabase
(106), basalt (95 to 102), and quartz-norite-gneiss (140). It occurs as an
accessory constituent in many eruptive rocks. Amoung metamorphic
rocks it is not common, for in the process of dynamo-metamorphism
augite is nsunally changed to hornblende.

Diallage has rather limited distribution, occurring with olivine form-
ing nodules in basalt (104), in olivine-diabase (107), and as an essential
constituent in gabbros (108 and 109). Diopside (malacolite) is a mono-
clinic pyroxene, poor in alumina and without lamination parallel to the
orthopinacoid. Itoccursin pulaskite (74), basalts (102), and pyroxenite
(110), as well as in some olivine nodules (104) and some of the Archean
granites and limestones. Acmite and girite are forms rich in sodium
and iron. Algirite occurs in the theralite (756 and 76) of Crazy Moun-
tains, Montana.

Amphibole—The amphiboles are sﬂlcates, mainly of magnesium and
calcinm, in which the former predominates over the latter. The ortho-
rhombic forms do not occur in any of the rocks of this series. Only
the mounoclinic forms will be considered. Crystals prismatic, with
cleavage angle 1200, well marked and characteristic. Hardness, 5 to 6.
Specific gravity, 2.9 to 3.55. Not atfected by acids. Color, various.
The colorless or white variety is tremolite. The green is actinolite, arf-
vedsonite, or wralite. The black and brown are homblcnda or griinerite,
and the blue is generally glawcophane.

Cross sections of amphibole prisms are four or six sided, with promi-
nent cleavage lines parallel to the principal sides and crossing each
other at an angle of 124°. 1In prismatic sections the extinction angle
is-small, which distinguishes it from augite. Pleochroism usually
strong in green, brown, and blue amphiboles. The cleavage, angle of
extinction, and pleochroism distinguish the amphiboles from the
pyroxenes, which they so closely resemble chemically.

Tremolite (CaMg,Si,0;;) occurs as lamellar masses or crystals in
Archean limestones, silicate hornfels, and some serpentines. Actino-
lite occurs in many green schists of the Archean. It occurs also as
tufts of radiating needles in the cortlandite (113) of Stony Point, New
York. Comwmon black hornblende is an essential constitnent of horn-
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blende-granite (69), many dacites (81 and 82), hornblendc-andesites
(83 to 85), camptonite (92), and cortlandite (113) among igneous rocks.
In hornblende-schist (131) and garnetiferous hornblende-schist (141) the
hornblende is green. Arfvedsonite occurs in leucite and nephelite rocks
(pulaskite 74), griinerite in rocks rich in iron (hematite 121), and glau-
cophane in glaucophane-schists, not represented in this series. Uralite
and fibrous green hornblende occur in metamorphic rocks, and are
usnally paramorphic after pyroxene. As such, uralite occurs in horn-
blende-gabbro-gneiss (143 and 144).

~ The micas.—The micas are silicates, chiefly of aluminum, magnesinm, -
iron, and the alkaline metals. In composition aud other properties

there is considerable variation, and the group is divided into a number
of species. The most common, for the sake of brevity, may be included
under the names of biotite and muscovite. The former, containing con-
siderable iron, is dark colored, strongly pleochroic, and approximately
uniaxial, while the latter, rich in potassium, is colorless or gray and
biaxial. The micas are all characterized by crystallizing in thin lex-
agonal plates with eminent basal cleavage, producing foliated structure
and easily affording very thin elastic lamine which show a black cross
or bisectrix apparently at right angles to the cleavage surface. They
are generally regarded as belonging to the monoclinie system, although
their habit is hexagonal. '

In porphyritic igneous rocks the mica is often in well-developed hex-
agonal plates, but in granitic rocks and schists it is in irregular scales.

Under the microscope sections parallel to the cleavage are frequently

isotropic, yield an optic-axial figure, and show no cleavage lines, but
sections perpendicular to the cleavage show conspicuous cleavage lines,
brilliant polarization colors, and parallel extinction.

The colorless transparent micas, included for petrographic conven-
ience under muscovite, are lepidolite, zinnwaldite, sericite, damourite,
paragonite, and margarite. The micas generally black by retlected
light but by transmitted light colorless, deep brown, yellowish, reddish,
or green, with strong pleochroism, included under biotite, are anomite,
rubellan, and “phlogopite. _

Muscovite (KH;A1L;8i;0,;) is not a volcanic mineral. As an original
constituent in igneous rocks it'is limited to the granitic series (66),
but is a widely distributed and common constituent of metamorphic
sedimentary rocks, gneisses, and schists (119, 129, and 130). In the
form of sericite it is often an early product of metamorphism in phyllite
(126), staurolite-mica-schist (133), and aporhyolite (136), .

Biotite has a wide distribution in igneous rocks. In hornblende-
mica-andesite (83), dacite (81 and- 82), and dacite-porphyry (90) it
oceurs in regular erystals among phenocrysts. It is an essential con-
stituent also of biotite-granite (67), minette (91), and cortlandite (113),
and an accessory constituent in many others. It is widely distributed
as an essential constituent of many gneisses and schists, especially in

o
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specimens 66, 129, 130, and 132. Lepidomelane occurs in nephelite-
syenite (77).

Chlorites.—The chlorites are hydrated silicates of magnesium, iron,
and aluminum. On account of diiferences in chemical composition
. and also to a limited extent in physical properties, the chlorite group
has been- divided into a number of species, but for ordinary petro-
graphic purposes these need not be distinguished. Monoclinie. Crys
tals often hexagonal, but occurring generally, like mica, in tlat or
bent plates of irregular outline. Hardness, 1 to 3. Sperific gravity,
2.6 to 2.96. Color, green. Basal cleavage perfect, producing foliated
structure. Laminz flexible. Basal sections show a distinct black cross
or bisectrix. Sections perpendicular to the cleavage are lath-shaped.
Pleochiroic, yielding greenish or bluish to yellowish or red colors.
Interference colors between crossed nicols much lower than those of
mica. ‘

Ohlorites are widely distributed among igneous and metamorphic
rocks, but are always secondary, resulting from the alteratiou of sili-
cates rich in magnesium and iron, such as mica, pyroxene, and amphi-
bole. They occur in hornblende-pyroxene-andesite (85) and many other
igneous-rocks, but can be seen only in the thin section under the
microscope. They occur also in chlorite-phyllite (127), which is com-
posed chiefly of chlorites, and in steatite (142), of which chlorite some-
times forms a considerable portion, although steatite is usunally talc.

Epidote—A hydrous silicate of aluminum, iron, and calcium. Com-
position, H(CaFe)y(All'e);Si;0;;.  Monoclinic. Crystals prismatic and,
in rocks, generally granular. Hardness,(.5. Specific gravity, 3.3 to 3.5.
Basal cleavage perfect. Color, generally yellowish green, sometimes
brownish. Under the microscope, in thin sections, usually colorless,
but yields between crossed nicols especially brilliant colors, which -
distinguish it from zoisite. ‘ A

Epidote is never a primary or essential constituent of igneous rocks.
It frequently occurs as a secondary mineral resulting f{rom the altera-
tion of igneous and sedimmentary rocks. It occursin some gneisses (138),
schists, and phyllites (127), and in aporhyolite (136), and is one of the
comnonest of all silicates resulting from weathering.

Allanite.—Silicate of aluminum, iron, cerium, and other rare ele-
ments. Occurs in crystals and irregular grains, like epidote. IHard-
ness, 5.5 to 6. Specific gravity, 3 to 4.2. Color, generally pitch black,
brown, or gray; in thin sections reddish brown or greenish, usually
with strong pleochroism. Cleavage indistinct or absent. Optical
properties vary; many allanites are isotropic, others highly double-
refracting.

. Allanite occurs in gneisses (138) as well as in diorite (93), diorite-
porphyry (89), and other igneous rocks.

Titanite.—Silico-titanate of calcium. Composition, CaSiTio;,. Mono-
clinic, Orystals frequently double-wedge shaped. Occurs also in
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irregular grains. Hardness, 5 to 5.5. Specific gravity, 3.3 to 3.7.
Color, brown to black and reddish yellow. Feebly transparent. Index
of refraction very high and surface appears rough, but double-refrac-
tion low, giving between crossed nicols a brownish-gray color. Nof
affected by acids. Light-yellow titanite usually in wedge-shaped crys-
tals is commonly called sphene. - It is one of the primary -accessory
minerals in many granites, syenitcs, diorites, and other igneous rocks.
Granular titanite is of secondary origin, frequently resulting from the
alteration of titaniferous magnetite, ilmenite, or rutile in igneous and
metamorphic rocks. Titanite occurs in pulaskite (74), diorite (93), and
in the form of sphene in minette (91), and in many other igneous and
metamorphic rocks, but rarely in particles sufficiently large to be seen
without the aid of a lens.

Zeolites (monoclinic).—Zeolites are hydrous silicates of aluminam,
caleinm, potassium, and sodium, with other bases, and, excepting rare
cases of analcite, all are secondary minerals. They have low index of
refraction and low double refraction. They are transparent, usually
colorless or white, readily attacked by hydrochloric acid, and easily
fusible. The most common forms besides analcite, already mentioned
(page 33), are heulandite, stilbite, scolecite, epistilbite, and laumontite,
which may be distinguished chiefly on optical grounds. Laumontite
is well illustrated in the amygdules of the diabase amygdaloid (139);
scolecite, in the feldspathic peridotite (111) near Baltimore. '

Feldspars (monoclinic).—The feldspars are silicates, chiefly of alumi-
num, with more or less potassium, sodinm, or calcium. According to
crystallization they may be divided into two groups, monoclinic and
triclinic, but all are very closely related in chemical and physical
properties.

Their principal common feature is the possession of two cleavages,
one parallel to the base, perfect, and the other parallel to a lateral pin-
acoid, less perfect and variable. The argle between the two cleavage
planes in monoclinic feldspar is 90 degrees, and the basal cleavage
shows no twinning strize. In the triclinic feldspars, however, the two
cleavage planes are slightly inclined to each other, and the basal plane
is striated. These stri:e are well illnstrated by the large feldspar crys-
tals in specimen 90. - The striation is due to oft-repeated lamellar
twinning, which under the microscope and between crossed nicols pro-
duces numerous distinct parallel alternating color bands, and affords an
easy means of distingunishing the triclinic from the monoclinic feldspars.

Monoclinic feldspar, usually called orthoclase or potash feldspar, is a
silicate of alumina and potash. Composition, KAISi;0, Crystals
short tables aud square prisms, but in rocks it usually occurs in irreg-
ular grains. Crystals may be simple, but are often twinned parallel to
the orthopinacoid (Carlsbad twins). Color generally white or gray, but
often reddish. IFrequently more or less turbid and semitransparent.
Not acted on by ordinary acids, and before the blowpipe fuses at 5.

>
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Sections of simple crystals of orthoclase between crossed nicols are
seen to be optically the same throughout, but Carlsbad twins show two
bands of interference colors, less bright than those of quartz.

Orthoclase is an essential constitnent of granites (66-69), syenite (71),
metarhyolite (quartz-porphyry, 65), phonolite (73), and pulaskite (74),
and traces of it have been found in dolerite (105).

In the recent acid volcanic rocks orthoclase is clear and glassy, and
has been designated sanidine. This form of orthoclase is an essential
constituent of nevadite (64) and trachyte (70). It occurs also in the
cavities of lithoidite (62).

MINERALS OF THE TRICLINIC SYSTEM.

TFeldspars (triclinic).—As already stated, feldspars are silicates,chiefly
of aluminum, with more or less potash, soda, or lime. There are three
essentially distinet chemical compounds which exist as separate varieties
of feldspar, often designated, respectively, potassimmn feldspar (ortho-
clase), sodinm feldspar (albite), and calcium feldspar (anorthite). The
second of these compounds combines in definite proportions with the
first and third, forming the intermediate members of several series of
feldspars, designated, respectively, the potash-soda series (anorthocluse)
and the soda-lime series (plagioclase). Orthoclase is monoclinic, but
anorthoclase and plagioclase are triclinic. Although the cleavage
angle of plagioclase is clearly oblique (86° to 87°), that of anorthoclase
varies scarcely any from a right angle.

The characteristic feature of triclinic feldsparis the lamellar or poly-
synthetic twinning, producing striations on the basal cleavage plane.
The twinning parallel te the brachypinacoid (least perfect cleavage
plane) is the albite type, while that at right angles to it is the pericline
type. The fine parallel banding such twinning produces is evident
under the microscope between crossed nicols,and is highly characteristic
of the triclinic feldspars.

The potassium-feldspar compound crystallizesin the monoclinic system
as orthoclase, and in the triclinic system it is called microcline, It occurs
inirregular grains, and in the thin section under the microscope between
crossed micols may be readily distingnished by its colored rectangular
grzwting, produced by the two sets of fine parallel lamellar twins, cross-
ing each other at right angles. Basal cleavage plates between crossed
nicols extinguish at an angle of 15° 30’ to the line of the pinacoidal
cleavage, and a pinacoidal cleavage plate extinguishes at an angle of
50 to the line of basal cleavage. Reddish microcline is abundant in
the biotite-granite of Platte Canyon, Colorado (67). It is present also
in. the granite of IFox Island, Maine (68), granitoid gneiss (137), and
epidote-mica-gneiss (138). Microcline often coutains parallel inter-
growths of orthoclase and albite.

Plagioclase feldspars are those of the lime-soda series, including
albite and anorthite and their isomorphic mixtures, oligoclase, andesine,
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labradorite, and bytownite. The composition of albite is NaAlSi;Oy;
of anorthite, CaAl,Si,O,. The average intermediate mixtures are:

Intermediate mixtures of albite and anorthite.

Albite ... . ...c......... e e e e e eeaaeeaas Ab
OLigoclase .. ... oo i i AbsAn;
ADAesSineG ..o o e e e e _Ab;An;
Labradorite ... ... oo e AbyAn;
Bytownite - .. ... e eaeaeaaas AbAn,
CANOTERIte - o el An

These feldspars are much alike, and are most readily distin guishéd by
their specific gravity and extinction angles, which are given in the fol-
lowing table and in the diagram prepared by Michel Lévy:!

Extinction angles and specific gravities of plagioclase feldspars.

waianetion, | Totmetien | Specii
OP.. pinacoids, . gravity.
) . o [} o o

AIDI «ooe et e, +4 to+3 {419 to +13 2.62
Oligoclase ......ooriiiminiii i +3 to-+1 | +18 to —2 2. 64
ADAESING «en vt e e iaeaaan, —2 to—3 | —2 to —10 2.65
LADTAAOTIO0 - - v v e eeeeeaeeeaameeaseeen e, 5 to-—12 | —16 to —26 2.69
Bytownite ... .. ... il —17 to —27 | —29 to —33 2.71
Anorthite.......ocooeeaen.. i —28 to —39 | —35 to —36 2.75

Plagioclase is an important and essential constituent of diorite (93
and 94), basalt (100 to 102), dolerite (105), diabase (106 and 107), and
gabbro (108 and 109). It occurs as an accessory mineral in many
metamorphic rocks; for example, gneiss (132) and schists (129 and 131).
It is especially prominent, showing fine striations, in specimen 90,

Albite occurs in albite-schist (129), oligoclase in trachyte (70), andes-
ine in dacite (81 and 82) and hornblende-mica-andesite (83), labradorite
in most of the andesites (83 and 88), basalt (102), and diabase (106 and
. 107); bytownite in gabbro (108), peridotite (111), and gneiss (144); and
anorthite in the hornblende-gabbro-gneiss near Baltimore (143).

Anorthoclase, as far as is yet definitely known, is very rare in rocks
as compared with orthoclase and plagioclase. It often shows inter-
secting systems of extremely fine, twinning lamellz, which pass into
areas free from them without there being any visible boundary between.
Like orthoclase, it occurs in the acid series (granitic and syenitic) of
rocks. It possibly occurs in theralite (76).

HOMOGENEOUS AGGREGATES.

Serpentine.—Serpentine is a hydrous silicate of magnesium. Chemi-

cal composition, H,Mg;Si,0,. Serpeuntine is always a secondary mineral,
and when in the form of crystals is generally pseudomorphous. It is
usunally massive and .sometimes fibrous (chrysotile). Hardness, 2.5 to

1Btude sur la détermination des feldspaths, 1894, p. 32. See, also, Becker’s Pl. XT in Eighteenth
Ann. Rept., Part ITI, 1898, p. 36. .

—
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4. Specific gravity, 2.5 to 2.6. Color, generally green, sometimes red
or mottled. Feel, often greasy. Structure, splintery. Chrysotile, a
silky, fibrous form of serpentine, belongs to the orthorhombic system
and has parallel extinction. Massive serpentine has low double refrac-
tion with aggregate polarization, as if composed of minute scales, fibers,
or grains. .

Serpentine results chiefly from the alteration of olivine. The change
begins along the cracks in the olivine, and often gives rise to a pecul-
iar reticulated structure, in which the net is serpentine.~ If the altera-
tion is not complete, remnants of olivine occur in the meshes.

Serpentine results also from the alteration of augite and hornblende,
and in the latter caseit is generally characterized by a grating structure
with rhombie interspaces, due to the arrangement of the fibers normal
to the cleavage of the hornblende. In that derived from augite the
meshes are rectangular,

Serpentine has a wide distribution among metamorphic rocks, and
has been derived from intrusive rocks rich in olivine, such as peridotite;
also sometimes from gabbro-diabase and pyroxenite.

Specimen 145 illustrates serpentine derived from the alteration of
pyroxenite. .

Kaolin.—Kaolin forms earthy aggregates which nnder the microscope
are.seen to be composed of minute scales resembling muscovite, but
they have a weak double refraction. It is usually white and results
from the alteration of feldspar, nephelite, scapolite, and similar ininerals
in the process of weathering. It occurs in specimen 149, also in the
white portions of 147 and 148.

Glauconite.—Glaucouite is essentially a hydrous silicate of potassium
and iron, and is amorphous. It occurs in small grains, which are gen-
erally spherical, but also elliptical or irregnlar. Hardness, 2. Specific
gravity, 2.2 to 2.4. Refraction and double refraction weak. It consti-
tutes the essential part of greensand (5).

Limonite.—Limonite is a hydrous ferric oxide having the following
composition: 2Te,0,3H,0. It is not crystallized, but often fibrous,
stalactitic, botryoidal, concretionary, or earthy. Its color is various
shades of yellow or brown, whence its other name, brown hematite.
When heated before a blowpipe it becomes magnetic, and in a closed
tube yields water. Its streak is yellowish brown and differs from the
cherry-red streak of red hematite. Hardness, 5 to 5.0. Specific gravity,
3.6 to 4. 1Iron rust and most of the yellowish-brown stains resulting
from the alteration of iron-bearing minerals are limonite. It accompa-
nies siderite in speeimen 32, and results from the alteration of marca-
site in specimen 35. The yellow tint of phyllite (126) is due to the
presence of limonite. :
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CLASSIFICATION OF ROCKS.

Rocks may be classified according to any of their many features, but
the most fundamental one upon which the primary divisions are based
is genesis. TFrom this point of view rocks are of two great groups,
igneous and sedimentary. Igneous rocks are those which, like basalt
and granite, have solidified from a molten state. The material of which
they are formed, like that erupted from volcanoes, has come up from the
interior of the earth in a highly heated igneous condition. Sedimentary
rocks, on the other hand, are formed by the accumulation of sediments
brought together by some transporting agent, generally water, and are
well illustrated by sandstones, conglomerates, shales, and limestones.
The material of which they are made up is derived from the degradation
of the land of the earth’s surface. Sedimentary rocks are sometimes
called aqueous, fragmental, or stratified, and igneous rocks are corre-
spondingly designated eruptive, massive, or unstratified, but the various
terms in the two series are not strictly synonymous.

Before proceeding further with the classification, attention should be
given to the various stages thrgugh which a rock may pass in the cycle
of its existence.

Under the influence of the weather, rocks exposed upon the earth’s
surface gradually decomipose and disintegrate, and the loose material
thus formed is carried away by therills, brooks, and rivers as sediment
to the sea, where it is deposited to form new rocks. By the long-con-
tinued accumulation of sediments and outpouring of igneous material,
sedimentary and igneous rocks once upon the surface may become
deeply buried and affected by the internal heat of the earth. TFurther-
more, many of them becowme involved in mountain-building processes
and subjected to such high degrees of heat and pressure that the mate-
rial of which they are composed is rearranged more or less completely,
in accordance with crystallographic and other forces. By this process,
which is largely dynamic, the unaltered sedimentary and igneous rocks
become altered or metamorphosed into slates, schists, gneisses, and
other forms of metamorphic rocks. In specimen 128, metamorphic
conglomerate, the original fragmental structure may yet be seen. In
Hoosac Mountain this conglomerate passes into gneiss, in which the
original structure has entirely disappeared. It shouldbe bornein mind
that this change, called metamorphism, does not produce new rocks; it
simply modifies old ones.

The earth movements by which rocks are metamorphosed may raise
them in mountain masses above the sea. After erosion has removed the
surface material the once deeply buried metamorphic rocks become
exposed, weathering takes hold of them, and they disintegrate, forming
residual sands and clays, which are ultimately washed away and depos-
ited in the sea. Old rocks are thus destroyed in providing material for
new rocks. The history of a rock embraces three stages: (1) the stage

<
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of its origin, including the time it remained unaltered; (2) the stage of
its alteration; and (3) the stage of its disintegration, which is usually
very local and brief.

In accordance with these stages rocks may be arranged under three
heads: (1) unaltered rocks; (2) altered or metamorphic rocks; (3)
residual rocks.

It is evident that the classification of rocks should refer primarily to
those which are unaltered. Metamorphicrocks should, as far as possible,
be traced back to their original condition, and be arranged accordingly.
As already indicated, the two fundamental groups of unaltered rocks,
based on origin, are sedimentary and igneous, and to the subdivision of
these two great groups attention will now be given, beginning with the
sedimentary. N

Sandstone (13), vein quartz (25), and diatom earth (51) are all sedi-
mentary rocks, and being composed chiefly of silica have essentially
the same chemical composition. In each case water was the agent
which bore the material to the point of accumulation, but the modes of
deposition were unlike. To make the sandstone, the sediment was pre-

~cipitated from mechanical suspension in the water, while for both vein

quartz and diatom earth the material was precipitated from solution,
the former by a chemical agent and the latter by an organism. On

- account of these differences sedimentary rock may be divided into

mechanical, chemical, and organic, as indicated in the table, page 53.
“The ultimate classification of igneous rocks is a matter concerning
which there is much difference of opinion. The chief divisions are often
based in large measure upon mode of geologic occurrence and chemical
composition, for these two factors are the principal ones in a deter-
mination of the structural and mineralogic features of igneous rocks.
Igneous material (“mmagma”) rising from the cartl’s interior may
brealk entirely through the overlying rocks and reach the surface, where,
exposed to the atmosphere, it cools rapidly; or it may stop beneath the
surface on the way up and cool slowly to solidification under circum-
stances very unlike those which obtain upon the surface. Igneous
rocks have thus been divided by some geologists into two groups, vol-
canic and plutowic, sometimes called extrusive and intrusive rocks.
Although the igneous rocks of this collection are not divided into
thesc two groups, some of the structural features of these, as usually
given, will now be considered, for convenience in other subdivisions.
Volcanic or extrusive rocks are delivered upon or near the surface
by volcanie action and spread out in streams or layers, either as con-
tinuous flows or as accumulated fragments of lava. On account of their
sudden cooling many volcanic rocks are either wholly glassy or only
partially crystalline. Others are holocrystalline, but the mineral par-
ticles forming the principal mass in such cases are usually, but not
always, very minute. _
Plutonic rocks, on the other hand, cooling at some distance beneath
Bull. 150——4
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the surface, solidify more slowly than volcanic rocks and attain a rather
coarsely crystalline granular structure, excepting along their borders,
where they come in contact with cooler rocks. They occur in masses
of various shapes and sizes, ranging from dikes to boases and irregular
batholiths miles in extent.

Rising through str atified rocks, the molten material often spreads
out between the strata, forming low dome-shaped masses (laccolitlis) or
sheets of nearly uniform thickness. Intrusive sheets lying conformably
between strata resemble contemporaneous surface flows which were
buried in the sediments as they were deposited. Geuerally the two
cases may be easily distinguished by studying the contact. Intrusive
rocks highly heat the rocks with which they come in contact, and fre-
quently metamorphose them, and are themselves finer grained near the
contact, owing to the cooling influence of neighboring masses.

Although plutonic rocks generally do not extend to the surface, it is
evident that voleanic rocks always connect, at the orifice from which
they issue, with plutonic masses extending into the earth. I’lutonic
and volcanic rocks grade into each other, forming more or less continu-
ous series. All these, coming from essentially the same magma, may be
regarded as belonging to the same series.

As to chemical composition, igneous rocks have a wide range. For

example, their content of silica may range from 30 per cent to 80

per cent, and on this basis alone igneous rocks may be conveniently
spoken of as acid, that is, containing over 65 per cent of silica; inter-
mediate, 55 per cent to 65 per cent; and basic, below 55 per cent.

The chemical nature of the magma determines almost wholly the
mineral composition of the resulting igneous rocks. TFor this reason
the classification of igneous rocks on a chemical basis, which is really

‘fundamental, may be expressed in large measure also in terms of mineral
assouatlon and its apphca,tlon may be thus rendered much more con-
venient.

On a chemical- mmermloglc basis igneous rocks may be divided into a
number of families, each embracing all rocks, both volcanic and plu-
tonic, which have essentially the same composition, and each series rang-
ing in structure from the glassy and porphyritic forms of lava to the
coarsely crystalline, even-granular forms, like granite and gabbro.

Silica is one of the most abundant and widely distributed components
of rocks. Tor this reason the principal rock-forming silicates becomne
the most important basis of classification, especially the silicates of the
alkalies—feldspar, nephelite, and leucite—and the ferromagnesian sili-
cates—amphibole, mica, pyroxene, and olivine. Only those families that
:are represented by.specimens in the collection will be here considered,
-and some dftthese families:are not limited as they might be if the collec-
tion were larger and of greater variety. The following classification
corresponds closely to that reported May 27,1897, by:a committee con-
sisting of C._R. Van Hise, W. H. Weed, H. W. Turner, Whitman Cross,
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aud J. 8. Diller, appointed by the Director of the United States Geo-
logical Survey to consider the nomenclature of the igneous rocks and to
adopt a system for use in the geologic folios published by the Survey.

Granite-rhyolite family.—Granite among plutonic rocks and rhyolite
among volcanic rocks are-the types of this family. They are rich in
silica, nsually containing about 70 per cent (65 to 80), with approxi-
mately 8 per cent of the alkalies, K,O generally but not always being
a little in excess of the Na,O. When holocrystalline, their essential
minerals are quartz and alkali feldspars. Oligoclase is present, some-
times in considerable but subordinate quantities; also one or more of
the ferromagnesian silicates hornblende, mica, or augite, with smaller
amounts of accessory minerals.

Syenite-trachyte family.—Syenite among p]utomc rocks and. trachyte
among volecanic rocks are the types of this family. They are not so
rich in silica as the members of the granite-rhyolite family, usually
averaging about 59 per cent (55 to 68), with approximately 9 per cent
of the alkalies, K,O being in general slightly in excess of Na,(). Min-
eralogically they are characterized by the general absence of quartz
and the predominance ot alkali feldspars. As in the granite-rhyolite
family, there is often a large but always subordinate amount of oligo-
clase present. Hornblende, mica, or augite may be rather abundant,
but the whole amount of the fermnm,«,nesmu silicates present is lesa
than that of the feldspar. The rocks of this series are rare.

Nephelite-leucite rocks.—Nephelite-syenite and phonolite are respec-
tively the abyssal and surface igneous rocks of this family. They con-

~tain so low a percentage of silica (about 54 per cent) and so high a

percentage of the alkalies (about 14 per cent) that nephelite and leucite
are formed and, although generally associated with feldspar, are con-
sidered the characterizing minerals. In the phonolite and nephelite-
syenites the associated feldspar is largely orthoclase, but in the theral-
ites it is chietfly plagioclase, and on account of such differences the
nephelite-lencite rocks, although rare, may be divided into several
families. The hornblende and augite which these rocks contain are
usually rich in alkalies. \

Diorite-andesite family.—Diorite and andesite are the plutonic and
volcanic type rocks of this family. They average about 60 per cent
(48 to 70) of silica and 7 per cent of the alkalies, Na,O being in excess,
with about 6 per cent of the alkaline earths, of which the greater part
is generally lime. Consequently the characterizing minerals are soda-
lime feldspars. Quartz is often present, and also hornblende or mica,
but not in predominating quantities. Augite is common in andesites,
but less so in diorites, where its relative abundance indicates a degree
of approach to the gabbros. A

Gabbro-basalt family.—Gabbro and basalt are respectively the plu-
tonic and volcanic types of this family. They average about 50 per
cent of silica, 9 per cent of iron oxides, 9 per cent of CaO, 6 per cent
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of MgO, and 4 per cent of the alkalies. Feldspar is usually less
abundant in this family than in the preceding ones, and on account of
increase in the CaO and decrease in the alkalies, it is prevailingly
of the lime-soda variety, as distinguished from the soda-lime variety
which prevails in the diorite family, although in some cases the alkali
feldspars become important. As the CaO and MgO increase, pyroxene
becomes more abundant, so that the holocrystalline members of this
family in general are essentially labradorite-pyroxenerocks. The mem-
bers of this family and of the diorite-andesite family are the moxt
abundant of igneous rocks.

Peridotite family—Pyroxenite and peridotite are the plutonic types
of this family and are composed, essentially, the first of pyroxene aund
the last of olivine, by which they are characterized. In chemical com-
position they are especiaily rich in MgO, containing an average of about
29 per cent, with rather low silica (about 44 per cent) and a very small
percentage ‘of the alkalies and alumina, so that they are esseutially
feldspar-free rocks. Volcanic rocks of this series are rare, and as yet,
perhaps, wholly unknown in the United States.

TABULAR VIEW AND CLASSIFICATION OF THE ROCKS OF THIS SERIES,
STAGES OF A ROCK CYCLE.
Origination, ) Alteration, Disintegration.

CLASSIFICATION OF ROCKS.

Unaltered. Metamorphic.! Residual.
Sedimentary : :
Mechanieal., Mica-schist.
Chemical. )
Organic. Crystalline limestone. Cluay of limestone,
Igneous: .
. Granite-rhyolite family. Granite-gneiss. Sand of granite.

Syenite-trachytc family.

Nepheline-lencite rocks.

Diorite-andesite family. :
Gabbro-basalt family. Gabbro-gneiss. ‘ Sand of diabase.
Peridotite family. Serpentine.

10nly a few examples of metamorphic and residual rocks are given, fot the purpose of showing their
relations to the unaltered forms.

N



4

-

DILLER.]

CLASSIFICATION OF

ROCKS.

Unaltered sedimentary rocks.

53

' Number of specimen in the series.
Mechanical:
[ 17 PR 1,2
Sand
Loess .
0] e 8,9.
Conglomerate. .....ooerenniiiiii e 10.
Breccia ........... e teaetaeeaeeieeereeeieanaas 11,
SANASLONE . oeei e ieeaa e tiacaeaaeaa i eaaaas 12,13, 14,15, 16,17, 18,19,
Graywacke ..cocoooiiiiiiiin feeeeei e, 20.
] T £ N 21, 22.
Chemical:
Siliceous sinter.. ... ..o it 23,
Voin—vein quartz . ............oiiiiiiiiiall 24, 25.
Siliceous oolite. .. ...} 26.
L 11 L1 1Y W 217.
Limestone— :
Stalactite .ooeniinii i
Travertine
(O R L PP 20,
Oolite .| 81,
B 07T 111 7 S 32,
Concretiong—
Claystone. ceeeeneenn e 33.
Containing fern........oooeiiiiiiiiiL. 34.
Marcasite. ..ocveeeiiii i 5.
GEOMB. . eeeeiiiiee ittt 6.
Silicified wood ...t iiiiiiaiaiiaia 37,
" Silicified shell
Organic:
TAMOBEONG - e oeeeenaeneeameeaaanrannaananns 39, 40, (41),42, 43, 44, (45),46, 47,48,49,50.
Diatom earth 51
Fogsiliferons iron ore..........ooccveenen cemmaeeens 52.
Peat .oci e ieciaaees 53, .
L0 R 54, 55, 56.
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CLASSIFICATION OF ROCKS.
Metamorphic sedimentary rocks.
. No. of
l!\At‘]"]ﬂh
Crystalline limestone ..... e e eeeeeei e 115
b MAIDIO. e e e e 116
"Marblo (dolomite) 7
Quartzite .. ... 118
Quartz-gehist..o.oaiiii 19,
Jaspilite................0 . 120
Magnetic specular hematito 121
Slate (clay slate, roofing slate) ..ol 122 |
Indurated jointed shale......veeeaneaiaanaan... e 123
Crumpled shale .....cooooooann... e, 124
Faulted pebble....... 125
Phyllite (sericite-schist) 126
Phyliite (chlorite-phyllite). ... ...ooooiviiie il 127
Metamorphic conglomerate (conglomerato gneiss). . 128
Albite-schist......coova il eeieeieeaaas 129
MHCA-SCRIBE «eee et eae i et 130
Hornblende-schist ....... 131
Schistose biotite-gneiss 13
Staurolite-mica-8ehist. cooe it iii i e eeea s 133
Hornfels.. 184
Chiastolite-schist 135
No. of
specimen.
APOThyolite . ooueen i e 136
Granitoid gneiss.c.eew oiieieaiiiiiian Ceeeaaeas et 137
Epidote-mica-gneiss ' 138
Diabase-amygdaloid 139
Quartz-porite-gneiss 140
Garnetiferous hornblende-schist. ... 141
Steatite. .. PO 142
Hornblendic gabbro-gneiss (gabbro-diorite)..........ooeeeeiiiin. 143
DO e e 144
LD 1L N YR 145
MAagnetits . .oooee e 146
Residual rocks.
No. of
specimen.
Residual sand of gneiss ....ccoeeeeeiiiiiiii it e 147
Tesidual sand of diabi80 «veeveeeo i i 148
Residual clay of feldspathic rock (kaolin).................o..oo ... 149
Residual ¢lay of THNESEOUR. oo eeeeee e eee e ee e eeae e e 150 l
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Illustrations of surface modifications. -

No. of
specimen.

Spheroidal weathering in igneous rocks . ......ooeeiieniiiianii.s 151
Spheroidal weathering in shale ... ... ..o ool 152
Differential weathering on impure limestono ' 153
Differeritial weathering, fluted Jimestono ............... . 154
Glaciated ToCK . oo eiee e, AR 155
Desert varnislh..oovoeeeeeiniin it et 156

DESCRIPTIONS OF SPECIMENS.

UNALTERED SEDIMENTARY ROCKS OF MECHANICAL ORIGIN.

No. 1. BEACH GRAVEL.
(FrROM NAHANT, MASSACHUSETTS. DESCRIBED BY J. S. DILLER.)

Specimen No. 1 consists of smooth pebbles of various sizes. These
_illustrate the character of the pebbles accumulated to form the beach
gravel of Nahant. They range in size from that of a pea to that of an
egg. When the fragments are as large as a man’s head, the accumula-
tion of pebbles and cobblestones is called shingle. The round form and
smooth surface of the pebbles in specimen No. 1 show that they have
been subject to much attrition on the beach. The breaking waves
(breakers) are continually dashing against the shore, often with great
violence, knodking the pebbles together, breaking off their corners, and
grinding all the material within their grip to finer gravel, sand, and
clay. The water of the broken wave returning to the sea flows down
the beach, carrying with it some of the gravel, sand, and clay. As the
water at the surface of the ocean is carried landward by the wind
‘waves,! that on the beach flows seaward as an undercurrent (undertow)
and distributes the fragmental material, according to size, over the
bottom. This process is illustrated in the accompanying fig. 7.

The beach is composed largely of pebbles, with some sand. The
undertow is generally not strong enough to carry pebbles far from
shore, but off shallow and stormy coasts sand may be carried to a con-
siderable distance (nearly 100 miles off the Atlantic coast), and the silt
and clay will be deposited still farther beyond, where the undertow
meets the deaper water. In this manner the waste of the coast land is
spread over the bottom of the sea to form new rocks. As the trans-
porting power of the undertow varies with the force of the waves
in changing tide and winds, so its deposits will vary and become
arranged in layers—i. e., stratified.

The cliff cut by the sea in forming the beach is a sea cliff. It is the

source of the beach gravel. Pebbles may already exist in the loose

1G. K. Giliert, Lake Bonneville: Mon. U. 8. Geol. Survey, Vol. I, 1890, pp. 29 and 30.

N
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material of the cliff, as along the New England coast at many points,
but this is not generally the case. The gravel of the beach is usually
made from the solid rocks which form the cliff. The force of the waves
is so great on stormy coasts that fragments, small and large, sometimes
weighing tons, are broken off from the fissured clifi and tumbled about
by the dashing waves, pounding one another until ground to small peb-
bles and clay. The rocks of the sea cliff are weakened for the attack
of the waves by weathering, but a large part of the destructive effect
of the waves is due to the fact that they are armed with - fragments of
rock, which are hurled with great force against the cliff, as in a bom-
bardment. The noise of such rock-pounding by the waves on a stormy
coast may sometimes be heard a number of miles.

Pebbles of soft material are readily ground to pieces and disappear.
It is only those, like specimen No. 1, of hard, relatively tough, homo-
geneous material that stand the continuous battering and become well -
rounded. Of all minerals, quartz is the most common one which is
both physically and chemically hard and can well resist the wear of -
wave action. TFor this reason many of the beach pebbles are composed

o
Sea C/11f
Ocean

2 = Yndertow

o .
/=Grave/. 2:Sand. 3:C/ay. / / /////////)//,,

F16, 7.—Section of coast, showing Leach and sediments.

largely of quartz. When the waves are not uormal to the beach the
pebbles are thrown up the beach in the direction of the moving wave
and made to travel along the beach. Such pebbles are well rounded,
and their size is usually, but not always, proportional to the distance
they have traveled. The original shape and structure of the fragments
are the chief factors in determining the ultimate form of the pebbles
subject to the attrition brought about by the waves on a beach. It the
original fragments are flattish, and especially if their material splits
readily in one direction, the pebbles will be flat with rounded edges,
but if of nearly cubical blocks of practically homogeneous material,
such as ‘granite, syenite, and many other igneous rocks, they will be
spheroidal, as specimen No. 1.

There is another natural process of gravel formation which is of
much importance and should be mentioned in this place, although
not represented by specimens. Streams of water flowing over the
surface of the land carry with them rock fragments which have been
detached in various ways, rolling them along the bottomn of the chan-
nel and sometimes picking them up and dropping them again., The
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stones thus carried give and receive many blows, not ouly striking
the bed rock of the channel, but striking one another, and by these
blows they are rounded, just as are the stones rolled upon the beach.
The resulting forms are the same, and if a typical sample of stream
gravel were added to this collection it would merely duplicate the
sample of beach gravel.

No. 2. GLACIAL GRAVEL (STRIATED PEBBLES).

(FroM ELKHORN, WALWORTH COUNTY, WISCONSIN. DESCRIBED BY G. K, GILBERT.)

A glacier is a large mass of ice moving slowly under the influence of

gravity. Glaciers on mountain slopes descend valleys and have the
form of broad, deep rivers. They are fed at the upper end by annual
accumulations of snow, and waste away by melting at the lower end.
Glaciers on plains are called ice sheets. They are built up by accu-
mulations of snow until their own weight forces them to spread
outward, and they waste away by melting at their margins. A moun-
tain glacier carries a load of rock. Some stones fall upon its back and
are borne along without modification; others are picked up from
beneath and embedded in the ice. As one part of the ice moves faster
than another, the embedded pebbles are rubbed against one another
and are thereby scratched. Some of them are also rubbed against the
rocky bed over which the glacier moves and are still more vigorously
abraded. Often they are rubbed until quite flat on one side, the flat
surface being polished and marked by parallel scratches. Sometimes
after such flattening they are turned and similarly rabbed upon another
side, and in this way a large number of facets may be ground upon the
same pebble. Ice sheets, s1m11(w]y, have stones embedded in their
lower portions, but usually carry none upon their backs. The parts of
glaciers and ice sheets which waste by melting are traversed by
streams, which may flow across the upper surtace, beneath the under
surface, or in tunnels midway. These streams wash along the pebbles
that come in their way, rolling them as they go and giving them all
the ordiﬁa-ry characters of stream gravel or beach gravel (see specimen
No. 1). The stones carried by glaciers are thus of three types: (1) The
unmodified materialof the back load, which usually consists of fragments
fallen from cliffs and is angular; (2) the pebbles and bowlders embedded
in the ice, which are usually subangular in general form, and are char-
acterized by scratches, or by scratches and ground facets; (3) the pebbles
finally acted upon by glacial streams, which are well rounded and have
smooth surfaces. Those of the first type resemble the stones of talus
slopes; those of the third are not distinguishable from other stream-
worn pebbles, nor from beach-worn pebbles (specimen No. 1); those of
the second type are peculiar to glaciers and are distinctively said to
be glaciated. They are illustrated by the specimen No. 2.

The corners of glaciated pebbles are usually rounded. so that there
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are no sharp angles, but the rounding does not approach in perfection
thatillustrated by stream pebbles and beach pebbles. On each flat facet -
the striee are parallel, but the direction is often different on contiguous
facets. Usually the facets show also irregular scratches, and such
scratches, with little parallelism, characterize the unfaceted portions
of the surface.

A glacier moves continuously, but slowly, from the region of accumu-
lating snow to the region of ablation or melting, so that the stones it
receives are all carried in the same direction, and where the ice stream
ends by melting, the stones stop and are accumulated. Where pebbles
are deposited without other material they constfitute glacial gravel,
but more frequently the glaciated pebbles are deposited in association
with clay.and sand, constituting a material called bowlder clay or till.
(See specimen No. 9.)

In the Pleistocene period there were many glaciers in the high
mountains of Colorado, Utah, Nevada, California, and the area lying
north of these States, and there were ice sheets in the northern part of
the continent. Oneof the ice sheets, having its center of accumulation
in Canada, spread over New England, covered most of the area bor-
dering the Great Lakes, and occupied the northern part of the Great
Plains. During its existence it moved an immense quantity of clay,
sand, and stones Ssouthward, producing a deposit which in many

districts deeply buries the bed rock. The pebbles constituting
" specimen No. 2 are from o depositeat Elkhorn, Walworth County, Wis-
consin, where they were embedded in clay.

The reader will find further information in the descriptions of specl
mens Nos. 9 and 155. He is also referred to the second chapter of The
Great Ice Age, by James Geikie; to The Drift: Its Characteristics
and Relationships, by R. D. Salisbury, in Vol. IT of the Journal of
Geology, and to The Rock Scorings of the Great Ice Invasion, by
T. C. Chamberlin, in the Seventh Annual Report, of the United States
Geological Survey.

No. 3. BrACH SAND.

(FrOM SULLIVANS ISLAND, NEAR CHARLESTON, SouTH CAROLINA., DESCRIRED BY
J. 8. DiLrer.)

The mineral fragments next smaller than pebbles are grains, and an
accumulation of them is sand. Fragmental material grades in size from
gravel through sandy gravel and pebbly sand to pure sand. Sand is
variously designated, according to its mode of occurrence and origin,
as well as with reference to its color, shape, and mineralogic compo-
sition. Beach sand, river sand, residual sand, black sand, sharp sand,
quartz sand, etc., are among the names thus given it.

Specimen No. 3, from the ocean beach on Sullivans Island, at the en-
trance of Charleston Harbor, is a uniformly fine-grained sand, composed
chiefly of angular grains of colorless transparent quartz. Some of the
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grains of quartz are rounded and a few are stained yellowish by oxide
of iron. If the sand is stirred with a small - horseshoe magnet, only a few
small grains of magnetite may be found adlering to the poles. Some
of the black grains are relatively earthy material, such as results from
the decomposition of ferromagnpesian silicates like augite. Other black
grains are yellowish green by transmitted light, and slightly pleochroic,
with-a large cleavage angle, but a small angle of extinction, and are
believed to be hornblende. There are a few thin, light-gray, pearly
scales of a cloudy, transparent, biaxial mineral like somewhat-altered
muscovite. Clear, angular, glassy grains of microcline and plagioclase
were seen, without traces of kaolinization. Numerous small white frag-
ments of molluscan shells are present.

The sand is so largely composed of quartz that it affords a good
example of quartz sand. Many of the grains are sharp-angular, show-
ing shallow-curved pittings, resnlting from conchoidal fracture. A
larger proportion of the grains show more or less rounded corners with
dull surfaceslike ground glass, due to the attrition of the grains among
themselves when moved. Grains of sand are so light in water that the
feeble knocks they give one another when hustled about by the waves
and currents make little impression as compared with that made and
received by pebbles. Tor this reason grains of beach sand will remain
angular where pebbles become well rounded. Sand of well-rounded
grains worn only by water indicates long-continued exposure to the
action of the waves. Waves and currents inclined to the coast cause
the sand to travel along the coast: The farther the sand travels the
larger the proportion of its rounded grains.

The character of the sand in specimen No. 3 is such as to indicate that
it is derived from two sources: (1) From the decomposed and disinte-
grated crystalline rocks, like gneiss and gramite, rich in quartz; and
(2) from the breaking up of quartz-feldspar rocks without decomposi-
tion. The iron-stained grains of quartz and the complete absence
of decomposed feldspar indicate that it was derived from residual
materials; the feldspar, having completely decomposed, forming kaolin
and muscovite, was entirely separated from the quartz by the sorting
action of the waves. The glassy quartz with conchoidal-fracture sar-
faces and the clear fresh feldspar indicate rock breaking, for such
unaltered material could not be of residual origin. The feldspar would
show clouding, due to alteration. :

The beach sand of the Atlantic coast is part of the formation now
developing in that region from the waste of the land. Other minerals
besides feldspar are reduced to finer particles by decomposition, and
removed in the process of sorting, thus concentrating the quartz to
form sand. The bulk of nearly all sand is quartz, a condition which
naturally results from the chemical and physical durability of that
mineral. A considerable portion of it has been derived from the erosion
of the Cretaceous, Tertiary, and Pleistocene sandstoues of the Coastal
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Plain, Thus it happens that the same grain of sand in the course of
its history may have belonged successively to a series of different sand-
stones, and be much older than the formation in which it occurs.
Closely related to beach sand is river sand, which is deposited along
the courses of streams through the land. The grains of river sand .
are usually less rounded than those of beach sand. When composed
wholly of angular grains, it is often called sharp sand by builders, who
use it in making mortar. Varieties of both river and beach sand are
sometimes based on mineralogic composition. Magnetic sand or iron
sand is rich in magnetite or other ore of iron. Micaceous sand contains
much mica. Feldspathic sand is rich in feldspar. Gold sand or aurif-
erous sand contains particles of gold, and at some places along the
coast of Oregon and elsewhere has been washed for gold. Auriferous
sand is usually black and is sometimes called black sand, because of

the magnetite and other heavy black minerals it contains.

No. 4. DUNE SAND (JNOLIAN SAND).
(FROM SAN FRANCISCO, CALIFORNIA. DrscriseD »Y J. S. DILLER.)

This sand was collected from the dunes near Golden Gate Park,
between San I'rancisco and the Cliff House. Pl XI illustrates a por-
tion of the wind-rippled surface of one of these dunes. The twigsin
the foreground show the direction of the prevailing wind from the
coast. The sand from the adjacent seabeach, like that on many other
coasts, is blown inland by the storms from the sea to form the knolls
and ridges of the dunes. They are well developed occasionally in arid
regions, and also aloug the shores of lakes; for example, Lake Michigan
(see P1. VI), where the evidence of strong wiuds is seen in the inclina-
tion of the trees.

A glance at specimen No. 3 with a lens discloses the fact that the grains
are all well rounded. 1In this respect dune sand differs from ordinary
beach and river sand, but the difference is only one of gradation. Sand
is relatively much heavier in air than in water, so that when hurled by
wind the grains strike much harder blows than when borne by water,
and this fact fully accounts for the greater roundness of dune sand.

In mineralogic composition dune sand is generally as variable as
river and beach sand. Specimen No. 4 is composed chiefly of quartz,
" although the proportion of quartz is not so large as in specimen No. 3,
In No. 4 there are so many grains of hornblende and other black
minerals as to give the sand a decidedly dark color. Most of the
coarse grains are clear and colorless or have a slight rusty tinge due
to oxide of iron. Considerable sand was examined, but no feldspar
was found in it. The magnet picks up numerous small black grains of
magnetite and grains of other colors inclosing small particles of mag-
netite. Most of the larger black grains in the sand, when crushed, are
found to be a transparent, pleochroie, greenish-yellow mineral with the
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extinction and cleavage angle of hornblende. Other clear-green vit-
reous grains without pleochroism and with a large-angle of extinction
are probably pyroxene. The grains with a dull or waxy luster, ranging
in color between red, light yellow, gray, green, and brown, when
crushed and exposed under a lens appear to be fine, powdery, siliceous
material like that obtained by crushing small pieces of variously colored
siliceous slates apd jasper, such as are abundant in the Coast Range.
Sand dunes border nearly all lacustral and marine coasts that are not
rocky, and "are usually in the form of irregular rounded ridges or
mounds parallel to the beach and with the steeper slope to the land-
ward. They occur not only along the coasts, where the sand is derived
from the beaches, but also in arid regions of the interior. They are
abundant in the great desert region of North Africa and Arabia, as
well as at a number of points in the western part of our own country.
They sometimes cover many square 1niles, and the accumulated sand
may be hundreds of feet in thickness. San Irancisco is largely built
on sand dunes, which cover most of the northern end of the peninsula.
The prevailing winds from the southwest blow the sand inland in a
rhythmical way and beautifully ripple-mark the surface of the dunes.
Owing to the local eddies and frequent shifting of the winds, the struc-
ture of the dunes is very irregular. It may be compared with the
cross bedding occasionally seen in water deposits. (See Pl I.)

With- variation in the direction and force of the winds and in the
supply of sand, the dunes change their form and sometimes travel
slowly inland. On the western border of Europe, where blowing sand
occupies nearly half the coast from the Pyrenees to the Baltic, their
advance varies from place to place, and ranges between 3 and 24 feet
per annum, Tertile fields aud houses of once populous districts have
been buried by advancing dunes. Streams have been turned from
their courses, and the whole region has been converted into sand wastes.
Such devastation can be averted to a great extent by planting grass to
bold the sand, and trees to break the wind. In Gascony,on the south-
west coast of France, where dunes are very large, extending along the
* sea for 150 miles, with a breadth of belt at times as much as 6 miles,
and rising frequently to the height of 300 feet, the devastation by the
advancing dunes was checked and averted to a considerable extent by
planting and growing pines.

Sands shifted by the winds are not confined to the seacoast, but
occur on the borders of many lakes, as well as in the arid regions of
the interior. They may be seen on the western shore of Lake Michi--
gan (see Pl VI), where the dunes reach a height of 100 to 200 feet.
Forests once entombed beneath them are being again exposed by eolian
erosion.

In desert regions the absence of vegetation exposes the rocks directly
to the weather, and the dryness is especially favorable to transportation
of sand by the winds, which are often vigorous. The blown sand in
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such regions carves the exposed stones and ledges in a peculiar manner.
The discovery of this geologic phenomenon led to the invention-of the

-sand blast, which is now a mechanical process of cousiderable import-

ance in the arts. :

The. eolian sands of the arid regions of North America have been
described by Prof. I. C. Russell: Geological Magazine, July 1889, p. 289.
Like those of the coast, the dunes of the interior regions are composed
chiefly of quartz, but exceptions to this rule occur occasionally. Pro-
fessor Russell reports small dunes in Carson Desert composed of casts
of small crustaceans (Oypris), and others near Fillmore, Utah, com-
posed of crystals of gypsum. On parts of the coast of Cornwall,
England, the dune sand consists mostly of fragments of land and sea
shells. The material has been used as a fertilizer. In places it is so

" firmly lithified by calcareous cement that thé rock can be used for

building. References to the most important papers on dune sand are
given by Geikie in his Text-Book of Geology, third edition, pp. 335, 336.

No. 5. GREENSAND.

(From FARMINGDALE, MONMOUTIL COUNTY, NiW JERSEY. DESCRIBED BY

: ) J. S, DiLLER.)

Greensand is a sand characterized by the presence of the greenish
mineral glauconite, which is essentially a hydrous silicate of aluminum,
iron, and potash. Itis abundant in the Cretaceous formation along
the Atlantic coast, especially in New J ersey, where the series which it
characterizes has a thickness of nearly 550 feet. The greensand series
is well stratified, and contains in places an abundance of marine fossils.

Typical greensand, of which specimen No. 5 is an example, is composed,
besides the glauconite, of some clay, and generally.also some calcareous
matter, with minerals like those derived from the disintegration of
crystalline rocks in the waste of the land. Quartz is most abundant,
but feldspar, hornblende, magnetite, augite, zircon, epidote, tourmaline,
garnet, and other minerals are present in small amounts. It contains
also a few small fragments of gneiss and other rocks.

The principal component, glauconite, is usually in more-or less
rounded, sometimes mammillated grains about 1™ in diameter. By
means of a phosphatic cement the smaller grains are occasionally bound
together, forming nodules. The color of the glauconite grains is black
or dark green when fresh, and brownish when altered. The mineral is
soft and easily crushed, yielding in thin section light-green colors by
transmitted light and fine aggregate polarization between crossed
nicols. Fine punctures may occasionally be seen upon the surface of
the grains; at other times they are smooth and shining; but generally
they are dull and the surface is rather irregular. . Some of the grains are
distinct internal casts of foraminiferal calcareous shells, but generally
the form of the shell chambers is not sharply preserved. Dr. C. E.Lord,
who examined in the laboratory the npper marl of Farmingdale, reports
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that, besides containing glauconite, the marl is characterized mineralog-
ically by the presence of microcline, biotite, and muscovite, a great
scarcity of chlorite and amphibole, and an increase in the size of the
quartz grains, which are round and often attain 3™ in diameter,
although generally in the greensands the average diameter is about 1mm,
Gypsum and phosphorite are present. These minerals are rarely sepa-
rated, and occur in large quantities in the argillaceous gray wmarl near
Farmingdale. The phosphorite occurs in the form of an earthy, amor-
phous, colorless substance, frequently inclosing grains of glauconite or
fragments of other minerals, and occasionally the spines and teeth of
fishes. It is easily separated and subjected to qualimtive analysis to
prove that it is phosphate of lime.

Much light has been thrown upon the formation of gr eensand by the
work of the Challenger expedition. Approximately 1,000,000 square
miles of the sea floor is now covered by glauconitic deposits, and they
are limited in their development to certain areas adjacent to the land

where Foraminifera are present and the amount of sediment is small. .

The depth generally is between 100 and 200 fathoms, although glauco-
nite is sometimes found at much greater depths.

In the glauconitic material dredged up from the present sea floor by
the Challenger and other expeditions, the grains of glauconite are com-
monly found in the cavities of Foraminifera and other organisms, and
in many other cases the grains show clearly the interior casts of such
shells, the shells having disappeared. This association is so general
that all the probabilities appear to favor the opinion that the glauconite
was formed originally in the cavities of organisms. Greensand has been
found in greater or less amounts in’ nearly every geologic horizon from
the Cambrian down to the present time, but is especially abundant, as
already indicated, in portions of the Cretaceous. Greensand is exten-
sively used in New Jersey as a fertilizer.

The student will find mueh additional information concerning the
formation of the glauconitic deposits of the present oceans in the Chal-
lenger Report of Deep Sea Deposits, especially on pp. 378 to 361. Con-
cerning the greensands of the Atlantic coast, reference may be made
to A Preliminary Report on the Cretaceous and Tertiary formations
of New Jersey, by W. B. Clark, in the Annual Report of the State
Geologist of New Jersey for 1892, pp. 169 to 245; also to the Journal of
Geology (February and March, 1894), Vol. II, p. 161.

No. 6. FosSILS FROM MARINE SAND.

(FROM GrOVE WHARF, JAMES CITY COUNTY, VIRGINIA. DESCRIBED BY
J. 8. DILLER.)

In the beach sand of specimen No. 3 there are fragments of shells
broken up by the waves. At many places along the coast the shells are
buried in the sand before they are broken. This takes place especially
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beneath the water a little offshore, or in a bay, where the force of the
waves is not so violent as on an exposed beach and animal life is
abundant to supply the shells. 'When buried so as to becoe a part of
the earth, and thus to form a record of the kind of animals that lived
while the $and was being deposited, the shells are fossils. The two
shells of specimen No. 6 are fossils whose specific names are Venus
mercenaria and Pecten jeffersonius. They were found buried in the sand
as illustrated in fig. 8. The clams and scollops which bore these shells
lived and died in the sea during the geologic epoch known as the Mio-
cene. The bodies disappeared, but the shells remained unaltered,
buried in the sand, to tell of the life of that ancient time.

The presence of the shells in the blufts on the land far from the sea
shows that during the Miocene epoch the.ocean covered much of what
is now dry land, and that since then the sea bottom at that particular
place, and in fact all
along the Atlantic coast
of the United States from
Massachusetts to Florida,
has been raised and the
coast line moved farther
eastward to its present
position. v

Specimen No. 6 fuar-
nishes an example of the
simplest type of fossiliza-
tion. The organism is
buried and a large part
of it, the shell, remains
unaltered. Specimen No.
38 illustrates a type of

fossilization in which the
shell is comp letel y Fi6. 8.—Shells in marine sand at Carlers Grove, on James
River, Virginia.

" changed, and only the
outer form is preserved, while in specimen No. 37, which is w third type,
although the organic matter is completely replaced, the outer form and
delicate internal structure of the wood are completely preserved.

No. 7. Louss.
(F'roM MUSCATINE, JowA. DEscrIBED BY J. 8. DILLER.)

The pale-yellowish, homogeneous, fine-granular, somewhat calcare-
ous earthy material forming the bluffs at Muscatine, Iowa, and else-
where along the Mississippi is called loess. Thé name was first given
to material of the same sort occupying the valley of the Rhine.

The loess of Muscatine is intermediate in tineness of grain between
sand aud clay, and, although it appears rewrarkably uniform, there is
considerable range in the size of the particles—from about 1 wmm. to

Bull. 150—5
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0.0001 mm. in diameter—the finer material forming by far the greater -
portion of the mass.,! Under the microscope it is seen that most of the
grains are angular or subangular, but many are distinctly rounded,
showing that at sowme stage of its existence they have been subjected
to considerable attrition. Quartz is the most abundant mineral in
both rounded and angular grains. Clear, colorless grains of orthoclase
and plagioclase feldspar and green pleochroic fragments of hornblende
are common but not abundant. Yellowish, strongly pleochroic, foliated
scales of biotite occur occasionally, and rarely fragments of a pale-
reddish, strongly absorbing mineral, supposed to be tourmaline. There
are a small number of blaek, opaque grains, some of which are prob-
ably ores of iron, although none were found to be magnetic, even after
heating. The flocculent yellowish or rusty-gray particles are clay, col-
ored chiefly by oxide of iron. They become decidedly reddish by igni-
tion, just as in the manufacture of red bricks the yellowish hydrous
oxide of iron (limonite), by heating and driving off the water, is
changed to red hematite. -

In dilute hydrochloric acid the loess effervesces vigorously, but only
for a few moments, showing the presence of small amounts of carbon-
ate of lime. It generally occurs in the form of small nodules or tubes,
and by studying the loess in the field it has been found that the
minute tubes represent the rootlets of vegetation penetrating tfrom the
surface, They rawmify the deposit, but as their general direction is ver-
tical they give to the loess a vertical structure, which tends to make
it form cliffs where sufficiently thick and properly exposed. This fea-
ture can be seen in Pl VII, which shows a typical exposure of the
loess at Muscatine. At this exposure the loess appears to be massive,
i.e., without evident stratification. Such is the general character of
the loess, but at other exposures in the same region there are distinct
traces of stratification due to aqueous deposition.

Besides the mineral constituents already noted, the loess from Mus-
catine contains a few minute coiled shells of land snails. According
to W J McGee,” the loess of the southern part of the State contains
also the fragments of other land animals, a few water snails, and still
fewer mussels, the latter of subarctic and arctic facies. The land ani-
‘mals are most closely related to arctic and subarctic forms, indicating
that the loess originated during a cold epoch.

The distribution of the loess in the Mississippi Valley, as recently
pointed out by Chamberlin, may be summed up in two great features:
It is distributed (1) along the leading valleys, and (2) along the border
of the formerice sheet at the stage now known as the Iowan. The
loess occurs principally in the valleys of the Missouri, Mississippi,
Illinois, and Wabash rivers. Along the Missouri River it is found
from southern Dakota to its mouth, and along the Mississippi River

1 Report of the Illinois World's Fair Cemmission, by Milton Whitney, pp. 93-114.
2Eleventh Ann. Rept. U. S. Geol. Survey, Part I, 1891, pp. 300 and 471.
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from Minnesota to southern Mississippi. Along the Illinois and the
‘Wabash it occurs from the points of their emergence from the territory
of the later glacial sheet to their mouths. In all these valleys the
loess is thickest, coarsest, and most typical in the bluffs bordering the
rivers, and becomes finer, thinner, and nontypical as the distance from
the rivers increases.

The distribution of the loess along the front of the ice sheet in glacial
times was elaborately worked out for Iowa by Mr. McGee, who showed
that the loess material was the fine stuff ground up by the glacier
which, during the loess epoch, terminated in that region. Many others
have so greatly extended the evidence of this relation that it is now
generally accepted as one of prime importance in considering the origin
of the loess. While it appears to be clear that the material of the
loess in the Mississippi Valley was furnished by-the ice sheet, and that
~ in some way it was distributed chiefly by water, there are many puz-
zling features of its distribution that are not easily accounted for; as,
for example, the wide range in altitude of the loess deposits. The
extent of the vertical range, as pointed out by Chamberlin, is about
1,000 fest, and frequently the range within a score of miles is from
500 to 700 feet. The fluctuating floods of the loess epoch must have
exposed portions of the loess-covered flats to the action of the winds,
and the fact that evidences of wind action in the original deposition of
the loess have been observed has led Chamberlin to suggest that eolian
as well as aqueous agencies may have played an important part in the
deposition of the loess of the Mississippi Valley.

Loess similar to that of the Mississippi Valley has been recognized
in many parts of the earth, especlally in the valley of the Rhine, along
the Danube, and in various portions of southeastern Asia. Notwith-
standing the similarity of its general features in many regions, its
origin may be very diverse. In China, for example, its large masses
are supposed by Richthofen to be chiefly wind-blown material derived
from the disintegration of the rocks in the adjacent hills. Prof. I. C.
Russell! has shown that the ‘“adobe” in the arid regions of the West
is practically identical with the loess of China, and that its subaerial
accumulation is to be mainly ascribed to the action of ephemeral
streams. Wherever it occurs the loess or adobe is a fertile soil and,
excepting in arid regions, sustains a large agricultural population.

The student will find further information on this subject in the fol-
lowing papers: The Driftless Area of the Upper Mississippi Valley, by
T. C. Chamberlin and R. D. Salisbury, Sixth Aunnual Report of the
United States Geological Survey (1884-'85), pp. 278-307; The Pleisto-
cene History of Northeastern Iowa, by W J McGee, Eleventh Annual
Report of the United States Geological Survey (1889-790), Part I, pp.
291-303; Supplementary Hypothesis Respecting the Origin of the Loess
of the MlSSlSSlppl Valley, by T. C. Chamberlin, Journal of Geology,
Vol. V (November-December, 1897), pp. 795-802.

! Geological Magazine, 1889, p. 349.
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No. 8. Brick CLAY.

(FroMm Brick HAVEN, ALEXANDRIA COUNTY, VIRGINIA. DEscriBED BY J. 8.
DiILLER.) ’

Tine earthy material like specimen No. 8, which is somewhat firm and
brittle when dry, but plastic and tenacious when wet, is clay. When
pure, it is composed essentially of silicate of aluminum. Generally,
however, it is impure from the presence of fine grains of quartz and
oxide of iron, as well as other minerals.

. Specimen No. 8 is clay from a bank, represented in Pl. VIII, on the
Virginia side of the Potomac, nearly opposite Washington. Its pale-
yellowish color is due to the presence of hydrous oxide of iron (limonite),
which when the brick is burned loses water and becomes hematite,
coloring the brick red. '

. When stirred in water the clay readily goes to pieces; the coarse
particles subside rapidly, the finer ones slowly. By decanting, the
material can be separated into portions differing in size of the particles.
Under the microscope the coarser portion is seen to contain numerous
grains of quartz, with a few of clear banded feldspar. There are occa-
sional minute round nodules of limonite; arnd nearly all the grains of
sand, as well as of clay, are stained yellowish by oxide of iron. The
coarser portion is made up chiefly of quartz grains and oxide of iron,
and many of the grains of quartz are well rounded. In the finer por-
tion clay particles are more abundant, but they are much smaller than
the quartz and othier mineral fragments. The clay is in very fine scales
and is stained reddish yellow by oxide of iron. The scales look like
minute flakes of mica, but may be distinguished by their very weak
double refraction. The basis of clay is silicate of aluminum, and when
pure in minute scales it is colorless. The aggregation of such scales
looks white, like snow, on account of its porous structure.

" Clay is the insoluble residue left from the decomposition and disinte- .
gration of aluminous silicates, especially feldspar, but it is derived also
from nephelite, scapolite, and other minerals containing much silica and
alumina. The white clay (kaolin) derived from feldspar is illustrated in
specimens Nos. 147, 148, and 149, which are the residual inaterial of feld-
spathic rocks. Specimen No. 150 is clay derived from the decomposition
of an argillaceous limestone. The clay was originally deposited with
the carbonate of lime in the limestone as it formed. Later, when the
limestone was raised above the sea and exposed to the wewther the
rain dissolved the soluble cmbouafce of lime and left the 1nsoluble
residual clay.

The clay represented by specimen No. 8 forms a deposit of consider-
able extent along the Potomac near Washington, and differs from the
clays mentioned above in that it has been transported by water from the
place where it originated to its present position. The deposit rises less
than 150 feet above the river. Itis extensively used in the manufacture
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of brick, and a view in one of the clay pits is given in PL. VIII. Aec-
cording to W J McGee,' the clay belongs to the Columbia formation,
and was deposited in an estuary on the borders of a river delta of the
ancient Potomac. At the time this clay was deposited (i. e., during
the later Columbia epoch) the Atlantic slope in the vicinity of Wash-
ington stood about 150 feet below its present level. The Potomac en-
tered the estuary at Washington and dropped its load of sediment, of
which the clays were the finer portion. They were derived, at least
in large part, from the loose mantle of residual material resulting
from the decomposition and disintegration of the rocks in the Potomac
basin, '

From a study of the relation of the Columbia formation to bowlder-
bearing strata and to the great terminal moraine which stretches
across the country from Cape Cod in Massachusetts to Dakota, Mr.
McGee concludes that the clays of the Potomace river near Washington
were deposited during the first and second glacial periods, in the early
part of the Pleistocene.

No. 9. BOWLDER CLAY.
(FROM ROCHESTER, NEW YORK. DusCRrIBED BY G. K. GILBERT.)

Certain clays produced by glaciers- contain pebbles and bowlders,
and ave therefore called borwlder clays. In the description of specimen
No. 2 some account is given of glaciers and ice sheets, and mention is
made of the ice sheet which in Pleistocene time covered a large portion
of northeastern North America. As the stones held in an ice sheet
rub one on another and are gradually reduced in size, the particles
ground off remain embedded in the ice. Where the stones rub against
the bed rock, not only are they ground away, but the bed rock itself is
worn, and the product of all this abrasion is received by the ice and
carried forward. Where the ice melts, its load comes to rest, forming a
deposit, and in this deposit the coarser and finer fragments may be
indiscriminately mixed. Such a mixed deposit is called till. Some-
times its finer part is sand, but usually there is enough clay to make it
coherent, and the name bowlder-clay is then commonly used. Bowlder-
clays are heterogeneous not only in mechanical structure but in compo-
sition. The ice in its journey abrades many rocks, and the particles
ground from all these are mingled together in the resulting till. The
ratio in which the different rocks traversed are represented in the till
depends partly on the extent of their outerops and partly on the readi-
ness with which they are ground away; and it is also found that the
nearest rocks are relatively better represented than the nore reinote.
In the northern States the motion of the ice sheet was southward, and
the till at each locality is largely composed of pebbles and rock flour
from the formation lying immediately north of it. Specimen No. 9 is.

VProc. Am, Assoc. Adv. Sci., Vol XXXVI, p 221.  Also Am.Jour. Sci., 3d series, Vol. XXXV, p, 331,
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from a till deposit underlain by the Niagara limestone, but a short dis-
tance to the north begins a broad outerop of Medina shale, and this
formation furnished the chief material of the clay, giving its reddish
color.

The spec1men appears, on first examination, to contain a few ﬁne A
pebbles and very little sand ; but when the coarser portion is separated
from the finer by successive washings, sand is found to form a consid-
erable proportion of the whole mass. The sand is chiefly quartz, with a
small amount of féldspar and green hornblende and much oxide of iron.
Seme of the larger grains are angular, but the smaller ones are often
rounded. The very fine material is not a normal clay, such as results
from the decomposition of aluminous. silicates, but is a rock flour, due
to the trituration of a variety of materials, including various unaltered
as well as decomposed silicates and the carbonates of lime and mag-
nesia. - The sand grains were probably derived chiefly from the sand-
stone of the Medina formation, and had been rounded hefore they were
received by the ice.

Further information will be found in the descriptions of specimens
Nos. 2 and 155. The reader is also referred to The Terminal Moraine of
the Second Glacial Epoch, by T. C. Chamberlin, in the Third Annual
Report of the United States Geological Survey; and to The Surface
Geology of New Jersey, by R. D. Salisbury, in the Annual Report of
the State Geologist of New Jersey for 1891.

No. 10, CONGLOMERATE.
(From UTréA, ONEIDA COUNTY, NEW YORK. DESCRIBED BY J. S. DILLER: )

‘When gravel is cemented so that the pebbles and sand of which it is
composed are bound together, the rock formed is conglomerate. 1t dif-
fers from gravel only in containing a cementing substance which con-
verts the loose material into a solid mass. ]

In specimen No. 10 the pebbles are quartz. They are small and
generally well rounded. Some, indeed, are subangular, but most of
them have the corners completely reduced. The sand, and also the
cement which holds the fragments together, are chiefly quartz.
Although there are a few brass-yellowish grains of pyrite, and some
black ones of other minerals, almost the whole mass of the rock is
silica. It is'a deposit in which quartz is so abundant as to indicate
that at the time the conglomerate was formed the conditions were
especially favorable for the accumulation of quartz.

The bed of conglomerate from which specimen No. 10 was taken is
well exposed in Oneida County, New York, and on this account is called .
Oneida conglomerate. It is associated with a thick sandstone—the

‘Medina—which varies in color from red to white, and which may be
traced almost continuously from western New York eastward to near
the Hudson, whereits upturned edge swings to the southwest, stretching
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away through New Jersey, Pennsylvania, Maryland, Virginia, and Ten-
nessee into Alabama. From this long line the outerops of thie Medina
sandstone and conglomerate extend westward to the Mississippi Valley,
butin that direction the material gradually becomes finer.

The shells found in the sandstone, as illustrated in specimen No. 19,
show that it was deposited in'the ocean. The reduction in the size of
the particles of the sediment toward the Mississippi Valley, in accord-
ance with the general relations of littoral deposits illustrated in fig. 7
(p. 57), indicates that the shore of the ocean lay to the eastward, in the
Appalachian region, and that at that time the sea occupied the Missis-
sippi Valley. ‘

Most conglomerates contain a considerable proportion of quartz peb-
bles, or pebbles of siliceous rock, but besides these they usnally contain
pebbles of many other kinds. The most abundant pebbles are those of
the most durable rocks, such as vein quartz, quartzite, graywacke,
granite, and various kinds of volecanic and plutonic rocks, especially
those which contain a high percentage of silica. 'When pebbles of any
one kind predominate, special names, such as quartz conglomerate, lime-
stone.conglomerate, and volcanic conglomerate, may be given to the rock,
according to the prevailing constituent. '

Conglomerates may be coarse or fine, according to the size of the
pebbles of which they are composed. Fragments larger than pebbles
are often cailed bowlders, and conglomerates containing them have
been designated bowlder conglomerates. The size of the fragments and
their surface features are indexes to the character and strength of the
transporting power by which they were deposited.

As indicated in the descriptions of specimens -Nos. 1 and 2, gravel

_ originates wholly in the process of erosion, either by glaciers or streams

of water on the land, or by waves of the sea beating on the coast. On
stormy coasts, where much gravel is produced and the undertow is
strong enough to carry it seaward, it is spread over the bottom near
shore to form a bed of conglomerate, as illustrated in fig. 7. Being
beneath the sea, the deposit is below the level of erosion and is pre-
served so long as it remains in that position. On the land, however,
the conditions are different. The gravel deposits of glaciers and water-

- courses are ever exposed to erosion. By shifting floods they are gradu-

ally washed down to lower levels toward the sea, and finally the material

‘is carried into the sea, where it finds a resting place. TFor this reason

gravel deposits of the land are ephemeral. In the process of erosion
they are carried into the sea, where, like those formed by the waves,
they are added to the more permanent deposits which contribute to the
upbuilding of new formations. The coarsest material is deposited
nearest shore and marks approximately the direction of the shore line,
so that by tracing out the coarse conglomerate among the ancient sedi-
mentary rocks we can to a considerable extent make out the geography
of the land and sea. The distribution of the sandstone and conglomerate



2 THE EDUCATIONAL SERIES OF ROCK SPECIMENS. [BULL. 150.

of which specimen No. 10 is a sample shows clearly that the shore line
of the Medina epoch was in the Appalachian region and that the land
furnishing the sediment lay to the eastward.

The cement which binds the loose material together and converts
gravel into conglomerate varies from place to place, and sometimes holds
a more or less definite relation to the composition of the rock. In con-
glomerates where the sand and pebbles are chiefly quartz the cement
is often siliceous; in those containing fragments rich in iron it is
generally ferruginous. Silica and oxide of iron are the most common
cementing substances, but carbonate of lime also occurs in some
regions. These three cements are illustrated in sandstones by speci-
mens Nos. 12, 14, and 15. In some cases there is no visible cement, the
pebbles and matrix being so closely pressed together that they adhere.

No. 11. BRECCIA.

(FroM VIRGINIA, OPPOSITE POINT OF ROCKS, MARYLAND. DESCRIBED BY
J. S. DILLER.)

Breccia differs from conglomerate in the shape of the fragments of
which it is composed. In conglomerate most of the pebbles are rounded,
but in breccia the fragments are angular. Intermediate stages between
the two rocks have been called brecciated conglomerate. ’

Breccias are much less common than conglomerates, and are pro- -

duced in various ways. Those of sedimentary origin are of little
importance and grade into conglomerate. Specimen No. 11 is of this
type. It was selected on account of its distinctly fragmental structure,
its availability, and its architectural application. Although many of
the fragments are angular, others are well rounded; in fact, at most
places where this rock crops out the round pebbles predominate, so
that generally the rock is a conglomerate. The fragments are nearly
all limestone, and at the time the breccia originated the fragments
were transported only a short distance from their source. This fact is

readily determined by studying the rock in the field, where it occurs

near the limestone from which the fragments were derived.

The color of the limestone fragments in specimen No. 11 varies accord-
ing to that of the parent rock, but the interstitial material of sand, car-
bonate of lime, and oxide of iron in which the pebbles are embedded is
uniformly red, like much of the Triassic sandstone belouging to the
same formation. :

As in conglomerate, there are three substances which act as cement
in the breccia—carbonate of limne, oxide of iron, and silica—and all are
of nearly equal importance. If a piece of the red naterial between the
pebbles is placed in hot hydrochloric acid until the carbonate of lime
and oxide of iron are dissolved away, the fragment usually retains 1ts
form, owing to the siliccous cement present.

. The rock of which specimen No. 11 is a sample has been used for orna-
mental building purposes. A series of large columns of this material

It
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adorn the old Hall of Representatives, now called Statuary Hall, in
the Capitol at Washington. But it is so difficult to dress and polish
evenly that it is not oxtensively used for such purposes.

For further information concerning this rock, reference should be
made to a paper by Arthur Keith on The Geology of the Catoctin Belt,
in the Fourteenth Amnnual Report of the United States Geological

! Fie, 9.—Brecciated Devonian limestone, Fayette, Towa.

Sarvey, Part II, page 346, and to Stones for Building and Decoration,
by G. . Merrill, page 93.

Besides the breccias of sedimentary origin, illustrated by specimen
No 11, there are talus breccias, fault or friction breccias, and volcanic or
eruptive breccias. Under the influence of the weather, on }steep slopes
‘rocks break up into angular fragments, and beneath cliffs such frag-
ments generally accumulate and form a talus, which in some places
becomes cemented so as to form talus breceia. In breccias of this sort
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none of the fragments are rounded. They occur perhaps most fre-
quently in regions of extensive limestones, especially such as -are
cavernous, limestones furnishing both the fragments and the cement.
Along lines of fracture, where rocks have been faulted and crushed,
~ the angular fragments thus formed may be cemented by substances held
in solution by water circulating in the fissures, and thus form breccia.
Such breccia is called fault breccia or friction breccia. Breccias of a
smilar sort, whose origin is in some cases at least not yet clearly under-
stood, are illustrated by fig. 9, which represents a limestone breccia
described by W J McGee in the Eleventh Annual Report of the
United States Geological Survey, Part I, pages 319-321. '
Fragments ejected from volcanoes are often angular, and a consoli-
dated accumulation of them forms voleanic breccia. Acid lavas are
usually viscous, and during their -eruption are sometimes so crushed
‘and broken as to become a mass of angular fragments. When cemented
together by material of the same kind as the fragments, as is often the
case, such lavas are breccias, and to distinguish them from others are
called lava breccias or brecciated lavas. Lava flowing over angular frag-

ments on the surface may plck them up, and the mass may thus become
brecciated.

In the various kinds of breccias there may be a wide range not only

in the size of the fragments but also in their chemical composition.
Usnally, however, there is less variety in composition than among the
pebbles of a conglomerate, but a greater range in size.

No.12. PEBBLY SANDSTONE.

ARRA EA D, JACK UNTY, OREGON. DESCRIBED BY J, S.
FRrOM BARRON, N R AQ]ILA\I JACKSON COUNT , OREGO DEs J. S
_ DILLER.)

Conglomerates are composed of pebbles, and sandstones are composed
of sand. They are often found intermingled as alternating layers of the

same mass and pass into each other gradually or abruptly, recording the

gradual or sudden change in the currents by which the material was
deposited. Between conglomerates and sandstone there are many
intermediate grades. These may be represented by specimen No. 12,
Pebbly sandstone is composed chiefly of sand, but contains so large
a proportion of conspicuous pebbles that these deserve mention in the
name. This specimen was collected from a pebbly bed in a mass of
Cretaceous sandstone resting unconformably on the older rocks of the
Klamath Mountains, from which the material to make the sandstone
was derived. The dark-colored pebbles are chiefly slates, while the
. lighter-colored ones are from masses of serpentine and other eruptive
rocks. The fragments are all metamorphic rocks, and someare full of
small veins. '
Gray sand, which constitutes the greater portion of the rock, is com-
posed chiefly of quartz and feldspar, with some mica and. other minerals
derived from the diorities, granites, and similar eruptive rocks, as well

as from the slates with which they are associated in the Klanmath

-~
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Mountains. Some of the small, dark grains of sand are, like the peb-
bles, intersected by microscopic veins. Although the pebbles are well
rounded, the grains of quartz and feldspar are angular. This feature
is well illustrated in P1. IX, A. Some of the grains are of plagioclase
feldspar, but their banding can not be seen in ordinary light. The
other grains are of quartz, with sharp, angular outlines, strongly
contrasting with the rounded forms of the pebbles with which they are
associated. This association shows clearly that the pebbles are rounded
more easily than the grains of sand, and the reason for this is to be
found in the fact that the grains of sand, being so light in the buoyant
water, strike such tiny blows when they collide with one another
during transportation that but little effect is produced. On the other
hand, the pebbles, on account of their greater weight, strike much
more effective blows and soon get their corners knocked off,

A drop of acid on specimen No. 12 causes brisk effervescence, show-
ing the presence of carbonate of lime as a cementing substance between
the grains of sand and pebbles.

At the time the pebbly sandstone was formed the Klamath Mountains
were an island in the Cretaceous seas and received the beat of the
waves, which, to a large extent at least, produced the fragments and
deposited them to make the .pebbly sandstone. Although all the
fragments in the pebbly sandstone are of metamorphic rocks, the
pebbly sandstone itself is entirely unaltered. So it is evident that the
rocks of the Klamath Mountains were metamorphosed before the

~ COretaceous sandstone was deposited.

No. 13. GRAY SANDSTONE.
(Frov BrrEA, CUYAROGA COUNTY, OnI0. DESCRIBED BY J. 8. DILLER.)

Sandstone is consolidated sand. As long as the material is loose and
incoherent it is sand, but whenever by any process the particles are
made to cohere so as to form a solid rock, they become sandstone. All
sandstones were originally sand and show similar variations in com-
position and texture. The range of variation, however, is greater
than in sands, on account of the differences in the composition, color,
and other properties of the cement.

The grains of some. porous sandstones are angular and so loosely
cemented that when broken the surface of the rock is rough and gritty
to the feel. Such sandstones are commonly called grits, and of these
specimen No. 13 is a good example. It is well exposed at Berea, Ohio,
where it is extensively quarried for building stones and for grindstones
and is generally known as the Berea grit.

The Berea grit is a fine-grained, homogeneous sandstone, composed
almost wholly of quartz and orthoclase feldspar. The latter is greatly
altered and in most cases completely changed to kaolin, which is readily
distinguished by its whiteness. With the gray quartz, it gives color to
therock. Some grains of kaolin contain fresh cores of feldspar, and a few
comparatively fresh grains of microcline and plagioclase may be seen,
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Muscovite and pyrite .are rather rare. The cementing substance is
argillaceous and is impregnated by oxide of iron, but there is nota
sufficient quantity present to modify the color of therock. The cement
is weak and does not fill all the interstices between the grains of sand.
On this account the rock is soft and porous, so that it can be easily
carved and readily absorbs a large amount of water.

Kaolin oceurs in distinct grains of essentially the same shape as the
quartz, although somewhat more rounded. These grains, as well as
the thick coating of soft kaolin which envelops some of the rounded
grains of feldspar, had not yet been formed at the time the sandstone
was deposited, else i, would have been removed by the attrition the
grains have experienced duaring their transportation.

The original freshness of the material and the presence of such a
considerable portion of feldspar suggest that the surface of the land

- at the time the sandstone was formed must have been one of consid- -

erable relief. It is only when streams have considerable fall that
the currents are swift and strong enough to carry grains of sand and
" pebbles. In a rapid stream pebbles and -bowlders are rolled along on
its bed. They frequently knock together, break to pieces, and by
long-continued attrition are reduced to sand and finer sediment, but
the sand formed in such cases is composed of fresh minerals. The
feldspar, at least when the sand originates, is chiefly unaltered, but
on subsequent exposure to weathering it may readily become changed
to kaolin, as in the Berea grit. Had the land been one of gentlé relief,
“worn down to almost a plain (peneplain), the streams would have been
sluggish and able to remove only the material resulting from the
‘decomposition and disintegration of the rocks. - The . fine particles of
kaolin derived from the alteration of the feldspar are readily separated
from the quartz during transportation, leaving the sand composed
almost exclusively of quartz. Thus it appears that the original pres-
ence of a considerable proportion of unaltered feldspar indicates that
the land from which it was derived at the time the Berea grit was
formed was one of considerable relief. Chemical analysis of the rock,
according to Mr. G. P. Merrill,’ shows that the rock contains about
95 per cent of silica, with a small amount of lime, magnesia, oxide
of iron, alumina, and alkalies. When freshly quarried it contains
from 5.83 to 7.75 per cent of water, but when dry only 3.39 to 4.28 per
cent. ’ :

The Berea grit has a wide distribution in Ohio, having an extent of
about 15,000 square miles above and below ground. This wide extent
is remarkable considering its thickness, as it seldom reaches 50 feet.
In the northern part of the State it is medium grained and contains
some pebbles, but in the middle and southern portion of the State it
is fine grained. Its surface is often ripple-marked, and worm burrows
abound as on the sands of modern beaches, indicating that the Berea
grit was formed along an ancient shore line.

“étoues for Building and Decoration, p. 77.

-
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THIN SECTIONS OF SANDSTONE.

A. Pebbly sandstone from Barron, Oregon, as seen under a microscope in ordinary light, X 50.
B. Brown sandstone from Hummelstown. Pennsylvania, as seen under a microscope In ordinary light, X 50,
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On account of its agreeable color, its durability, and the ease with
which it is worked, it is a valuable building stone.” Its grit makes it
valnable for grindstones, and its porosity makes it a reservoir for
petroleum and gas. According to Prof. Edward Orton,’ it is ¢ the most
important single stratum in the entire geological column of Obio. Its
economic value above ground is great, but it is greater below. 1In its
outcrops it is a source of the finest building stone and the best grind-
stone grit of the country, and when it dips beneath the surface it
becomes the repository of valuable supplies of petroleum, gas, and
salt water.” .

No. 14. BROWN SANDSTONE,

(FroM HUMMELSTOWN, DAUPHIN COUNTY, PENNSYLVANIA. DESCRIBED BY
J. 8. DILLER.)

The sandstone of Hummelstown, Pennsylvania, is a typical sandstone
with ferruginous cement. In color it is usually purplish brown with
minute white specks. The uniformity in the size of its rather small grains
gives the rock an even texture. Its feel is decidedly gritty, owing to
the angular form of the grains. It is composed chiefly of angular grains
of quartz with some clear, fresh microcline and plagioclase, showing dis-
tincet twinning. Occasionally fragments of a mineral with very strong
absorption perpendicular to the prismatic axis, and parallel extinction
like that of tourmaline, may befound. The kaolin presentis sonretimes
in distinct grains of about the same size as those of quartz. It was

. deposited chiefly as tiner silt between the grains of sand, and is much

less abundant than the quartz. The largest grain shown in the lower
left-hand quarter of P1. IX, B, is kaolin. The others are nearly all
quartz. The brownish cement which is the chief interstitial substance
and coats many of the grains of quartz is ferric oxide. Omn account of
its abundance it gives color to the whole mass. As its color varies
through shades and tints of brown and red, so also the rock varies in
color. , :

_ The following analysis, by E. A. Schneider, shows the chemical com-
position of the rock: : :

Analysis of brown sandstone from Hummelstown, Pennsyleania.

Per cent.
310 M PP 88.13
7 P Ve 5.81
Fep0y ceeeemie e et 1.77
T .31

L0 .20°
MO e e .53
o P PPPURTPE 2.63
B S .06
HyO (1050) e e e ememenveeeeeaaeeanenemeeeeenenanns .23
HLO (ignition) ..o .26
B ) 71 99.93

! Geological Survey of Ohio, Economic Geology, vol.6, p. 28.
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At the quarry from which specimen No. 14 was obtained the rock near
the surface is reddish brown, and the greater body of the rock deeper
in the earth is purplish brown. The bedded arrangement of the rock
is a.prominent feature of the quarries. The even layers are usually less
than 10 feet in thickness and are cut by joints, which greatly facilitate
quarrying.
~ The formation represented by the brownstone of Hummelstown,
Pennsylvania, has a wide and irregular distribution along a belt
stretching from New England to South Carolina. Throughout the
whole belt, although it varies in texture considerably, ranging all the
way from a coarse conglomerate and angular breccia to shale, it is
everywhere deeply colored by oxide of iron. and frequently associated
with compact, dark, heavy, igneous rock, such as the basalt of Orange,
New Jersey, illustrated by specimen No. 102, Specimen No. 11 is
breccia from the border of the same formation near the Potomac.

Much has heen written on this formation. Its bibliography is given
by Prof. I. C. Russell,’ who illustrates its distribution by maps and
fully describes its character and the hypotheses concerning its history.
He calls it the Newark system. Fossil plants and fishes, and also the
footprints and bones of hugereptiles and batrachians, have been found
at a number of places, and their evidence fixes the age of the Newark
as Juratrias. Whether it was deposited in a series of local basins,
corresponding to the present disconnected distribution of the rocks, or
as a broad terrane in one irregular and continuous arm of the sea
stretching from New England to South Carolina, is as yet a matter of
discussion.

The uniformly red and brown color of the formation throughout its
whole cxtent indicates uniform conditions over the whole area. As
shown by Mr. Russell,? it suggests a mild, moist climate. Gneiss,
schists, and similar rocks containing much pyroxene, hornblende, and
mica or other ferromagnesian silicates are not usnally red when unde-
composed. Under the influence of the weather, however, these iron-
bearing minerals may be altered and much ferric oxide developed, coat-
ing the grains of quartz and other unchanged minerals red or brown.
If these products of subaerial decay are washed away and deposited to
form sandstones and shales without wearing off the ferric oxide coating -
the grains, the new rock will be red or brown; and thus, it is thought,
the red color of the Newark system may be explained. ‘

The great length of the formation, taken in connection with its small
breadth and great thickness, and its intimate association with basaltic
igneous rocks having the same lineal arrangement and being, at least’
in part, of contemporaneous origin, are among its most important

features. The rock is extensively used as a building stone in cities of "

the Atlantic States, and at several points coal beds of importance have
been discovered. - ‘

1 Bull. U. 8. Geol. Survey No. 85, 1892.
2 Bull. U. 8. Geol. Survey No. 52, 1889, p. 56.
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No. 15. PoTsSDAM SANDSTONE.
- (FrROM ABLEMANS, SAUK COUNTY, WISCONSIN. DESCRIBED BY .J. 8. DILLER.)

The Potsdam sandstone is so named from its occurrence at Potsdam,
in northern New York. It has been traced through a wide stretch of
country sonthwest and west of New York; and at many points, as in
Wisconsin, where it has been positively identified, the same name is
applied.

It is a typical quartz sandstone in which the sand is largely siliceous.
It is light, almost colorless, on account of the transparency of the quartz
of which it is composed, although there is here and there a suggestion
of pale rusty yellow, due to the trace of ferric oxide present in the
cement. :

Its structure is decidedly granular and somewhat porous. The inter-
stices between the grains are in many cases not completely filled. The
teel of specimen No. 15 is less gritty than that of specimen No. 14, and
if the surfaces of the two specimens be examined with a lens it will be
observed that when specimen No. 15 is fractured many of the grains
break, but in specimen No. 14 the cement breaks and the grains pull
apart, leaving the surface with more angular projections.

The grains are nearly all quartz, colorless and transparent, excepting
the faint gray clouding due to the occasional presence of the large num-
ber of liquid inelusions. The dark material forming part.of the cement
between the grains in Fig. 4, Pl. X, is ferric oxide. The.outlines of
the original well-rounded grains are generally indicated by a clonded
border which marks off the siliceous cement between them. In Fig,
B, Pl. X, it may be seen that the cement is sometimes oriented, so as to
be optically continuous with the adjoining grain and extinguished at
the same time. In the lower right-hand portion of Fig. B, Pl X,is a
banded grain of feldspar. At the upper left hand of the feldspar, as
seen in Iig. 4, PL X, is an elongated triangular grain of ferric oxide,
and atits right a well-defined area of interstitial quartz which belongs to
the adjoining grain. The fragment of quartz crystal represented by the
grain grew by additions to the outside until the intervening space was
completely occupied. In some places complete crystal faces have been
developed. The growth of quartz grains and of other minerals in this
manuer, and the consequent induration of the rocks containing them,
is a metamorphic process.. It has been illustrated and discussed by a
number of authors, especially by Irving and Van Hise.

This rock is much used for building purposes, and on account of its
siliceous cement is especially durable. In some localities, however,
where the formation crops out, the cement is not siliceous, or the rock
may contain small accumulations of clay. Both of these features, wher-
ever they occur, lessen the value of the stone for building purposes.

The sand of which the Potsdam sandstone was formed is much more

1Bull. U, 8. Geol. Survey No. 8, and Am, Jour. Sci., Vol. XXX, p. 231, and Vol. XXXIII, p. 285.
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distinctly rounded than most of the beach sand.along the Atlantic codst
from New England to Florida. Ithas beén so much worn that the feld-
spar and other minerals softer than the quartz have been almost com-
pletely ground to silt and removed. It suggests, also, that the material
from which the sand was derived may have been in a greatly decom-
posed and disintegrated condition, and the landscape one in which
gentle slopes prevailed ; for under such circumstances the altered min-
erals are unusually soft, so that they are easily ground fine during trans-
portation, and separated fromn the quartz.

The following chemical analysis, by L. A. Schneider, shows the
highly siliceous character of this sandstone: .

Analysis of Potsdam sandstone from Ablemans, Wisconsin.

Per cent.

S0 99,42

AlOs ..o ... e aaaas .31

H,0 (ignition) .......... e eeaeeeeseciaaaaaas .18
Total .......... e “09.91

No. 16. BANDED SANDSTONE.
(From PrOA, SUMMIT COUNTY, Uuu DESCRIBED BY J. S. DILLER.)

This sandstone is arranged in distinct layets, beds, or bands, which
in the field, where large exposures may be seen, are clearly expressed,
chiefly in diﬁ'ereuces of color. The banding may be seenin the hand
specimen, but is not conspicuous. It is parellel to the stratification,
and was determined when the material was deposited, although the
peculiarities of color may not all have been developed at that time.

The sand of which this stone is composed is almost wholly quartz.
Here and there are traces of unaltered feldspar. Grains of kaolin are
more abundant than those of fresh feldspar, and they may in some
cases be seen as minute white specks in the hand specimen.

Under the microscope the granular structure is much more distinct.
The grains of quartz are well rounded. Both silica and ferric oxide
appear in the cement. The former is perhaps the more abundant, and
is in places optically continuous with the adjoining grain, showing that
the crystallographic force in the grain controlled its deposition, and
the matter was so arranged as to form a growth in the crystal like that
in the Potsdam and many other sandstones. The ferric oxide is suffi-
ciently abundant to give a decidedly reddish color to the rock, and'its
arrangement has given rise to the banding of the rock. Some bands
contain much oxide of iron and others but little. The grains of sand
in the various bands do not differ among themselves essentially in size
or material. This is not generally the case in beds of stratified rocks,
for in such rocks the sediments are ordinarily arranged according to the

v
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size and weight of the fragments, thus producing stratification, as
illustrated in the laminated sandstone, specimen No. 17,

Tollowing is a chemical analysis of the sandstone, by E. A. Schneider,
which shows the very siliceous character of the rock:

Analysis of banded sandstone from Peoa, Ulah.

. |'Per cent.
£ 10 96. 60
ALOy . oo
FeIOz S ............................... 3

No. 17. LAMINATED SANDSTONE.

(FroM HoLyYokE, HAMPDEN COUNTY, MASSACHUSETTS. - DESCRIBED BY J. 8.
DILLER.)

The sand of which this stone is composed is very fine and is arranged
in such thin sheets as to produce laminated structure. The material is
much finer than that of other sandstones in the series, and approaches
mud or c¢lay in character. Upon the broad sarfaces of the hand speci-
men may be seen many glistening scales of mica, which lie parallel to
the stratification. On account of their extreme thinness the scales of
mica readily float and are carried away to be deposited with finer sand
and mud.

The composition varies greatly perpendicular to the stratification or
lamination, but parallel to it within the same layer the composition
is comparatively uniform. ™The lighter-colored layers are composed
chiefly of quartz grains with mica, some grains of feldspar, tourmaline,
and other minerals. The quartz is often well rounded and coated with
oxide of iron. The darker-colored, red layers contain finer material and
more angular particles, Mica, oxide of iron, and argillaceous material
are much more abundant, and represent a quieter stage of the water
than the coarser filns.” Systematic variation of these layers indicates
a corresponding variation in the conditions of deposition. Where
the coarser and thicker portions were laid down the water was more
vigorously in motion than where the fine sediment was deposited.
The coarser may represent times of heavy rains, melting snow, or flood-
tide, and the finer, periods of low, quiet water, carrying a much smaller
awmount of sediment,.

Bull. 150— 6
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Specimen No. 17 illustrates ‘the laminated sandstone of the Triassic
rocks in the Connecticut Valley, and belongs to the .same formation as
the brownstone of Hummelstown, Pennsylvania, the distribution of

which is indicated under specimen No.14. Throughout thislarge area.

the conditions vary greatly, and while the laminated sandstone was
forming in some places, coarser sandstone and conglomerate were form -
ing in other places, so that the same stratum may show lateral transitions
from the finer to the coarser sediments.

No. 18. RIPPLE-MARKED SANDSTONE.

(FroM HOLYOKE, HAMPDEN COUNTY, MASSACHUSETTS. DESCRIBED BY J. S.
DILLER.) :

The wavelike marks upon the upper surface of specimen No. 18 are
ripple marks, and were produced by corresponding movements of: the
water at the time the sediments were deposited. In the water they are
formed only where it is shallow, and they do not extend beyond the
depths to which ‘the water is agitated by the wind. At low water they
are well ‘exposed along the sandy shores of the ocean, but they gener-

ally attain their most regular development upon the land in regions of

wind-blown sand. ‘ ]

P1.-XT illustrates the ripple-marked surface of one of the sand dunes
near Golden Gate Park, San Francisco, California. The bent twigs in
the foreground show the direction of the prevailing strong winds to be
from-the left; that is, from the ocean. The axes of the ripple marks
are perpendicular to the course. of the wind, and the slopes of the
small ridges are not equal. Upon the windward side the slope is long

and gentle; to the leeward it is short and steep. The sand blown by

the wind moves up the long slope and falls over the shorter one, caus-
ing the ridge to move forward with the wind, but at a much slower
rate, Under the influence of strong winds from the Pacific, the ripple
marks illustrated in P1. X1 gradually advance from left to right. The
whole surface is in motion and the dunes travel landward. -

The development of ripple marks under water is not so simple a mat-
ter as their subaérial development, where they are due wholly to the
influence of the wind. . The ripple marks formed by water are rarely
so regular as those illustrated in P1. X1. 1n specimen No. 18 the upper
surface is of finer material than that of which the ripple marks are
chiefly composed, and in the deposition of this sediment the irregulari-
ties of the rippled surface were rendered less conspicuous. Originally
the material now exposed upon the uppled surface was mud.. It was
soft and- easily impressed.. At low water the surface was uncovered
and exposed to-the weather. Insects, birds, and other animals crossing
the mud flat afoot left tracks. The footprints were covered up and pre-
served by later deposits so as to remain in the rocks, aud to-day atford
evidence of the character of the animals that lived when the rock was

-» ’
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formed. . The sandstone of the Connecticut Valley, from which speci-
mens Nos. 17 and 18 were collected, have long been celebrated for the
large fossil footprints it containsin certain localities. During the early
portion of the Juratrias period amphibians and reptiles of large size
traversed the muddy flats of the Connecticut Valley and left tracks in
some cases nearly 2 feet in length. In places where the mud was
exposed long enough to dry, reticulated cracks were developed. The
succeeding flood filled the mud cracks with sand, and when the rock is
split apart the filled mud cracks intersecting the ripple marks appear
as in PL. XIL

No. 19. FOSSILIFEROUS SANDSTONE.

(I*'ron MEDINA, ORLEANS COUNTY, NEW YORK. DESCRIBED BY J. 8. DILLER.)

Fossiliferous sandstone differs from other sandstone only in that it
contains fossils. In this specimen from Medina, New York, commonly
called the Medina sandstone, the sand, like that of the Potsdam sand-
stone, is almost exclusively quartz. The fossils it contains are cither
casts or shells shaped somewhat like a tongue, on which account the
little mollusk was named Lingula. Lingula is one of the most ancient
genera, ranging from the lower Cambrian to the present day. In the
course of evolution it has been remarkably persistent, and, unlike most
torms, has suffered comparatively little moditication under the influence
of a long series of geologic changes.

The fossils found in the sandstone are generally of animals which
lived upon, or directly above, the sandy bottom of the sea. Rarely the
fossils are of land animals or plants which have been brought to the
sea by rivers and buried in the sand.

The fossiliferous sandstone at Medina is composed chiefly of quartz,
the grains of which are rather angular. The preservation of the deli-
cate shells indicates that the sand, at the time of its deposition, was
not subjected to great attrition, else the fragile shells would have been
ground to pieces. The cementing substance between the grains is
chiefly carbonate of lime, probably derived in large part from the
fossils.

This sandstoue has a wide distribution through the eastern part ot
the United States, especially along the Appalachian Mountains, where
it is evidently a shore deposit, passing into conglomerate, and contain-
ing ripple marks, rill marks, and other evidences of littoral origin.
The Medina sandstone is associated with the Oneida conglomerate,
and its distribution is more fully given on pages 70 and 71. Being a
bard, siliceons rock, interstratified with shales, limestones, and other
softer rocks, it more effectually resists the general degradation of the
land than its associates, and in the course of long-continued expo-
sure has come to be the principal mountain-forming rock in the imme-
diate vicinity of its outerop. The North Mountain, of Peunsylvania,
the Massanutten, of Virgiunia, and the Clinch Mountain, of Teunnessee,
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are good examples of mountains formed by the Medina sandstone, .
They are remarkable for their smooth, even crests, and give evidence

of an earlier topographic cycle, when the land of that region stood at a

much lower level with reference to the sea, having been, in fact, worn

down by the streams during the long-continued period of degradation

almost to a plain (peneplain). The even-crested mountains of hard

rocks are the only remnants of this ancient peneplain. ;

No. 20. GRAYWACKE.

(FFroM HuURLEY, IrON COUNTY, WISCONSIN. DESCRIBED BY W. 8. BAYLEY.)

The graywackes differ from the sandstones in composition. Whereas
the latter consist essentially of quartz grains (or of quartz and feld-
spar, as in the case of the arkoses) cemented by quartzitic, calcareous,.
or other cement simple in composition, the graywackes contain grains
of many different minerals and small fragments of rocks, united by a
cement of the composition of many slates. In the formation of the
sandstones the rocks from which: the sands were derived were broken
down into their constituent mineral components, and these were sorted
by the waters in which they were deposited. On the other hand, the
rocks from whose detritus.the graywackes were made were not so com-
pletely disintegrated. The sands contained not only quartz and other
mineral grains, but also little particles of rock, all so intermingled that
we can not believe that much sorting took place. When rock particles
are not to be found in the graywackes, the distinction between these
rocks and the sandstones must rest upon the cementing material, which
in the former is dark in color and contains much chlorite and some mica.!

The specimen in the collection was taken from a low ledge on the .
south side of the Milwaukee, Lake Shore and Western Railroad, about
three miles west of Hurley, Wisconsin. According to Irving and Van
Hise, the rock belongs among the upper beds of the Penokee iron
formation,? which is Huronian. It is not foliated—that is, it is not a
schist—but it is heavily bedded, the different beds appearing as finer
or coarser grained bands, in the latter of which rock fragments are
quite conspicuous, while in the former the grains are so fine that the
rocks seem to grade upward into black slates. All the beds have a low
dip, a little east of south, and a strike north of east. The low dip of
the rock over large areas indicates that it has not been subjected to
severe orographic forces—a fact explaining its lack of foliation, and
thus serving to distinguish it, together with all the other Penokee-
Gogebic rocks, from the much squeezed, highly foliated rocks of pre-
Huronian age in this region.

" The specimen is an excellent representative of the typical gray-
wacke, although but few rock fragments can be discovered in it. It

1Cf. Geikie: Text-Book of Geology, 2d ed., 1885, p. 162; and J. Roth: Allgemeine und Chemische
Geologie, B. 11, p. 622. . )
2Tenth Ann. Rept. U. S. Geol. Survey, Part I, pp. 426 et se(.

<
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is a fine-grained gray rock of mearly uniform texture. In it may be
detected a few grains of quartz that often appear black, small dull
white grains of feldspar, and occasionally tiny black streaks that look
like slate fragmnents. It splits quite easily parallel to its bedding, and
breaks with a more or less conchoidal fracture in other directions, Its
density is 2.687.

Under the microscope its coarser components are easily distinguished
from the matrix or cement, which is not in very large quantity. The
most numerous grains arc clear fragments of quartz, some of which
present the rounded outlines of waterworn grains, while others are sub-
angular. They often contain rows of tiny vacuoles filled with liquid,
and sometimes a few little specks of dust. Many of them have a wavy
extinetion, which is usnally ascribed to deformation in the internal
structure of the mineral showing if, as a consequence of pressure. A
few grains are seen to be composed of several portions of difterent crys-
tals, since their various parts extinguish in different positions. All
these features are those belonging to the quartz of crystalline schists.
Hence, we may conclude that some of the material of the graywacke
was derived from rocks belonging to the crystalline-schist series.

Next to quartz in quantity are feldspar grains. Some of thesc are
quite fresh, and consequently clear, grains of an unstriated variety
that is probably orthoclase. Others show the bars of plagioclase, while
a few are marked by the gridiron crossbarring of microcline. A few
are as well rounded as those of the quartz, but most are more or less
angular. The greater portion of the feldspar is highly altered. In
natuaral light such grains appear cloudy, and often they possess a red-
dish tinge. Under crossed nicols they break up into a sort of mosaic
of tiny particles of quartz and small needles and shreds of a brightly
polarizing micaceous mineral that may be kaolin. In the most highly
colored grains the pigment is discovered to be a red or reddish-brown
iron compound intermingled with the other compouents of the mosaie.
The shapes of the altered feldspar grains no longer resemble those of
waterworn fragments. Decomposition has destroyed their original
outlines, for now the kaolin needles extend into the interstitial cement, -
so that the margin formed by the replacing mosaic is rough and ragged.

The only other substances that are clearly seen to be grains are a
few hornblendic pieces and fragments of dark rock. The pieces of
hornblende are very few in number. They are irvegular in their out-
line, as if broken, unworn pieces, and are strongly pleochroic, being
yellowish green in a direction perpendicular to their cleavage, and
dark green parallel to this. The rock fragments are dark, and some-
times nearly black. Under high powers they are found to consist of
fine grains of quartz and of a dark substance, probably some miner al
colored black by magnetite.

As arule, all the fragments lie with their longer axes in one direc-

tion, which a little examination of the hand specimen shows to be in
the pla,ne of Ledding.
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The grains make up the larger part of the rock mass. Its mostchar- -

acteristic portion, however, is the material cementing these. This is
present in but small quantity. It consists largely of chlorite, which
gives it its greenish hue and the rock its dark color. The minerals that
can be detected in it are chlorite, quartz, biotite, magnetite, muscovite
or kaolin, and a very little hematite. The first two are the most com-
mon. Under high powers much of the quartz is found to be in small
grains, while a good deal of the same mineral is intermingled with
chlorite, etc., as a very fine aggregate of secondary origin, FProfessor
Van Hise, who has studied the graywackes of the Penokee district!
very carefully, believes that this quartz has come principally from
feldspar, whose other product of decomposition is chlorite. In a few
instances the origin of the quartz and chlorite may be told from the
general shape possessed by their aggregates, which is that of feldspar
grains, but in most cases the aggregates possess such indefinite out-
lines that nothing can be learned from them. '

The true cement is the interstitial substance between the smallest
recognizable grains. This represents what was originally clay. At
present it is composed largely of tiny flakes of green chlorite—a little
secondary quartz between the chlorite—and, embedded in this matrix,
little particles of magnetite and pyrite, both of which are opaque,
small round aggregates of a dark-brown translucent rutile, and occa-
sionally o little flake of green biotite and tiny shreds of kaolin or mus-
covite, Since the same muscovite or kaolin shreds are observed sur-
rounding some of the larger grains of feldspar, it is probable that this
mineral in the cement is derived, like the larger pieces, from substances
of the composition of feldspar in the original clay.

The entire cement is thus found to be crystalline. None of the origi-
nal clay remains. The alteration is regarded by Van Hise, in the article
alluded to above, as due entirely to the influence of circulating waters
holding certain substances in solution, the most important being some
magnesium salt. By the action of this salt on the material of the
plagioclase and of the iron-bearing minerals in the original deposit an
" abundance of chlorite was developed, and at the same time the excess
of silica in the feldspaf was separated as quartz in the interstices
between the chlorite flakes in the matrix.?

Such a change as this, produced by the partial solution of substances
in a rock and their chemical reaction. upon one another, is known as
a metasomatic change. By it a clastic rock sometimes loses nearly
all evidences of its original fragmental nature and becomes crystal
line. If the metasomatic change is attended by pressure, the rock may
have developed in it a foliation, and may thus give rise to a new rock,
which, if its origin were not known, would undoubtedly be called a
crystalline schist. Rocks of this nature have been described by Van

" 1 Am. Jonr. Sci., 3d serics, Vol. XXXT, 1886, p. 452,
2The percentage or SiO; in oligoclase is about 62 per cent, while the proportion in chlorite is only
about 28 per cent.

]
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Hise,' and the chemical processes that have changed them from gray-
wackes to mica-schists have been very carefully worked out.

Pl XTII shows the fragmental character of the rock quite pltumy
The lighter grains, both the rounded ones and the sharply angunlar
ones, are quartz. The large clouded grains are altered feldspar. In
the lower portion of the figure are two grains that have retained their
waterworn outlines, while to the right of the center and a little above
it is one whose original outlines have nearly disappeared through
decomposition. The muscovite, biotite, and the fine components of the
groundmass are not visible in the photograph.

The chemical composition of the graywacke, as reported by IH. N,
Stokes, is as follows:

Analysis of graywacke from Hurley, Wisconsin.

Per cent.

76.84
11.76
.55
2.88
traco
.70
1.39
1.62
2.57
1. 8’!

100.18

This is not very different from the composition of a feldspathic quartz-

ite. Nor should we expect it to be different, for the original rock of

which the graywacke is an altered phase was a plagioclase-quartz-clay
rock, as we learn from its mieroscopic study.”

No. 21. SHALE.

(FroM CaASHAQUA CREEK, LIVINGSTON COUNTY, NEW YORK, DESCRIBED 1Y J. 8.
DILLER.)

Shale is composed of sediment finer than sand. It usually splits or
breaks most easily parallel to its stratification, showing that this line
of weakness originated at the time of deposition. The deposit is chiefly
clay with very fine sand, and the rock became shale by induration.

The rock from which specimen No. 21 was collected is best exposed on
Cashaqua Creek, Livingston County, New York. On this account it
was locally called the Cashaqua shale. It islight greenish gray, and
rather solid for shale. It was obtained at a fresh exposure, where the

1Cf. C. R. Van Hise, upon the Origin of the mica-schists and black mica-slates of the Penokee-
Gogebic iron-bearing series: Am. Jour. Sci., 3d series, Vol. XXXT, 1880, p. 453.

2For other descriptions of graywackes see F. D. Adams: Appendix to Ann. Rept. Canadian Geol,
Survey for 1880-81-82, Montreal, 1883, pp. 20-23; and Irving and Van Hise: Tenth Ann. Rept. U. 8.
Geol. Survey, pp. 426 et seq.
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corrasion by the stream is rapid, so that the weathered portion of the
shale has been removed and brought the solid rock to the surface.
. When exposed for a considerable time to the weather, shale becomes
fissile, crumbles to small pieces, and is ultimately reduced to a tenacious

clay, sometimes more or less sandy, ready to be carried away by the -

rains, rills, and rivers into the sea, and again deposited to initiate a new
rock cycle. In the field the Cashaqua shale contains a few fossil shells

and some flattened calcareous concretions, with traces here and there,

but no continuous beds, of sandstone. On the Genesee River this shale
is110 feet thick. It gradually thins toward the west, appearing on Lake
Erie with a thickness of 33 feet. To the east of Cashaqua Creek sandy
layers become more and more abundant and the shale is gradually
replaced by sandstone, indicating that the source from which the sedi-
ment of the shale was derived lay in that direction. ‘
Under the microscope the specimens of shale from-Cashaqua Creek
are seen to vary considerably in the size of the particles of which they
are composed. The component material may be conveniently divided
into argillaceous and sandy. Both occur in the same specimen, and

may be present in nearly equal amounts, or either ma,y predominate,

forming almost the whole of the mass.

The sharp, angular sand grains are chiefly quartz. It is generally
clear and colorless, but occasionally contains liquid and other inclu-
sions. Greenish grains of hornblende and chlorite are rather common.
No fresh feldspar appears among the grains of sand; it has all dis-
appeared in the process of decomposition and disintegration of the rock
~ from which the sediment was derived. The space between the grains
is occupied chiefly by argillaceous matter. It incloses seales of musco-
vite, numerous crystals of ferruginous carbonate of lime, and a multi-
tude of minute prismatic crystals, the exact nature of which is not
well understood. The muscovite is usually in very small scales and
stripes intermingled with argillaceous material such as one sees ordi-
narily resulting from the alteration of feldspar. The mica in large
part, and perhaps wholly, and also the clay, originated in the decom-

posing feldspar, although it is possible that the former may have been-

derived in part from a rock containing primnary muscovite.

The small colorless or reddish and yellowish brown erystals are some-

times perfect rhombohedra, but more commonly they are round grains
or groups of crystals. - When sufficiently transparent the colors between
crossed nicols are high. In acetic acid they effervesce like calcite,
and when dissolved in hydrochloric acid the solution, upon the addition
of ammonia, yields a precipitate of ferric oxide, showing that the carbon-
ate contains iron. Its easy solubility suggests that it is not dolomitic.
The mineral is apparently ferrocalcite. In weathered portions of the
shale the ferrocalcite is reddish and yellowish brown, owing to the
oxidation of the iron, and occasionally the iron oxide is in sufficient
abundance to givé a rusty tinge to the rock. ' :
The sharp,angular eystals and grains of ferrocalcite are quite uni-

1,
¥
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formly distributed through the whole mass of the rock, and were
apparently deposited with the other sediment. Tt is evident, however,
that they differ widely in their origin from the fragments of quartz
and the greater portions of the sediments in which they ocenr. The -
graiuns of quartz are minute fragments of the rocks from which they
were derived. They are not crystals, but their boundaries are not crys-
tallographic lines. The fact that many of the ferrocalcite grains are
perfect erystals indicates that they were deposited directly from solu-
tion in water. Whether their precipitation took place with the deposi-
tion of the sediment from suspension, or at a later date, may be learned
from their relation to the associated material in the shale. In altered
rocks carbonates frequently originate in the decomposition of other
minerals, but in such cases there are usunally more orless distinct traces
of the decomposed mineral. In the Cashaqua shale there are no traces
of decomposed minerals to indicate that the ferrocalcite originated that
way. The complete absence of veins and other irregular accumulations
of the material suggests that it was not deposited by waters circulating
through the mass 9fter the rock was formed. The regularity of its
distribution and its idiomorphic character indicate that it was precipi-
tated from solution in the ocean waters at the same time that the sus-
pended sediments were, so that the chemical and mechanical sediments
intermingled upon the bottom. It is known that mechanical precipita-
tion tends to promote chemical precipitation, and it is possible that the
association of the two sedlments may be in some measure accounted
for in this way.

The occurrence of ferrocalcite in this shale is mterestmg on account
of its bearing upon the origin of extensive deposits of iron ore among

_"the crystalline schists.’

The minute, brownish, prismatic crystals oceurring in irregular
abundance, frequently in small swarms, throughout the argillaceous
material range in length from 0.01"™ to 0.005™™, (renerally they are
so small that their effect upon transmitted light can not be observed,
but the larger ones have a high index of refraction, giving strong color
between crossed nicols, and have parallel extinction. They sometimes
join in snch a way as to suggest twinning, and occasionally are bent.
These minute crystals, to which the Germans give the name “Thon-
schiefernadelchen,” occur not only in shale, but more frequently in clay
slate. They are referred to in the description of specimen No. 122, and
are less abundant than in the Cashaqua shale. The exact nature of
these minute crystals hias been the subject of much investigation. On
account of their small size it is difficult to isolate them for chemical
determination, but Sauer, Cathrein, and Werveke have shown conclu-
sively that at least in many cases the minute crystals are rutile.

The Cashaqua shale in New York is a member of the Portage group
of the Devonian system of rocks, which has a wide distribution over
the whole country between the Appalachian and Rocky mountains.

'R. D. Irving: Am. Jour. Sci., third series, Vol. XXXII, 1886, pp. 255-272.
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No. 22. CARBONACEOUS SHALE,

(FrRoM Due Gar, WALKER COUNTY, GEORGIA. DESCRIBED BY J. S. DILLER.)

This shale was collected at Dug Gap, near Lafayette, in the north-
western corner of ‘Georgia. On account of its color it is sometimes
called the black shale, or Devonian black bhale, to indicate albo its
geologic age.

The upper portion of the shale, 3 or 4 feet in thickness, is usunally
dark gray in color, and often carries a layer of round concretions about
an inch in diameter. The remainder of the formation, the portion from
which the specimens were taken, is jet black from an abundance of car-
bonaceous matter, and when freshly broken it emits a strong odor like
petroleum,!

To the unaided eye it is homogeneous and compact, but under the
microscope it is minutely granular. The grains are chiefly angular
particles of quartz, with minute globules and crystals of pyrite embedded
in dark-colored .material which is largely carbonaceous, whence the
name carbonaceous shale. That this material is for the most part car-
bonaceous is indicated by the fact that when heated red-hot for a short
time the dark color disappears, owing to the combustion of the carbon-
aceous matter. When highly heated for a longer time before the blow-
pipe it turns black again and becomes magnetic, due to the presence
of iron. /

The highly carbonaceous character of the shale is most clearly indi-

cated by the following chemical analysis, made by L. G. Eakins in the
chemical laboratory of the United States Geological Survey:

Analysis of shale from Dug Gap, Georyia.

Per cent.

1S L 51.03
B o T PPN 13.47
) PR 8.06
0 0 .78
. P 1.15
0 3,16
00 eeeeeee e et e e naan. 4
s U .31
1 R 7.29
Fixed carbon ..eeeemiieiiiiiii i 13.11
Volatile hydrocarbon ...................o..o..... 3.32
D 0 et .81
102. 90

L T 2.74
1] ) S 100. 16

! I'n some States this black shale has been distilled for oil, yielding 30 to 40 gallons per ton.

x
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The iron pyrites in the shale oxidizes and, according to Hayes,' fre-
quently stains the weathered surface of the rock with iron oxide and
sulphate and mineralizes many springs. The shaly structure is not
prominent ou fresh fractures, but is brought out somewhat by weath-
ering. _

Associated with the black shale locally in Tennessee are small nod-
ules and beds of phosphate of lime, which is of economic importance
as a fertilizer. Althongh only a few feet in thickness, this shale is
perhaps the most persistent and uniform of all the Paleozoic formations
of the South. It extends over the whole of middle Tennessee from the
Tennessee River to the eastern edge of the Cumberland- Platean and
southward across northwestern Georgia and northern Alabama, its
outcrops indicating an original extent over at least 38,000 to 40,000
square miles,

This shale, on account of its distinetive and striking appearance, has
attracted much attention from miners and has been prospected in many
places for coal and various ores. Such exploitation, however, has
alwaysbeen attended by failure, as the shale contains nothing of present
economic importance excepting ‘the local deposits of phosphate of lime.
Although it carries a large proportion of carbonaceous matter which
burns when it is placed in a hot fire, the amount is not sufficient to
constitute it a fuel, and no true coal is ever found associated with it.
Resides the fertilizer it affords, this formation is of economic importance
chiefly as a starting point in prospecting for the red fossil ore, like No.
52 of this series, which belongs below it at a uniform depth over con-

. siderable areas. .

UNALTERED SEDIMENTARY ROCKS OF CHEMICAL ORIGIN.

No. 23. SILICEOUS SINTER.?

(FrROM YELLOWSTONE NATIONAL PARK, DESCRIBED BY WALTER HARVEY WEED,)

The hot springs and geysers of the Yellowstoue are surrounded by
large areas of siliceous sinter that often entirely cover the floor of the
geyser basins. About the spouting vents this material has been built
up into mounds and cones of unique forms and great beauty. The
more quiet pools have built up more or less regular mounds of white
sinter, which are in places as much as 20 feet in height above the sur-
rounding level. Besides these deposits, the alkaline waters of the
geyser regions have left deposits of silica wherever they have flowed,
and many square miles within the park are covered by white and .
glistening deposits of this material. ‘

Until the Yellowstone deposits were studied it was the generally
accepted theory that the geyser waters reached the surface heavily

. 'Geologic Atlas U. 8., folio 2, Ringgold, Georgia-"Tennessee. Also, Sixteenth Ann. Rept. U. S, Geol.
Survey, Part IV, pp. 611-623.
2See Formation of hot-spring deposits, by W. H. Weed: Ninth Ann, Rept. U. 8. Geol. Survey, 1890,

PO, 628-663.
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charged with sxllca, which by relief of pressure, by.cooling, and by
evaporation was precipitated out and deposited by the waters. Obser-
vation of the natural conditions under which the Yellowstone deposits

“are forming, together with experiments and a study of the chemical

~ A new modeof deposition was then recognized, namely, the separation

<

analyses of -the geyser waters, showed that the silica brought to the

surface by the geyser waters was rarely separated out and deposited.

by the first two causes, but that deposits are formed about the geysers
and the margins of springs by evaporation, producing a true geyserite.

of silica by plant life, by the algme that are abundant in the hot waters
of the region. It is by this agency that much the lar gest pzut of the
sinter deposits of the region have been formed. .

This algous vegetation is sure to be observed by every visitor to ‘
the region. Its varied tones of pink, yellow, orange, red, brown, and

green adorn the. slopes of geyser cones, flush the white silica of the
little basins with their tints, and mark the waterways with their bril-
liant colors. "It is ever present where the temperature does not exceed
1850 T, often lining the great bowls of the cooler springs and pools
with leathery sheets of brown or green. Where a constant overflow

prevails, the channel is often filled by a vigorous growth in which an

algie mat is formed having the consistency of a firm -jelly, and most
beautifully colored. In whatever form it is found, and no matter how
brilliantly tinted, this algous material, if removed from the water and
dried in the hot sun of the region, rapidly loses its color, shrinks in
size, and becomes an opaque white mass of silica, whose weight is not
one per cent of its former state. Chemical analysis, made in the Sur-
vey laboratory by J. E. Whltﬁeld shows this dried material to be silica
and water, viz:

Analysis of dried algous vegetation from geyser margin, Yellowstone National Park.

1
Per cent. '

0 T SRR 93.37
D2 oo TP 417

_ Experiments showed the writer that the‘growing alg:e form a jelly

of hydrous silica. 1t is of this material that the algi filaments are

formed, and the alge slime of other waters is here a hydrous silica
binding the threads together. The nature of this separation may be
seen under the microscope, though the fresh hydrous silica is difficult

to study, and the dried. material becomes opaque. In most cases the

glassy rods can be readily distinguished, and the 1nclos1ng paste

‘usually shows globules and pellets of the dehydrated silica.

The specimen No. 23 is a sinter formed by alge. It is light and
porous, showing in part a fibrous structure, is soft, and resembles chalk
in appearance because it soils the fingers with a white impalpable

&
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powder. The specimens represent the lighter, truly algous form of
siliceous sinter, such as is commonly formed by the gelatinous mats
about the hot springs. 0

Tn thin section, when under low powers, the siliceous sinter usually
appears as an indistinet aggregate of glassy silica. If, however, a
power of 200 diameters be used, and the section is thin enough, the
sinter is seen to be composed of a delicate network of minute fibers or
threads which pass in and out, and are often composed of extremely
minute globules of silica -glass. In most cases the algous origin of the
sinter is not apparent except under high powers. Generally the
organic nature of the sinter can not be satisfactorily determined in thin
section, owing to the fact that the plant rods are composed of hyaline
silica. It is only in the minutest details that the structure may be
recognized. In some specimens of the sinter we see extremely niinute,
thread-like particles of the silica held in a mat of small spheres of
silica closely crowded together. 1In such cases it is not reasonable to
assume that the former organic jelly made by the living plant has,
upon drying, separated into such globular particles. - It is rather more
probable that the silica was itself in the globular form during the life
of the plant.

The specimen represents the most common form of freshly formed
sinter about the the geyser basins of the Yellowstone. The illustra-
tion, P1. XIV, represents Old Faithful Geyser in action. The erup-
tions are of four or five minutes’ duration, and take place every hour
from an opening a couple of feet across in the summit of & mound built
up of white siliceous sinter. The sinter forms a series of shallow
terraced basins, in the cooler of which the alg:e colors are noticed.

No. 24, VEIN.

o

(FroM PAskeENTA, TEHAMA COUNTY, CALIFORNIA, DuSCRIBED 1Y J. S. DILLER.)

Much of the rain that falls upon the earth sinks into it and circulates
through the pores and fissures of the rocks beneath the surface. Sol-
uble portions of the rocks are dissolved, and the water becomes charged
with mineral matter. When this water again reaches the surface in
springs it deposits the mineral matter held in solution, and thus siliceous
sinter (No. 23), travertine (No. 29), etc., are formed. It may deposit its
dissolved material beneath the surface, filling fissures in rocks, or form
icicle shaped masses, as stalactites (No. 28), in caverns.

The fissures in rocks filled in this way with mineral matter are veins,
They are illustrated by specimen No. 24, which was collected at Paskenta,
in Tehama County, California, where they occur abundantly as stream
pebbles brought down from the Coast Range. The vein in this case is
quite uniformly white, and is composed of quartz and calcite. When
placed in dilute hydrochloric acid it effervesces briskly, dissolving the
calcite and leaving the quartz. The calcite is most abundant in the
middle portion of the vein, while the quartz usually predominates upon
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the sides; showing that much of the quartz was deposited before the
calcite. This relation is shown in fig. 10, illustrating a vein from which
the calcite has been removed by acld The quarty is often tooth-
shaped, projecting into the vein.

Some veins are composed-almost wholly of calclte, with but a trace
of quartz here and there along the edges, while others are chiefly
quartz. Generally, however, the two minerals are present m nearly
equal amounts, :

The rock fissures or openings Whlch when ﬁlled W1th mineral mat-
ter, become veins are produced: in various ways. Some originate in
the contraction of the rock while drying or cooling, others are due to
solution, but the greater number that become veins are produced in
connection with movements of the land in making mountains and con-
tinents. Itis for this reason that veins are most abundant in mountain
regions among rocks which have been upturned and metamorphosed.

Veins of quartz are perhaps more abundant than those of any other
mineral, and those of calcite are next in number. - Feldspar, barite,
fluorite, hornblende, epidote, and pyroxene are other
vein minerals, besides precious metals, such as gold and
silver, and a large number of ores, which are sometimes
‘of great economic value. - Where native gold occurs it is
usually found in quartz veins.. :

Pl XV illustrates a vein of quartz 2 feet i in thmkness
cutting jointed gneissoid rocks on the Potomac River
near’ Washington, District of Columbia. -

Fig. 10 o Soobion A vein containing ore is usually called & lode by miners,.
of veincomposed a1 the mineral matter associated with the ore in the vein
of quartz (1) and iy the ganmgue; while the rock containing the vein is the

caleito (2), fro .
which the ealoite  COURLrY rock. Veins when first formed are usually not

has been ro- far from vertical, but they may be displaced by subse-
~ movelbyadid.gyent movements and intersected by several series of

later veins, They vary in breadth from a mere film to over a.hundred
feet, and occasionally have banded structure produced by the deposition
of corresponding layers on opposite sides of the fissure until it is com-
pletely filled. When the filling is not complete the cavities are fre-
quently lined with beautiful crystals similar to those found in geodes.
Fibrous minerals are usually found in veins, and the fibers are perpen-
dicular to the walls.

No. 25. VEIN QUARTZ.
(FrOM .CASTLETON, HArrFORD COUNTY, MARYLAND. DESCRIBED BY J.S. DILLER.)

Of the various kinds of vein-forming minerals, quartz is the most
common and important. Veins of quartz in altered crystalline rocks
are sometimes 100 feet or more in width and may be traced across the
country for miles, It occurs in sufficiently large masses to be consid-
ered as a rock. Although usually associated with metamorphic rocks,
it originated, like siliceous sinter, by deposition from agueous solution.
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Specimen No. 25 is from a large vein at Castleton, Maryland. The
rock is light colored, vitreous lustered, hard enough to readily seratch-
glass, infusible, insoluble in hydrochloric acid, and in fact has all the
characteristic properties of the mineral quartz. Itfs structure is granu-
lar, but the grains being angular and interlocked, as in granite, they
occupy all the space, and as all the particles are of the same material it
does not appear granular to the naked eye. This structure is, however,
well displayed under the microscope between crossed nicols, owing to
the unlike optical orientation of the grains. The grains are transpar-
ent, although somewhat clouded by a multitude of minute liquid inclu-
sions, usually less than 0.002 »» in diameter. These minute inclusions
can be seen only with a high magnifying power, but are known to be
liquid on account of the moving bubble which each one contains. If
the 'section be gently heated, the liquid expands so as to occupy the
whole cavity and the bubble disappears. The cause of the rapid motion
of the bubble in these inclusions is not well understood. “

Similar inclusions occur in the quartz associated with the caleite in
the vein of specimen No. 24, as well as in the quartz of granite, gneiss,
and schistose rocks generally,

The included liquid is usually water, but in some cases has been
shown ! to be carbon dioxide in a liquid state, and the two may occur
together in the same cavity. Vein quartz is a water deposit from solu-
tion, and the included water was usually imprisoned in the cavities at
the time the quartz was formed. Occasionally minute cubes of salt are
found in these liquid inclusions.

The quartz at Castleton is mined and finely pulverized for use in the
manufacture of pottery. In order to render it more pulverable it is
highly heated in a kiln. It comesout snow-white and brittle, ready for
grinding. '

No. 26. SiLICEOUS OOLITE.
(FroM CENTER COUNTY, PENNSYLVANIA. DEscrisep ny J. 8. DILLER.)

The occurrence of silica in the form of sinter deposited by geysers is
illustrated by specimen No. 23 ; that deposited in fissures as veins is rep-

- resented by specimens Nos. 24 and 25. 'We now come to a form in which -

-the silica appears in small spherules like fish roe, whence the name
oolite. In this case the chief component of the oolite is silica, and it is
designated siliceous oolite to distinguish it from the more common form
of oolite, such as specimen No. 31, which is composed of carbonate of
lime. The material was collected near State College, in Center County,
Pennsylvania, where it occurs as bowlders associated with flint over an
area of several square miles. '

This oolite is remarkable for the uniformity in shape, size, and distri-
bution of the spherules. On a fresh fracture their centers are usually
dark, while their rims and the matrix which fills the interspaces and

' G W. Hawes: Am.Jour. Sci., 3d series, Vol. XXT, . 203,
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incloses the spherules are light colored. Both spherules and matrix
are firmly coherent, so that a fracture passes directly through the
spherules instead of around them. In some places the hand specimens
show cavities which are lined with minute crystals of quartz. It is
evident that if conditions had continued favorable for the development
of quartz these drusy cavities would all have been filled.

The structure of the spherules may be readily seen in the hand speci-
" men with a pocket lens. Their centers are usually dark, granular, and
vitreous, and surrounded by a dense waxy envelope, which is in many
cases beautifully banded, like agate. This relation is illustrated by the
spherule in the center of the figures in P1. XVI. ' The concentric struc-
ture shows that the spherules result from growth and not from attrition.
At the center of many of them rounded grains of sand are found as a
nucleus, about which the silica was deposited in successive layers.
Some of the layers are granular quartz; others are fine, granular, or
fibrous chalcedony. The black bands and clouding in the figures are -
brown oxide of iron.

The two large spherules cut through the middle by the left edge of
the figures in P1. X VI have each a round grain of quartz at the center.
These grains are full of minute needles and liquid inclusions, like those
of granitic. quartz. The minute needles observed in these nucleal
quartzes do not occur in the granular quartz of the concentric layers.
As pointed out by O. K. Hovey, this nucleal quartz is occasionally
surrounded by secondary growths of quartz optically continuous with
the original grain.' In each of the two spherules alluded to the quartz
is encireled by a rather coarsely granular band in which many of the
longer diameters of the grains radiate from the center of the spherule.
Some of the spherules are composed wholly of such grains, and the
radial structure is plain. Others appear to be made chiefly of chal-
cedony. All the sections showing a nucleal grain are corresponding
sections, and Supposed to be through the middle of the spberule,
‘When compared it is evident that the composition and structure of
the sphernles vary considerably. Occasionally the nucleal quartz is
enveloped in a thick, dense layer of oxide of iron, and more rarely
there are finely fibrous layers nearly midway between the center and .
circuinference of the spherule. The outermost layers of the spherules, -
which form the borders of the interstitial spaces, are generally fibrous.
This structure is well illustrated about the clear, triangular area toward
the lower left-hand portion of Fig. B of Pl ‘{VI

Oolite composed of carbonate of lime is of common occurrence, some-
times in large masses containing marine shells, and must be of marine
origin. Its formation has been observed in lakes and springs, also.
On the other hand, siliceous oolite is rare, and from the fact that, as
in specimen No. 28, silica is known to replace earbonate of lime, it has
been suggested that the siliceous oolite was originally calcareous.

1 Bull. Geol. Soc. Am-erica,, Vol. V, p. 628,



U. 8. GEOLOGICAL SURVEY BULLETIN NO. 150 PL. XVI

THIN SECTIONS OF SILICEOUS OOLITE FROM CENTER COUNTY, PENNSYLVANIA,
AS SEEN UNDER A MICROSCOPE, X 25.

A. In ordinary light B. Between crossed nicols.
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Pertinent to this view are the following chemical determinations taken
from complete analyses published by Edwin H. Barbour and Joseph
Torrey, jr.:!

Composition of oolite from necar State Collcge, Pennsylvania.

Lime-silica | Silica-lime | Siliceous

colite. oolite. oolite.
130D T 3.7 56. 50 95.83
Calcium carbonate or oxide.......... 88.71 16. 84 1.93

The lime-silica oolite and silica-lime oolite occur in the same hand
specimen, but are said to be separated by a. sharp line. Siliceous
oolite and flint occur at the same locality. The same observers report
organic remains in the siliceous oolite they describe, but none were

.observed in the specimens of- this series nor in the material described

by Hovey. '
It does not admit of doubt that the nuclear quartzes filled with

‘minute needles were originally grains of sand about which the con-
centric layers of silica were formed, but whether or not the concentric

layers when first formed were calcareous or siliceons may yet be ques-
tioned. Dr. W. Bergt,” who has studied the material most cavefully in
the laboratory, and G. R. Wieland,® who has investigated it in the field,
have advocated its direct deposition from hot siliceous springs and have
described associated phenomena indicating such-origin. TFurthermore,
similar deposits have been observed by W.H. Weed now forming about
the siliceous hot springs of the Yellowstone National Park. They
will be described by him in Monograph XXXII of the Geological
Survey series, under the head of “Hot-spring deposits.”

No. 27. GYPSUM,
(F'roM GyYPsuM, OTTAWA COUNTY, OHIO. DESCRIBED BY J. S. DILLER.)

Gypsum, like quartz and calcite, occurs at times in such large masses
as to be properly considered a rock. At Gypsum, Ohio, it is found
near the middle of a great sheet of limestone of upper Silurian age.
The specimens for this series were collected by Messrs. Marsh & Co.

Gypsum is generally fine-granular, or compact, and so soft as to be
quite easily scratched with the finger nail, but, unlike limestone, does
not effervesce in acid. Its normal color is white, though by admixture
of clay, carbonaceous matter, and iron oxide, it becomes gray, brown,
or reddish.  The clear, transparent form of gypsum is selenite, and the
compact, white form, frequently used for statuary and ornaments, is
alabaster. Its composition is CaSO.2H,0. When heated, the water

1Am. Jour. 8ci., 3d series, Vol. XL, pp. 248, 249. See also Petrology for Students, by Alfred Harker,
p. 232.

2Gresellschaft Isis, in Dresden, 1892, p. 115.

3Am. Jour. Sci., Oct., 1897, 4th series, Vol. 1V, pp. 262-264.

. Bull. 150—7
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is readily driven off, and the resultlng powder is the common plaster of
paris of commerce.

Gypsum is usually found in beds or lenticular masses associated with
clay and rock salt, or anhydrite, and it has been found locally in rocks
of all ages later than the Silurian. This intimate association with rock
salt clearly indicates its marine origin in many cases at least; for it is
well known that'in the manufacture of salt by evaporation from sea
water gypsum is precipitated before.the more soluble salt. Gypsum
occurs also in irregular'masses in limestone and is not associated with
salt. It then appears to have resulted directly from the action of sul-
phuric ‘acid upon the limestone, converting the carbonate into the
hydrous sulphate of lime. Gypsum is rarely found forming incrusta-
tions in caves.!

Gypsum is used chiefly in the manufacture of plaster of paris and
land plaster. The former has many applications in the arts, and the

latter is a valuable fertilizer. Thin plates of selenite are used to secure °

certain optical effects in microscopic investigations, and from alabaster
statuary, vases, and other ornaments are carved.

No. 28. STALACTITES.
(FROM LURAY CAVE, PAGE COUNTY, VIRGINIA. DESCRIBED BY J. S. DILLER.)

Limestone is one of the most soluble among the common rocks, and in
certain.regions, as for example Virginia and Kentucky, where circum-
stances are favorable, large caves are madein it by solution. Theunder-
ground water in such regions contains much dissolved limestone, and
when it seeps through the roof of a cave and evaporates the dissolved
limestone is deposited in various shapes, depending chiefly upon the rate

‘of supply. The most common and characteristic feature is the stalactite

illustrated by specimen No.28. A number of stalactites in position are

shown in the accompanying P1. XVII, a view of Marengo Cave, Indiana, -

taken by Mr. Ben Haines.

A .drop of water with carbonate of lime in solution, upon reaching the
roof of the cave where it is exposed, begins to evaporate and lose its
carbonic acid by virtue of which it holds the limestonein solution. As
a result the calcareous matter is deposited around the edge of the drop,
and if the proper supply continues a tubular pendant will develop.
While some of the small stalactites are hollow, they do not long remain
so, for the hollow soon ﬁlls and the growth of the stalactite continues

by the addition of successive layers upon the outside. A. cross section.

of a stalactite shows it to be composed of one or more concentric bands,
which are usually radial fibrous. Their color is generally yellowish,
owing to the presence of iron oxide, but occasionally they are snow-
white and translucent or beautifully colored by copper or other sub-
stances. Their chemical composition is CaCO;, which generally crys-

! See paper by G. P. Merrill, Proc. U. S. Nat. Mus., Vol. XVII, pp. 80-81.

\
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* tallizes in the hexagonal system as calcite, but occasionally in the
orthorhombic system as aragonite.

In Pl XVII stalactites are seen hanging like iciclés from the roof of
a cave. When the supply of water is greater than can be evaporated
from the stalactites, some of it drops to the floor and forms a stalagmite
which grows upward as the stalactite grows downward, and if the
process be continued long enough the two will meet and form a column,
as shown in the plate. Variations in the rate and distribution of the
supply give rise to many beautiful as well as grotesque forms. Luray
Cave, of Virginia, from which specimen No. 28 was collected, is remark-
able for the abundance and varied character of its deposits. Part of
these are illustrated in P1. X VIII, from a photograph taken by Mr. C. H.
James, of Philadelphia. All caverns are not so beautifully ornamented.
Mammoth Cave, of Kentucky, although remarkable for its size, contains
a very small amount of cave deposits such as are shown by the two
illustrations. ) .

The formation of stalactites has been described and illustrated by
G. P. Merrill in Proc. U. 8. Nat. Mus., Vol. XVII, pp. 77-80.

No. 29. TRAVERTINE.

(From Mammorr HOT SPRINGS, YELLOWSTONE NATIONAL PARK. DESCRIBED BY
WaALTER HARVEY WEED.)

Among the many interesting natural phenomena that claim the
attention of the visitor to the Yellowstone National Park, the geysers
and hot springs rank first in general interest. Their novelty and .
beauty are sure to attract universal admiration, while the vast quanti-
ties of hot water that flow from the ground are convincing evidence
of the nearness of internal heat. These steaming fountains and boiling
pools are usually surrounded by snowy white borders of mineral matter
deposited by the hot waters.

At the Mammoth Hot Springs the deposit consists of carbonate of
lime ; this forms the unique marble terraces and pulpit basins of those
springs. The total area covered by travertine at this place is over a
thousand acres, and the greatest thickness is about 250 feet. When
first seen the main mass of the deposit is striking from its whiteness,
resembling an immense snow bank, filling a narrow valley environed by
dark-green, pine-clad slopes. This deposit of travertine forms benches
or terraces, the largest one, on which the hotel stands, being 83 acres
in extent. While the deposit is white, or if old and weathered a light
gray, the hot-spring bowls and overflow basins, and especially the slopes
wet by the streams of hot water, are brilliantly tinted with red, yellow,
orange, green, and brown. These colors are due to a low form of plant
life—algie—whose presence is not easily recognizable, owing to the
covering of travertine. The illustration shows the general character
of the terraced basins that are built up on the overflow slopes.
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The illustration, Pl. XIX, shows the hot-water basins that cover the
slopes, like irregular steps. They are formed by the more rapid deposi-
tion about the edges of pools of hot water; and the crenulated border
produced by the rippling of the water, together with the presence of
algee, causes an overflow that builds up stalactitic masses that hang
like a fringe down the sides of the basins.

The occurrence of plant life in these hot waters has a special signifi-
cance, as the travertine deposits are built up chiefly by the activity of
these little plants, which abstract carbon dioxide from the hot waters,
thus causing the precipitation of the carbonate of lime held in solution.
The specimen shows the fibrous variety of travertine formed by the
encrusting of the yellow, silky skeins of algz filaments growing in the
hottest waters near the orifices of the springs. This deposit forms
fan-shaped masses (fig. 11), which eventually choke up the spring.

The specimen shows a beautiful fibrous structure, and is apparently
compact, but the transverse section shown by the ends of the specimen

Fi1G. 11.—Travertine fan, Mammoth Hot Springs, Yellowstone National Park.

prove the rock to be cellular. The freshly formed rock is soft and
friable, but becomes indurated and compact with age, the change
being unaccompanied by any variation in chemical composition. While
freshly formed and wet, the travertine retains the brilliant colors of
the algw, but these gradually fade upon drying and the death of the
plant life, and the deposit becomes chalky white. The older deposits
have a gray surface, due to the organic matter from the algae present
in the rock.

Though the specimen of travertine described is a hot-spring deposit,
this rock is also formed by cold-spring waters which are highly charged
with carbonate of lime. The beautiful cave onyx and other cave
deposits are similar in composition, but they are formed more slowly
and are therefore of different physical character.

In thin section under the microscope the organic origin is not dis-
closed, but fresh specimens may be dissolved in dilute acid, which will
reveal the alge sheaths and threads. The following analysis, made in
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the laboratory of the United States Geological Survey by J. .. Whit-
field, shows the material to be a nearly pure carbonate of lime:

Analysis of travertine from vent near Blue Springs, main terrace, Mammoth Hot Springs,
Yellowstone National Park.

Per cent.
S0z, SIlHCA « e oo e et eene e e 0.06
ALOg 4+ Fe,04 0 omeineniiiaanan. i, 0.14
S0y, SUIPHUTIC ACHA . e e e e meeannenaeceeaneannnoas 0.70
(0702 31 1T PN 55. 02
CaCO0g, limo carbonate ........comeieeiiannnea.. @ (96.02)
MgO, mAgnesis «ooeenieiiiiiieiiiiat e 0.06
NaCl, sodinum chloride - o.veemeneeniennaann... 0.20
K0, potash cooeenni i 10.08
COq, carbonic 8CHA. cvunnaeaee it 42,25
DS PO 00101 1) N 1.06
C,earbon «oeeiiiiiiii el e 0024

Other constituents...........o.. |
TOAL - e ee e eeeccm e eemm e maaaees 99.81

aIf all the CO, be supposed to .o combined with lime.
b Potassic chloride.

The striking feature of the analysis is the remarkably low percentage
of carbon when it is remembered that the travertine is formed of hme-
incrusted algwe threads. :

The waters of the Mammoth Hot Springs are so heavily charged
with carbonate of lime in solution that this substance is deposited by
other agencies than plant life, but they are insignificant in comparison
with it. This is taken advantage of in the preparation of coated
articles of metal and glass—often sold to tourists—the articles being
prepared by exposing them to hot-water spray.

In thin section under the microscope the travertine shows tangled
fibers, which are surrounded by a furry growth of calcite spicules, which
are in general at right angles to the fibers., Under high powers with
crossed nicols these rods appear brownish gray in color, and the spaces
between the fibers are filled with a finely cryptocrystalline aggregate
of calcite. In many of the sections, where the rods are thickly crowded,
the lace-like arrangement is not so apparent and the calcite aggregate is

-wanting. The calcite spicules which surround the rods are but radely

radial in appearance, and sometimes appear felted, but generally
resemble delicate frostwork. This microscopic structure quite accords
with what we know of the origin of the travertine. The rods are the
coatings of the algw threads, which in the section are probably merely
shells and contain no recognizable organic matter.
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No. 30. OOLITIC SAND.

(FroM PYRAMID LAXKE, WASHOE COUNTY, NEVADA. DESCRIBED BY J. 8. DILLER.)

Among the Needles on the shore of Pyramid Lake in Nevada, accord-
ing to Prof. I. C. Russell, the short beaches are made up of oolitic
sand, represented by specimen No. 30. Although most of the grains are
well rounded, there are many subangular ones. In size they are very
irregular, ranging from 1™™ to 6 »™ in diameter. The smaller, when
cemented, give rise to oolite, but the larger ones produce pisolite.
Among the well-rounded grains are occasional shells of a small snail.

The middle portion of each spherule is minutely granular and envel-
. oped by series of concentric fibrous granular layers. Each spherule is

a concretion. Some have grains of sand or minute shells at the center
as a nucleus, about which the carbonate of lime accumulated. Occa-
sionally the nucleus is large and complex, including one or more
concretionary grains, each having its own councentric banding. Most
of the spherules, however, are without such foreign nuclens. They
appear to have started by the segregation of the more or less floccu-
lent particles of the precipitate itelf, forming globular accumulations
upon which the further precipitation continued with variations, giving
rise. to successive rings of growth. This subject will be considered
. more at length under ¢ Concretions” (Nos. 33 to 36).

The spherical form of the grains and the uniform thickness of the
concentric layers indicate that the grains were in motion while the suec-
cessive coats were formed. Professor Russell! remarks. that ¢“this
material is evidently now forming, and in places has been cemented
into a compact oolite by the deposition of a paste of calcium earbonate
between the grains, and forms irregular layers several inches in thick-
ness that slope lakeward at a low angle.” The formation of oolitic
sand on the shore of Pyramid Lake is limited to the immediate vicinity
of the Needles, where warm calcareous sprlngs rise near the shallow
margin of the lake.?

Similar sand, but much finer, is now forming locally upon the shores
of Great Salt Lake. The waters of Pyramid Lake and Great Salt Lake
differ widely in chemical composition, and it is evident that the con-

ditions under which oolitic and pisolitic sand may be formed vary

considerably.

Dr. A. Rothpletz has shown ? that the oolitic sand of Great Salt Lake
is of vegetal origin. It is due to certain algz having the power to
secrete carbonate of lime. When the grains of sand are dissolved in
weak acid, there remain the dead and shriveled bodies of such algze,
and in the lake these granules are usually covered, at least in part, with

iMon. U. S. Geol. Survey, Vol. XTI, p. 168.

2Ibid., p. 61.

3Botanisches Centralblatt, Nr. 35, 1892; translated by F.W. Cragin in Am. Geologist, Nov. 1892,
Vol. X, p.279.
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a bluish-green alge mass. In Pyramid Lake, however, no such masses
have been reported in connection with the oolitic sand, and the evi-
dence does not appear to indicate that it is of vegetal origin. To settle
this matter, if possible, specimens of this oolitic sand from Pyramid
Lake were referred to Prof. W. G. Farlow, of Harvard College, who
reports that they contain “nothing like Gleeocapsa and Gleothece.”
He adds: “I find no trace of vegetable structure except the rare occur-
rence of Leptothrix-like threads broken up into fragments. These
are so rare and so imperfectly shown that I can only regard them as
accidental impurities, coming, perhaps, from the outside. There is
nothing like the mass of alg® found in the Salt Lake material.”

No. 31. OoriTiC LIMESTONE.
(FROM BEDFORD, LAWRENCE COUNTY, INDIANA. DESCRIBED BY J. 8. DILLER.)

The oolitic limestone, or oolite, fromn Bedford, Indiana, represented hy
specimen No. 31, is composed chiefly of oolitic grains, among which there
is great variety in form, but a smaller range in actual size. They are
generally less than 1" in diameter, and can not be studied to advan-
tage without a microscope. They do not have the usual concentric
banding, like the grains of siliceous oolite (No. 26) and oolitic sand (No.
30), and are much more irregular. Discoidal and elongated forms pre-
dominate, possibly for the reason that under their conditions of growth
the environment was not symmetrical in all sections, and development
along different radii proceeded unequally. Much of the variation in
shape, however, is due to the fact that the grains are fragments of coral,
molluscan shells, worm tubes, and numerous other more or less rounded
forms,

Each rounded oolitic grain is enveloped by a coat stained more or
less deeply by oxide of iron. Many of these grains are completely
crystalline, and, all parts being in parallel position, they extinguish at
the same time when rotated between crossed nicols. Some of these
grains, as shown by the distribution of their iron oxide, were evidently
once organic, and, besides being optically continuous within, they are
in some cases continuous upon the outside with the clear granular
calcite of the matrix. It is evident that such grains have grown by
additions of calcite upon the outside, in just the same manner as the
quartz has grown in many slightly altered sedimentary rocks.! The
matrix is usually more crystalline and clearer than the grains which
it incloses, and is often optically continnous about several grains.

Mr. George H. Girty has examined this limestone microscopically,
and furnishes the following remarks concerning the fossils it contains:

Protozoa are very abundantly represented by the foraminiferal genus Endothyra.

Most of the forms observed can probably be referred to Endothyra baileyi Hall, a com-
mon fossil in the St. Louis limestone of the Mississippian series. A trace of sponges

1 See descriptions of Nos. 15 and 118,



104  THE EDUCATIONAL SERIES OF ROCK SPECIMENS. [BULL 150.

has been noticed, and corals, belonging chiefly to the genus Zaphrentis, occur spar-
ingly. Fragments of echinoderm plates and spines constitute, perhaps, the greater
portion of the organic remains of this rock. Brachiopods and bryozoa are not well
represented, and the articulates are represented by ostracods and trilobites.

In the oolitic sand (specimen No. 30) of Pyramid Lake there are
usually a few shells of a small fresh-water gastropod; but in the oolite
from Bedford, Indiana, the organisms of various kinds are marine and
80 abundant as to indicate a rich fauna. This commingling of fossils
and oolitic grains is illustrated in the formation of oolites upon the
seashore to-day. Oolitic sand and oolite, as shown by Dana,’ are of
common occurrence on the beaches of coral islands. Coral rock is
broken off and ground up to calcareous sand by the force of the waves-
that break against the coast. These sands, worm shells, ete., are
thrown by the tides and waves upon the beach. The water of such
calcareous shores gets much carbonate of lime in solution, and as the '
sand dries, after the tide recedes, the dissolved material is deposited,
thus forming successive coats about the grains, filling the spaces
between them, and, if the grains are not frequently moved, ultimately
cementing them together to form oolite or pisolite, according to the size
of the grains. Dana observed that such ‘beach deposits consist of
regular layers, commonly from an inch to a foot in thickness, and are
generally consolidated up to aline a little above high-tide mark. In
all instances observed the layers dip at an angle of from 6° to 8° down
the beach. The dip is nothing but the slope of the beach itself, and
arises from the circumstance that the sands are deposited by the
incoming waves or tides on such a sloping surface.”

Such deposits are forming on the Florida IKeys. Much of the drift
sand of that region is cousolidated into true oolite, containing numeér-
ous traces of organic remains, wholly unlike those of the oolite at Bed-
ford, Indiana. '

As shown by Rothplet;z2 and Wethered,” it is probable that-algme
‘and other low forms of life which secrete carbonate of lime may have
contributed much in the formation of oolite. The fragments of coral
and other grains of calcareous sand in water containing much carbonate
of lime in solution would, under especially favorable conditions, afford
nuclei for the growth of alge and girvanelle, forms which are known
to have played an important role in the formation of certain oolitic
granules. The more we learn of sedimentary rocks precipitated from
solution the more clearly we perceive the importance of the work of
such organisms in the process.

The Bedford oolitic limestone is extensively quarried at many points
in a belt extending southeast from Gosport by Bloomington, Bedford,
and Salem to near the Ohio River. The belt has a length of about 90
miles and an irregular breadth averaging nearly 5 miles. The rock

1Coral and Coral Islands, 34 edition, pp. 153, 156, 206, and 392. ’

2Botanisches Centralblatt, Nr. 35, 1892; translated by F. W. Cragin in American Geologist, Nov.,
1892, Vol. X, p. 280. _

3Quart. Jour. Gepl. Soc. London, May, 1895, vol. 51, p. 196,
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varies in thickness from 25 to 100 feet, and is massive, showing only
traces here and there of stratification. Upon a weathered surface these
lines are more distinet and cross bedding is occasionally visible. The
dip is gentle toward the Mississippi Valley. Joints are common, but
not abundant, and the water thus gaining access to the rock mass has
in places given rise to great caverns. Where weathered, the limestone
is buft colored, but in the deeper parts of the quarries it is blue. The
difference in color is thought to be due to a change in the oxidation of
the iron and the loss of carbonaceous matter upon exposure. When
first taken from the quarry the rock is soft and easily carved, but
hardens upon exposure.

Oolitic limestones of great extent are rare, although a local develop-
ment of oolitic structure in extensive limestones is not uncommon. Its

formation depends, apparently, upon the large local supply of carbo-

nate of lime along the shore, but this must be combined Wlth moblhry
of deposit in-order to produce spherical deposition.

On account of the abundance of oolite at a certain horizon among
the rocks of the Jurassic system in Burope, this portion of the system
is called the Oolite. It must be understood, however, that as a name
for a group of rocks in the Jurassic system it includes many other
rocks besides oolite properly so called.

Oolite is generally carbonate of lime, but occasionally it is siliceous,
as in specimen No. 26, or ferruginous, as in specimen No. 52. In the
second case, however, the oolitic structure was-originally calcareouns;
and it is possible, but not probable, that the same was true in the first
case. Rarely ooliteis made of pyrite. Mr. G.P. Merrill has an excellent
example from the Black Hills. The student will find an excellent paper
on the Bedford oolitic limestone in the Twenty-first Annual Report of
the Department of Geology and Natural History of the State of Indiana,
for 1896, pp. 291-427. The paper includes & bibliography of oolites.

No. 32. LIMONITE.
(FroM LOWMOOR, ALLEGHANY COUNTY, VIRGINIA. DESCRIBED BY J. 8. DILLER.)

Of the various substances accumulated by deposition from solution
in water, limonite is among the most common. When heated before
a blowpipe in the reducing flame it becomes magnetic on account of the
iron present. In composition it is a hydrated oxide of iron, expressed
by the formula 2Fe,0;3H,0. Its streak is usually yellowish brown,
like iron rust, which is practically the same substance. Another name
for it is brown hematite, to distinguish it from red hematite (No. 121),
which bas a red streak and contains no water.

The simplest form of limonite is represented by specimen No. 32, in
which it occurs as a stalactite. Carbonate of lime frequently occurs in
the form of well-developed stalactites, but such forms of limonite are
rare, although it is frequently seen in small shapes which are somewhat
stalactitic or botryoidal. The mode of occurrence, origin, and struc-
ture of the stalactite of which specimen No. 32 is a fragment are in a
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general way exactly analogous to those of specimen No. 28, whichis .«

composed of carbonate of lime.

The stalactites of limonite were collected by Mr. &, L. Welch from the
roof of a limestone cavern within a mile of Lowmoor. That there were
some stalactites of carbonate of lime in the same cavern is indicated
by the fact that in a few of the specimens the limonite is completely
inclosed by calcite, and the limonite core is discovered only when a
cross section of the stalactite is examined.

It is not quite correct to say that this stalactite is limonite, for it is
in some cases largely carbonate of iron (siderite), and a few of the
stalactites in the series are coated by carbonate of lime, like specimen
No. 28, although the middle portions of such are limonite or siderite.

The structure of specimen No. 32 is well shown at theends. The brown
coucentric layers differin texture; some are very compact and more or
less waxy or dull, while others, upon a fresh fracture showing cleavage
faces, have a somewhat vitreous luster when seen in the proper posi-
tion; still other bands are spongy or pulverulent. Upon applying a
drop of hydrochloric acid it is found that the lustrous layers effervesce
vigorously, while the others are not affected. The lustrous layers are
siderite, the others are limonite. By a study of the soft ocherous
layers it is found that the limonite, in many cases, grades into the
siderite in the same layer, the oxide being the exposed portion, while
the carbonate is within, where not so exposed to the influence of
atmospheric agents. This relative position at least suggests, if in fact
it does not demonstrate, that the limonite is derived from the car-
bonate by oxidation. As shown by T. Sterry Hunt' this change is
accompanied by a considerable loss of voluine, and we are enabled to
understand why limonite derived from the carbonate is so porous.

The compact layers ol limonite which usually form the outer coating
of the stalactite, and ocenr also within, sometimes alternating with the
layers of siderite, do not appear to be derived from the carbonate.
Their structure is not porous, and precludes the idea that they were
derived directly from the carbonate, but indicates rather that the
change took place before the deposition. It is possible that in all cases
the iron may have been in solution as a carbonate, but was oxidized
before actual deposition, so as to show no loss of volume.

At Lowmoor there are large deposits of limonite, and it occurs in the
form of an extensive bed, averaging 15 feet in thickness. It is of
Devonian age. This is but one of many similar examples throughout
the Appalachian region, ' :

The conditions necessary to the accumulation of iron upon the earth’s
surface are well illustrated in many places to-day, and deserve special
consideration. - By the decomposition of rocks containing ferriferous
minerals the iron is usually liberated in the form of ferric oxide, which,
being insoluble, remains behind, coloring the residual material red-

! Mineral Physiology and Physiography, p. 262.
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dish, To render it soluble it must be reduced to a ferrous state, and
this is accomplished by acids, chiefly carbonic acid, resulting from the
decomposition of vegetal matter. Ferrous oxide readily combines
with carbonic acid to form carbonate of iron, which is soluble in water,
containing an excess of carbonic acid, and it is thus that the accumu-
lation of large bodies of iron is rendered possible.

Ferrous carbonate when exposed to pure air loses carbonic acid and
takes oxygen, thus returning to the insoluble ferric oxide. This reac-
tion forms a precipitate and deposits limonite. The process is illus-
trated about many chalybeate springs where the reddish ferric oxide
accumulates.

The precipitation and deposition of carbonate of 1ron, such as that
which is associated with the limonite in specimen No. 32, could not take
place with full exposure to pure air. There must be present some
reducing agent—as, for example, carbonic acid—to prevent its oxida-
tion. As shown by Le Conte,! the condition most favorable for its
deposition is the presence of a large amount of decomposing organic
matter—for example, a peat bog, where there is an excess of carbonic
acid. This subject will be reverted to in considering fossiliferous iron
ore, specimen No, 52,

Limonite is a valuable ore of iron, and when pulverized is used also as
a polish and for paint.

No. 33. CONCRETION (CALCAREOUS). (CLAYSTONE.)

(FroM HARTFORD, CONNECTICUT. DESCRIBED BY J. S, DILLER.)

In studying the oolitic sand (p. 102) it was noted that each grain is
essentially a concretion, i. e., it is nodular in shape and composed of
material which accumulated by systematic additions upon the outside.
It began to form at the center, and gradually grew outward.

Specimen No. 33 is a concretion, and, like the grains of oolitic sand,
is composed of carbonate of lime, but it was formed under very different

- conditions. On account of its composition it is sometimes called a

calcareous concretion, and in consideration of the fact that it occurs in
clays, it is frequently designated claystone.

It was obtained from the bank of the river at Hartford, Connecticut,
where many of them have been washed out of the adjoining clay bank.
Their mode of occurrence at other localities was described and their
great variety of form illustrated as early as 1841, by President Edward
Hitcheock.?

In form there is great variety, including spherical, discoidal, annu-
lated, and cylindrical. Most of the forms represented in this collection
are discoidal, and show traces of the planes of stratification in the clay
where they were found.

1Elements of Geology, p. 137.
2Final report on the Geology of Massachusetts, Vol. LT, pp. 407-417, pls. 15, 16, 17, and 18.
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The stratification planes are marked directly through the claystones,
and they have their greatest extension parallel to the stratification,
whichis horizontal. That the concretions did not exist at the time the
clay was deposited, but originated in place later, is clearly indicated by
their mode of occurrence and structure. The lines of stratification in
both clay and claystone were marked out by differences of size, color,
or composition of the particles at the time the clay was deposited. At
alater period the carbonate of lime, of which the greater portion of the
concretion is composed, was deposited by waters circulating through
the porous layers of the sandy clays.

Why the circulating waters bearing calcic earbonate should deposit
it in such shapes is not always clear, but it appears from the general
form that the precipitating influence must have emanated from the cen-
ter. Many calcareous concretions contain fossils, and the decomposing
organic matter furnished the surrounding atmosphere with the pre-
cipitant that developed the concretion from the center outward. The
form of growth, however, is determined largely by the relative porosity
of the various layers. The greatest development takes place along the
most porous layers, where precipitation is most free. As the concretion
grows, it loses organic matter at the center, and this process may be

carried on until the latter has entirely disappeared in such a way as -

not to preserve its original form. No record of the fossil will remain.
Many concretions have no visible traces of organie matter, and its
absence may be QX])ldl ned in this manner.

Excepting the conditions which mark the planes of stratification,
claystones are often homogeneous throughout, but in other cases they
possess concentric banding like that so well shown in the siliceous oolite,
specimen No. 26.

For further information on the subject of claystones, the student is
referred to Monograph XXIX, United States Geological Survey, by
Prof. B. K. Emerson, where he will find the matter discussed under the
heading “Concretions.”

No. 34, CONCRETION (FERRUGINOUS, CONTAINING A FOSSIL).

(FroM MazoxX CREEK, GRUNDY COUNTY, ILLINOIS. DESCRIBED BY J. S. DILLER.)

The rocks along Mazon Creek, Grundy County, Illinois, from which
specimen No. 34 was collected, according to Mr. Frank H. Bradley,' con-
sist of very sandy clay shales and sandstones, in some places becoming
nearly pure clay shales with many fossiliferous nodules of carbonate of
iron. These nodules contain many species of ferns, as well as numerous
fossil insects, occasional crustaceans, fish scales, and shells of mollusks.
It appears that in this case most, if not all, the concretions have
organic nuclei, and in this respect they are strongly contrasted with
the claystones of Hartford. It should be remembered, however, that

! Geol. Survey of Illinois, Vol. IV, p. 196.
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in the shales of Mazon Creek there are numerous fossils, but in the
clays of Hartford fossils are rare or entirely absent.

The ferruginous sandy shale, which contains the concretions (speci-
men No. 34) irregularly scattered through it, is 25 feet in thickness and
overlies the main coal bed of that region."

In form and size the concretions vary according to the inclosed
organism. A small fern leaflet may be contained in a concretion less
than an inch in diameter, while another concretion, inclosing a piece of
calamite, may be a foot in diameter. Generally, however, the concre-
tions are flattened in one direction and elongated oval in another.

As with the calcareous concretions, the plane of greatest extension
is the plane of stratification. Traces of stratification may be seen in
the banding or shaly structure of the concretion.

The fossil vegetal fragments contained in these concretions have been
studied, described, and figured by Leo Lesquerenx,! who remarks:*

Peculiar species of plants and animals or their fragments seem to have been
selected as the nuclei of the nodules. They contain, for example, an abundance of
leaflets of varions species of Neuropteris . . . which are cither rarc or have not yet
been found in the shale at Morris, while these shales are rich in [other] remains
scarcely or not at all preserved in the concretions.

He states further:?®

The pinn:ie or leaflets of ferns are always found in them in a flattened position,
their axis or rachis extending through the center of the elongated nodule, with the
divisions on both sides; the surfice of the pinnules, slightly swollen, as when in
their living state, is marked by recognizable hairs or fruit dots, with distinct veins
aud veinlets, and their appendages, like the scales, are seen in the various modifica-
tions which they present in living specimens; for example, long, straight, flat,
diverging, or primary rachis, and becoming shorter, rnffled and curled on their
upper divisions. The sinall organs of plants appear, therefore, in a better state of
preservation than in the shales. - With small animals like crustaccans, scorpions,
insects of a fleshy and very delicate texture, the preservation of form is still more
remarkable. They are found entombed in the middle of the nodules just as if they
were in life, or as if they had been transformed into stone while still living. The
fruits or nutlets are not flattened. By the section of the nodules, which generally
break into two equal halves hy hard strokes on their edges, the middle and internal
part of the fruit is exposed to view, while the outside surface is immersed in the
stone. The numerous cones also of Lepidodendron found in these concretions are
equally well preserved, eitherin whole or in part, by horizontal cross sections. Some
specimens not only show distinctly the pedicels of the sporanges and the blades in
their natural position, but even sporanges with their sceds have been found in
them, without perceptible alteration. In the cross section of these Lepidostrobi
the sporange cells form a central row, which is surrounded by the blades in the
form of a star.

Aside from the inclosed organism, part of whose carbon usually
remains in the fossil, the concretion is composed chiefly of carbonate of
iron. When dissolved in dilute hydrochloric acid, upon the addition of
ammonia the solution becomes at tirst greenish, then reddish, precipi-
tating an abundance of ferric oxide. There is but little calcium and

'+ Geol. Survey of Illinois, Vol, IV, pp. 375-508, and numerous plates.
2 Op. cit., pp. 482-483.
3Ibid., p. 482.
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magnesium in the solution, and it is evident that the iron, being in the
ferrous state, as shown by the greenish color of the solution, is pres-
ent in the nodule in the form of a carbonate. The presence of the iron
is most simply shown by the fact that a small fragment of the concre-
tion heated in the reducing flame becomes magnetic. Itisinterestingto
note this occurrence of carbonate of iron in connection with organisms
where carbonic acid was probably present to prevent the oxidation of
the iron at the time of deposition.!

No. 35. CONCRETION (MARCASITE).

(FroM THATCHER, LAS ANIMAS COUNTY, COLORADO. DESCRIBED BY J. S. DILLER.)

These concretions of marcasite were obtained, according to Mr. G. K.
Gilbert,? from the lower layers of the limestone at the base of the Timpas
formation.? The limestone has a light-gray color, which becomes
creamy white on weathered surfaces. It is compact and fine grained,
and in the eastern portion of the district its texture becomes somewhat
coarser, its color paler, and the fractured surface resembles chalk.

As the limestone is broken up and removed by the action of the weather, the more
resistant nodules are freed from the matrix, so as to lie loose on the surface. They
are of a dark-brown color, and of oval or ¢ylindrical form, with a diameter of about
half an inch. Their surfaces are not even, but are set with a.ngul'mr projections, the
ends of crystals.!

In Pl XX, taken from Gilbert’s report, the variation in form and
size of the nodules is illustrated upon the natural scale.

That the crystals referred to above are marcasite is known by their
form in connection with the fact that, when pulverized and heated in a
closed tube, they yield a sulphurous odor and become magnetic, thus
indicating that they are composed of sulphur and iron.. From the shape
of the projecting crystals it appears that their axes, although at right
angles, are of unequal length, thus showing that the mineral is mar-
casite and not pyrite, which has nearly the same color and composition
but differs in form of crystallization.

The structure of the concretion is radial and connected directly with
the arrangement of the pointed crystals upon its surface. Although
all the concretions are rusty brown outside, when broken open some of
them are found to be brass-yellow within, and the radial structure dis-

tinet. In most of the nodules, however, the marcasite has completely .

changed to limonite, and the structure is not well marked. No nueclei
" were observed.

The chemical composition -of marcasite is sulphur 53.4, iron 46. 6,
represerited by the formula FeS,. When exposed to the air, it usua.lly
decomposes, forming limonite, which at first only coats the nodules but

1 See also description of Limonite, specimen No. 32, and Fossiliferous Iron Ore, specimen No. 52,

2 The underground water of the Arkansas Valley in eastern Colorado: Seventeenth Ann. Rept.
.TU. S. Geol. Survey, Part 11, 1896, p. 566.

3 The Timpas formation is the upper portion of the Niobrara (Cretaceous) group of that region.

4 Gilbert, op. cit., p. 566.
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in time completely replaces the marcasite. When the replacement is
complete the crystals are pseudomorphs of limonite after marcasite.
In the process of decomposition sulphuric acid is set free and may
attack the surrounding minerals, thus contributing to the effects of
weathering. Sulphate of iron is frequently formed, and the nodules
fall to pieces. This is especially likely to be the case if the air is damp.
The nodules found loose upon the weathered surface of the limestone
are chiefly limonite, but according to Mr. G. W. Stose, who collected
some of the specimens, those found firmly embedded beneath the sur-
face of the limestone are marcasite, and when broken exhibit the radial
structure much better than those changed to limonite.

In the case.of the concretions Nos. 33 and 34 of this series, it is evi-
dent that they were formed after the deposition of the argillaceous
strata in which they are contained; but the concretions of marcasite
from the Timpas limestone do not indicate so clearly their origin, In
some other cases, however, fossils which were originally calcareous are
found completely replaced by marcasite or pyrite. Such replacements
were not found in the strata from which specimen No. 35 was collected.

Nodules of marcasite or pyrite are perhaps most frequently found
in limestone, but they are of common occurrence also in shales and
sandstones.’ ‘ '

No. 36. GEODE.

Y
(FroM Warsaw, HaANCOCK COUNTY, ILLINOIS. DuscriBeD BY J. 8. DILLER.)

Geodes, like concretions, are nodules, but differ widely in their mode
of growth. A concretion begins at the center and increases in size by
additions upon the outside. On the other hand, a geode begins upon
the outside as the lining of a cavity, and grows by successive additions
upon the inside of the cavity. As in specimen No. 36, the cavity is
usually well studded with crystals.

The geodes at - Warsaw are contained in a bed of the Keokuk group,
of lower Carboniferous age, and it has been said that there is no other
locality known in the West where a few hours of labor of a good col-

* . lector will be rewarded by so large a variety of finely crystallized speci-

mens. The occurrence of these geodes in the field has been studied by
Mr. A. H. Worthen,” and their structure and mineralogic composition
have been described by Prof. George H. Brush.?

Mr. Worthen says:

The geodes occur disscininated throngh the shale and shaly limestone, sometimes
8o thickly dispersed through it that the individunals press against each other as they
lie embedded in the matrix; and again, are so sparsely disseminated that several
cubic feet of the shale will afford not more than a single specimen. They are most
abundant at Warsaw, in the lower part of the bed, which also affords nearly all the
large-sized individuals. The general form of those filled with siliceous minerals is

1 The formation of sandstone concretions, by G. P. Merrill: Proc. Nat. Mus., Vol. XVII, p. 87,
2 Greol. Survey of Illinois, Vol. I, pp. 89-98.
. 30p. cit., pp. 90-96.
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globular, and many of them are solid spheres of quartz, the interior of which is
generally crystalline, with a thin crust of chalcedony coating the exterior surface.

Through the middle of the geode beds there is a band of shale, which, at Warsaw,
is. from 8 to 10 feet thick, in which nearly all the geodes are lined with calcareous

minerals, and these present less regularity of form than those lined with quartz. '

Many of them are flat disks, nearly or quite solid, but always containing calcite,
and frequently fine crystals of blende. ‘

Mr. Worthen states also that in Hancoek County a siliceous geode
was found filled with liquid bitumen, and at St. Francisville, M]SQOHI'I,
others were observed to be partially filled with clear water.

The collection of thirty-three geodes studied by Professor Brush was
specially selected, and his report describes the variations. The geodes

-of this series of rock specimens, although generally quite uniform, are
somewhat varied, as were those described by Professor Brush, from
whose report the following is quoted:

You will observe that, in every case I have examined, the outer layer of the geode
is siliceous and is of that form of silica which is called chalcedony, although some-
times this outer siliceous rim is extremely thin. The next in the order of snperposi-
tion is crystalline quartz. In every geode which contains crystalline quartz this rests
directly on the chalcedony. In some instances a second layer of chalcedony rests
on the quartz crystals (Nos. 11, 14, and 22), and in one instance a second series of
quartz crystals rests on the second layer of chalcedony. Calcite occurs in great
beauty and variety of form, sometimes resting directly on the chalcedonic crust,
and sometimes resting on the lining of quartz. In no instance where caleite and
quartz oceur in the same geode have I found the quartz resting on calcite; they all
indicate that the calcite is subsequent in formation to the quartz. The calcite
crystals are worthy of special crystallographic study.

The occurrence of pyrites shows that in some cases its formation was simultaneous
with that of calcite, while in other instances it was apparently subsequent to it.
The elongated crystals of tarnished pyrites are quite remarkable and might casily
be confounded with ratile; but they show a yellow color and a cross fracture, and
a blowpipe examination reveals their real character.

Blende seems to have been simultaneous in formation with the calcareous layer of
the geodes in which it occurs, for in two instances I have observed it embedded in
the calcareous layer without resting on the chalcedonic base.

Gypsum, observed in minute crystals in only two instances, is subsequent in for-
mation to the second layer of chalcedony in the geodes in which it occnrs. Pearl-
spar, dolomite, or brown-spar, as it might very appropriately be called, occurs in
several geodes, and is almost always of subscquent formation to the calcite. - In a
few instances, however, calcite crystals appear resting on o dolomite base, and this
. leads me to call attention to the occurrence of calcite of at least two distincet periods
of formation, as shown by the form and color of the crystals (Nos. 20 and 21). The
dolomite in the geodes seems to be peculiarly liable to decomposition by the
oxidation of the iron. An analysis of it shows it to contain a large percentage of
carbonate of iron with the carbonates of lime and magnesia.

Aragonite was found in but one instance, and then resting on dolomite. Geode No.
32 contained a considerable amount of a loose white powder, which, on chemical
examination, proved to be a-hydrous silicate of alumina; and it is exceedingly
curious that the crystals of calcite in what must have been the lower part of the
cavity, contain, disseminated through them, this same silicate, as, upon solution in
acid, they leave behind an insoluble white powder, similar in character to that
found loose in the geode. Moreover, the crystals differ in form from those lining the
upper portion of the cavity.

N
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Geode No. 4 is one of the most interesting of the snite, heing almost filled with
asphaltum, and having isolated quartz erystals embedded in the asphaltum.

The geodes in this series are composed of a thin crust of chalcedony,
bere and there showing indistinet banding parallel to the surface of the
geode. Inside of the chalcedony is a thick layer of crystalline quartz
with granular or radial structure about the inclosed cavity, which is
bristling with the pyramidal points of quartz crystals. Superimposed
upon the faces of the quartz crystals, here and there in some of the
geodes, are a few crystals of dolomite, calcite, pyrite, or other minerals,
but they form a very subordinate portion of the whole mass.

That geodes originate in cavities there can be no question, but the
way in which the cavity was produced is often a matter of doubt. The
form of the geode is in some cases conclusive evidence that the cavity
was produced by dissolving and removing a shell or other fossil. The
shape of the geodes in this series does not clearly indicate any organism,
but it has been suggested that the geodes of the Keokulk limestone of
Towa and Illinois (including those of Warsaw) “occupy the centers of
sponges that were at some time hollowed out by siliceous solutions, like
the hollowed corals of Florida, and then lined with crystals by deposi-
tions from the same or some other mineral solution.”! _

Among the most interesting geodes are those occasionally found in
fossiliferous shales, as at Yaquina Bay, on the coast of Oregon, where,
after the calcareous shells are removed, leaving a cavity, the mold is
filled with translucent quartz by successive additions upon the walls
of the cavity. In most cases the cavities are completely filled, but in
others the cavity is only partially filled with quartz, the remaining
portion containing water with a movable bubble, whose motion may be
observed through the translucent quartz.

Similar small geodes are occasionally found in amygdaloids, where
the original vesicles in the lava are not completely filled, The same
term is also applied to crystal-lined cavities in veins, without reference
to their for.. ‘

No. 37. SILICIFIED Wo0OD.

(FroM GALLATIN BASIN, GALLATIN COUNTY, MONTANA. DESCRIBED BY J. S.
DILLER.)

The occurrence of silicitied wood. is illustrated in P1. XXI, prepared
from a photograph taken by Prof. J. P. Iddings upon the slopes of
the Lamar River. The trunks of the two trees are shown standing -
erect where they grew. They were buried by the accumulation of sand
and gravel of an ancient geologic flood, which gave birth to the Tertiary
conglomerate. At the time of their burial they were not silicified, but,
while under the ground, the circulating siliceous waters effected a com-
plete change in their composition., The wood was removed particle by
particle, and in the position of each was placed a particle of silica, so

I Manual of Geology, 4th edition, by J. . Dana, pp. 97, 98,

Buli. 150 8
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that ultimately the wood was all removed and the whole trunk was
completely changed to silica; yet the replacement occurred in such a
way as to preserve with wonderful detail, not only the remarkable cellu-
lar structure of the original wood, but also the peculiar markings upon
the walls of the cells. Thin sections have been made of specimen No. 37,
and fig. 12 shows its cellular structure, as seen under a microscope. The
cells of the wood are filled with silica, slightly different in appearance
from that which replaces the vegetal matter, and it is this difference
that marks the cellular structare so distinctly. It has been studied by
Mr. ¥. H. Knowlton, who describes it as follows:

Pityoxylon pealei.—Annual ring very pronounced, 2.10 ™™ broad; cells of summer
wood large, thin-walled; cells of fall wood thick, much compressed; cells of sum-
mer wood with a single series of large, scattered punctations; medullary rays in a
single series of two to about twenty long cells, marked radially with one to three
small-bordered pits in the width of each wood cell; resin tubes rather numerous, of
large size.

The fossil wood contains in places much amorphous silica, but at
other places is generally cryptocrystalline, with here and there small
radial fibrous groups with negative optical properties,
indicating that it is chalcedony.

The special lesson to be learned from this specimen
is the excellent example it affords of the replacement
by substitution of one substance for another, in con-
nection with fossilization by casting. '

The double character of the process may be illus-
trated by an experiment. If wood be repeatedly
Fre.12—Collsofsilici.  S0aked in a solution of sulphate of iron until its cells

fiedwool nsseenun-  gre filled, and then burned, its structure will be pre-

der “mi‘f’mmpe' served in the remaining ferric oxide in the form of a
cast. The place formerly occupied by the wood will be vacant. In
silicified wood, however, there is the cast of silica as before, and also
the replacing silica which occupies the position of the organic matter.
Such perfeet replacement by silica may occur also in the animal king-
dom. The internal structure of a spirifer, as well as the delicate parts
of other mollusks, may be replaced and preserved in the greatest detail
by silica. ' ' '

Silicified wood is of common occurrence in many of the sandstones
and conglomerates of all ages, especially in those later than the Juras-
sic. These rocks usually contain much quartz, and, being porous,
afford special facilities for the circulation of underground waters,
through whose agency the silicification of the wood is effected.

" No. 38. SILICIFIED SHELL.

(FROM CHARLESTOWN, CLARK COUNTY, INDIANA. DESCRIBED BY J. S. DILLER.)

This shell, Spirifer oweni, is one of the Devonian forms found in the
hydraulic limestone, or cement stone, which extends northeastward from
Louisville, Kentucky, to Charlestown, Indiana. The shell was origi-

o
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nally carbonate of lime, but is now quartz, the carbonate of lime having
been removed and-the silica deposited in its place. This has been done
in such a way as completely to preserve the external form of the shell,
but the internal structure is lost. It appears that a perfect impression
of this shell was made in the material by which it was inclosed at the
time the rock was formed. The shell was then removed by solution in
the water circulating in the rocks, thus leaving a mold which was
afterwards filled with silica, producing a cast. The method of fossiliza-
tion by molds and casts is common and of much importance in the
geological record. Molds of shells are perhaps more frequently seen in
the Oriskany sandstone than in any other formation.

Casts may be of other substances than silica, and when of a compar-
atively stable substance, like oxide of iron, the fossil may be preserved
although the rock inclosing it may undergo great change. One of the
most striking examples of this kind is in a mica-schist of Scandinavia,
where the original sediment was so inetamorphosed as to have been
completely crystallized, and yet the forms of large trilobites it contains
are perfectly preserved in the casts of oxide of iron.

There are three principal types of fossilization illustrated by speci-
mens in this series. In the first type, represented by specimen No. 6,
the organism is simply buried and remains wholly or partly unchanged ;
in the second type, represented by specimen No. 38, the organism has
been completely removed and 1ts mold or cast preserves its external form
only; in the third type, represented by specimen No. 37, the organism
is completely removed and replaced by mineral matter in such a way as
to preserve not only the external form but also.its delicate internal
structure. '

UNALTERED SEDIMENTARY ROCKS OF ORGANIC ORIGIN.
No. 39. CHALK.

(Fuof\x Wurre CLirrs oF LiTTLE RIVER, SEVIER COUNTY, ARKANSAS. DESCRIBED
BY J. S. DILLER.)

Of the various rocks deposited by water, limestone is among the
most important. It is composed essentially of either carbonate of lime
or carbonate of magnesia, or both. Its various forms are quite fully
illustrated in this series by the following specimens: Chalk (No. 39),
Patellina limestone (No. 40), coquina (No. 42), shell limestone (No. 43),
cherty limestone (No. 44), compact limestone (No. 46), lithographic lime-
stone (No, 47), hydraulic limestone or cement rock (No. 48), amorphous
marl (No. 49), and shell marl (No. 50) among the unaltered rocks, and
crystalline limestone (No. 115), marble (No. 116), and dolomite (No. 117)
among the metamorphic rocks.

Chalk is a white earthy limestone which is so soft as to be easily
marked by the finger nail, and is composed of fine calcareous sediment

-derived chiefly from the shells of foraminifera. When pure, its chemi-

cal composition is almost wholly carbonate of lime.
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Although well known for centuries in England, its occurrence among
the rocks of the United States was not appreciated fully until 1887,
when it was described by Mr. R. T. Hill, who has shown? that there
are several distinct beds of this material, having wide vertical and
areal distribution, in the Cretaceous rocks of Texas and neighboring
States. The specimens for this series, which are a little harder and

less porous than typical chalk, were collected from the uppermost of .

the various chalk beds of the Texan region at White Cliff5, on Little
River, in Arkansas, where, according to Mr. Hill, a great bed of the
purest white chalk occurs in section 35, T.11 8., R. 29 W. He says:

These cliffs have long been a landmark of the region, are about 150 feet in height,
perpendicular, and as white and almost as pure as the celebrated chalk cliffs of
Dover, England. Their remoteness from the lines of travel is the probable explana-
tion of their having so long been overlooked by American geologists.

The chalk of these cliffs scales oft rapidly in great con-
choidal flakes, and owing to the irregularity of this
process, its face, instead of being a continuous plane, is
composed of many acute and reentrant angles, resem-
bling the bastions of a fortress. The summit of the cliff
is covered with gravel, but, measuring from the top of the
hill a short distance from the margin, the present thick-

s ness of this chalk is found to be about 135 feet from the
F?,;é%;ﬂ?:f:{;;g'o;:gz summit to the bed underlying it. This chalk has a low
the chalk of White Cliffts, southeastern dip.

Texas. The regularity of this bed throughout its exposure—

about one-fourth of & mile—and its reappearance a fow
miles to the east and across the Saline watershed shows that it is not a local bed,
but the remnant of a great and extensive horizon, worn away by the denudation
through Tertiary and Quaternary times of the deposits of the Red River embayment.

In the large fragments from which specimen No. 39 was prepared
fossils were rather common and conspicuous, although but few traces of
them can be seen in the hand specimen. Camptonectes, Inoceramus,
Baculites, and Ananchytes ovalis are the fossils reported by Hill trom
this bed, but it appears that generally ‘the chalk is almost free from
fossils.” This statement, however, refers only to fossils which can be
seen by the unaided eye, for if properly prepared and examined under
the microscope the chalk is found to be composed almost wholly of
material derived from the shells of minute organisms. Some of the
shells are complete, more are broken, but most are reduced to a fine
powder. In fig. 13 are represented two of the most common forms
which oceur in specimen No. 39. These have been studled by Mr.
George H, Girty, who reports as follows:

The chalk sections which I have examined seem to be scantily supplied with
recognizable organic fragments. The latter consist of foraminifera, with an occa-
gional coccolith. ‘The foraminifera can be referred to the genera Globigerina and
Textularia, of which the former seems much more common.

1 Am. Jour. Sci., 3d series, Vol. XXXIV, 1887, p. 308.
2 Ann. Rept, Geol, Survey Arkansas for 1888, vol. 2, pp. 87 and 88.
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The chemical analysis® of the chalk from White Cliffs is as follows

Analysis of chalk from White Cliffs, Sevier County, Arkansas.

= Lik ———
i Per cent.
SRS ST 74’ T PR e S|
Insoluble matter and silica .--..-ccanaaicannn--n- ‘ 3.49 |
Algmingd Ve Bl f e il e b
Ferric oxide) |
Carbonate of lime....... 94. 18
Carbonate of magnesia ... < 1.37
Loss on ignition and water ‘ 0.55 \‘
) 2 P R A S S R, PR e do e S o | 101. 00 ‘

| | |

It contains some iron, which here and there tinges it yellowish. The
insoluble matter and silica are readily accounted for by the presence of
spicul@ of sponges and other siliceous organisms, which may be seen
under the microscope. Mr. Hill reports that in the field it does not
~ contain nodules of flint. In this

respect it is like the ‘“chalk with-
out flints” of Europe, and differs
from the ¢“nodular chalk” or
“chalk with flints,” so well ex-
posed in the cliffs at Dover,
England. Although flints do
not occur in the chalk at White
Cliffs, they do occur in the
Caprina limestone near Austin,
Texas, from which specimen No.
41 was collected.

Much light has been thrown
upon the origin of chalk by the
deep-sea soundings of the Chal-
lenger expedition.”? From the
sea floor, at depths of between
2,500 and 17,000 feet, where not
too cold, the dredge brought up a white ooze, consisting largely of the
shells of foraminifera and other organisms having calcareous tests, in-
termingled with a small amount of radiolarian and other siliceous shells.

In fig. 14 is shown the appearance of globigerina ooze as seen
under the microscope. It is composed chiefly of the calcareous shells of
members of the family Globigerinidz, but with these are a few lozenge-
shaped and other siliceous shells.” This is so strikingly similar to
chalk in its structure and composition that its deposition practically
illustrates the origin of chalk.

- T — o Fa .
Fi1G. 14.—Globigerina ooze from Indian Ocean, at a
depth of 1,800 fathoms.

1 Ann. Rept. Geol. Survey Arkansas for 1888, vol. 2, p. 220.

2 Report of the scientific results of the exploring voyage of H. M. 8. Challenger, 1873 to 1876; Deep-
Sea Deposits, 213-223.

3Ibid., upper one-third of fig. 4, P1. XII.
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The organisms whose remains now form the chalk lived in the sea
under various circumstances. The larger animals lived upon the bottom,
where they died and their shells contributed to the accumulating
chalk.

The minute foraminifera, of whose tests the chalk is chiefly composed,
lived not upon the bottom, but far above it, near the surface of the ocean.

The species of foraminifera caught in the surface nets of the Challenger,!

are the ones whose dead shells have sunk to the bottom to make up a
large part of the globigerina ooze.

It is evident that these minute organisms must have drawn from the
ocean water the carbonate of lime of which their shells are composed.
The same is true of corals, mollusks, and all other marine organisms
whose skeletons or shells are calcareous and whose remains play such
an important part in the formation of limestones.

Notwithstanding the fact that chalk is one of the rarest of sedimentary
rocks, globigerina ooze is one of the most widely distributed of the
marine deposits forming at the present day.

Chalk is very, porous, so that it will absorb in some cases an amount
of water equal to about one-third its own bulk. On this account beds
of chalk are great reservoirs of underground water, and in some places,
as in the vicinity of London, such beds yield a large supply of water by
means of artesian wells.

Chalk has wide application in the arts, industries, and agriculture.
It is calcined to make lime, producing a superior quality of that mate-
rial for chemical and structural uses. In the semihumid portion of its
extent, where the material indurates through a process of interstitial
hydraulic setting, it is sawn and extensively used as a building material.
By saturating chalk with siliceous solutions to give it hardness, and
mineral stains to give it color, ornamental marble of great variety and
beauty is manufactured in Europe. Its most réemunerative application,
however, is its use in the process of making hydraulic and Portland
cements, For this purpose it is mixed in definite proportions with clay
and silica. It is the use of chalk that has enabled Europe to control
the supply of superior Portland cement in the United States, and Hill
has pointed out the fact that the neglect to utilize the extensive deposits
of chalk in our own country amounts to a serious commercialloss. When
pulverized, washed, and elutriated it is known as creta preparata, and
is extensively used for toilet and fine abrasive purposes, as well as for
medicinal purposes.” It is also used in the manufacture of carbonate of
soda and carbonic acid. On wet clay soil it is a valuable fertilizer, and
for such purpose it is extensively used in parts of England, and could
be most profitably so-employed upon the noncalecareous lands of the
southern coastal region of the United States.

The white crayons ased for marking purposes were formerly made of
chalk, but now they are composed chiefly of artificially produced sul-

1 Challenger Reports; Deep Sea Deposits, p. 213.
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phate of lime, with a small admixture of lime carbonate. The lump
chalk used by carpenters and other tradesmen is the natural chalk as
removed from the ground.

No. 40. PATELLINA LIMESTONE.
(From AUSTIN, TEXAS. DESCRIBED BY .8, DILLER.)

The specimens of this series were collected on Bull Creek, 5 miles
west of Austin, Texas. It is a light-colored, earthy limestone, which
to a considerable degree resembles the chalk of Arkansas, although it
belongs to a much older horizon, According to Hill,' it forms a stratum
10 feet or more in thickness near the middle of the Glen Rose beds, in
the basal portion of the lower Cretaceous.

The typical Patellina limestone differs from the chalk (No. 39) chiefly
in hardness and in the macroscopic fossils present; but the material
also oceurs in nature as beds of pulverulent chalk, or marl. Asin the
case of chalk (No. 39), there are a number of mollusks present in this
limestone, but few, if any, of them appear in the hand specimens.

It is composed largely of ‘a small, flat-conical foraminiferal shell,
Patellina texane Roemer,” and on this account, at the suggestion of
Mr. Hill, has been called the Patellina.limestone. While Patellina tex-
ana is the only foraminifer in the limestone visible to the naked eye,
in a thin section of the rock under the microscope the finer material is
seen to be composed chiefly of foraminifera similar to those of chalk, °
lustrated in figs. 13 and 14, and might well be called chalky limestone.
Its conditions of formation must have been in general quite like those

of chalk.
No. 41. TLINT.

(FrROM AUSTIN, TEXAS. DESCRIBED BY J. S. DiLLER.)

Flint nodules are of common occurrence in the upper chalk beds of
England, but, as noted under the description of ¢halk ¢(No. 39), they do
not oceur in the equivalent of that horizon in Texas. The specimens of
the series were collected from the.lower-lying Caprina limestone (Shu-
mard) of Hill’s section,® 2 miles west of Austin, Texas. .

In this chalky limestone are well-defined layers of exquisite flint nodules, occu-
pying, apparently, persistent horizons in localities. These flint nodnles are oval and
kidney shaped, ranging in size from that of & walnut to about 2 feet in diameter.
Exteriorly they are chalky white, resembling in general character the flint nodules
of the English chalk cliffs. Interiorly they .are of various shades of color, from
light opalescent to black, sometimes showing a banded structure. These flint
nodules are beautifully displayed in sitw in the Deep Eddy Canyon of the Colorado,
above Austin, where they can be seen occupying three distinct belts in the white
chalky limestones. . .

The fact that these are the only flint horizons, so far at least as is known to the
writer, in the whole of the immense Cretaceous deposits of the United States is very

1Paleontology of the Cretaceous formation of Texas: Proc. Biol. Soc. Washington, Vol. VIIT, 1893,
pp. 14, 20, and 21.

2Illustrated in Dana’s Manual of Goeology, 4th ed., 1895, p. 834.

3Geol, Survey Texas, Bull. No. 4, p. xix.
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interesting, and especially since they occur about the middle of the Lower Creta-
ceous series instead of at the top of the upper series, as in England. It was from
them that the Indians made their flint implements, and the ease of their lithologic
identity will be of value to the anthropologist in tracing the extent of the inter-
course and depredations of former Indian tribes inhabiting this region.!

These flints have been distributed in later geologic epochs over a
wide area coastward of the present outcrops of the Caprina limestone.

The specimens illustrate the light-colored exterior of the flints as
well as the extremely compact texture and the perfect conchoidal
splintery fracture of the darker interior. Pl XXII, taken from a pho-
tograph, shows a section of one of these nodules in which the concentric
banding, as well as the planes of original stratification, are distinctly
marked. When highly heated in a flame, the dark-colored flint becomes
white, indicating that the color is due to the presence of organic matter.
Mr. Hill reports a nodule containing a small cavity filled with liquid;
others are found with fossils (Requienia and Monopleura) as nuclei, but
these occurrences are exceptions. The nodules are generally without
nuclei. Nevertheless, they contain a large numnber of fossil fragments,
which are visible only with the aid of a microscope.

Mzr. J. A. Merrill2 has made a special study of the fossils in the flint
nodules of the Lower Cretaceous of Texas, and not only described -the
forms, but considered the conditions of their preservation and the origin
of the nodules. He examined a number of slides of specimens in this

“series, and reports three species of monactinellid and three tetracti-
nellid forms of sponge spicules, besides the remains of foraminifera,’
echinoderms, and shell fragments.

The large number of the siliceous organisms found in the flint, both
of this country and of Europe, leave scarcely any doubt as to the
source of the silica of which they are formed. It was originally taken,
at least in large part, directly from the sea water by siliceous organ-
isms, especially sponges, for their skeletons and shells, in much the
same way as the carbonate of lime is secured from the same water by
organisms having calcareous parts. In globigerina ooze calcareous
and siliceous organisms are found intermingled, and the Texas material
contain$ a similar association of forms. The organisms found by Mr.
Merrill in the flint of Texas are foraminifera, sponges, mollusks, and
fish scales. The foraminifera. were principally globigerina whose
shells are well known to have been originally calcareous. In the flints,
however, the calcareous matter is completely replaced by silica, and it
is evident that the flint is not made wholly by an accumulation of sili-
ceous organisms, butin part, at least, by the replacement of calcareous
organisms by silica brought in solution. Spicules of sponges and other
organisms are found in all stages of preservation. A few are well pre-
served; more are partially destroyed, while the greater number have
either almost or entirely disappeared under the attack of mechanical
attrition and solvents.

1 Hill, Geol. Survey Texas, Bull. No. 4, p. xix. .
2 Bull. Mus. Comp. Zool. Harvard College, Vol. XX VIII, No. 1, pp. 1-26. See also a Review of
the general work by Mr. Wayland Vaughan, in Jour. Geol,, Vol. IV, p. 112, ‘
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Although the forms of some of the sponge spicules are well preserved,
the siliceous material of which they are now composed is not amorphous,
as it was originally, but so arranged, or perhaps we may sayrearranged,
as to be crystalline. The silica of the flint is in two forms, crystalline
and amorphous. The first is practically insoluble, but the second is
soluble in caustic potash. By far the larger portion of the silica in the
flint is in a crystalline condition. Mr. George Steiger, by treating speci-
men No. 41 with a 10 per cent solution of caustic potash for one hour
over a water bath, fouud that 15.39 per cent of the flint was dissolved.
It is generally very fine microgranular, but occasionally it is radial
fibrous like chalcedony. However, it is optically positive, while chal-
cedony is negative. Even that of the sponge spicules and other fossils,
which was originally amorphous, is now crystalline. Perhaps this
structural change may have resulted directly from the removal of the
spiculin originally associated with the silica in the sponge spicules.
However this may be, it is certain, as already moted, that there is
much actual replacement by silica in the fossils of flint nodules.

It has generally been supposed that originally the silica was rather
uniformly distributed throughout the bed, and that the flint nodules
were formed in much the same manmner as claystones by concretional
action. A somewhat different view is suggested by Sollas,' advocated
by Merrill,> and commented upon by Vaughan*—that each nodule rep-
resents a separate sponge bed, in which many generations of sponges
have lived and died in all stages of development. _

In the local accumulations thus produced Sollas and Merrill see the
origin of the nodules; but in support of a somewhat different view
Vaughan refers to a fact noted by Murray—that sponge spicules col-
lect around shells. That flint nodules, sometimes at least, have nuclei
has been shown by Hill, and the weight of present opinion appears to
favor the view that flint nodules are largely concretionary.

Tlint nodules are extensively imported from England into the United
States, where they are ground and mixed with kaolin for the purpose
of making potter’s clay, such as is used in the manufacture of porcelain
and other finer grades of china. The materialis also valuable, especially
in Texas, for road making, and is extensively used for track ballast.

No. 42. COQUINA.
(FroM ST. AUGUSTINE, FLORIDA. DESCRIBED BY J. 8. DILLER.)

Coquina is a very porous limestone, composed almost exclusively of
shell fragments cemented together by carbonate of lime. Itis a shell
limestone, but on account of its peculiarities is generally known through-
out.this country by the local Spanish name of coquina.

According to Mr. R. Dietz,* it forms a counsiderable portion of Anas-

! Annals Mag. Nat. Hist., 5th series, Vol. VI, pp. 441-443.
2Bull. Mus. Comyp. Zool. Harvard College, Vol. XX VIII, p. 22.
8Jour. Geol., Vol. IV, p. 114.

4Jour, Acad. Nat. Sci. Philadelphia, Vol. IV, 1824, p. 73.
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tasia Island, and occurs in horizontal layers, which easily separate,
forming slabs. The layers are from 1 inch to 18 inches in thickness.
The fragments of shells composing them vary in size, and occasionally
entire shells are found. In general, the material is finest near the sur-
face. When first removed from the ground the rock is soft and may
easily be cut into any desired shape, but upon exposure to the air it
becomes indurated. On this account it is a good building material,
and has been extensively used in the construction of the fort, the quays,
and other structures at St. Augustine.

The shells are chiefly, if not wholly, of species now living along the
adjoining coast. In the coquina studied by Dietz they belong prinei-
pally to the genus Arca, but Dr, W, H. Dall says that they vary greatly
from place to place, according to the locally dominant species. -

The shell fragments are all arranged with their largest surfaces par-.

allel to the plane of stratification. The space between them is partially
filled with clear quartz sand, and the whole is cemented by calcite, and
in such a way as to give the rock, when examined under-a small lens, a
crystalline appearance. The quartz is easily loosened anrd isolated by
dissolving a small piece of the coquina in acid. Some of the grains
thus liberated are well rounded, but generally they are sharp, angular,
and clear, as if near their original source. Numerous minute rutile
needles occur in some of them, as in the quartz of granitic rocks. The
sand drifts southward along our Atlantic coast, and it is probable that
the sand in the coquina has been carried from far northward, for the
beach of Florida exposes no rocks from which it could have been
derived. : :

Dr. Dall tells me that coquina is now forining at many points along
the coast of I'lorida. The shallow-water shells washed up by the
waves to the beach, when placed about high-tide level, are. alternately
wet and dry. The water laving the shell beach gets a large amount of
carbonate of lime in solution, and as it dries, after the waves recede,
the lime carbonate is deposited upon the fragments, gradually binding
them together and formiug a more or less solid shell rock—coquina.

The loose shell-beach material is mixed with cement to make an arti-
ficial building stone, quite-extensively used in St. Augustine. The
trimmings of buildings made of this material are of coquina.

No. 43. SHELL LIMESTONE.
(FROM ROCHESTER, NEW YORK. DESCRIBED BY J .S. DILLE’R.)

This limestone, like coquina, is composed of shells, and is therefore a
shell limestone. It differs from coquina, however, in being compact
and containing almost exclusively the shell of one species, formerly
called Atrypa hemispherica,! but now known as Anoplotheca hemispherica.?
As the limestone is composed almost entirely of Anoplotheca, it is
sometimes called Anoplotheca limestone by paleontologists.

1Gevlogy of New York, by James f[nll, 1843, pp. 64 and 73.
2Paleontology.of New York, Vol. VIII, by James Hall, 1894, p. 136.
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~ This bed of limestone is only 3 or 4 inches in thickness along the
Genesee River near Rochester, and lies within the upper green shale
of the Clinton group. The sediments associated with it are all fine,
and, although of littoral origin, evidently do not belong to beach depos-
its. The shells are so well preserved as to retain their pearly appear-
ance, and but few of them are broken. They accumulated upon the
sea floor at a favorable spot, where not disturbed by the influx of ordi-
nary sediments or the beat of waves.

The relation of the strata in that region is illustrated in P1. XXTII.,
At the base of the exposure shown in the figure is a mass of shale,
which is overlain by a thin-bedded limestone, near the bottom of which
is a bed of iron ore (No. 52). The limestone above the ore, having a
thickness of 14 feet, forms the middleé falls of the Gienesee. As its most
abundant shell is & Pentamerus, it is referred to as the Pentamerus
limestone. Immediately above the Pentamerus limestone, which is well
sliown in the figure, is the mass of green shale containing the thin bed
of Anoplotheca limestone from which specimen No. 43 was obtained.

No. 44, CHERTY LIMESTONE.

(FrOM BUTFFALO, NEW YORK. DESCRIBED BY J. S. DILLER.)

The bed of linestone from which specimen No. 44 was taken extends
from near the Hudson westward through the State of New York into
Canada, Obio, Indiana, and other States of that region. At many
places in New York it contains a large amount of siliceous material
called chert or hornstone. The limestone containing it is cherty lime-
stone. It was formed during the Corniferous! period of the Devonian
era. Fossils, especially corals, are so abundant in some places that
the limestone looks like the reef-rock of modern coral reefs. The fossils
are often silicified, forming chert.

The chert occurs irregularly distributed throughout the mass of lime-
stone, as in specimen No. 44, or it may be arranged in layers, nodular
sheets, or series of separate nodules in the same plane, alternating with
layers of limestone. In such cases the limestone layers are generally
thicker than those of chert, although the relative proportions of chert
and limestone vary greatly from place to place. In general, the occur-
rence of chert in limestone is analogous to that of flint and chalk.

The limestone, being soluble under conditions of weathering, is gradu-
ally carried away, leaving the exposed surface of the limestone rough
with chert. As weathering progresses the surface in places becomes
paved with angular fragments of chert.

In hand specimen No. 44 the bluish-gray compact chert and the
dark limestone are distinctly separable. In some specimens the chert
predominates, in others the limestone. Their boundaries are almost
always sharply delined, although in some places there is gradation

1From the Latin ‘‘cornu,” horn.
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from one to the other. “Both effervesce in acid, but the soft, dark por-
tion, which will hereafter be referred to as the limestone, eﬁervesces
much more freely than the hard, flinty chert.

! That the limestone is crystallme, at least in part, is mdlca,ted by the
minute glistening grains, visible under a small hand lens. When
viewed in a thin section under a microscope it is found to be irregu-
larly granular, containing numerous perfect crystals of calcite, rang-
ing from 0.005™" to 0.03"™ in diameter. Most of the calcareous mate-
rial is dark or brownish, owing to the presence of carbonaceous matter,
which disappears upon ignition, leaving the limestone white. Clear,
colorless calcite occurs in veins, but more commonly in single crystals
or variously shaped patches, irregularly intermingled with the clouded
Inaterial.

Embedded in the limestone are occasional angular grains of clear -
quartz. They occur in chert also, but are much less common.

The chert effervesces rather feebly in acid, owing to the presence in
it of some carbonate of lime, but when that is dissolved away nothing
but the hard, horny siliceous material is left. Under the microscope
it appears cryptocrystalline, with here and there more coarsely crystal-
line, clear areas, having confused radial fibrous structure, some of which
appears to be optically negative, as chalcedony.

Scattered throughout the chert is much carbonate of lime, often in
sharp rhombohedral crystals. These crystals are completely enveloped
by the chert, as if they were formed before the chert was deposited, or
at least before it had hardened so as to prevent the development of
crystals of calcite. This matter will be more fully considered under
“Chert,” as illustrated by specimen No. 45, which was taken from the
same bed of cherty limestone as that which occurs at Buffalo, but at a
different locality.

No. 45. CHERT.
(FrRoM "LEROY, GENESEE COUNTY, NEW YORK. DESCRIBED BY J. S. DILLER.)

The chert at Leroy, New York, according to Hall,! occurs in the Cor-
niferous limestone of the Devonian group, where it isarranged in irreg-
unlar bands between layers of compact gray or blue limestone. In a
thickness of about 50 feet of the Corniferous limestone there are at
least twelve horizons of chert,ranging from a few inches to several feet
in thickness. ~Westward the proportion of chert in the limestone
diminishes, and in some places the chert nearly disappears.

Chert, illustrated by specimen No. 45, is a highly siliceous material of
light-gray color. When freshly broken some of it effervesces for a little
while, showing the presence of a small amount of carbonate or lime;
but a fragment long exposed to the weather does not effervesce, the
carbonate of lime having been removed in solution. Upon exposure it

1Geology of New York, part 4, 1843, p. 167.
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breaks up into small angular pieces, which accumulate in the soil at
the surface. ’

The chert contains shells, corals, and other fossils which were orig-
inally composed of calcareous matter, but are now completely silicified.
In addition to these fossils, it contmns numerous organisms which were
once siliceous. Mr. Georgé H. Girty, who examined the thin sections of
this chert, states that “sponge spicules and fragments of the spicular
skeleton of sponges of both the hexactinellid and lithistid orders are
not uncommon, although they frequently are much broken, The hexac-
tinellid elements are chiefly flesh spicules ornamented with numerous
sharp nodes.”

The structure, as revealed by the microscope, is cryptocrystalline,
and on the whole considerably finer than that of the chert in Specimen
No. 44. The minute grains are rarely greater than 0,001 in diameter,
and there is comparatively little variation in size. Radial fibrous chal-

- cedony, such as occurs in specimen No. 44, was not seen in the body of
the chert, but does occur in a few remarkably well-developed veins.
These veins are made up of several bands of fibrous chalcedony, with a
final filling of granular quartz in the middle. Here and there through-
out the chert are small areas of amorphous silica, and there may be
much in the cryptocrystalline mass, where it can not be so readily dis-
tinguished.

The chert, excepting that which replaces calcareous organisms, is
remarkable for the abundance of sharp rhombohedral crystals, like
those of calcite, it contains. There is some variation in the forms of
the crystals, but in general they are rhombohedral and average about
0.02mm in diameter. A few minute crystals of other substances besides
carbonates, as well as irregular grains of quartz, are present.

The siliceous material of the Corniferous limestone, illustrated by
the specimens Nos. 44 and 45, is sometimes called hornstone. There
appears to be no distinet line of division between flint, hornstone, and
chert, The term “ﬂmt 7 although used in a (,omprehenswe sense to
include chert, so that chert may be defined as impure flint, is applied
chiefly to the more purely siliceous rock which ogeurs in chalk. Flint
is often, but not always, rather dark colored. A. special characteristic
of flint, according to Griswold, seems to be that a considerable part of
the silica is in the amorphous soluble form of opal.

In New York the siliceous material of the Corniferous limestone
was formerly called ‘hornstone,”! and the name is still used to some

1Geikie applies the term ‘“ hornstone’ (Lext-Book of Geology, 3d ed., p. 154) to ‘‘an exceedingly
compact siliceous rock, usually of some dull tint, occurring in nedular masses or irregular bands or
veins. Thenamehas sometimes been applied to more flinty forms of felsite.” Inthe United States, cer-
tain more or less flinty rocks which result from the alteration of sediments in contact with igneous
rocks have been called hornstone. 1t is what the Germaus call ‘hornfels.” Hawes described such
in New Hampshire, Am. Jour. Sci., 3a series, 1881, Vol. XXI, p. 27; Emerson in New Jersey, Am,
Jour. S¢i., 3d series, 1882, Vol. XX1IIT, p. 302; and Kemp in Lrans. New York Acad. Sci., Vol. XI, pp*
70, 128. It thus appears that the term ‘* hornstone ” has been used to designate rocks of widely dif-
ferent origin, and the needs of science would be better subserved by dropping it altogether, and using
the terms flint and chert for rocks like specimens Nos. 41 and 45, and hornfels for those like specimen
No. 130,
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extent,! but with growing infrequency,? while the term ¢chert” is com-
ing into more general use to designate impure flint, especially when
it is calcareous.

Much has been written concerning the origin of flint and chert, and
it is evident that all have not been produced in the same way. Some
-observers consider that the silica of chert is'derived from sponges and
other siliceous organisms, while others consider that by some chemical
reaction the silica was precipitated directly from sea water to make the
chert. ' -

The presence of siliceous organisms® in many cherts leaves no doubt
that their silica, at least in large part was derived from siliceous
OI'“a;IlISIDS.

Oolitic structure (specimen No. 26) occurs in some cherts, and has
been regarded as indicating the replacement of carbonate of lime by
silica. The silicified corals and mollusks (specimen No. 38), so common

in the chert of the Corniferous limestone, afford positive evidence of this -

replacement, and since we often find in the same specimen of Corniferous
chert both sponge spicules and replaced calcareous fossils, the traces of
its history are essentially the same as those noted under flint (specimen
No. 41). In fact, the chert (specimen No. 45) differs from flint chiefly in
containing numerous crystals of carbonate of lime. These erystals can
not be regarded as remnants of the calcareous organisms. They crys-
tallized in place before they were enveloped in hard chert to interfere
with their development. Irving and Van Hise,’ after an extensive
study of the cherty limestone and the cherty carbonates of the Penokee
iron-bearing series of Michigan and Wiscounsin, conclude: ¢First, that
the chert was mainly deposited simultaneously with the iron carbonate
with which it was so closely associated; and, second, that it is probable

that the chert is of organic origin, although we have no positive proof

that it is not an original chemical sediment, while it may in part be
from both sources.”

The acids resulting from the decomposition of organisms aﬁect the
solubility of silica, and, as suggested by Julien,” may cause its precipi-
tation. This would account for the silicification of organisms, both
vegetal and animal, so common in the various formations.

The evidence of the formation of chert by direct precipitation from
sea water without the intervention of life is negative. Although there
are cherts in which no trace of life has been found, it is possible that such
traces have been obliterated by more pronounced activity of the same
agents which in other cases only partially destroy them.

1See Dana, Manual of Geology, 4th ed., 1895, p. 583.

2S¢e * Hornstone '’ in Century Dictionary.

3W. J. Sollas, Annals Mag. Nat. Hist., 5th series, Vol. VIL, 1881, p. 141; G. J. Hinde, Geol. Mag.,
‘1887, p. 435; J. A. Merrill, Bull. Mus. Comp. Zool. Harvard Collego, Vol. XXVIII, pp. 1-26.

4Tenth Ann. Rept. U. 8. Geol. Survey, Part I, p. 397.

5Proc. Am. Assoc. Adv, Sci., 1879, p. 396.
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No. 46. ComprAcT LIMESTONE.

(Trom GrrasoN, CUMBERLAND COUNTY, PPENNSYLVANIA. DESCRIBEDp BY J. S,
DILLER.)

This limestone is one of the most extensive and most ancient, as well
as the most important, economically, in the United States. It occurs
in the greatlimestone belt extending from western New England through
the corner of New York, New Jersey, Pennsylvania, Maryland, and

“Virginia iuto Tennessee, and represents widespread, long-continued,
comparatively uniform conditions of the sea in Cambro-Silarian time.
On account of its softness and solubility by long exposure to atmo-
spheric agents it has wasted away more than the harder rocks adjacent
to it. The latter rocks formm mountains, while the limestone appears
in the intervening valley. Lebanon and Cumberland valleys of Penn-
sylvania and the Great Valley of Virginia have this limestone as their
fundamental rock. The soil in these valleys is rich, and furnishes the
basis of one of the greatest agricultural regions of the country.

The limestone is compact, with numerous minute glistening particles,
visible with a hand lens. Its dark color is due to impurities, probably
carbonaceous, at least in part, for when highly heated the dark color
disappears. In dilute hydrochloric acid it effervesces freely, but not so
vigorously as pure calcite, and after the carbonate of lime is comp]‘étely
dissolved there remains a very fine, dark sediment. Under the micro-
scope the structure of this limestone is found to be what would be
termed microporphyritic. It contains a multitude of minute rhombolie-
dral crystals of calcite, about 0.05 to 0.06™™ in diameter, embedded in a
very fine-granular matrix, which is chiefly carbonate of lime, but con-
tains in addition nearly all the various impurities found in the limestone.

Many of the crystals are very sharply defined and contain traces of.
the impurities in the matrix. Occasionally the material is arranged in
bands, of which the darker and more carbonaceous usually contain the
largest number of well-developed crystals. In places over very small
areas they have so grown as to mutually interfere and interlock in a
way suggesting the crystalline structure of marble. In the lighter-
colored bands the microphenocrysts are less abundant, and occasion-
ally the fine-granular groundmass prevails. .

After the carbonate of lime is removed by acid, much of the fine
residual material is doubly refracting, but in general it is too fine for
a definite mineralogic determination. The chemical analysis of the
whole rock, however, shows that the residual material must be com-
posed chiefly of quartz, with silicates of alumina, magnesia, and iron.
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The chemical analysis, made by E. A. Schneider, is as follows:

Analysis of limestone from Greason, Pennsylvania.

Per cent.
S0 7.00
AlLO,
........................................... 3.62
Fe,0; % .
Insoluble residue, undeter: mmed [, .45
[0 0 MR 1 39.26
1 -0 9.00
[0 TSRO 38.82
Organic matter ........oovimeiiiiiieaaania.., ]
0 (1059 oneeemeeeeeeennenanens [ .18
7 99.08

Specimen No, 46 contains no fossils, although there are beds of the
same belt. in that region containing an abundance of marine shells, and
there can be no doubt in such cases that a considerable part of the
limestone is of organic origin. Tor this reason, in the classification of
the limestones of this series it was placed among those of organic
origin. There is reason to believe, however, that it may be of chemical
origin, and occasion will be taken at this point to consider the evidence
concerning such a view.

The principal evidence furnished by the 11mestone itself is to be
found in its porphyritic structure. The relative age of the ground-
mass and the minute crystals so conspicuous under the microscope
(microphenocrysts, which produce the porphyritic structure) may be
best understood by considering a porphyritic igneous rock, such as
dacite-porphyry (specimen No. 90), where the phenocrysts of quartz
-and feldspar are clearly older than the groundmass by which they are
enveloped; that is, these crystals were formed before the groundmass
solidified. This is shown especially by the ‘corrosive action of the
magma upon the quartz crystals. At the time the large feldspar erys-
tals developed the inclosing material was soft, so as not to interfere
with their symmetrical growth and structure. The same must have
been true of the minute crystals of calcite in the limestone. They
must be the oldest solid portion of the mass. Although it may have
accumulated about the same time, it was not lithified unt11 the crystals
of calcite were fully developed.

This microporphyritic structure of the limestone is not a local modi-
fication in the rock; it belongs to the whole mass, and may not be
attributed to metamorphism, either local or regional, for both are absent,
The associated layers of shale and fossiliferous limestone are unaltered.
It appears as if the crystals ot calcite developed directly in the solution
from which they drew their carbonate of lime, and that they are the
fundamental portion of the original mass.

The conditions under which large masses of limestone 0r1g1nate by

X
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chemical deposition are not well understood, and there is much differ-
ence of opinion concerning the early history of such rocks. This sub-
ject has been recently discussed by Mr. Bailey Willis,! and from his
‘paper the following quotations are taken. The conditions.favorable to
chemical deposition are—

(@) Evaporation from an inclosed sea.

(b) Precipitation of lime and magnesia from ocean waters, charged by solution
from the land, through evaporation, through reaction of salt water on fresh, and
throngh varying atmospheric conditions at the surface of the sea.

(@) Kvaporation from an inclosed sea.—When a limited body of water, such as alake,

"iy subjected to a change of climate, so that evaporation exceeds precipitation of rain,
the volume will shrink, outflow will cease, and the solution of salt will be concen-
trated. If the process is sufficiently continued, the solution will hecome saturated,
first for one salt, then another, and they will be-deposited in the order of their insolu-
bility. This process is important as an indication of climatic variation in the past.
1t has been fully described by Gilbert, Russell, and Chatard for Pleistocene lukes
and the chemical relations, and these studics suggest the conditions to which-appeal
must be made to explain the less exact facts known in ancient formations of the kind.

(b) Precipitation from braclkishwaters.—The chemical precipitation of lime and mag-
nesia from sea water is a much mooted question. 'I'here are two lines of evidence
relating to it which are apparently opposed. Ou the one hand, the scientists who
have deseribed material obtained by soundings on modern limestone deposits have
recognized only organic remains. The Challenger in the open oceans, remote from
great rivers; the Coast Survey vessels in the Caribbean, the Gulf of Mexico, and off
the Atlantic coast; the Norwegian expedition in the North Atlantic, and JEnglish
vessels in the Indian Ocean have found calearcons oozes of various kinds and rocky
limestone formations, but in every case the calcareous matter is deseribed as com-
posed wholly of the tests of pelagic organisms, many of them of microscopic size.
It is known that carbonates of lime and magnesia are to a greater or less extent solu-
ble in waters containing carbonic acid, and that the proportion 6f these curbonates
dissolved in ocean waters is small. According to Dittmar, the salts in solution in
ocean waters contain 0.345 per cent of carbonate of lime and 3.600 per cent of sul-
phate of lime,? and the ocean is capable of dissolving all the lime poured into it by
rivers.? This view Leing accepted, it follows that pelagic organisms, which possess
the power of secreting solid carbonate of lime from solution, alone can caunse lime
deposits. Chemical precipitation is, according to this view, impossible, or, if it
oceurs, is followed by speedy re-solution, and all limestones deposited under condi-
tions of the existing oceans are of organic origin.

On the other hand, there are many limestones, deposited at different periods of
geologic time, from Algonkian to the present, including some now forming, which
consist of more or less clearly crystalline culcite, devoid of organic strnctuve. If
this caleite was originally built into organic formns they have heen entirely oblit-
erated. Such limestones do indeed contain fossils which sometimes exhibit morve
or less crystalline texture, but the occnrrence of these orgamnic formg in the holo-
crystalline matrix only raises the question, If the muss was originaily all organic
and has undergone secondary crystallization after lithifaction, why was the process
8o complete in the matrix and reldtively so ineffective in structures whose delicate
anatomy can still be traced even to microscopic details? Thin sections of lime-
stone which show a mass of interferant cr ysta,ls suggest that this was the pl‘lm(bl‘y

1Jour. Geol J u]y—August 1893, Vol. I, No. 5, pp. 500-517.
2 Report on tho Scientific Results of the Voyago of H. M. 8. Chullenger ; Physics and Chemistry,
Vol. T, p. 204.
30p. cit., p. 221,
Bull. 150——9
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structure of the rock, and organic remains appear to be foreign bodies which are
accidentally of the same substance as the matrix. If this view be correct, then only
the alteration of the organic carbonate is the measure of the alteration of the rock-
mass, and it is a fair inference from the original crystalline structure that the lime-
stone may have heen produced by chemical precipitation.

In explanation of this coutradiction it may be suggested that broad
shallow seas resemble inclosed bodies of. water rather than the open
ocean, so far as concentration of their dissolved salts is concerned; and
that observations on organic deposits have been made -in the ocean,
whereas it is not improbable that many limestones were deposited in
relatively shallow seas. If oceanic waters enter a broad basin which
is so mnearly inclosed as to impede theitr outflow, they may circulate
until more or less concentrated by evaporation, much as they would be
in a completely inclosed water body. Under such conditions lime-
stones may have a chemical origin.

It is not proposed here to argne that limestones are prevailingly of ‘one origin or
the other, but only to show that the assumption of organic origin for all the cal-
careous deposits of the stratified series is too sweeping. To this end it is desirable
to consider the chemical and mechanical conditions which affect the precipitation
of carbonate of lime, to estimate the solubility of the carbonate in salt water, to
review the conditions under which lime is contributed to, and distributed in, the sea,
and to describe several cases of modern limestone formation by precipitation. .

As to the chemical and mechanical conditions which affect the precipitation of
carbonate of lime, chemists describe two under which bicarbonate of lime held in
solution may be decomposed, liberating carbonic acid and precipitating the nentral
carbonate: First, by diminution of the tension -of the carbonic acid in the atmos-
phere; second, by agitation of the solution.

Theoretically, either one of three things may occur to the neutral carbonate of
lime if it be thrown out of solution by either one of these processes, which ‘we may
admit are-active on some portions of the salt-water snrface. The carbonate may be
redissolved, or deposited as a calcareous mud, or built into organic structures. We
may discuss-these alternatives in turn.

The solvent action of sea water has been the subject of dlreet observation in the
ocean and of experimental determination.

The pelagic pteropods and foraminifera, living a.t the surface, sink on dying und -
are slowly dissolved. If the water be too deep, the carbonate of lime never reaches
the bottom; only the insoluble residue gets there. The limits below which the cal-
careous remnants are not found are about 1,500 fathoms for pteropods, thin shells
exposing large surfaces to solution, and 2,800 for globigerina, smaller shells, rela-
tively more massive.

The solvent power of sea water is very moderate and may be satisfied, so far as
carbonate of lime is concerned, by two sources—by organic tests in suspension, and
by chemical precipitate. The lime used by organisms is derived from the solution
to which it is partly returned by re-solution, but another part is deposited, and the
gea thus suffers constant loss. This loss is supplied by the streams from the land.
If this terrigenous supply is less than the amount of organic deposit, the sea will
Dbecome less-alkaline and will more efficiently dissolve calcareous tests, until the
solvent is satisfied. If the land contribution is continuously equal to the amount
organically subtracted, there will be equilibrium. If the land yields more carbonate
of lime than that which is being locked up in organic limestones, the alkalinity of
the sea will gradually increase until there is chemical precipitation. This condition
is favored by the entrance of lime-bearing fresh water into a sea free from active
currents and exposed to evaporation which balances the inflow.
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After reviewing the conditions under which lime is carried from the
land and distributed in the sea, Willis finds that—

The lime brought down by rivers, though measnrable by hundreds of thousands
of tons per annum, is so widely diffused in the vast volume of the ocean that it
escapes recognition. :

There are several instances of modern limestone formation which,
though Jlocal, illustrate the processes of chemical deposition on a large
scale. A reference to this may close the suggestion concerning lime-
stone deposition by other than organic means.

Chemically deposited limestone is forming in the southern part of
Florida, probably over extensive areas. Tt occurs in the Everglades,
and the precipitation is in two forms:

Tirst, from the muss of the water as a flocculent mud; second, from the lower
layers of the water in contact with limestone as crystals forming an integral part
of the solid rock.

The limestones formed upon the shores of the Pleistocene lakes
Bounneville! and Lahontan,? of Utah and Nevada, as well as the one now
developing at the mouth of the Rhone, are referred to as examples of
limestones formed under the conditions considered in the preceding
discussion.

These conditions are favored at the mouth of the Rhone by the salinity of the
Mediterranean and the absence of strong currents.

The examination of a few thin sections of limestone of different ages, from Cam-
brian to the present, shows that they have three principal types of structure. There
are those which resemble the Everglades limestone in that they consist of more or
less coarsely crystalline calcite, yet include unaltered organic remains. Of these
the Trenton limestone and the marbles of corresponding age in Tennessec, which
ocenr interstratified with unaltered caleareous shales, are the most striking exam-
ples examined.  Cambrian limestones and the Knox dolomite show similar crystalline
structure. The second type, the precipitated sediment which formg the muds of the
Everglades and which was deposited in Lake Bonneville, is represented by speci-
mens composed of exceedingly fine grained, apparently pulverulent, material; the
Dest ot these arc from the Knox dolomite and the Solenhofen lithographic stone.
The third variety of limestone consists of the thoroughly crystalline marbles, which
contain no unaltered material, and which occur in such field relations that they are
known to be completely metamorphosed. Extended study is requived to determine
the nature of deposition of the first and second types. They may have heen organic
and have suffered moderate alteration only, but there ig a reasonable presumption
that they did to some extent crystallize in place from sea water, and were, to a still
greater extent, precipitated from the outspread fans of fresh water radiating from
rivers’ mouths, whence they spread as fine silt over the bottom of the sea. . .

In discussing the solubility of shells in sea water it has been pointed out that the
layer of organic matter which accumulates at the sea bottom contains a solvent
formed by the evolution of carbonic acid in the process of decay. Through this
layer all substances must pass before they can become part of a lithified stratum. If
they are plant tissue or flesh they will become more or fess oxidized; if they are cal-
careous tests they will be move or less completely dissolved, and if there be any
chemically precipitated lime arviving on the sea bottom it, too, wonld be dissolved
in this menstruum. The earlier furms of dredge which scooped into the sea hottom

! Mon, T, 8. Geol. Survey, Vol. I, by G. K. Gilbert.
2 Mon. U. 8. Geol. Survey, Vol. XTI, by I. C. Russell.
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brought up a mass of ooze, formed of fine particles, burying organic forms. The
later forms of dredge, arranged to skim the surface of the hottom, bring up shells
and organisms remarkably free from mnd. Now,it may be conceived that the layer
"of mud on which the creatures live, die, and with sunken organic remains decay,
grades from the fresh surface of' recent accumulations downward into a much more
completely decayed and dissolved mass, and that this rests upon a surface of lime-
stone. In the upper part of this unconsolidated stratum carbonic acid may most
abundantly be evolved; in its lowest part the more concentrated solution of lime
may accumulate. Then it is conceivable that lithification by crystallization of the
carbonate of lime from the more concentrated solution is constantly proceeding on
the limestone surface. If this conception be correct, the formation of lmestone by
organic means involves the re-solution and crystallization of more or less of the cal-
cite in the primary formation, and only those organic forms can remain unchanged
which resist the solvent action. If they are delicate, as the trilobites’ branchia
from the Trenton limestones, described by Walcott, they give evidence that they
were rapidly buried and protectéd. :
It is thought by some that limestones are evidences of organic lite ut whatever
period of sedimentary history they were deposited, bnt it has here been shown
that the source of all lime in the sea is the land, and that under conditions exist-
ing in certain localities both crystalline limestone and calcareous mud are now
forming chemically. It has also been shown that lime converted into organic forms
is subtracted from that which would otherwise go to saturate the sea water. If]
then, in any early age of the earth’s history, lime-using organisms were not present
to subtract and deposit lime from sea water, and if the atmospheric agencies
worked then as now, the contributions from the land must have continually added
to the alkalinity of the sea until chemical precipitation occurred. Such a process
must have been limited to seas rather than extended to oceans, because the condi-
tions of delivery of lime from the land were then, as now, localized. With the
development of marine life and the increased demand for lime for organic use, and
with the corresponding deposition of organic limestone, the sea water must have

. become less alkaline, and the ‘conditions of chemical precipitation must have been

still more restricted. In time it might occur that pelagic organisms should demand
go much lime for circulation from the water to calcareous alg:, to herbivorous, and
then to carnivorous forms, and so back into solution, that lime could escape from
solution by precipitation only under exceptional conditions. If it be true that the

oceanic oozes, the muds of the Caribbean, the mud flats of Florida, and similar
calcareous deposits in ditferent seas the world over, be wholly organic, then marine
life has locked up more lime than the continents could concurrently supply, and the
balance isnow turned against chemical precipitation. Butit has not always been so.

No. 47. LITHOGRAPHIC STONE.

(FroM FLINT RIDGE, GREENWOOD COUNTY, KaNsas. DESCRIBED BY J. 8. DILLER.) °

Lithographic stone is a limestone characterized by its véry fine, uni-
form texture, structure, and composition—so fine and compact, indeed,
that it will receive very delicate markings by the engraver’s tools, as
well as by etching with acids in lithography.

The best lithographic stone comes from the neighborhood of Solen-
hofen, near Munich, in Germany, where the rock is extensively quarried.
Besides the uniformity- of texture and composition which makes it
equally resistant thronghout to the engraver’s tool, it is soft enough to
be easily engraved and possesses a degree of porosity which renders it
properly absorbent, so that it will receive and retain the greasy prep-
arations used by the lithographer in transferring and printing.
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Specimen No. 47 is a poor example of lithographic stone, although it
is one of the best that could be readily obtained in this country., It
lacks uniformity of texture and composition, and for this reason is not
good for lithographic purposes.” Under the microscope, in a thin section,
it is seen to contain not only very fine-granular carbonate of lime, but
also numerous angular particles of quartz, which, althorgh usually less
than 0.02™ in diameter, render it worthless for lithography. The
minute particles would turn the engraver’s tools aside, and in etching
would not be affected by acid, like the surrounding carbonate of lime.
It contains also numerous small patches of clear caleite, which modify
the absorption of the stone.

When a bit of this stone is dissolved in acid, a large amount of

residual material is obtained that is composed chiefly of quartz.

When similarly dissolved, the Solenhofen stone, used in printing the
United States Geological Survey maps, leaves a considerable insoluble
residue of dark argillaceous matter with some minute grains of quartz,
although chemical analysis has shown that in many cases itis composed
almost wholly of carbonate of lime. All the other substances it con-
tains put together rarely make as much as 4 per cent of the whole
mass.) A simplemeans of testing the lithographic qualities of a stone
which to the naked eye appears so fine grained and homogeneous as to
promise to be of use for lithographic purposes, is to examine a thin
section under the microscope. If the stone is of value, it will appear
homogeneous in composition and have a very fine texture.

Good lithographic stones have been much sought for in this country,
but thus far with but little success. Stones have been found in several
of the States within the Mississippi Valley region, but so far as known
none of them have proved very satisfactory. Some rocks have been
discovered yielding small stones, but none of these have come into
extensive use. It is possible, however, that good lithographic stone
may yet be found in this country. A paper by Mr. G. P. Merrill? on
lithographic limestone will be found useful to students and others
‘interested in this subject.

No. 48. HYDBAULIC CEMENT Rch.

(FroM AXRrRON, ERIE COUNTY, NEW YORK. DESCRIBED BY J. S. DILLER.)

Hydraulic cement rock is a limestone containing nearly half as much
clay as carbonate of lime. It affords a quicklime, the cement from
which, when properly prepared, will harden under water to a stone-
like mass. On this account the rock is -often called by geologists®
hydraulic limestone. It occurs interstratified with other limestones of

"Paper and Press (Philadelphia, January, 1896), Vol. XXII, p. 90.

2The Mineral Industry, by R. R. Rothwell, 1893, vol. 2, p. 453.

3Mr. U. Cummings, general manager of the Standard Cement Company, who kindly obtained the
specimens of hydraulic cement rock for this series, informed me that the term hydraulic liestone is
in the trade applied to a limegtone that contains only about half as much clay as the cement rvck, and
that the lime derived from it will not make a cement that will harden under water.
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various compositions, and, in places, contains fossils of marine origin.
The cement made from it is of great importance for building purposes.

Hydraulic cement rock is usually of a gray color, and has a more or
less fine-granular crystalline structure. " Under the miscroscope it is
seen to contain a large number of angular grains of quartz, and here
and there a grain of fresh feldspar. Some of the feldspar is microcline,
and so fresh as to be clear and show distinctly the characteristic crossed
striations. The microscope reveals numerous circular spots or pellets,
which are fine-granular, and contain much of the argillaceous material.

When dissolved in acid the rock leaves a large amount of gray
residual material, which, under the microscope, is found to be chiefly
argillaceous, with much quartz, some feldspar, and a trace of a few
other minerals. These represent the sediment deposited in the lime-
stone while forming.

The chemical analysis given below;by George Steiger, shows the
large amount of impurity present; and that the greater portion of it
is quartz, with much clay, is evident. It seems hardly proper to call
these materials impurities, for the value of the rock, as a source of
cement, depends upon their presence in the limestone.

Analysis of cement rock from Akron, New York.

Percent.

Si0guuueennennnnns e e 9.03
Lo Y .16
8 o 2,95
X - 0 .85
BT N .52
O none
Ca0. e e eeveaaan 26.84
M0 e, 18.37
0 e .85
NagO ceeneiiiiieieeeanes e meeaneaaaas none
Water 1000 — . e eans .21
Water 1000 4 ..ot i iiaeaaaeaeaas .77
O € e, .03
00, e e e e 40.33

POl oo eeee e T100.21

The property of hardening under water, possessed by hydraulic
cement, is attributed to a chemical union of the clay (silica and alumina)
with the lime and water. Mortar made of ordinary quicklime will
harden only upon evaporating to dryness, and is therefore of no value
for many of the most important structures.

The hydraulic cement rock represented by specimen No. 48 belongs
to what is called the Water lime group in the upper Silurian system of
New York, where it is extensively nsed for making cement, especially
in Ulster County. Large quantities of cement rock are quarried also
in Indiana and Kentucky, and to a less extent at various points in
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Georgia, lllinois, Kansas, Maryland, Missouri, New Mexico, Ohio,
Pennsylvania, Texas, Utah, Virginia, West Virginia, and Wisconsin.
The total product of hydraulic cement in the United States in 1895
was nearly eight million barrels, and the output is rapidly increasing.

Portland cement, which is of the same character as the hydraulic’
cement already referred to, is made in England by mixing 70 per cent
of chalk with 30 per cent of fine mud from the Thames. It is now
being made quite extensively in this -country from a nonmagnesian
argillaceous limestone.

Information concerning the production of cement in this country is
published annually by the United States Geological Survey in the
report on the Mineral Resources of the United States, and special
mention may be made to the report for 1891, pp. 5629 to 538, the report
for 1894 (Part IIT of the Sixteenth Annual Report), pp. 576 to 585, and
the report for 1896 (Part V of the Kighteenth Annual Report), pp.
1179-1182.

No. 49. AMORPHOUS MARL.
(From CORTLAND, CORTLAND COUNTY, NEW YORK. DESCRIBED BY J. 8. DILLER.)

A belt of limestones and highly calcareous rocks extends across the
State of New York from the Niagara to near the Hudson. During the
Glacial period much material from this belt was carried in the drift
southward, so that there is a broad belt in which the springs and other
waters rising in the drift carry much carbonate of lime in solution.

Upon the loss of the carbonic acid by means of which the carbonate
is held in solation, as well as by means of plants and animals, much of
the carbonate is precipitated, forming calcareous tufa or marl. The
calcareous tufa generally contains traces of the vegetation which grows
upon the bottoms of the lakes and streams or upoun the adjacent slopes.
On the other hand, the marl generally contains shells. Marl is an
earthy calcareous rock in which the carbonate of lime is intermingled

.with much clay, sand, or other earthy material. The proportions may

vary from a small percentage to over one-half of the whole mass.
J ames Hall! says that “in nearly all situations the muck swamps are
underlain by a deposit of calcareous marl. This is usually very finely
pulverulent, and, though cohering when wet, is very friable when dry.”
Specimen No. 49 is of this character. A few small shells of both
univalve and bivalve mollusks occur in it where the specimens were
collected, but as they are mnot in large numbers the marl appears
amorphous, although in other portions of the mass shells are locally
abundant. It contains 94.32 per cent of carbonate of lime, and is
almost completely soluble in dilute hydrochloric acid, leaving a whitish
residue composed chiefly of more or less rounded grains of quartz. '
The calcareous material is very fine-granular, the particles averaging
apparently less than 0.01™™ in diameter, while the associated quartz

1 Geology of New York, Part 1V, 1843, p. 360.
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grains are generally about six times as large. Both are crystalline,
although neither shows crystallographic outlines. The carbonate of
lime closely resembles that obtained by pulverizing the contained shells,
and suggests that it may have originated by their disintegration. Pro-
fessor Hall remarks:' _

In the greater number of the marl beds the remains of fluviatile testacea are very
abundant, though it is only in a few sitnations where they have formed any large
proportion of the deposit. The shells appear to have flourished in immense num-
bers, probably from the facility with which they obtained calcareous matter, and
other favorable circunstances; but still it is plain that the formations of this kind -
are generally due to calcareous springs or to the percolation of rain water through
. the surrounding rocks, which, from its excess of carbonic acid, dissolves the calca-
reous particles in the soil or the harder strata.

© No. 50. SHELL MARL.
(FrROM NEAR ROCHESTER, NEW YORK. DESCRIBED BY J. 8, DILLER.) -

A few miles east of Rochester, New York, is a small place which until
recently was a swamp, but is now dry land and cultiva*ed. Originally
" it was a small lake, which was gradually filled by sediments washed
from the adjacent slopes, and became first a swamp and then arable
land. In the lake lived numerous mollusks, whose remains were
buried in the mud of the lake, converting it into marl. As the shells
may still be plainly seen, the material is shell marl. In some cases the
shells are so abundant as to form the greater portion of the mass, but
in specimen No. 50, although numerous, they form but a small portion
of the whole. When the marl is placed in dilute acid it effervesces
vigorously for a short time only, and the greater portion of the material,
which under the microscope is seen to be composed of sand and argil-
laceous matter, with traces of fibrous vegetal remains, is left as a
residue. '

No. 51. DiaroM EARTH. (INFUSORIAL EARTH, OR TRIPOLITE.)
(¥roMm WHITE PraiNs, CHURCHILL COUNTY, NEVADA. DusCRIBED BY J. S. DILLER.)

Diatom earth, sometimes called tripolite (or tripolyte?), and more
frequently infusorial earth, is a soft earthy material like chalk (Now 39),
* volcanic dust (No. 58), or kaolin (No. 149), but differs from ali of these
in being composed chiefly of extremely minute siliceous plants, or dia-
toms. The diatoms were once included under the general term ‘infu-
soria,” hence the name infusorial earth. Tripolite, or tripoli, takes its
name from the country in Africa, where similar material occurs. In
that case, however, instead of being composed of diatoms, it appears to
be derived from the leaching of a siliceons limestone. '

The shells of organisms in lacustrine waters of limestone regions, as
we have already seen, are calcareous, for there large masses of calca-
reous rocks give carbonate of lime to the waters of the lakes. In

1 Geology of New York, Part IV, 1843, p. 361
2Dana’s Manual of Geology, 4th edition, p. 81.
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regions where the prevailing rocks are rich in silica the shells of
organisms which flourish in the waters are siliceous. The most com-
mon of snch siliceous organisms are diatoms, a very minute species of
plant, of which there are many forms. A few of these are illustrated
in Dana’s Manual of Geology, fourth edition, pages 164 and 894. Occa-
sionally they are so abundant that their dead shells, falling to the
bottom of -the water in which they lived, accumulate and form large
deposits. Such deposits are common in the volcanic regions of the
Northwest, where the streams carry much silica from decomposing
lavas and are occasionally interrupted and ponded by outflows of new
coulées. Several excellent examples of such ponding, produced by the
recent outflows of lava forming dams in the bed of the stream, occur
along Pit River and Klamath River, in northern California.  In such
cases there was developed above the dam a temporary lake in which
diatoms flourished and gave rise to small local deposits, now exposed
on the banks of the river, which by long-continued corrasion has cut a
canyon through the lava and drained the lake. The diatom earth of
White Plains, Nevada, forms a bed of Jarger extent. It is of Miocene
age, and has been tilted with the associated volcanic rocks.! Its mode
of accumulation is illustrated by Shaler.”? Although diatom earth is
often of lucustral origin, it is produced also in the warm waters of the
siliceous springs of the Yellowstone National Park, where, as Weed
has shown, beds 3 to 6 feet in thickness cover many square miles.>

Diatoms flourish in the surface water of parts of the ocean, especially
in the South Atlantic, where they are so abundant as to becloud it and
where they serve as food for whales. Their remains sink to the bottom
and form great accumulations of diatom ooze.! Their tests, unlike the
calcareous ones of foraminifera, are insoluble and may sink to the
bottom of the deepest ocean.

Diatom earth is found in many parts of the world, and is extensively
used for polishing. It has been used also as an absorbent in the manu- -
facture of explosives, and as a packing about steam boilers. The
«silver white” of commerce is diatom earth,

In the United States it occurs at many localities, of which two may
be mentioned. Near Richmond, Virginia, it forms a bed 30 feet thick
and 100 miles in extent; and near Monterey, California, there is a bed
of it 50 feet in thickness, but of unknown extent. There are many
other localities. The output for 1896 in this country was 2,796 tons,
valued at $16,042.

17T. 8. Geol. Expl. Fortieth Par., Vol. I, Systematic Geol&gy, p. 421; Vol. IT, Descriptive Geology,
p.770. :

2The origin and nature of soils: Twelfth Ann. Rept. 17. S. Geol. Survey, Part I,1891, p. 316, fig. 22.

3Botanical Gazette, Vol. XTIV, No. 5, p. 117, 1889.

4 Reports of the Challenger Expedition, Deep Sea Deposits, p. 208.
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No. 52. FOSSILIFEROUS IRON ORE.
(FroM ROCHESTER, NEW YORK. DESCRIBED BY J. 8. DILLER.)

The rocks of the Clinton series, exposed along the Genesee River,
near Rochester, are illustrated in P1. XXIII. The main mass is a thin-
bedded limestone of the Clinton series in the upper Silurian system, but
near its base, plainly visible in the figure, is a bed of iron ore—red
hematite—illustrated by specimen No. 52. At this point the ore bed
has a thickness of 14 inches. Twenty miles to the east it attains its
greatest thickness, 24 inches. Westward from Rochester the ore bed
extends only a short distance, for it does not reach the Niagara River.
To the south, however, in the Appalachian region, it has a remarkable
distribution. Sometimes there is only one bed, as at Rochester; then
again there may be three beds, ranging from 1 foot to 10 feet in thick-
ness. They can be traced from New York through Pennsylvania,
Virginia, Kentucky, and Tennessee into Alabama. They occur also in
‘Wisconsin. ) : ‘

The ore is usually fossiliferous, as is specimen No. 52, and is sometimes
called “red fossil ore.” At other times it is oolitic, and is referred to
as the oolitic iron ore; also as the Clinton ore, on account of its age
and place of best exposure. The fossils are chiefly broken crinoids and
bryozoa. ' :

The rock is made up of flattish or elongated grains, many of which
are fragments of shells, but when seen in the hand specimen all appear
to be oxide of iron. Under the microscope, however, these fossil frag-
ments are, in most cases, found to be only partially made up of iron
ore. Iu some cases there is a fine coating of the oxide, such as may be
seen about the grains of beach sand, as well as about the grains of
many sandstones and quartzites, but generally it is thicker than ‘a mere

"coating, and in many cases it completely replaces the carbonate of lime
of the original fossil. Some of the grains look oolitic, but in a thin
section no concentric or radial arrangement, suggesting concretionary
structure, was observed. At many other places, however, as shown by
Smyth,! the oolitic structure is well developed. In specimen No. 52 the
cement binding the ferruginous grains together is calcite and silica.
They may be intermingled or may occur separately, but in either case
the cement contairs but little oxide of iron. The silica is occasionally
radial-fibrous and optically negative, like chalcedony. :

By dissolving a fragment of this ore in hydrochloric acid, after the
carbonate of lime has completely disappeared it is found that the ore
is intimately associated with much silica, which is not easily recognized
before the carbonates are removed. Upon close examination of a thin
section a considerable part of the carbonate of lime in the fossil frag-
ments is seen to be replaced by silica.

1Am. Jour. Sci., June, 1891, 3d series, Vol. XLIIT, p. 487.
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When this rock is long exposed, at or near the surface, to atmos-
pheri¢ influences and drainage, it is softened by the removal of much
of the carbonate of lime cement, and thus the proportion of oxide
of iron is greatly increased, making the rock a valunable ore of iron.
Below drainage the carbonate of lime is not removed, and the rock is
harder and of less value for the iron it contains; but as it affords the
necessary flux for more siliceous ores, it may still be used for its iron.
1t is important, however, to note that the ore in both cases is the anhy-
drous oxide of iron—that is, red hematite—and not the carbonate, or
limonite, as might be expected from its association with carbonate of
lime. .

This ore has been extensively used of late years in the Southern
States, especially at Birmingham, Alabama, and at various points in
Tennessee. Originally it was considerably used in Tennessee, not only
as a source of iron, but also in dyeing, and it has been known in that
region for many years as the ¢“dyestone ore.” ,

The fossiliferous and bedded character of this ore, and its extensive
distribution, are altogether exceptional, so that its origin is a matter
of much interest. James Hall' regarded it as derived from pyrite, in
part at least, through the action of thermal waters, but this view has
long since given place to other hypotheses. ‘

The facts that the oxide of iron in the bed replaces bryozoa and other
calcareous fossils, and that below the drainage level the rock is largely
carbonate of lime, have led to the view that the ore originated entirely
by the replacement of limestone after the strata were tilted up into
their present position. This view was advocated by A. F Foerste,?
and especially by James P. Kimball.?

The type locality of the rocks of the series to which the iron ore
belongs is at Clinton, New York, where, instead of one bed, there are
three beds of ore, and, as pointed out by C. H. Smyth, they are
associated with shales, sandstones, and conglomerates, whose ripple
marks and mud cracks clearly indicate the littoral condition under
which they were deposited along the borders of an interior sea that
once filled the Mississippi Valley, and at an earlier stage of its history
deposited the great mass of limestone noted in the description of
specimen No. 46 (p. 127). The abundance of marine life furnished the
material for the coquina-like accumulation of shells, and the streamns
of the adjacent lands brought the oxide of iron to tide-washed, salt-

water flats, where, in the association of t]ne two, the deposit of iron
originated.

According to Dana,? ¢The beds were evidently made over tide-
washed, salt-water flats, where trituration is gentle. They indicate a
wonderful degree of uniformity in continental level over a wide area.”

1 Geology of New York, part 4, p. 61.

2 Am. Jour. Sci., Jan., 1891, 3d series, Vol. XTI, p. 28,
3 Am. Geologist, Dec., 1801, Vol. VILIT, pp. 356-357.

4 Dana’s Manual of Geology, 4th ed., p. 589,
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The oolitic structure of the ore, as shown by Newberry,' favors the
view which regards the ore as an original deposit 1nstead of a subse-".
quent replacement of the limestone,

C. Willard Hayes has recently examined many of the Clinton iron-
ore mines of Tennessee,” Georgia, and Alabama with special reference
to data concerning the origin of .the ore, and he reports® that he has
never found it passing into a nonferruginous limestone. ¢ While it is
true that the proportion of iron to lime in the unweathered ore varies
in some cases rather rapidly, it is quite as apt to vary along the strike
as upon the dip, showing that the variation is original and not con-
nected with depth below the surface.” His observations lead him to
conclude, as did Newberry and Smyth, that the iron ore is an original

-constituent of the bed, and is not due to later replacement. ,

No. 53. PEAT.

(FroM NORTH CAMBRIDGE, MIDDLESEX COUNTY, MASSACHUSETTS. DESCRIBED BY
GEORGE OTIS SMITH.) ‘

Peat is of recent origin, and the processes of its formation can be
observed by anyone who has opportunity to visit a swamp. 1t is gen-
erally formed by the accumulation of moss-like plant matter that has
been preserved from the usual decay by moisture which prevented the
free access of air. Classified by origin, peat may be termed phytog-
enous and sedimentary; with respect to composition, it is essentially
carbonaceous. The specimen of this collection well exhibits the char-
acter of peat in its dry, compact form, in which it is used as a fuel. In
color, it is dark brown or black; in texture, somewhat earthy, but
with almost all of the characteristics of matted plant fibers. In its
natural condition peat varies much in degree of compactness and the
amount of water it contains.

Peat is a sedimentary deposit in stagnant or almost stagnant water.
Thus the plant remains are usually deposited in close proximity to the
place of growth, and often the growing plants are in contact with the
underlying peat, which simply represents past generations of the same
species. Peat-forming conditions obtain in countries of humid tem-
perate or subarctic climate. The places of peat accumulation are small
lakes, marshes, or bogs, where the moisture favors both the growth of
mosses and water plants and the preservation of their remains. The
drainage modifications which have resulted from the glacial invasion
bhave favored the existence of such swamps and bogs in the northern
parts of this country; but in Ireland peat bogs attain the greatest
extent, one having an area of over 100 square miles, with the deposit
of peat almost 50 feet thick. :

1"The genesis of our iron ores, by J. S. Newberry School of Mmcs Quart., Nov 1880, Vol. IT,
pp- 13-14.

2 Geologio Atlas U. S., folio 8, Sewanee, Tenn.

8 Letter, June 10, 1896.

4 Professor Shaler gives the best description of these marsh conditions, in his paper on Fresh-water
morasses of the United States: Tenth Ann. Rept. U. 8. Geol. Survey, 1890, pp. 255-339.
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Specimen No. 53 was collected in North Cambridge, Massachusetts,
where it occurs in a small basin eroded in brick clay similar to No. 8 of
this collection, and of inter-Glacial age.! The shallow pond has been
filled during post-Glacial time by this deposit of plant remains, which
is from 3 to 4 feet thick. In the lower part of this deposit the peat is
compact and composed of finely comminuted material, which grades
upward into a vegetal mat, on the surface of which the peat-making
plants are growing in some places. The origin of the compact peat is
thus clearly shown. ‘

Many varieties of peat have been distinguished, classification being
based upon the kind of peat-forming -plants, or upon the physical and
chemical characters of the peat itself. The amount of carbon present
varies from 50 to 62 per cent, but usnally there is little increase over the .
amount contained in peat moss, Sphagnum. The principal use of peat
is as a fuel, but it is far inferior to ot;her fuels; and it is also used as an
absorbent and as a fertilizer.

No. 54. CANNEL COAL.

(FroM WALLINS CREEK, HARLAN COUNTY, KENTUCKY. DHESCRIBED BY GEORGE
O11s SMITH.)

Coal, like peat, is composed essentially ot carbon derived from vege-
tal matter accumulated under conditions in which water played an
important part. It may therefore be regarded as a phytogenous sedi-
mentary rock, but it is unlike peat in all its physical and chemical
characters, and far superior to it in economic importance. Coal is not
believed to have been deposited as coal, hence its origin needs to be
discussed under two heads—the conditions of accumulation and the
character of subsequent change. Peat has belen defined as simply pre-
served plant débris, and is essentially an unaltered rock; butin the case
of coal the changes subsequent to deposition have been considerable.
This alteration has consisted of changes in structure or texture and in
chemical composition. Thus, the coal specimens might be deseribed
later as altered rocks were it not for their natural relation to the peat
just described.

That coal represents old deposits of vegetal matter is well proved by
both its megascopic and its microscopic structure. Distinct plant im-
pressions are often seen on coal. Logs are found changed to coal, and
its inner structure in many cases is fibrous or cellular. The microscope
reveals even delicate spores as constituents of coal. The fossil leaves
and other plant remains, which are so abundant in the associated shales
and sandstones, strengthen the proof of its organic origin. Concerning
the conditions of accumulation of this mass of plant débris, two rival
hypotheses may be mentioned, but a complete discussion of them would
involve the consideration of the most complex of geologic phenomena.

"The glacial brick clays of Rhode Island and southeastern Massachusetts; Chap. ILI, The clays
about Boston, by C. F. Marbut and J. B. Woodworth: Seventecenth Anu. Rept. U. 8. Geol. Survey,
Pare I, 1896, pp. 989-998.
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The one hypothesis gives to coal a growth-in-place origin, the other a
drift or transport origin. ‘

The growth-in-place origin involves a comparison, of Paleozow coal
beds and recent peat deposits. The hypothesis extends peat-forming
conditions over vast areas, and pictures a luxuriance of vegetation
hardly to be comprehended from our knowledge of present conditions.
Such a view is supported by the presence of the underclay, supposéd
to represent the soil which supported this growth, and also by the
frequeént occurrence of roots (Stigmaria) in this clay and of tree trunks
in the sandstone above the coal. An accumulation as great as that
represented in the coal beds seems-to imply tropical vegetation; yet the
process was one of preservation as well as of production of the organic
matter. The climate that would promote the latter might prevent the
former, since, as has been stated in the description of peat, accumula-
tion of vegetal matter takes place to-day only in humid temperate and
subarctic climates. ‘

The drift origin of coal deposits involves sedimentation processes
differing somewhat from those which have produced other sedimentary

“ rocks. Sedimentation of this character would take place in the quiet

waters of marginal lagoons, into which abundant vegetal matter drifts.
Along the margins of these lagoons marsh vegetation would flourish,
and here subaerial decay and subaqueous preservation might proceed
side by side. Theinvasion of currents bearing mud or sand into portions
of thelagoons would occasion the deposition of shale or sandstone; and
thus the splitting of a coal bed may be explained as a simple phenome-
non of sedimentation.

The two hypotheses have much in common. Both involve base-level
conditions, luxuriance of vegetation, and slow subsidence of the area
of accumulation. They differ in that growth-in-place necessitates
subsidence of an oscillatory character to explain the alternation of
coal beds and subaqueous sediments, while the sedimentation of
drift material needs only slow subsidence, possibly somewhat intermit-
tent. Both hypotheses are ably supported, the latter receiving more
attention from later workers on the subject. It is reasonable to believe,
moreover, that the coal deposits, with so great a distribution both geo-
logically and geographically, have not all had exactly the same origin,
and that even in the same coal field both hypotheses may be necessary
to explain all the phenomena.

The subsequent alteration of these depos1ts of carbonaceous débris
has resulted in the destruction of much of the organic structure and
in quite marked chemical changes. Peaty fermentation doubtless
initiated such changes, while later geological processes contributed to
the metamorphism. It must benoted that the metamorphism has been
selective, the associated shales and sandstones remaining unaltered.
This is explicable from the readiness with which hydrocarbon com-
pounds respond to changes in their physical environment. Increase of
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temperature and of pressure attending the folding and faulting of the
rocks of the.coal formation has caused the chemical changes which
constitute the difference between woody fiber and coal. The alteration,
in short, consists of a decrease in volatile or gaseous constituents and
a corresponding relative increase in carbon. The principal physical
change has been a corresponding loss of volume, and from compression
there have resulted various structures more or less characteristic of the
different varieties of coal. These changes have been slow, but the
degree of alteration attained in some of the Tertiary coals shows that
time is not the most important factor. Coal beds are found in forma-
tions of the Paleozoic, Mesozoic, and Tertiary ages, but the Carbonifer-
ous coals are the most important, and the coal specimens described
below are all of this age.

Cannel coal is black in color, with a rather dull luster, compact and
homogeneous in texture, and with a flat conchoidal fracture, although
often with a fissility approaching that of shale. Its specific gravity
is lower than that of most bituminous coal, but higher than that of
lignite or brown coal. Chemically, cannel coal is characterized by its
richness in’volatile hydrocarbons—a quality which makes it preemi-
nently a gas coal. Its name, cannel, or candle, was given because of
the readiness'with which it burns with a bright flame, so that pieces
were used as candles by the poor people in England.

Cannel coal is more clastic in character than other coals, and is com-
posed of carbonaceous material thoronghly macerated. Fossil fishes
and remains of other aquatic animals are often found associated with
cannel coal, showing its sedimentary origin. The proportion of impuri-
ties or ash is larger than in other coals, and cannel coal thus grades
into carbonaceous shale by increase in amount of clayey material.

The specimens of this collection came fromn the Carboniferous area of
southeastern Kentucky. Here the measures lie in a broad syncline,
with a gentle fold as its southeastern limit, and an overthrust fault
bounding it on the northwest. Analyses of cannel coal from the same
part of the basin show a rather low percentage of carbon, with ash
amounting to over 25 per cent.

No. 55. BrrumiNnous COAL.

(FrROM GEORGES CREEK, ALLEGANY COUNTY, MARYLAND. DESCRIBED BY GEORGE
O11s SMITH.)

This coal is intensely black, with a velvet or pitch luster and a
cubical or uneven fracture. A block of bituminous coal usually shows
a banded structure, with some of the bands dull, others bright and glis-
tening. The hardness of this coal is less than that of anthracite, hence
its common name, soft coal; and it soils the hand, thus differing from
cannel coal. Its specific gravity varies from 1.2 to 1.5. Chemically, it
varies considerably in the proportion of carbon and volatile constitu-
ents, but is intermediate in composition between anthracite and lignite:
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Bituminous coal ignites easily, burns with a yellow flame, and gives oft
much smoke. The rapidity of its combustion fits it for general use in
the industries, while certain varieties are especlally adapted for the
production of gas and coke,.

The Georges Creek Ba,sm from which locality this specimen was col-
lected, is situated in western Maryland. It is a shallow basin of Coal
Measures, containing several valuable beds of coal.. The ¢ Big Vein,”
which occurs near the top of the 1,200 feet of Carboniferous rocks here
exposed, is correlated with the Pittsburg coal bed, the most valuable
of the Appalachian field. It forms the lowest member of the upper
Coal Measures, and its structure persists over large areas, showing wide
prevalence of nearly uniform conditions at the time of its deposition.!
The coal represented by specimen No. 55 i is a high- grade coal, sta,ndmg
well in the market, : :

No. 56. ANTHRACITE COAL,

(FroM GILBERTON MINE, SCHUYLKILL COUNTY, PENNSYLVANIA. DESCRIBED BY
GEORGE OTIS SMITH.)

As will be observed from an examination of this specimen, anthra-
cite coal is black, but with a bluish or brownish tinge. Its luster is
adamantine to submetallic and its fracture is plainly conchoidal. It is
dense and brittle, and no megascopic structure can be distinguished,
’ yet the microscope sometimes reveals traces of plant remains. Anthra-
cite is the hardest and heaviest of all the coals, with a hardness of 2
to 2.5 and a specific gravity of 1.4 to 1.7. Its chemical characteristic
is the high proportion of carbon, which ranges from 85 to 92 per cent
in the Peunsylvania anthracite and is known to reach even 95 per
cent in the anthracite of Wales. Because of the decrease in volatile
constituents, anthracite ignites with more difficulty than does bitumin-
ous coal, and burns with a small bluish flame and no smoke, but affords
more heat, pound for pound, than any other coal.

The locality from which this anthracite was collected is in the Western
Middle Anthracite Iield of Pennsylvania.” The eastern basin of this
field is a long and narrow spoon-shaped syncline, subdivided by anti-
clines into many smaller basins. Overturned strata are quite common,
and the coal beds of this area are steeply inclined, the average dip
being not less than 35° to 40°. Such close folding has tended to erush
the coal, thus increasing’the proportion of waste.

The chemlcal and physical characteristics of anthracite are such as
seem due to a greater degree of alteration than that attained in the
other coals. It has been suggested that there were differences in
the original vegetal deposits, since beds of anthracite have been found
between or even above beds of bituminous coal. However, these rela-

VThe stratigraphy of the bituminous- coml fields is described by I. C. White in Bull. U. S. Geol.
Survey No. 65.
2 Deseribed in the Final Report of the Pennsylvania Geol. Survey, vol. 3, Part I, Chap CXXIL
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tions are exceptional, and it is well known that in the same bed
bituminous coal may grade into anthracite, and in many cases this
change is seen to be the result of contact metamorphism. Perhaps
the best instances of alteration are found in the Cretaceous coals of the
Anthracite-Crested Butte area in Colorado.! The noncoking bitumi-
nous coals are found in regions of least metamorphism, the coking coals
in the localities of more advanced alteration, and the anthracite only
in areas of great regional metamorphism or in the neighborhood of
large bodies of porphyrite.?

If the metamorphism of coal beds is more profound, the coal becomes
graphitic, as is the case in the anthracite of Rhode Island.

In short, there is a complete gradation in chemical composition from
wood which contains about 50 per.cent of carbon to graphite, which is
pure carbon. Intermediate members of this series are the peat and the
coals which have already been described. The group is a natural one,
the members having an origin essentially the same, but with present
characters dependent upon the degree of subsequent alteration.

UNALTERED IGNEOUS ROCKS.
No. 57. DIKE.

(FROM WILLIAMSONS POINT, LANCASTER COUNTY, PENNSYLVANIA. DESCRIBED
BY J. S. DILLER.)

By the activity of forces not fully understood, fissures (great and
small) are produced in the rocks at and near the earth’s surface and
filled from below with molten rock material. Such rock-filled fissures
are dikes. They are common in volcanic regions, and illustrate one of
the forms of connection between the volcanic etfusions upon the sur-
face and the highly heated interior of the earth in which the lavas
originate. They are generally nearly vertical, as in Pl. XXIV, break-
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