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PREFACE.

THE present work is based upon the same general plan

as the preceding ones of the series. The aim is to
make science interesting by omitting the minutize which are
of value only to the scientific man, and by presenting alone
those points of general importance with which every well-
informed person wishes to become acquainted. The thing
is of more value than the name. A pleasant fact will be
recollected long after an unpronounceable term has been
forgotten. Therefore, only enough geologic nomenclature
is used to make the study systematic, to awaken a love for
the order of nature, and to afford a plan around which other
knowledge may crystallize.

The author is satisfied from his experience as a teacher
that pupils take no interest in the fossils which characterize
the various geologic epochs, except the few which are typi-
cal, unless they have access to a paleontological cabinet;
in that case, they learn the names best by association with
the objects. If any attempt is made to name and illustrate
the fossils of any group, the limits of a small text-book per-
mit but a scanty selection, which is of little value in the
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identification of the fossils gathered by a class even within
the limits of that group, while to those outside it is useless.
Hence a school Geology should give only the general out-
lines, leaving to the teacher, with a copy of the survey of
his own State, and such collections as he may have or can
gather, to impart the instruction in local paleontology. The
author has sought to develop the following peculiarities :
(1) To give the general outlines of each subject, and only
enough of the details to interest without burdening the
mind ; (2) to develop the theories of the science thor-
oughly, and thus afford a clear idea of the methods of geo-
logic study as a basis for future progress; (3) to give
blackboard analyses of each subject for topical recitations ;
(4) by means of foot-notes to present the pupil with much
geologic literature, thus affording the information and cul-
ture of an extended range of collateral scientific reading
which would otherwise be within the reach of few pupils;
(5) to add the benefits of the “ question and answer” sys-
tem to those of the topical method by means of a set of
thorough review questions at the close of the book; (6) to
lead the pupil to a study of natural objects by treating very
fully the stones common in the Drift, and.:thus giving prac-
tical field-work at once ; (7) to adapt the book to all sec-
tions of our country by means of a clear presentation of the
typical New York system, and such modifications in the
text or foot-notes as will enable any pupil to make the ap-
plication to his own State.

It is hoped that this book will render the study of Geol-
ogy possible to young persons striving after self-education—
to men of business, whose leisure allows only a limited ac-
quaintance with books, and to schools where the fresh buoy-
ant spirits of youth are now repelled by cold, formal state-
ments of purely technical truth, The author’s most earnest
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desire is to awaken the thought and quicken the imagina-
tion of the pupil ; to lead him to trace in nature the hallow-
ing and refining influence of Divine truth, and thus to
become one of that happy number who

“ As by some secret gift of soul or eye,
In every spot beneath the smiling sun
See where the springs of living water lie.”

The author would take this opportunity of especially
thanking the following teachers and friends, who have
aided him in this revision with many valuable suggestions,
as well as in the reading of manuscripts and proof-sheets :
ALEXANDER WINCHELL, LL.D., Professor of Geology, Sy-
racuse and Vanderbilt Universities; James Harr, LL.D,,
Geologist of the State of New York; A. H. WORTHEN,
LL.D., Geologist of the State of Illinois; L. S. BURBANK,
A.M.,, Scientific School, Woburn, Mass. ; J. J. STEVENSON,
Ph.D,, Professor of Geology, University of the City of New
York, and many others who have kindly furnished the rich
fruits of their experience.

The author takes great pleasure, also, in acknowledging
his particular obligations to Winchell’s Sketches of Crea-
tion, Page’s Chips and Chapters and Past and Present
Life, Foster’s Mississippi Valley, and Agassiz’s Geological
Sketches. Many of the drawings are copied from nature ;
the ideal views are taken from Figuier’s World before the
Deluge. The Sceni¢ Descriptions, which are a peculiar
feature of the book, arg rhetorical flowers culled from the
broad field of geologic literature. The Glossary at the
close of the work is based upon standard authorities, and
will be found useful for reference.
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The author would recognize his obligations, ingeneral, to

the following authorities :

Manual of Geology . 5 3 5
Manual of Mineralogy . oeidhe, 5
Geological Sketches . 5 - g
Methods of Study 5 . . .

Travels in Brazil . . . . .
Elements of Geology . . 3 s
The Mississippi Valley b . 5
Our Planet . 5 L . 5 B
Chips and Chapters . 3 , 3
Elements of Geology . . . .
The Earth’s Crust 5 3 5
Past and Present Life . .

Medals of Creation . : 5 :
Wonders of Geology . 2 5

The World Before the Deluge
Elements of Geology . 5 5 .
Earth and Man . s 3 E
Végétation des Diverses Periodes
Monde Primitif 3 .
Recent and Fossil Shells . 3 A
Man in Genesis and in Geology . 5
Acadian Geology . 2 .
Old Red Sandstone . 5 5 .
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Popular Geology . 5 2 2 5
State Report of New York .

State Report of New Jersey . : 3
State Report of California . > .
State Report of Illinois x . g
State Report of Pennsylvania . .
Manual of Geology . E . .
Elements of Geology . ¥ 2 S
Siluria (fourth ed., 1867) . s .
Sketches of Creation . . ., .
Prehistoric times . é Rt a0
Manual of Paleontology . . .
Early Man in Europe . 5 : 5

The Popular Science Monthly.
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SUGGESTIONS TO TEACHERS.

THE teacher will find Dana’s Manual of Geology, re-
vised edition, of great value for reference in his studies.
In the eastern States, Hitchcock’s works are of especial ser-
vice. The geological report of one’s own State is essential
to furnish local information, and to enable the teacher and
pupil to identify the fossils they may gather. Geology can
be pursued without a cabinet, and yet a small collection of
the most common minerals is almost indispensable, and can
easily be obtained for comparison. Fossils are more diffi-
cult to secure. The teacher must rely mainly on his own
collection and exchanges with friends. Plaster casts of
typical genera and species can be purchased of Prof. Henry
A.Ward, of Rochester, N. Y. They answer all the purposes
of instruction, and in color and form can scarcely be dis-
tinguished from the original specimens. Information con-
cerning the cost of small cabinets can be obtained of the
publishers of this work. Geological excursions to river
channels, quarries, ravines, railroad cuttings, mines, gravel
beds, stone fences, &c., furnish most valuable information
and healthful recreation. A steel hammer of the form
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shown in Fig. 1 will be found most generally useful ; the

edges should be square, the socket
Fie. 1. large, the handle strong, and the
entire weight about two pounds.
Rock specimens should not be
over three inches square and an
inch thick, and should be neatly
trimmed. The locality of each specimen should be care-
fully noted and preserved.

The diagram at the commencement of each general sub-
ject forms an analysis of the topic. The author is accus-
tomed to have this placed upon the blackboard, and to
conduct the recitation from it, without asking questions,
excepting as occasion may suggest the necessity of addi-
tional information, or a closer investigation of the pupil’s
knowledge. Questions for review are given in the Appen-
dix. It is suggested that teachers instruct their pupils to
assign such fossils as they may find, or have the privilege of
examining, firs7, to the sub-kingdom ; second, to the class;
and #4ird, to the order, but not to the family, genus, or
species, except in case of well-known fossils. Better satis-
faction will be given, and results secured, by doing so
much well, than by a vain attempt to teach everything in a
brief school-term.

Never let a pupil recite a lesson, nor answer a question,
except it be a mere definition, i the language of the book.
The text is designed to interest and instruct the pupil ; the
recitation should afford him an opportunity of expressing
what he has learned, in his own style and words.

32N

sk in

12 INCHES.

A GEOLOGICAL HAMMER.
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IN a valley, centuries ago,
Grew a little fern leaf, green and slender,
Veining delicate and fibres tender,
Waving when the wind crept down so low ;
Rushes tall, and moss, and grass grew round it,
Playful sunbeams darted in and found it,
Drops of dew stole down by night and crowned it.
But no foot of man e’er came that way—
Earth was young and keeping holiday.

Monster fiskies swam the silent main,

Stately forests waved their giant branches,

Mountains hurled their snowy avalanches,
Mammoth creatures stalked across the plain ;

Nature revelled in grand mysteries ;

But the little fern was not of these,

Did not number with the hills and trees,
Only grew and waved its sweet wild way ;
No one came to note it day by day.

Earth, one time, put on a frolic mood,

Heaved the rocks and changed the mighty motion
Of the deep, strong currents of the ocean ;

Moved the plain and shook the haughty wood,
Crushed the little fern in soft, moist clay,
Covered it and hid it safe away.

Oh, thelong, long centuries since that day !

Oh, the changes | Oh, life’s bitter cost |

Since the useless little fern was lost.

Useless? Lost? There came a thoughtful man,
Searching Nature’s secrets, far and deep ;
From a fissure in a rocky steep
He withdrew a stone o’er which there ran
Fairy pencillings, a quaint design,
Leafage, veining, fibres, clear and fine,
And the fern’s life lay in every line !
So, I think, God hides some souls away,
Sweetly to surprise us the Last Day !
MaRY BoLLES BRANCH.



“qn the beginning
&od created the beaven and the earth.”
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opular  {)eology.

INTRODUCTION.

Zhe Origin of lhe Earil’s Crust according
lo the Nebuiar Hypolhesis.*—Our earth was once,
doubtless, a glowing star. In that far off beginning it
shone as brilliantly as do now the sun and the fixed
stars. In process of time it cooled from a gaseous to a
liquid form. It then assumed a spherical figure in
obedience to the same familiar laws of force which
round a drop of dew. Its atmosphere comprised not
only the gases that compose our present atmosphere,
but all the oxygen and carbon now locked in the rock
and coal masses of the earth, vast quantities of min-
eral matter vaporized by the fierce heat, and, in the form
of superheated steam, all the water which now fills the
ocean. The air, thus dense with moisture and metallic
vapors, rested on an ocean of fire. Ages passed, and
the earth, cooling as its heat became changed to other
forms of force, began to show on its surface patches
of solid substance, like the floating films that first appear

* See Fourteen Weeks in Astronomy, p. 282. THE NEBULAR HYPOTHESIS.
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on water as it passes into ice. These, gradually combin-
ing, formed at last a thin crust over the entire exterior.
This was, however, constantly rent asunder by eruptions
from the molten mass beneath. Huge crevices were
opened, and torrents of liquid lava, ejected from the
cracks and seams, were poured in fiery floods over the
scarcely solid crust. The surface, arid and burning,
bristled with ragged eminences, or was furrowed with
enormous clefts and cracks. But the earth had ceased
to shine as a star, and henceforth was itself to be
lighted and at last heated from other bodies. As the
globe continued to cool, a time arrived when the heat
was not sufficient to support the water in the form of
vapor. Under the tremendous pressure of the dense
atmosphere, the steam was precipitated, boiling hot,
upon the heated earth below. Revaporized, it ascended
again only to be condensed and returned as rain. This
process, long continued, cooled the earth yet more rap-
_idly. The crust, shrinking and cracking as it hard-
ened, became still more uneven with wrinkles and folds,
yawning gulfs and fissures. The hot rain falling on
the volecanic peaks, the torrents which poured down the
mountain sides and through the valleys, all combined
to dissolve the rock and sweep the sediment into the
Geeper hollows. The crust had mnot yet attained the
consistency necessary to resist the pressure of the heated
gases and liquids. Hence, in this manner also, enor-
mous dislocations were made, whose folds and uplifts
with deep gulfs and belching lavas denoted terrific
convulsions. Thus a fierce conflict was raging between
fire and water. At lagt the water triumphed, and the
ocean became universal. A hot, muddy, shallow sea
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surged round the earth from pole to pole. The internal
heat of the earth made the temperature uniform over
the entire surface, and hence there were no great oceanic
or aerial currents.

Astronomy teaches us the probable origin of our globe.
As soon as the crust began to be formed by the mingled
action of fire and water, Geology steps in to explain the
phenomena. In this vague and nebulous border-land the
two sciences meet. From that time we find that the
earth entered on a regular series of progressive revolu-
tions which gradually fitted it for the introduction of life.

Z'he Mosaic Account of Zhe C‘malz'onénforms
us that “the earth was at first without form and void;
and darkness was upon the face of the deep.” With the
first motion of nebulous matter light was developed, or,
in the nervous language of Scripture—* God said, Let
there be light.” Thus ended the work of the first day.*

* The word **day” is of course considered not as a literal day, but as sym-
bolical of a long period of time—ages, during which God was fitting this earth
as a home for man. The idea of exact days of twenty-four hoars each is neither
required by the original nor by the ecope of the narration.. The word *‘ day”
itself is used in four senses in the description. The Christian fathers did not
interpret it as a common day. Augustine, In the fourth century, called the
days of creation * ineffable days,” and described them as ** alternate births and
pauses in the work of the Almighty—the boundaries of periods in the vast
evolution of the worlds.” How glorious the idea which we here obtain of
God, as, through measureless ages in which he is rich, resting not, hasting
not, but slowly and by the steady operation of His own laws, He works out
to the finest detail His mighty thought of a world. Moses gives but the grand
outline of this creative act, an outline which Geology is filling up rapidly and
gurely. The Mosaic account is a hymn, full of poetry and grandeur, got a
close, cxact, gci record of events. Yet its truths were inspired by the
same God who made the world, As such we receive the records of both rev-
elation and nature, and gladly notice their harmony in all their grand teachings.
As yet Geology is in its infancy, and we are often able only to suggest and
intimate what may hereafter be, firmly believing that God's truth must stand,
whether it be revealed in the rock or in the book. v
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On the second, the firmament or atmosphere was formed,
separating the clouds above from the sea below, which,
as the revelations of both the rock and the book teach
us, as yet covered the entire earth. This was the work
of the second day, that long era of cooling and consolida-
tion that separated the formless period of chaos from the
birth of the continents.

Scenic Description.—Let us imagine the scen-
ery of that primitive period. A dense atmosphere of
steam, metallic vapors, and sulphurous clouds which
conceals the sun, and through which the light of moon or
star never penetrates; an ocean of boiling water, heated
at a thousand points from the central fire; low, half-
molten islands, dim through the fog, and scarcely more
fixed than the waves themselves that heave and tremble,
Jashed into fury by perpetual tempests; roaring geysers,
that ever and anon throw up intermittent jets of boil-
ing water and steam from these tremulous lands. In
the dim horizon the red gleam of fire shoots forth from
yawning chasms, and fragments of molten rock with
clouds of ashes are borne aloft ; incessant flashes of light-
ning evoked by the vast chemical changes which are
taking place, dart to and fro, shedding a lurid glare
upon the seething ocean-cauldron beneath ; while bursts
of echoing thunder, peal on peal, complete the grand but
awful picture.

Geoloqy (ge the earth, and logos a discourse) may be
defined as the history of the earth’s crust as taught by its
rocks and fosstls.
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Zhe Earil’s Crust.—This is evidently thickening
from age to age as the cooling process goes on. Our
examination of it is very superficial, extending down-
ward not more than ten miles. On a terrestrial globe,
eighteen inches in diameter, the deepest wells, mines,
and valleys would be exaggerated by a delicate scratch
upon the varnish with a pin. It is generally believed,
however, that the solid shell is not over fifty miles in

thickness, and that the interior is still a molten mass.
The facts upon which this opinion rests are as follows :

(1.) THE TEMPERATURE INCREASES AS WE DESCEND.
~—The rate varies in different localities, but is always
over 1° K. for every hundred feet. At fifty miles this
would give a temperature of at least 3000° F., sufficient
to melt the most refractory rocks.* At a depth of fifty
or sixty feet, there is a uniform temperature, unaffected
by the vicissitudes of the seasons; and in deep mines the
heat becomes almost unendurable.

() ARTESIAN WELLS FURNISH WARM WATER.—The
hospital at Grenelle is heated by water from an Artesian

* It should here be noticed that the current of geologic thought now sets
toward the view that the interior of the earth is solid. Among other objections
urged against its being a fluid, as has been heretofore universally held, are the
following : 1. That the attraction of the sun and the moon upon such a liquid
ocean would raise a tidal wave that would produce regular and sensible undula-
tions of the crust ; and that to make the earth as inflexible as it is, would require
it to be solid halfway to the centre. 2. That, as pressure elevates the melting-
point of a substance, the immense weight of the earth’s crust would keep the
interior solid, even at the high temperature snpposed there to exist. By those
holding this view, the word * crust " is used to indicate the rocks of the earth as
far down as they have been examined. Volcanoes are accounted for on this
theory by supposing that there are isolated caverns full of molten matter, or that
the rocks are locally melted here and there by the enormous friction caused by
their shifting and rubbing together during the contraction of the surface in its
constant cooling. The expulsion of the liquid mass is thought to be due to the
explosive violence of steam produced when water by any chance percolates down

to the heated mass.—The average specific gravity of rocks is 2.5, while that of x

the earth is about 5. Hence it may be that the core consists of metals, as iron,
which would account for the earth’s magnetism. (See Physics, p. 190.)
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well 1800 feet deep. In Wurtemburg, large manufac-
tories are warmed in the same manner, the water being
conducted through the buildings in metallic pipes. In
the Garden of Plants, in Paris, the pipes are laid in the
soil; and at Erfurt, Saxony, a salad garden is thus made
to yield its proprietor an income of $60,000 per annum.
The well at Louisville, Ky., furnishes water of a steady
temperature of 763°, and the one at Charleston, 1250
feet deep, water of 87°.

(3.) Hor SprINGS AND GEYSERS.—One of the former
in Arkansas has a temperature of 180°. The geysers of
Iceland and California are fountains of boiling water,
The great geyser throws a column of mingled steam and
water, eight yards in diameter, to a height of 200 feet,
Near the Sahwatch River, Col., is an immense spring so
hot that the hunters sometimes cook their provisions
in it.

(4¢.) ELEVATIONS AND DEPRESSIONS OF THE EARTH'S
Orust.—The land in various places has been uplifted or
depressed, either by convulsive throes or by a slow move-
ment continued through centuries. This indicates that
the ground on which we tread has not an unyielding
support. (See note, p. 253.)

(5.) VorLcaxors.—These throw up great masses of lava,
which is merely molten rock. There are several hundred
volcanoes which are known to be either constantly or oc-
casionally active. The amount of melted matter they eject
is enormous. Two streams of lava flowed from Skaptar
Jokul, a crater in Iceland, in 1783—one fifty miles long
and twelve broad, the other forty miles long and seven
broad ; each was one hundred feet deep. When we think
of such fiery torrents, and that the lava everywhere is
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essentially the same in its composition, we can but con-
sider the interior of the earth as a melted mass, and the
voleanoes ag the chimneys of this huge central furnace.

(6.) EarTHQUAKES.—Within the past fifty years, over
2,000 earthquake shocks have been recorded. They are
accompanied by voleanic eruptions, jets of boiling water,
and heated gases. The only rational explanation is that
they are produced by tidal waves or some terrific convul-
gion in the fiery ocean beneath.

Methods of Geological Study.—UNIFORMITY OF
NATURE.—The earth is a microcosm—the universe in
miniature. The laws which govern our world govern
all worlds. The elements of matter of which it is com-
posed are the same as those which make up the farthest
star in space. The earth, therefore, as Prof. Dana beau-
tifully says, though but an atom in immensity, is immen-
sity itself in its revelations of truth ; and science, though
gathered from our small sphere, is the deciphered science
of all spheres. As this world thus reveals to us the
laws of other worlds, so the present time makes known
to us the laws of past time. The geologist believes
in the unchangeableness of God’s laws. All results are
brought about by established methods. The same effects
are always produced by the same causes. The motions
of the heavenly bodies, the principles of heat, electricity,
chemical affinity, etc.,, are the same now as they have
been from the beginning. The geologist sees God work-
ing in nature through the uncounted ages of the past as
He works to-day, not fitfully, but uniformly developing
the mighty plan of the universe. Thus a knowledge of
the present is the magic key whereby the geologist un-
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locks the history of the past. Let us notice a few of the
practical applications of this principle.

Sedimeniary ZRocks.—The rain which falls on
the hills runs down every slope, washing the soil into
the brooks and rivers, thence to the lake or sea. It i3
there deposited as a soft mud or sediment in horizon-
tal layers or strata (singular, sératwm). The process is
necessarily slow, but uninterrupted. Year after year,
century after century, adds layer on layer, the more
recent deposits concealing the more ancient. If we

Ripple Marks,

visit the sea-shore, we shall see the fine sand washed up
by the waves, and spread, layer upon layer, in a similar
manner, each wave rippling its tiny ridges, and covering
others beneath its shifting sands. The geologist exam-
ines the solid rocks, and finds strata composed of fine
sediment arranged in layers, with oftentimes ripple marks
curving the surface, appearing as distinct as if the tide
had just ebbed. He finds rocks presenting the look of
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half-dried mud from which the water had been evapo-
rated but yesterday, leaving cracks and even prints of
rain- s so clearly defined that one can tell from what
direction the storm came which fell on those mud flats
of the olden time. (See Fig.3.) He notices other strata

a. Modern impressions of rain-drops.
4. Carboniferous impressions of rain-drops.

composed of sand, gravel, or round water-worn pebbles,
such as are now seen along the shore of river or lake
among swiftly moving waters. Again, he discovers banks
of sand or clay where the process of rock-making is still
progressing, and the material is in all stages of harden-
ing. He therefore decides that all similar stratified rocks
have been formed by the action of water, and hence calls
them sedimentary.

TEACHINGS OF THE SEDIMENTARY Rocks.—The water
records the history of the land. Not only is the inani-
mate dust of earth carried into the vast storehouse of
the sea, but there lie millions of shells of every shape

2
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and hue ; there, into the soft, oozy bottom settle the
remains of countless fishes which have thronged the
waters ; thither float leaves and reeds, and trees torn
up by the tempest, swept seaward from every shore;
there sink skeletons of sea-fowls, exhausted land-birds,
and animals borne to the sea by rapid rivers; ships with
their unclaimed cargoes, gone on their final voyage and
in harbor at last; drowned mariners lying in their quiet
graves unconscious of the fiercest storm that sweeps
above them—all these varied relics are slowly buried by
the ever-settling sediment. The bottom of the ocean is
a cemetery in which lie the dead from the three king-
doms of Nature. Layer by layer are gathered the re-
mains of each passing year, the history of every age
being thus deposited and built into the very founda-
tions of the earth. Could we gain access to this sea-
bottom, we should find revealed, with each layer turned
ui) by our spade, a fresh page of the history of the world.
The ocean is now making up a continuation of this his-
tory. The geologist is reading the earlier volumes in the
stratified rocks, the sea-bottom of the olden time.

Lgneous Rocks.—The geologist watches the action
of volcanoes and earthquakes at the present day. He
notices that rocks of various consistency and character
are formed from the cooling lava, and that stratified or
sedimentary rocks are displaced and rent, the fissures
being filled with injected matter. In the earth’s crust,
at various places, the exact counterparts of these rocks
and these displacements occur. The rocks are not ar-
ranged in layers, but piled up in mountain masses, break-
ing through the stratified rocks, tilting and throwing
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them out of their original positions. The observer has
no more difficulty in accepting the evidence that the
unstratified rocks give of former igneous action and con-
vulsion than in admitting the eruptions and earthquakes
of Etna and Vesuvius.

TeacHINGS OF THE IGNEOUS Rocks.—The geologist
calls all rocks which indicate the action of fire igneous,
and ascribes dislocations of strata and filling up of cracks
with igneous products to the operation of ancient vol-
canoes and earthquakes. If he is not correct in his con-
clusions, then Nature is not uniform, and is making the
same kind of rock on one day by fire and on another by
water, and thus all the history of the past is a delusion.

Fossils (fossilis, dug up) is a name applied to all
animal or vegetable remains which are found embedded
in the rocks of the earth’s crust. What we have already
said concerning the sedimentary rocks shows us how
fossils are now forming and have been formed in all
time.* As the autumnal leaf drops into the stream, and

* These remaing were known to the ancients, and considered **freaks of Na-
ture.” Tradition, which attributed to Achilles and other heroes of the Trojan
war a height of twenty feet, is traceable, no doubt, to the discovery of ele-
phants’ bones near their tombs, Thus, for example, we are assured that, in
the time of Pericles, in the tomb of Ajax was found a knee-bone of that hero
which was as ldrge as a dinner plate. It was, probably, the fossil knee-bone
of an elephant. The Spartans prostrated themselves before the remains of
one of these animals, in which they thought they recognized the skeleton of
Orestes. Some bones of a mammoth found in Sicily were considered as
having belonged to Polyphemus. Even the learned of a later day were not
exempt from these blunders. Felix Plater, Professor of Anatomy at Basle, in
1517, referred the bones of an elephant discovered at the roots of a tree torn up
by the wind near Lucerne, to a giant at least nineteen feet high. He even
restored it in a skeétch which was long preserved in the college at Lucerne.
In England, similar bones were regarded as those of the fallen angels! When
geology first began to be studied, people generally considered the deposition of
fossils as having a connection with_Noah's flcad. Cuvier found the skeleton
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becomes imbedded in its mud—as the trees of the forest
are borne down by the flooded river and are ultimately
entangled in the sediment of its estuary—as the coral
reef and shell-bed are gradually increasing and growing
steadily into limestone before our eyes—as the skele-
tons of animals are drifted by the tide and fall to the
sea-bottom or sink into rivers and marshes, and are thus
preserved from rapid decay—-so in all time past have
similar agencies been at work; here preserving the bro-
ken twig and the fallen forest, there the coral reef and
the shell-bed, and anon the remains of animals that were
borne by rivers from the land, or drifted by the waves on
the muddy sea-shore.

TeacniNes oF THE Fossiis—Digging in the soil, we
find a bone. We examine it. Itis one of the vertebrz
of a horse. We believe it to be real. It is not a “freak
of Nature,” but was once part of a living horse. We dis-
cover some strange fossil bone, and are led irresistibly to
a similar conclusion. The skilful anatomist, understand-
ing perfectly the relation that exists between the different
parts of the animal frame, whereby each portion subserves
its part toward the development of life and its functions,
can restore the entire form, and even indicate the habits
of the creatures that formerly peopled our globe. For
example, a sharp claw belongs to a flesh-eating animal
with sharp cutting molars; a hoof, to a grazing species

of a gigantic salamander preserved as a specimen of the accursed race swal-
lowed up by the deluge.

‘When we speak of fossils being converted to stone, we do not mean that the
particles of the original substance have been ckanged lo stone, but that, as they
decayed, they have been replaced by stone. This is trueghowever, only of the
fossils of the older formations, The new ones retain their original substance.,
Shells of the Tertiary Period can often scarcely be distinguished from modern
ones, while gharks’ teeth exhibit their enamel intact.
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with broad molars. Knowing, too, the conditions neces-
sary to the life of such animals, he can also decide upon
the climate, food, etc., which then existed. Agassiz, from
a single scale, reconstructed an entire fish. Subsequent
discoveries proved his idea to be singularly accurate. The
restoration of the megalosaur by Hawkins is a remarkable
instance of a similar character. (See Fig. 83.) /3 /82

We visit the sea-shore, and gather shells along the
beach. On digging, we discover others buried from
sight. These are filled with damp sand, which perfectly
retains their impress. In the quarry among the layers
of sedimentary rocks, we find similar fossil shells. They
are certainly the remains of ancient life, and must have
existed when the rock was in process of formation. They
prove the rock to have once been under water. If the
shells are marine, it was the sea ; if fresh water, a lake or
river ; if intermediate, an estuary. The testimony is as
conclusive as if we had lived by that ancient shore, and
had witnessed their growth, decay, and entombment in
the sand.

In certain clay beds of England, shells are found of
species now existing only in polar seas. We thence infer
that when that clay was deposited, and those shells were
inhabited, a climate similar to that of Greenland must
have prevailed in British latitudes. Remains of the rein-
deer and musk ox occur in France. These indicate a
former Arctic temperature, unless we are to suppose that
the habits of those animals have entirely changed since
the time of their existence in southern Europe.

Action of Glaciers (Gla'-seers). — Philosophers
have carefully studied the effects of moving masses of
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ice. They have seen how the glacier pushes its way
down the Alpine valley, grinding, rounding, smoothing,
and marking the rocks over which it passes, and de-
positing at the bottom its burden of débris. They have
watched the glaciers of polar regions collecting on the
sea-shore until at last great mountains of ice break
loose and float southward. They have seen these ice-
bergs grounding and melting in a more genial clime,
where they finally drop their load of rocky fragments on
the sea-bottom.

TEACHINGS OF THE (LACIERS.—The geologist, in re-
gions now far removed from glacial action, finds the
lower extremities of mountain glens and valleys heaped
with mounds of sand and gravel, and the rocky surface
marked with parallel grooves, such as no known agency
except the glacier ever produces. Resting on the lower
hills and scattered over valley and plain beyond, he sees
great bowlders of a weight far exceeding the transporting
power of water, miles removed from their parent rocks,
and with their sides smoothed and marked. He ascribes
these results to glaciers and icebergs. He assumes that
these mountains were once covered with snow, these
glens once filled with glaciers, and that these lower
lands were the bottoms of seas on which floating ice-
bergs grounded, and, melting, left their loads of rocky
débris.

Chronology.—Many geological facts aid in deter-
mining the relation of different events in respect to time.
The following instances illustrate the method :

CAvEs.— In certain caves the bones of various ani-
mals are found embedded in a calcareous deposit, which
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has accumulated on the floor by water slowly dripping
from the roof. Many of the bones have been gnawed, and
the hollow ones split lengthwise. The geologist considers
the former the work of den-frequenting, carnivorous
animals, and the latter of a marrow-sucking race of
men. This conclusion is still further substantiated by
finding traces of the hyena, and also stone-hatchets,
ashes, and charred sticks of wood. Man, only, lights a
fire. Hence we are as sure of the existence of a rude
cave-dwelling tribe of men as if we had witnessed their
grim countenances lighted up by the fires of which
those fragments were the latest embers. The hyena and
the cave-dwellers lived at the same epoch. The deeper
the layer the older the remains. If we can only deter-
mine the rate at which the soil accumulates, we can
estimate with some degree of accuracy their antiquity.
LAKE-BorroMs.—We drain a level, basin-shaped mead-
ow. The general form and location suggest the idea
that it may anciently have been the site of a lake.
The moment, however, we dig below the surface, the
geoldgic evidence converts the inference into a matter
of certainty. We pass through first the soil, next a layer
of peat, then one of marl, and lastly, one of clayey sedi-
ment. In the peat we find antlers of deer and bones of
oxen ; in the marl, fresh-water shells; and in the sedi-
ment, a log hollowed out into a rude canoe. Here we
have the whole history of the lake, and in reading it we
can trace the successive stages as clearly as if we had
lived by its shores from the time it was a sheet of shal-
low water to the hour of its final obliteration. First,
the open lake, over which the simple native paddled his
rude canoe; second, the shallower sheet, where fresh-
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water shell-fish luxuriated in myriads, and succeeded
each other, generation after generation; third, the peat
marsh, over which deer and oxen occasionally ventured,
and were mired; and fourth, the level meadow, when
the site became too dry for the peat-forming plants to
flourish. We have no exact chronology for these events,
and can decide only their order. The canoe may have
sunk one thousand or five thousand years ago, for anght
we know. If, however, we can form some idea of the
rate at which the sediment was deposited, or the marl
and the peat formed, we can then judge somewhat of its
antiquity.

ScorTisH ILLUSTRATIONS.—Such ancient lake-bottoms
are seen in the Lowlands of Scotland. The geologist
finds below the peat-bog the bones of horse, pig, deer,
dog, and man ; deeper still, the Roman eagle or sword;
next, the bones of the wild ox, bear, wolf, beaver; then
the wooden canoe; below the marl, bones and antlers of
the gigantic Irish elk, and tusks of the great mammoth ;
and at the bottom the solid rock, strewn with ice-borne
blocks, the original bed of the lake when its waters were
first gathered together. Occasionally, also, raised mounds
of piles, plank, branches, stones, and other material are
laid bare. These were the foundations of the lake-dwell-
ings of former days, raised by primitive men for their
defence. They reveal stone hammers, flint spear-heads,
gplit bones, and fragments of rude pottery-ware. What
a marvelous history we read from these records of Na-
ture! In the beginning there is the clear sheet of
water rippling in the Kuropean landscape—for Great
Britain has not yet been separated from the continent
—surrounded by forests of pine, birch, and willow. The
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climate is severe, and the woolly-haired mammoth
tramps through the overhanging bushes down to the
water’s edge. Centuries pass. Reindeer and Irish elk
betake themselves to the water in summer, and sink into
its miry depths, or seek to cross its frozen crust during
the winter’s snow, and are buried beneath the treacher-
ous surface. Ages roll on. The climate becomes milder,
and Britain is detached from the continent. The lake
is gradunally becoming shallow ; reeds and bulrushes en-
croach upon its margin; oak clumps adorn its banks,
along which prowl the wolf and bear; the beaver builds
his dam across the entering stream, and the wild ox and
red deer stand lolling in its cool waters. A race of short,
broad, round-headed men settle by the shore, pile the
mounds and wattle their simple lake-dwellings ; with fire
and stone adzes scoop out the oak-trunks into canoes,
spear the ox and deer in the woods, and enjoy the com-
forts of a dawning civilization. Time passes. Still the
lake grows shallower, and its reedy margin broader. A
new race of men—taller, higher-headed, and more nimble
—take possession of the scene. They settle the slopes,
erect their rude altars in the oak clumps, domesticate the
ox, horse, and dog, and attempt a scanty cultivation of
the soil. The Roman legions at last—we know the date
of that event, about two thousand years ago—invade the
country, scatter the natives, and encamp by the lake.
They erect their votive altars, make plank roads through
the marshy borders, and drop their implements and uten-
gils by the side of those of the ancient Briton. The pre-
historic ages have now passed, and we can more easily,
but still somewhat confusedly, continue the onward his-
tory of the fast lessening waters. The Romans dis-
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appear. Celt and Saxon contend for the soil, and we
trace in the uppermost bog-earths the remains of existing
breeds of oxen, sheep, horses, pigs, dogs, and other animals,
and even implements of iron belonging to successive
stages of civilization down to the present time.—(Page.)

Lilalian [llusiralion.—Near the town of Pozzuoli,
Italy, are the remains of the ancient temple of Serapis.
Three marble pillars,
forty-two feet high,
are especially notice-
able.  They stand
on a pavement now
three feet under wa-
ter. Six feet be-
neath . is another
pavement. For a
height of twelve
feet the surface of
the pillars is smooth ;
but above that a zone
of nine feet in width
is perforated with
~ holes, at the bottom

Temple of Serapis, Pozzuoli. of each of which lies
the shell of a little boring bivalve still found in the neigh-
boring waters. These facts show that the ancient pave-
ment must have settled six feet, when the second one was
constructed. Later, it subsided twenty-one feet beneath
the water, giving the borers an opportunity to penetrate
the stone. Next, the pavement rose, lifting the bivalves
out of the water. Previous to 1845 the foundation was
again slowly sinkine. but since has been steadily rising.
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(A Stone-Discourse.)

S¢xdnd this our life, exempl from public hauni,
Finds longues in Irees, books itn lhe running brooks,
Sermons in siones, and good in everylling.”’
SHAKESPEARE.
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Lithological Geology (lithes, a stone, and logos, a
discourse,) means, literally, a discourse about stones* It
treats of (1) the Composition, (2) the Classifica-
Zton, and (3) the SZruclure of the rocks which make
up the earth’s crust. Underncath the soil and the sea
there is everywhere a rocky foundation which protects
us from the fiery interior. Along the sea-shore, river-
side, road-cuttings, ete., this solid basement is exposed
to view. It is gemerally arranged in layers, sometimes
loosely. as sand, clay, or gravel, and sometimes partly
bardened into stone. Since it passes thus insensibly

* Thers is no natural object out of which more can be learned than out of
stones. They seem to have been created especially to reward a patient ob-
server. Nearly all other objects in Nature can be seen, to some extent, with-
out patience, and are pleasant even in being half seen. Trees, clouds, and
rivers are enjoyable even by the careless. But the stone under the foot hag
nothing for carelessness but stumbling ; no pleasure is to be had out of it, nor
food, nor good of any kind; nothing but symbolism of the hard heart and
the unfatherly gift. Yet do but give it some reverence and watchfulness, and
there is bread of thought in it more than in any other lowly feature of all the
landscape. For a stone, when it is examined, will be found a mountain in
miniature. The fineness of Nature’s work is so great that into a single block,
a foot or two in diameter, she can compress as many changes of form and struc-
ture, on a small scale, as she needs for her mountains on a large one; and
taking moss for forests, and grains of crystal for crags, the surface of a stone,
in most cases, is more interesting than the surface of a hiil; more fantastic in
form and inconceivably richer in color.—Ruskin.
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from one stage of consolidation into another, the geolo-
gist applies the term rock alike to all. The desert of
Sahara is a sand-rock. Ice is a rock as certainly as is
limestone.

1, %OMPOSITION OF THE %OCKS.

Rocks are composed, in general, of three common sub-
stances— Quartz, Clay, and Limesione. Wherever
you stand on the solid ground, in any country of the
globe, you may be sure that the rock under you is mainly
some form or compound of one or more of these earth-
builders.*

(1) SILICA

7. Quartz (silica, silex) is the oxide of silicon, a
rare non-metallic substance known only to the chemist.
Silica is the most abundant of all the minerals, compris-
ing one-half of the earth’s crust. It is so hard that it
strikes fire with steel, scratches glass like a diamond, and

* Since there were so few substances, Nature seems to have set herself
about making these three as interesting and beautiful as she can. The clay,
being a soft and changeable substance, she doesn’t take much pains about—she
only brings the color into it when it takes on a pecrmanent form on being baked
into brick. (Ruskin’s statement does not hold good in America. For examples,
the clays ot Southern Virginia and North Carolina are beautifully mottled, the
clitfs at Gay Head present brilliant tints, and the porcelain clays of Western
Kentucky exhibit fine coloring.) But the limestone and flint she paints in her
own way, in their native state; and her object in painting them seems to be
much the same as in her painting of flowers—to draw us, careless and idle
human creatures, to watch her a little, and see what she is about, that being, on
the whole, good for us, her children. To lead us to do this she makes picture-
books for us of limestone and flint ; and tempts us, like foolish children, as we
are, to read her books by the pretty colors in them. The pretty colors in her
limestone books form those variegated marbles which all mankind have taken
pains to polish and build with from the beginning of time; and the pretty
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cannot be cut with a knife. It has no cleavage,* and
breaks into irregular fragments having a glassy lustre.
It is insoluble in any acid (except hydrofluoric), and
melts only in the heat of the compound blow-pipe. On

F1cG. 4.

A Cluster of Quartz Crystals from Lake Superior.

colors in her flint books form agates, jaspers, carnelians, etc., which men
have, in like manner, taken delight to cut and polish and make ornaments of
from the beginning of time; and yet o much of babies are they, and so fond of
looking at the pictures instead of reading the books, that I guestion whether,
after six thousand years of cutting and polishing, there are more than two or
three out of any hundred who know, or care to know, how a bit of agate or
marble was made or painted.— Ruskin.

* Cleavage is the property of splitting with smooth surfaces in certain fixed
directions. Many crystals separate very easily in those joinings which Nature
has made.
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account of its hardness, which resists the action of the
elements, it comprises a large part of ordinary pebbles,
gand, and much even of the soil. It is found in crys-
tals of the form shown in the figure. When pure, like
those of other minerals, they are generally small, and
sometimes occur in beautiful clusters. Crystals of great
size, though of inferior clearness, are occasionally seen.
Dartmouth College cabinet possesses a group weighing
147 pounds. At Milan is a single crystal 3% feet long and
51 feet in circumference, estimated to weigh 870 pounds.

2. Rock Crystal is the clear crystalline quartz.
The name is derived from the Greek word krustallos,
meaning ice. The purest specimens are often cut for
jewelry, and sold as ¢ white stone” and ¢ California
diamonds.” They are also used for spectacle glasses.
Anciently they were cut into vases and cups, some of
which are still preserved as curiosities. It is said that
Nero, on learning of the insurrection which led to his
fall, dashed into pieces two crystal vases, one valued at
$3000. Pure quartz sand is used in large quantities for
making glass.

Quartz, when colored by the various metallic oxides,
presents a bewildering variety. The young geologist,
after having gathered a very respectable collection of
minerals, has often been surprised to learn that he has
hardly passed outside of this legion family.

3. Rose or Pink Quarlz is rarely found as crys-
tals, but generally as a massive rock. On exposure to
the light, the color sometimes fades, but it can be re-
stored by leaving the stone for a time in a damp place.
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SMoxY QUARTZ has a dark-brown, smoky tint. It is
often black and opaque, except in thin portions, which
are semi-transparent.

Mgy QuArrz is a milk-white, opaque, massive
variety, looking not unlike porcelain.

GRANULAR QUARTZ consists of small grains of quartz
cemented into a massive rock. It has a texture similar
to that of loaf-sugar, and oftentimes crumbles easily into
sand. It is used for hearthstones, furnaces, etc., and,
when powdered, for making sand-paper, glass, or pottery.

4. Amethyst has a beautiful purplish tint from the
oxide of manganese, which it contains. The name means
“ g preservative from intoxication,” and was given it from
a belief of the anecient Persians, that wine drunk from an
amethyst cup lost its inebriating properties.

5. Chalcedony is distinguished by its waxy, horn-
like lustre. It has generally a white or brownish shade.
When bright red, it is a carnelian. When brownish red,
a sard. When colored apple-green with nickel, a chrys-
oprase.

6. Agale is a kind of chalcedony, in which the dif-
ferent shades of color are arranged in parallel lines—the
edges of the layers which compose the stone. These .
layers are very like the coats of an onion, and represent
the successive deposits by which the agate was formed.
They are often so thin as to number fifty within an inch.
When the lines are zigzag, it is termed a fortification
agate, from the resemblance to the irregular outlines of a
fortress. When the stripes alternate, an opaque with a
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transparent band, the stone is termed an onyz (onyz, a
nail), from a fancied resemblance to the alternating lines
on the finger-nail. When a deep brownish-red stripe (a
sard) alternates with a white one, the agate is called a
sardonyxr. When a yellowish-brown oxide of iron is dis-
seminated through the stone in moss-like forms, it is
termed a moss agate.

Real cameos are cut from the onyx. The most cele-
brated of the ancient cameos is the Mantuan vase at
Brunswick. It was cut from a single stone. It isin the
form of a cream-pot, about 7 inches high and 2} broad.
On its outside, which is of a brown color, there are white
and yellow groups of raised figures, representing Ceres
and Triptolemus in search of Proserpine. The lines of
agates sometimes present a striking resemblance to vari-
ous objects. Some are so remarkable as to be, without
doubt, exceedingly ingenious works of art. Thus, Pliny
tells of an agate, belonging to Pyrrhus, in which were
pictured the nine muses, and Apollo in the midst playing
on his Iyre. Agates are very abundant on the shores of
Lake Superior, and many lakes and rivers of the west.
Externally the agate is rough, and exhibits no sign of
the beautifully varied appearance it will present when
polished.*

* AGATE MANUFACTURE.—The most celebrated agate quarries are at Ober-
stein, Germany. The nodules are of an ashen-gray color. After being washed,
they are placed in a vessel containing honey and water, which, being closely
covered, is kept in hot ashes for two or three weeks, The stones are then taken
out, cleansed, immereed in sulphuric acid, and then roasted a second time in
the hot ashes. The honey, penetrating the pores, is carbonized either by the
long-continued heat or the action of the acid. The depth of the color depends
on the porosity of the agate. Some become perfectly black, others take a rich
brown or chocolate tint, some are striped alternately like the onyx, while
ethers resist all attempts to change the natural hue. By soaking the porous
agates in a solution of sulphate of iron, and then heating in an oven, a fine



COMPOSITION OF THE ROCKS 45

7. Jasper is a dull, massive variety of quartz, with
a little clay. It has shades of red, yellow, brown, and
green, owing to the presence of iron in different stages
of oxidation. The yellow becomes red by heat, which
changes the yellow oxide of iron to red. When the colors
are arranged in stripes, it is termed ribbon jasper. It is
susceptible of high polish, and is therefore much prized
for ornamental purposes. When of a deep green, with
dark red spots, it is named &lood-stone. At Paris there
is a bust of Christ carved from this stone in such a
manner that the red spots represent the drops of blood.
A hard, velvet-black jasper is called the fouchstone. It is
used for testing the purity of gold alloys. This is done
by rubbing the alloy on the stone, and comparing the
color with that of some known alloy. The stone is
adapted for this purpose because of its hardness and
smoothness, and also because it presents a good back-
ground on which to compare colors.

8. Opal is a very beautiful variety of quartz. It
contains ten per cent. of water, which is combined with
the silica. It is softer than quartz, and, unlike it, is
easily soluble in a hot solution of potash. Its external
color is a pure white, but when broken it exhibits a play
of rich and delicate internal reflection. A kind called

carnelian red is produced. A blue color, which has all the effect of a turquoise,
is also developed by a process not yet divulged. By roasting, the natural colors
are heightened and rendered more permanent. In these various ways a coarse
and valueless stone may be =o changed as to pass for a gem of the first quality
The agates are ground on rough stones, turned by water-power from the numer-
ous little brooks which abound in that neighborhood, and polished on soft
wooden wheels with powder of tripoli (see page 48) found near by. Vases, cups,
seals, knife-blades, agate mortars for the chemist’s use, etc., are made in such
abundance as to become articles of commerce.
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hydrophane is remarkable for becoming transparent when
dipped into water.®

9. Sand, Pebbles, Grarel, Cobblesiones, elc.,
consist largely of quartz, since it resists the action of the
water longer than other rock materials. The color is
due to the various oxides of iron ; t although it is some-
times a mere stain produced by vegetable matter.

70. Flini is a compact form of quartz of various
colors—white, brown, and even black. It breaks into
fragments having a sharp edge and a conchoidal } sur-
face. Its use formerly for gun-flints and by the Indians
for arrow-heads is well known.

HorNsTONE is an impure variety of flint, so named
from its color and appearance. Bulrstone is a kind of
flint possessing a cellular texture, which makes its sur-
face very rough. In many of the best stones the cavities
equal the solid portions. It is found in various States

* The same phenomenon is shown in an ox’s eyeball. When plunged into
water, it vanishes instantly from the sight. Both refract light at the same angle
as water, and hence the eye has no power of distinguishing them.

+ Iron is Nature’s universal dye. Without it the soil would be a dirty white—
the color of snow in a time of thaw. Instead of the pretty lively color of sand
and pebbles, we should see the dull and somber hue of ushes ; and instead of the
glittering sand of the sea and lake shore, a plain drab or gray, which no wealth
of sunshine or of spray could turn to beauty. The slates used for roofing have
a warm rich tint ; oxide of iron puts vermillion into them as it does into our
bricks, which else would be only a plain pepper and salt. The ruddy hues of
brown now seen in ploughing sandy fields, contrasting so richly with the green
of woods and meadow, wonld be, without the iron, only the cold repulsive gray
of clayey soils. Many marbles, too, are colored with this same familiar dye.
“The violet veinings and variegations of the marbles of Sicily and Spain, the
glowing crange and amber of Sienna, the blood-red color of precions jasper
that enriches the temples of Italy,” are all painted with fron-rust. Thus by an
infinity of design does God, from the simplest, commonest material, interweav-
ing the beauti‘ul in Nature everywhere, cultivate our taste and adorn the world
for our happiness.

t A conchoidal surface is one that is curved like the inside ot a watch-crystal.
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—Ohio, Massachusetts, Arkansas, Georgia, etc. The
buhrstone of Ohio contains some lime, and it has been
thought that the cellular character may be due to the
partial dissolving of the lime out of the stone.

ORIGIN OF QUARTZ—Though quartz 1s a mineral,
probably most of the flint and hornstone which we find
is of animal or vegetable origin. Sponges secrete little
spicules or points of silica. Diafoms are minute one-
celled vegetable organisms, v gl
too small to be seen singly
by the naked eye. Yet when
gathered in countless myri-
ads, they appear as abrown or
reddish slime.* They have
the power of separating the
silex from the water in some
unknown way. These plants
grow in such numbers that A
after their death their inde-
structible siliceous coverings
so accumulate as to form
strata of great thickness and
extent. The hardness, sharp- s oy :]II:EZ e
ness, minute size and fragil- B is magnified 25 Diameters.

» . C is magnified 250 Diameters.
ity of the particles, whereby D is magnified 200 Diameters.

* Dr. Hooker, in his account of the Antarctic regions, says: * Everywhere the
waters and the ice abounded in these microscopic vegetables, They stained the
iceberg and pack-ice wherever the latter was washed into the sea, and imparted
to it a pale ocherous color. In the 80th deg. of 8. latitude, all the surface ice
carried along by currents, and the sides of every berg, and the base of the great
Victoria barrier itself—a perpendicular wall of ice from one to two hundred feet
above the sea level—were tinged brown from this cause, as if the waters were
charged with oxide of iron.” It is a curious fact that these minute, flint-secret-
ing diatoms are thz food of the soft, almost impalpable, jelly fish, and, as has
been lately stated, that this in turn constitutes the food of the huge whale.
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they fall to pieces at the least touch, make the mass
useful as a polishing material.  Tripoli, or polishing
slate, is composed of these siliceous remains, a single
cubic inch containing 41,000,000, so that at every stroke
made with the powder millions of perfect fossils are
crushed to atoms. The mountain meal, or fossil farina
of Tuscany, is a mass of these organisms. In Lapland a
similar earth is found, which in times of scarcity the
inhabitants mix with the ground bark of trees, and use
for food. This ¢nfusorial earth, as it is termed, is
found at various localities in this country, as at Rich-
mond, Va., Maidstone, Vt., Waterford, Me., ete. At
Bilin, Bohemia, besides a stratum of tripoli 14 feet
thick, a kind of semt-opal occurs, composed of diatoms
and sponge spicules, cemented with siliceous matter. It
is thought that the more delicate shells were dissolved
by the water, and thus formed opal cement, in which
the more durable of the fossils are preserved, likb insects
in amber. Flint and hornstone, under the microscope,
reveal the outlines of spicules of sporges, of diatoms,
and of other animalcules. We are thence led to believe
that perhaps the larger part of the quartz we find, in
all its Protean forms, has impressed upon it an organic
structure which it received at an inconceivably remote
time, when it was animated by microscopic life.

(2) ALUMINA,

HAlumina is the oxide of the metal aluminum, which,
on account of its abundance in clay, is called the
“clay metal” In hardness, alumina is inferior only
to the diamond, and will easily scratch quartz. Pure
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crystallized alumina, when red, constitutes the rudy.
This ranks in value next to the diamond, and some per-
fect specimens have sold at even a higher rate. The
dull-colored variety is called corundum, and the coarse
granular kind, combined with magnetic iron ore, emery.
(See feldspar and common clay, page 53.)

(3) LIME.

7. Carbonaie of° Liéme is more commonly called
“limestone.”

(a.) LiMESTONE is a compound of lime and carbonic
acid. It embraces all shades from white and cream color
to a dense black. . It may be known by its softness—
being easily scratched with a knife—and by its effer-
vescing with an acid. Limestone is useful for building
purposes, and when the carbonic acid is expelled by heat,
quick-lime is produced.

(b.) Carc-spar (Calcite).—Pure crystals of limestone
are called calc-spar. They readily cleave into the rhom-
bohedral form. Trans-
parent  crystals are
termed Iceland spar, as
the best are brought
from that country.
They beautifully illus-
trate double refraction.

(c.) CHALK is a por-
ous, uncompacted vari- Obizcr‘y::;’r:‘;:‘;{g;ls:glgdépan
ety of limestone.

(d.) CarcAreous TUFA * is formed by deposition from

Fic. 6.

* Calcareous tufa, or travertine, often forms beds of limestone, which can be
3

1
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water charged with carbonate of lime in solution. (Rev.
Chem., page 138.) Stalactites depend from the roof of
caverns in limestone regions. They are produced, like
tufa, from calearcous waters. The water, dripping down
from crevices in the rock, evaporates, deposits its lime-
stone, and thus forms pendants of curious and grotesque
figures. Some hang like icicles, while others look like
falling sheets of water caunght in mid-air, and turned
to stone. The drippings upon the floor produce calcare-
ous mounds, called stalagmites. The two, mecting, often
form pillars strangely grouped and interwoven like trees
in a forest, and sometimes even combined into broad
curtains of semi-transparent rock.
+(e.) OGLITE (0in, an egg, and
Fic. 7. lithos, a stone) is a limestone
consisting of numerous small,
rounded grains, resembling the
roe of a fish.

() MARL is a mixture of
clay and carbonate of lime.
It is loose, friable, and gen-
erally full of small shells. It
is valuable as a fertilizer.

(g) MaexEsIAN LiMe-

Odlitic Marble, Chester, England.

used for architectural purposes. The Colisenm at Rome is built of this rock.
In the vicinity of Rome a solid layer of this stone, a foot in thickness, has been
formed in four months. Springs near the Tiber are famous for their production
of travertine. Indeed, the term travertine means simply Tiber stone. The water
of the: river near them is so charged with mineral matter that it is said that
* even fish have been entangled and petrified. In certain regions, springs deposit
the tufa so readily that incrustations may be obtained upon sticks, leaves,
baskets, etc. At the baths of San Filipo, Tuscany, the preparation of casts in
this way forms a regular business. Moss petrified in this manner is ro plenti-
ful in Caledonia, N. Y., that it is used for building fences. It is also found in
abundance at Chittenango and Sharon Springs,
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STONE, or dolomite, contains magnesia. It is harder
than limestone, and does not readily effervesce with an
acid unless heat is applied.

(h.) MARBLE is crystallized limestone. When pure,
it is clear and fine-grained, like loaf-sugar. It is of
great value in the arts* The finest statuary marble
comes from Carrara and the island of Paros, whence
the term, Parian marble, so famous among the Greek
sculptors. The pure whiteness of Parian marble was
thought to be especially pleasing to the gods, hence it
was selected for the work of Praxiteles and other cele-
brated artists. The Venus de Medici, the Oxford mar-
bles, and many noted statues are wrought from this
stone. An excellent building marble is quarried at
Rutland, Vt., in Massachusetts, and in Connecticut.
Marble often contains mica and other impurities, which
give it a clouded and mottled appearance. This de-
tracts from its value, and ruins it for statuary purposes.
Verde Antique is a variety of marble streaked with ser-
pentine.

Marble is sawed into slabs by means of a thin iron
plate, a saw without teeth, driven by machinery. The
friction is produced by sharp sand and water, which are

* What are marbles made for? Over the greater part of the surface of the
earth we find that a rock has been providentially distributed in a manner
particnlarly pointing it out as intended for the service of man. It is exactly
of the consistence which is best adapt.d for sculpture and arckitecture. It is
neither hard nor brittle, nor flaky, nor splintery, but uniform and delicately,
yet not ignobly soft—exactly soft enough to allow the sculptor to work it
without force, and trace on it the finest lines of finished form ; yet it is so hard
ag never to betray the touch or moulder away benecath the steel; and so admi-
rably‘erystallized and of such permanent elements, that no rains dissolve it, no
time changes it, no atmosphere decomposes it; once shaped, it is shaped for-
ever, unless subjected to actual violence or attrition. This rock, then, is pre-
pared by Nature for the sculptor and architect, as paper is by the manufacturer
for the artist ; nay, with greater care and more perfect adaptation. ~-Ruskin.
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constantly applied. The saws penetrate very slowly, not
more than an inch per hour.

ORIGIN OF LIMESTONE.—Limestone forms a promi-
nent constituent of shells, bones, corals, etc. Animals
have the power of secreting the lime from the water in
which they live, or from. the food they eat. When they
die their mineral remains accumulate in great quanti-
ties, and gradually harden into rock. Chalk was formed
by the consolidation of minute shells, smaller than a
grain of sand. As each particle is thus cellular, and
not solid, the chalk has a soft porous structure. The
microscope reveals these tiny shells in the glazing on a
visiting-card. Even when the rock contains no trace
of fossils, it may have been made by the sea breaking
and grinding shells and corals into a fine powder, just as
it grinds rock and pebbles into fine sand. We see this
process now going on in the formation of coral-reefs, as,
for example, off the coast of Florida. From the vast
extent of the limestone rock on the earth, we can form
some estimate of the amount of animal life which has
existed in past ages.

2. Sulphale of Lime, or, as it is generally called,
“ gypsum,” 1s a compound of lime and sulphuric acid.

GypsuM is readily distinguished from limestone by its
inferior hardness. It may be scratched with the finger-
nail, and carved with a knife into any desired shape. It
does not effervesce with the acids.

(a.) UNCRYSTALLINE (GYPSUM is commonly known as
“plaster stone.” When the stone is crushed and ground
it forms a white powder sold as plaster, and used as a
fertilizer.



COMPOSITION OF MTHE ROCKS. i)

(b.) CRYSTALLINE GYPSUM occurs in fibrous masses
with a pearly lustre, known as sw#in spar; in scales,
layers, and crystals, pellucid as glass, selenite ; and as a
snowy-white solid, alabaster.

At Grand Rapids, Mich, a mottled variety is found,
which is turned in a lathe into beautiful vases, goblets,
and other ornamental objects. In the mammoth cave,
Kentucky, are found exquisite forms resembling leaves,
flowers, and vines. When burned, gypsum is known as
“ plaster of Paris.”

(4.) THE SILICATES.

Zhe Silicales are compounds of silica with other
substances, such as alumina, lime, magnesia, potash,
oxide of iron, etc. The following are the most com-
mon ones:

7. Feldspar. This is somewhat softer than quartz,
and, unlike it, has a cleavage in two directions, each
crystal showing a flat surface and pearly lustre. It has
usually a white or flesh-red color. There are three vari-
eties which are silicates of alumina with an additional
substance, viz: orthoclase or potash-feldspar, albite or
soda-feldspar, and [labradorite or lime-feldspar. Albite
(albus, white) may always be distinguished by its marked
whiteness. Labradorite (originally from Y.abrador) ex-
hibits often a beautiful play of colors from internal
reflection, and is susceptible of polish. Clinkstone, so
named because of the metallic ring it emits when struck
with a hammer, is a compact variety of feldspar.

Commox CraAY is formed by the decomposition of feld-
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spar rocks mixed with a large proportion of quartz sand.
Pure feldspar, when decomposed, produces keolin (from
Kaoling, the name of a locality in China, where it is
obtained), a kind of clay used for making porcelain or
China-ware. The red color of bricks is due to the iron
contained in the clay. Pipe-clay is free from iron. The
beautiful pipe-stone used by the Indians was a compacted
red clay from Coteau des Prairies. A bed of similar clay
is now accumulating in Lake Superior. -

2. Mica (micare, to glisten) is commonly called
“isinglass.” It is easily known by its lustre and by its
separating readily into thin elastic plates, which may
again be subdivided until many thousand would be re-
quired to make an inch in thickness. It is often seen in
sand as bright, glittering particles. On account of its
transparency it is used in Siberia for windows. It is
employed on board of ships where the concussion would
be liable to break glass, and for windows in stoves.

3. Hornblende takes the first part of its name
from its being tough like horn, and the second (blenden,
to deceive) from its sometimes resembling iron-ore. It
has generally a black or greenish-black color and a
pearly lustre. Some varieties present long, slender,
needle-shaped crystals of a delicate green tint and a
glassy lustre. _Asbestos (unconsumed) is so fibrous that
it can be spun and woven like cotton. The ancients
made it into napking, which, when soiled, were cleansed
by being thrown into the fire, where they were burned
clean and white in a few minutes. The Greenlanders
use it for lampwicks, and it formerly served a similar
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purpose in keeping the perpetual fire in the temples,
its incombustibility being thought to render it sacred.
It is said that in Siberia
and Spain, gloves, purses,
etc, are made from ami-
anthus (undefiled), a vari-
ety of asbestos having a
beautiful satin lustre. The
finest locality for asbestos
in this country is at the
Quarantine, New York.
PYROXENE, often called Hornblende Crystals in Quartz.
augite (from auge, lustre), g
is a dark-green mineral, very like hornblende, and some
of its massive specimens can hardly be distinguished
from it. Its crystals, however, are stouter and thicker,
and are never needle-shaped, though it has a fibrous
asbestos which can hardly be distinguished from horn-
blende except by analysis. Augite is a characteristic
constituent of igneous rocks.

L. TZale is so soft that it can be cut with a knife,
and even scratched by the finger-nail. It separates
readily into thin pearly layers, which are not elastic
and tough like those of mica. It has usually a light-
green color, and feels greasy when rubbed with the finger.
A compact variety of talc is familiarly known as “French
chalk.”

SoAPSTONE or steatite (sfear, fat) is a massive crys-
talline variety which is susceptible of being worked into
any desired form, and of receiving a high polish. It can
be sawed into slabs or turned in a lathe. It is made into
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inkstands, water-pipes, culinary vessels and fire-stones
for furnaces.

SERPFNTINE contains about equal parts of magnesia
and silica with 12 per cent. of water. It is not granular
and has generally a dark-green hue and a dull, resinous
Iustre. 1t was named from its mottled colors, resembling
the skin of a serpent. Stoves have been made of it, as it
bears heat well. When polished, “ precious serpentine”
has a rich, oil-green tint, and is highly valued for inlaid
work.

CHLORITE is a mineral somewhat resembling talc and
gerpentine. It has, however, a dark, olive-green color, a
granular texture, and is much less unctuous to the touch.
It forms a slaty rock very common in some localities.

&. Garnel is a common mineral in connection with

Fic. 0. mica, hornblende, and gran-
ite. It is found usually in
dark-red crystals of 12 or
24 sides. This dodecahe-
dral form, and its fracture
presenting an entire want
of cleavage, with its glassy
lustre, sufficiently distin-
guish it. The garnet is the
ancient carbuncle. When
clear-colored it is a beanti-
ful gem.

6. Zourmaline is
found in long prisms of 3,

Tourmaline Crystals in Quartz. "
Alexandria Bay, N. Y.. 6, 9, or 12 sides, each of
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which is quite generally furrowed lengthwise. It is of
various colors—black, red, green, and even white. The
black crystals are highly polished, have no cleavage, and
break like resin. They are often found as small as a
knitting-needle, and several inches long, radiating in
every direction through the rock which contains them.

IL. SELASSIFICATION OF THE @0CKS.

In the earth’s crust we find two kinds of rocks, pro-
duced respectively by the action of fire and of water.
The former was poured out from the furnace within
the earth, and the latter spread out by the waters above.
These two agents, fire and water, seem to have worked
jointly in laying the solid foundations. Rocks are di-
vided into three different classes according to their mode
of formation : Sedimentary, igneous, and metamorphic.

(1) SEDIMENTARY ROCKS.

Sedimeniary Rocks are those which have been
deposited by water. They are arranged in strata or
layers, and are hence sometimes called the strafified
rocks. They comprise the following kinds:

7. Sandslone, which is only consolidated sand, and
may be either siliceous or argillaceous (clayey).

2. Conglomeraie, which is only consolidated gravel
—the conglomerate taking the name siliceous, calcare-
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ous, or ferruginous (ferrum, iron), from the character
of the sandy paste which cements together its pebbles.
If the conglomerate is composed of rounded pebbles, it
is often styled a “pudding stone;” if of angular frag-
ments, a “breccia” (brét'-chia). The Potomac marble,
seen in the capitol at Washington, is a very beautiful
calcareous breccia.

3. Shale, or argillaceous rock, which is composed
mainly of clay, and separates easily into thin, fragile,
irregular plates.

4. Limestone, which consists of shells, coral, ete.,
pulverized by the waves or precipitated from water hold-
ing lime in solution.

Scenic Description. — Sandy regions, from
the shifting character of the material, must be some-
times abruptly uneven and irregular, and may, there-
fore, occasionally afford a pleasing diversity ; the tend-
ency, however, is to a flat and monotonous surface.
Shaly, and especially slaty formations, consisting usu-
ally of harder and softer layers, which weather unevenly,
present oftentimes wild ravines and picturesque water-
falls, as in the Watkins Glen, near Seneca Lake, N. Y.
The streams cut deep channels and make abrupt
plunges with unaccountable leaps, while the tops of the
hills form escarpments with sharp edges. When the
clay shale is more uniform, it presents a scenery less
picturesque, but not less beantiful. Gracefully contoured
hills and grass-carpeted meadows in wide-spreading
valleys mark the softer aspects of the rural landscape.
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(2) IGNEOUS ROCKS.

Zygneous Rocks are those which have been thrown
out in a melted state. They are usually not arranged in
layers, and are hence termed the wnstratified rocks.
They are divided into two classes—érap and wvolcanic
rocks.

7. Zrap Rocks are so called from the Swedish
word frappae, stairs, because they frequently occur in
terrace-like bluffs, in the form of massive steps. They
are generally black or of a dark color, often with shades
of green or brown. Their hardness renders them very ser-
viceable in paving and “macadamizing ” roads, for which
purpose they are largely used. Their dull and unattrac-
tive hues, and the difficulty of dressing them into shape,
unfit them for gencral purposes. They are, however,
very appropriate for Gothic edifices on account of the
appearance of age which they give. 'There are four
common varieties of the trap-rock.

(a.) Basarr is also called dolerite (doleros, deceptive),
because of the difficulty in distinguishing its constituent
minerals. These are principally augite and feldspar. It
sometimes contains, scattered through it, crystals of a
bottle-glass green color, called ckfysolite (olivine). When
the rock weathers, these little grains fall out. They may
be distingnished from glass by having a cleavage. They
are used as gems, though they are quite soft and have
little lustre.

(b)) GREENSTONE—known sometimes as “ ironstone ”—
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is also called diorite (dioros, distinct), because its com-
position is so readily determined. It consists of horn-
blende and feldspar. Most of the trap-rocks of the
Eastern States are diorite.

(c.) PorPHYRY (porphura, purple) is so named from
a purple variety which was highly prized in Egypt. It
consisted of a red feldspar
with rose-colored crystals
scattered through it. It
was susceptible of a high
polish, and was very en-
during, hence it was much
sought after by the an-
cients, who wrought it
into sepulchres, baths,
obelisks, ete. Any trap-
rock in which the feld-
spar is disseminated in
distinet crystals is said
to be porphyritie.

() AMYGDALOID
(amygdala, an almond) is
a name applied to trap-
rocks containing cavities
often filled with quartz,
calcite, etc., so that a
weathered surface of the
rock appears like a cake
stuck full of almonds.
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Lava (Scoria), in part turned into an
Amygdaloid.

Scenic Description.—The most striking char-
acteristic of the trap-rocks is their columnar struc-
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ture.* They are crystallized into prisms more or less
regular, with from three to eight sides, a diameter of
from one inch to many feet, and a height often of sev-
eral hundred feet. These pillars are frequently jointed,
and the sections are concave at the top and convex at the
bottom. The columns often stand perpendicularly, and
when broken and disintegrated by the action of the
weather or of the sea, present picturesque appearances
as of old castles and of ruined fortifications. Some
of the most remarkable scenery in the world is of this
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* We suppose that the columnar structure of trap-rocks has resulted from a
sort of crystallization while cooling under pressure from a melted state, for two
reasons: 1, similar columns are found in recent lavas; and, 2, from experiment.
Mr. Watt melted 700 Ibs. of basalt, and caused it to cool slowly, when globular
masges were formed, which enlarged and pressed against one another until reg-
ular columns were the result.

This can be illustrated by putting balls of putty into a vessel, and gently pressing
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Causeway * in the north of Ireland, are familiar exam-
ples. On the north shore of Lake Superior, among the
Palisades on the Hudson, upon Mts. Tom and Iolyoke,
Mass., along the banks of the Columbia River, and the
Penobscot in Maine, are presented many similar scenes.
Trap-rocks, when weathered, acquire a dull, dark brown
appearance, and are often colored with patches of white
lichens. There are cases of the existence of basalt in
well-defined flows, which still adhere to craters visible at
the present day, and in regard to the igneous origin of
which there can be no doubt. One of the most striking
examples of a basaltic crater is that of La Coupé in the
south of France. Upon the flank of this mountain, the
traces left by the current of liquefied basalt are still seen
occupying the bottom of a narrow valley, except at those
places where the river Volant has cut away portions of
the lava. Trappean regions abound in perpendicular
walls, sharp ascents, and abrupt precipices. The erup-
tive masses often rise from amid ievel plains, while hard
dikes alternate with rich strata which decompose into

upon them, when they will be geen to arrange themselves in five and six-slded
columns, precisely similar to the five and six-sided columns of Staffa or the
Giant’s Causeway.—Page.

* Hogg, the * Ettrick Shepherd,” thus graphically refers to these grandeurs

of Nature:
¢ Awed to deep silence, they tread the strand

‘Where furnaced pillars in order stand ;

All framed of the liquid burning levin,

And bent like the bow that spane the heaven ;
Or upright ranged, in wondrous array

With purple of green o’er the darksome gray.
The solemn rows in that ocean den

‘Were dimly seen like the forms of men ;

Like giant monke in ages agone.

‘Whom the god of the ocean had seared to stone ;
And their path was on wondrous pavement old
In blocks all cast in some giant mould,”
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fertile soils. The soft plain ascends often at one stride
into a hill fantasticaily rugged ; and bare, fractured
precipices overtop level fields and terraced slopes rich in
verdure.*

2. Volcanic Rocks are of two common varieties.

(a.) TRACHYTE (frachus, rough) is so named because
of its rough, gritty feel. It is porous, has a white, gray,
or black color, and is usually porphyritic. It is abundant
in South America—the colossal Chimborazo being a lofty
trachytic cone—in the extinet volcanic regions of the
west, on the banks of the Rhine, and in France.

(b.) Lava is a term applied to all melted matter
observed to flow in streams from volcanoes. It consists
almost entirely of augite (pyroxene) and feldspar.t The
former constitutes dark colored, and the latter light col-
ored lava. When cooled, the upper part of the stream
is light and porous as a sponge, from the expansion of

* Hugh Miller has mentioned the curious fact that all, or nearly all, the noted
Scottish fortresses are built upon trappean rocks. Thus the early geologic
history of a country seems typical of its subsequent civil history. A stormy
morning, during which its strata have been tilted into abrupt angles and yawn-
ing chasms, is generally succeeded by a stormy day of fierce wars, protracted
sieges, and all the turmoil of human passion. Amid the centers of disturbance,
the natural strongholds of the earth, the true battles of the race have been
fought. Greece, the Holy Land, the Swiss Cantons, Scotland, New England,
all have been grand theatres alike of geologic and of patriotic strife.

+ Other simple minerals occur in lava. At least 100 species have been de
tected in that of Vesuvius, but they bear so small a proport.on to the whole
mass as to render it incompatible with the design of this work to devote space
to them here. There are alio thrown out from volcanoes *fragments of gran-
ite and other rocks gcarcely altered; cinders and ashes of various degrees of
fineness, which are sometimes converted into mud by the water that accom-
panies them ; also sulphur in a pure state; various salts and acids ; and several
gases, among which are the hydrochloric, sulphurous, and sulphuric acids;
alum, gypsum, sulphates of iron and magnesia, chlorides of sodium and potas-
sium, of iron, copper, and cobalt; chlorine, nitrogen, sulphuretted hydrogen.™
ete.— Hitchcock,

-
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the steam bubbles, and will swim in water, while the lower
portions are hard and compact like the ancient basalt.
The porous lava is called scoria. Pumice is a feldspathic
scoria with long, slender air-cavities, drawn out by the
forward movement of the lava stream ; large quantities
of it are often found floating in the ocean. It is much
used in polishing marble. Obsidian is a glassy-like lava.

Scenic Description.—Regions of frequent vol-
canic action contain cones and craters surrounded by

beds of lava and scoria. These features are well exhibited
in the accompanying view of a scene near Mono Lake,
Sierra Nevada region.

Fic. 15.

Volcanic Cones, near Mono Lake.

(3) METAMORPHIC ROCKS.

Melamorphic Rocks are those which have been
altered by heat, moisture, and pressure. Lava penetrating
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sedimentary rocks would materially modify their char-
acter ; the clay would be changed to slate, the limestone
converted into marble, earthy sandstone and clay rocks
into granite-like rocks, and the impurities crystallized
into various minerals.* The stratification would be de-
stroyed, and the fossils in part, if not entirely, obliter-
ated. Sometimes, however, the original fossils may be
still distinguished. There is a kind of marble found at
Kilkenny which contains shells of the ammonite. They
look exactly like the prints of a careless heel, and many a
housekeeper has wearied herself in vainly trying to scour
out these fossil remains. The famous Carrara marble is a
metamorphic limestone. On examination with a lens it
reveals spangles of graphite, and frequently nodules of
ironstone lined with perfectly limpid crystals of quartz.
These accidental defects, resulting from impurities in the
limestone, are very annoying to the sculptor, since noth-
ing in the exterior of a block betrays their existence.

7. Granite (from granum, a grain, because of its
granular structure) consists of feldspar, mica, and quartz.
The feldspar shows a smooth surface of clea?age\ih two
directions, and is usually of a white or flesh color; the
mica may be readily recognized by its glistening look,

* In Whitney’s Geological Survey of California, constant illustrations are
given of the effects of metamorphism. Places were found where the line of
separation between the sedimentary and metamorphic rocks is sharply drawn.
Near the junction of the two kinds, the latter seem to have retained their origi-
nal stratification. Patches of sedimentary rocks which entirely escaped the
igneous action are inclosed In the metamorphic rocks. Here is a layer of
quartz, which beyond is converted into jasper; a clayey sandstone into ser.
pentine, or into mica slate with disseminated garnets. The metamorphic and
sedimentary rocks give each a distinctive character to the landscape, The
former furnish hille of sharper outline, richer soil, and more abundant vegeta:
tion, 8o as to be readily recognized even at a distance,
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and by being easily scparated into thin layers; the
quartz has a glassy lustre and no cleavage. Graphic
granite is a variety in which the quartz is imperfectly
crystallized into long, slender crystals. When the rock
is broken crosswise, the

ends of these crystals pre- Fic. 16.

sent forms somewhat re-
sembling Hebrew charac-
ters. Sometimes granite
has a very coarse struc-
ture, the crystals being a
foot or more in diameter ;
at other times it is so fine |
that one can with diffi- Graphic Granite, Berkshire, Mass,
culty distinguish the con-

stituent minerals. When sound, it is an excellent build-
ing stone, but does not merit the character of extreme
hardness which is proverbially ascribed to it. Its granu-
lar texture unfits it for road-making, since it is crushed
into dust so readily by tramping feet. In the Crimean
war it was shown that granite ramparts were as easily de-
molished as those of limestone. Granite seems to be the
lowest rock in the earth’s formation, and yet, strangely
enough, it is found on Mt. Blanc—the highest in Europe,
and crowns many of the Rocky Mountains.

Granite is quarried in great quantities in the East-
ern States for building purposes. New Hampshire and
Massachusetts are noted for their extensive beds. They
may be called the Granite States of the Union. The
granite is detached in blocks by drilling a series of
holes, one every few inches, to a depth of three inches,
“and then driving in wedges of iron between steel cheeks.
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In this manner, masses of any size are split out. There
is a choice of direction, as the granite has certain direc-
tions of- easiest fracture. Masses 120 feet in length have
been obtained at some of the quarries. Granite was
highly prized by the ancients. There are granite obel-
isks in Egypt which have stood for 3,000 years. Pom-
pey’s Pillar and several of the principal Pyramids are
composed of this material.

ForMATION OF GRANITE.—Qranite is often styled the
‘primitive rock, since it seems to be the one which consti-
tutes the basement of the earth’s crust. Though it may
now lie at the foundation, it may still be a metamorphic
rock, and not the first product of the slowly cooling
globe. It is more likely that most of the granite rocks
have resulted from the wearing down of the primeval
crust of true igneous rocks. These were carried into
the sea and deposited as stratified rock. Buried after-
ward beneath vast accumulations of other rocks, by the
internal heat and the influx of hot water charged with
various chemical agents,* they were ecrystallized, and
their fossils and stratification obliterated. Again, they
may have been worn by the sea, deposited, and afterward

* In the account given of the Pluton Geysers, California, we seem to have an
insight into the laboratory of the world, and can learn something of the chemi-
cal changes which have been going on in past ages. These geysers are hot
springs, which throw out intermittingly and spasmodically powerfal jets of
steam and scalding water, their temperature varying from 93° to 169° F. The
water contains sulphuric acid, sulphuretted hydrogen, and probably other active
solvents. The rocks are rapidly dissolving under this powerful metamorphic
action. Porphyry and jasper are transformed into a kind of potter’s clay. Trap
and magnesian rocks are consumed, much like wood in a slow fire, forming sul-
phate of magnesia and other products. Granite is rendered so soft that one can
crush it between his fingers as easily as unbaked bread. The feldspar is con-
verted partly into alum. The boulders and angular fragments brought down the
ravine by floods are being converted into a firm conglomerate, so that it is diffi-
cult to dislodge even a small pebble, the pebble itself sometimes breaking before
the cement will yield.—Skepherd, Am. Journ, ¢f Science,
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metamorphosed. How many times this cycle of change
has taken place, we have no way of judging. The entire
crust of the esrth has doubtless undergone metamorphic
action, to some extent at least, and is unlike what it was
when created. What made up that primeval crust we do
not know, and hence cannot tell whether any of the
ancient formation survives. It is generally believed that
granite could not be produced directly by the cooling of
the melted lava that then composed the globe. There
are, however, places where it has been found at a great
depth, and, by some powerful convulsion, has been ejected
to the surface in a melted state, like a true igneous rock.
It may even now be in the process of formation in the
lower portions of the earth’s crust. It is certain that as
the crust wears away above, new rocks must be cooling
underneath, since the point of fusion is constantly pass-
ing downward. Granite has, however, been formed in all
ages of the world, and cannot be thought a primitive
rock merely, although specially characteristic of the
earlier periods. We shall, therefore, consider it, in gen-
eral, as a metamorphic rock crystallized by the combined
action of heat, water, and other chemical agents, from sedi-
mentary or more ancient rocks.

Scenic Description. — The ancient granite,
having been exposed for so long a time to the wear of
the elements, rarely imparts boldness or grandeur to the
landscape, unless more recent convulsions have broken it
up and rendered it picturesque. When containing little
feldspar, and being therefore more durable, it forms lofty
pyramidal peaks of sharp outline that rise in enormous
spires, as in the vicinity of Mt. Blanc. There seems to
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be often a tendency to rounded concentric outlines,*
which render the view sombre and uninteresting. The

FiG. 17.

North Dome—Yosemite Valley.

peculiar dome-like appearance of granite mountains is
beautifully illustrated in the magnificent scenery of the

* Humboldt says: ** All formations are common to every quarter of the globe,
and assume the like forms. Everywhere basalt rises in twin mountains and
truncated cones ; everywhere trap porphyry presents itself to the eye under the
form of grotesquely shaped masses of rock while granite terminates in gently
rounded summits.” As the pupil will observe, however, this latter is but one
of the aspects which granite presentsa.
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. - Yosemite. Its colossal peaks are of solid granite, the
“aopo North Dome being 3568 feet in height. Granite form
9060 g eig anite 8,
in general, lofty hills and elevated table-lands, which are
rendered still more bleak and forbidding by the snow-
clad peaks of the more elevated mountains. The soil is
generally scanty and barren. The clay from the decom-
pesed granite is the finest and best that can be found ;
the sand, often of the purest white, always lustrous and
bright. As a result, the landscape wears a peculiar
aspect of purity.* It cannot become muddy, foul, or
unwholesome. The streams may indeed be opaque and
white as cream with the churned substance of the weath-
ered granite; but the water is good and pure, and the
shores not slimy nor treacherous, but pebbly or of firm
and sparkling sand. The quiet springs and lakes are of
exquisite clearness, and the sea, which washes a granite
coast, is as unsullied as a flawless emerald.

2. Gneiss (nice) differs from granite only in being
\stratiﬁed. Indeed, the two kinds of rock pass into each
other so insensibly that they are often difficult to dis-

* Tt is remarkable how this intense purity in the country seems 1o influence
the character of the inhabitants. It is almost impossible to make a cottage built
in a granite country look absolutely miserable. Rough it may be, neglected,
cold, full of aspect of hardship, but it never can look foul; no matter how care-
lessly, how indolently its inhabitants may live, the water at their doors will not
stagnate, the soil at their feet will not allow itself to be trodden into slime ; they
cannot so much as dirty their faces or hands if they try. Do the worst they can,
there will still be a feeling of firm ground under them and pure air about them,
and an inherent wholesomeness which it will need the misery of years to con-
quer. The inhabitants of granite countries have. too, a force and healthinegs of
character about them, abated or modified according to their other circumstances
of life, that clearly distingnish them from the inhabitants of less pure dis-
tricts.—~Ruskin.
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tinguish.* Tts origin, therefore, is doubtless the same as
that of granite, both being made from stratified rocks;
when the stratification entirely disappeared, granite being
the result; and when only partially or not at all, gneiss.
Because of the ease with which it divides into thin la.yers,
this rock is much used for flagging.

Scenic Description.—In our own country we
find much of the grand scenery of the White Moun-
tains, Blue Ridge, and Rocky Mountains, among rocks
of this formation. Hugh Miller, humorously speaking
of the gneiss hills of Scotland, says: A gneiss hill is
usually massive, rounded, broad of base, and withal
somewhat squat, as if it were a mountain well begun,
but interdicted somehow in the building, rather than a
finished mountain. It seems almost always to lack the
upper stories and the pinnacles. It is, if I may so ex-
press myself, a hill of one heave; whereas all our more
imposing Scottish hills—such as Ben Nevis and Ben
Lomond—are hills of at least two heaves; and hence in
journeying through a gneiss district, there is a frequent
fecling on the part of the traveler that the scemery is
incomplete, but that a few hills, judiciously set down
upon the tops of the other hills, would give it the

* Donbtless some gneiss hag been formed by the action of water, and is per-
haps a sedimentary rock. Thus granite being worn away by the waves, the
granite débris would be deposited in regular strata at the bottom of the sea,
constituting gneiss, Most of it is, however, the product of an incomplete meta-
morphic action, which, if made complete, would have produced true granite by
destruction of all fossils and stratification. Thus Daweon, in his Acadian
Geology, says that in Nova Scotia, near the Nictaux river, there are beds of
slate in which the granite has been intruded, and the slates near the junction
have been altered into gneiss containing garnets, Here is a case of clear meta-
morphism of shale into gneiss.
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proper finish. No hill, however, accorr;plishes more with
a single heave than a gneiss one.

3. Mica Schist is a gneiss rock, consisting mostly
of mica. The dust in the roads of places abounding in
this rock is full of the fine glistening particles of mica.

Scenic Description.—The scenery of regions
where mica schist predominates is bold, rugged, and
unfertile. Thrown into lofty mountains by the pro-
truding granite, and often tilted in nearly vertical posi-
tions, they present that rugged and abrupt aspect so
characteristic of the Scottish highlands and some of
the mountain ranges of our own country. = Loch Kat-
rine and many other places, classic for their picturesque
beauty, owe their origin to the peculiarities of this for-
mation. Hugh Miller says: “Their gray locks of silky
lustre are curved, wrinkled, contorted, so as to remind
us of pieces of ill-laid-by satin, that bear on their crushed
surfaces the creases and crumplings of a thousand care-
less foldings.”

4. Syenile is a granite in which the mica is re-
placed by hornblende. It is so called from the city
of Syene, Upper Egypt, where the ancient Egyptians
quarried it for monumental purposes. The granite found
near Aberdeen, Scotland, and extensively imported into
this country, is of this class. It possesses great strength,
a half-inch cube requiring to crush it, a pressure of
24,556 pounds. The celebrated Quincy granite is also a
syenite. Many public edifices are built of this stone;
for example, the Bunker Hill monument, the custom-
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houses at Boston and New Orleans, and the Astor House
in New York.

5. Quarizite is a rock composed of quartz sand
cemented by heat. In a quartz district, because of the
slow weathering, the hills present a scemery of savage
wildness, but wonderful grandeur.

6. JMMarble is metamorphosed limestone. The dif-
ferent varieties have already been described on page 51.
Limestone is one of the rocks in which the metamor-
phic action can most easily be traced. When not thus
modified we find it as common limestone, chalk, etc.
By heat its character is entirely changed; it takes on
a crystalline structure, its color is varied, the fossils are
generally destroyed, and the various impurities form new
minerals which often fill the veins of the marble with
beautiful colored figures, as seen in the variegated mar-
bles of California.

There are also other varieties of metamorphic rocks,
viz., talcose schist, a slate which contains much tale, chlo-
rite schist, one which contains chlorite (an olive-green
mineral very like talc), and slafe rock, which passes almost
insensibly into an argillaceous or clayey shale.

IIL. rEA’QS:TRUCTURE OF THE %OCKS.

The rocks of the earth’s crust are divided according
to their structure into two classes, the sératified and the
unstratified rocks. The former are arranged in layers,
the latter are not. The former were generally produced
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by aqueous, the latter by igneous agencies. The former
mark the periods of rest in the world’s history, the lat-
ter chronicle its convulsions. Upon the exterior of the
crust the stratified rocks are largely in excess, occupy-
ing probably 1§ of the surface; upon the interior, how-
ever, the unstratified comprise the whole mass, and ex-
tend to a depth of perhaps 50 miles. Historical geology
deals almost entirely with the stratified rocks, and nearly
all of its principles are based upon facts which they dis-
close.

(1) STRATIFIED ROCKS.

As soon as dry land was formed, it began to be worn
away by the ceascless action of the rain and the restless
sea, depositing the débris at the bottom of the ocean.*
Thus, while the earth’s crust has been growing from
below by the formation of unstratified, it has been grow-
ing above by the formation of stratified rocks. These
materials are arranged in comparatively flat layers as in
Fig. 18. 1In this way the earth would be covered over
by successive deposits like the coats of an onion.

Fic. 18,

7. Dislocalions of Sirale.—Had these wrap-

* Tt is probable also that submarine volcanoes poured their liquid streams
into the primeval ocean. These materials were worked over and deposited as
stratified rocks. The earliest strata, says Agassiz, are pierced with numerous
funnels, which were outlets for the fierce floods beneath.
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pings remained undisturbed, we could have made little
progress in deciphering their history, since we have not
pierced the crust much more than half a mile in perpen-
dicular line. But by igneous action, the rocks which
would have lain as in Fig. 18 have been upheaved, and
present a form similar to that shown in Fig. 19, where

Fic 1q.

we can examine, on the top, the edges of various sedi-
mentary strata, and also the igneous rocks which were
hidden below. Oftentimes the geologist, in tracing the
course of a river, will find successive strata tilted up on
edge, presenting the appearance represented in Fig. 20.

F1c. 20.

2

Here, had the rocks remained in their original position,
the river in its descent might not have disclosed more
than two or three layers; now, by the outcropping, as it
is termed, many successive strata can be examined often~
times within a few miles.
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R. Definitions.—A stratum includes one or more
layers, or lamin®, of any particular kind of rock. A for-
mation is composed of several strata which were deposited
in the same period. A group is a part of a formation,
including such strata as are in any way related to one
another. The laming, or layers, of a group bear the same

relation to one another that the groups of a formation do.
In Fig. 21 the strata at A are said to be Zorizontal,

Fi1G. 21.

those at B dnclined (and the angle which they form
with the horizon is called the dip), those at E to be
tilted up, at C to be verlical, and at D to be conitorted.
In Fig. 22, strata dipping in opposite directions, a, are

Fic. 22.

W/

a $
called anticlinal; when dipping toward each other, s,
synclinal ; e is an escarpment or a bluff; strata, as ¢,
coming to the surface, are called an oufcrop ; strata
arranged regularly above one another, as at o, are said
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to be conformable; those not, as at =z, are styled wn-
conformable.

2. Diverse Sitralificalion.—Sedimentary rocks
were not always originally deposited in horizontal layers.

£ //
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Diverse Stratification,

Along the sea-shore we can see the deposits being made
on its sloping bottom. The ebb and flow of the tide, the
sand blown by the wind, and the action of the waves,
which often undermine one part and elevate another,
may cause a rock to present the diverse stratification
seen in Fig. 23.

4. Zaminalion.—It is necessary to distinguish be-
tween stratification and lamination. Separate lamine,
as well as strata, indicate a pause in the process of depo-
sition, whereby the sediment had time partially to harden.
The former denote a shorter time, so that the laminee,
in general, do not easily scparate from each other. In
some stones it requires as much force to split them
along the planes of lamination as “across the grain.”
The different kinds of lamination are instructive, since
they indicate the circumstances under which the rock
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was formed. Quiet deposition always produced parallel,
glowly rippling waves, curved, and pressure, conforied
lamination.

8. Lawlis—Vertical cracks or seams frequently trav-
erse the rocks, and the strata on one side slipping away
from those on the other, the layers on the two sides do
not correspond. During the unequal movements which
have produced the dislocation, the edges have often
ground together so as to become polished and grooved.
Fig. 24 represents a series of faults, offsefs, as they are
called, in the iron mine at Mt. Pleasant, N. J.

ST |H ff ll‘ H
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Faults (offsets) in Mt, Pleasant Iron Mine, Rockaway, N. J.

6. Joiniled Structure.—When these vertical cracks
are parallel to one another, and, in addition, a second
system crosses the first at right angles, the rocks are
divided into regular blocks, forming a joinfed structure.
On Cayuga Lake the rocky bluffs resemble fortifications
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with towers and bastions. Joints in the rocks are almost
invaluable to the quarrymen. It would be a most diffi-
cult task indeed to quarry a rock destitute of stratifica-

F1c. 2s.

Jointed Structure, Cayuga Lake.

tion and joints. These seams have doubtless been pro-
duced partly by shrinkage as the earth has cooled, and
partly also by long-continued lateral pressure consequent
upon movements of the earth’s crust. The fact that the
joints of any region are —arallel to one another indicates
a common origin.

7. Folds.—Strata are often so folded upon one an-
other that it is difficult to decide upon their relative age.
Huge mountains consist of rocks twisted and contorted
as if they had been “crumpled up” by some mighty
hand. Fig. 26 represents a section of slate 1000 feet
long and 300 feet high, taken in the coast ranges of
California. After these were deposited as sediment, they
were crushed together and bent over by steady lateral
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pressure.* “How prodigious the force which could fold
the rocky strata of a mountain as one would the leaves

Flexures in Slate, Coast Range, California.

of a book.” After rocks have been folded in this man-
ner, the top has often been removed by denudation,t
i. e., the action of water, leaving parallel strata standing
on edge, the older or lower being above the newer.
Thus, in Fig. 27, if the
fold were swept off down
to the line D E, there
would be no appearance
of anything more than a
mere tilting up of the
strata; yet the layer A
would lie above C, when it was really deposited be-
low it.

A Decapitated Fold.

* Lyell illustrates the effects which pressure would produce on flexible strata
by laying several pieces of cloth upon one another in a pile, and then placing &
book on top; apply other books at each end and force them toward each other,
The folding of the cloth will exactly imitate the folding seen in the rock strata.

+ Near Cbambersburg, Pa., there is a fault 20 miles in length, and the depth of
the dielocation is 20,000 feet, and yet a man can stand with one foot on one gide
of this fracture and the other foot on the other side. What has become, then, of
this immense mags of material 20,000 feet in height. It must have been swept
into the Atlantic by the denuding flood. If this had not been done, a bold
precipice would have stood there nearly four miles in height and twenty
miles in length. Long ages must have been required for water to effect such a
denudation, —Lesley.
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8. Concretions are rounded nodules formed by the
tendency of matter to collect about a center. They are
usually flattened, though they are sometimes quite spher-
ical. At the center there is most commonly some foreign
object, a fossil, shell, twig, or the like, which was the
nucleus of the crystallization. In some iron mines are
found balls of ore, which, from their peculiar form,
are termed “kidney shaped.” Calcareous concretions,
washed up by the waves, abound along the shores of
Lake Erie. They have been found as large as six feet
in diameter. They sometimes have the shape of large
sca-turtles, and the cracks formed by shrinkage often re-
sembling the plates of the shell, they are considered by
the neighboring people as petrified relics of that animal.
On the coast of Durham, England, the magnesian lime-
stone forms bold cliffs, which look as if made up of irreg-
ularly piled cannon balls. When the internal ecracks
formed in drying have become filled with spar, the con-
cretions are termed sepfaria (septum, a division), and,

Fic. 28.

Claystone, Springfield, Mass.

when cut and polished, present an ornamental appear-
ance. They are so abundant as to be used in making the
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famous Roman cement. In beds of clay containing con-
siderable carbonate of lime are found peculiar concretions
called claystones. They are popularly supposed to be
worn by the water. They often assume most fantastic
shapes, resembling familiar objects, such as a hat, bird,
ring, etc. A variety of limestone composed of minute
concretions, often as small as a grain of sand, is termed
odlitic (see Fig. 7). Along the limestone bluffs of the Mis-
sissippi beautiful “geodes” are found. Externally they
are merely rough stones, but a blow of the hammer re-
veals the interior lined with delicate quartz crystals.*
Fig. 29 represents iron nodules, found in coal mines,

Fics. 29-32

Ironstone Nodules, showing Varieties of Central Nuclei,

with their central nuclei—No. 1, a fragment of a plant;
2, a fish-tooth ; 3, a coprolite (fossil excrement); and 4,
a septarium, with curious partitions of white carbonate of
lime, giving the section the appearance of a beetle; from
which ecircumstance such nodules are known in some
places as beetle stones.

* ¢ Water is sometimes found in the geodes, holding the silex in solution,
and making with it a milky looking mixture. As the water evaporates, the
silex has been known suddenly to form into delicate crystals. Such geodes
were at one time abundantly found on Briar Creek, in Scriven or Burke County,
Ga., in a rock composed of hornstone and jasper; the milky fluid contained in
them was used by the inhabitants as a paint or whitewash.”—A4m. Journal ¢f
Sciencs.
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9. Slate Siructure.— This term is commonly ap-
plied to any rock which splits into thin layers. The true

F1c. 33.
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7R

slate, however, splits in layers transverse, often at right
angles to the strata. Such rocks have been changed from
clay shales by metamorphic action, in which process they
have been hardened and partially crystallized, while at
the same time they have been submitted to long-con-
tinued lateral pressure. Prof. Tyndall has shown that
even soft clay will in this manner divide into thin
laminze. '

(2.) UNSTRATIFIED ROCKS.

The unstratified rocks are found as shapeless masses
underlying, overlying, and sometimes penetrating the
stratified rocks.

7. Dejinitions.—In Fig. 34, C is an underlying
mass of granite, ¢ is a stratum forced between two

strata of sedimentary rocks, ¢ is an overlying mass, and

-
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A simply a mass thrown up from below, and disrupt-
ing the regular stratified rocks aboveit. In Fig. 35,

Fic. 3s.

at ¢is a fault in the rocks, and the joint at that point
filled with igneous rock is called a dike. At a is a series
of veins traversing a stratified and an unstratified rock.

2. Veins are fissures in the rock strata, filled with
crystallized mineral matter, such as fluor spar, quartz,
etc. They are of all sizes, from an inch to many feet
in thickness. We often find rocks and even pebbles
crowded with veins sometimes not thicker than a sheet
of paper (see Fig. 39).

3. Dikes are wide fissures filled with igneous rocks
or recent lava. They are generally larger than veins,
have their sides more necarly parallel, ramify less com-
monly in branching veins, and contain but a single kind -
of rock. In Fig. 36 is a representation of modern dikes
near Mt. Etna. The term dike means a wall. It is de-
rived from the fact that the trap is generally harder than
the adjacent rock, and hence disintegrates more slowly
when exposed to the elements. The dike thus projects
above the surface like a wall, often traversing the coun-
try for many miles. Hugh Miller, in speaking of the
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Fi1c. 36.

Modern Dikes near Mt. Etna.

scenery about Edinburgh, compares the denuding influ.
cnces to the work of the sculptor; as he brings out his
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Trap Dike, Lake Superior.
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figures in relief by cutting away about them, so Time
scoops away the sand rock and shale, and leaves the bold,
rugged features of the trap ridges.

When veins cross each other, it is easy to decide
upon their relative
age, the one which
is separated being
necessarily the older.
Thus in Fig. 38
there is a trap-dike
protruding through
24 a bed of gneiss, and

o crossing that is a

“ AR e o, o

Prof. Hitcheock de-

seribes a block of greenstone which exhibits eleven series
of veins.

4. Origin of Veins and Dikes.—When the
rocks cooled from a melted, or dried from a moist state,
they naturally shrank so as to form cracks or seamg
of varying size. In different ways Nature collected
material to fasten the rocks together again. Some clefts
were filled by melted rocks injected from below, and then
cooled. This is known, because the adjacent rocks are
metamorphosed by contact with the burning mass, and
wear a different look from the rest, while the mass itself,
by its crystallization, shows that it cooled sooner on the
outside against the walls than at the center. Dikes pass-
ing through beds of chalk in the county of Antrim, in
the north of Ireland, have changed the chalk to mar-
ble. Some seams were filled by chemical processes with
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matter which crystallized out from the adjacent rocks,
as, for example, a plaster rock dark and muddy is often
found crossed with layers and filaments of white; trans-
parent selenite erystals, which have doubtless been formed
from the parent stone. - The larger number, however, of
these rents were mended with rock material from highly-
heated water charged with mineral matter.* This water
filtering through the finest seams of the rock would fill
them with a crystalline paste. We often see this process

Vein-form Pebble from Drift, Elmira.

* Large rocks are sometimes as full of veins as your hand is, and of veins
nearly as fine (only a rock-vein does not mean a tube but a crack). These clefts
are mended usually with the strongest material the rock can find, and often
literally with threads; for the gradnally opening rent seems to draw the sub-
stance it is filled with into fibers which cross from one side to the other, so
that when the crystals become distinct, the fissure has often the look of a rent
brought together with strong cross stitches. When all has been fastened, a new
change of temperature may occur, and the rock contract again. The old vein
must open and a new one be formed. If the old one be well filled the cross
stitches will be too strong to break, so that it can only give away at the sides
and thus this space being filled afterward, a supplementary vein is added. In
this marner three or four parallel veins have been made.—Ruskin.
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F1aG. 40.

beautifully illustrated
in an opaque uncrys-
talline rock, and in
pebbles threaded with
fine crystalline veins
of a different variety.
(Fig. 39.) Veins are
often rich in metallic
ores. Sometimes the
metal in such cases
has been sublimed by
heat below, and car-
ried up either with
steam or melted mat-
ter, and deposited in
the rock fissures
above. In the figure
is shown a valuable
vein of lead-ore for-
merly worked at Ros-
sie, N. Y. This is
the simplest form of
a metallic vein (lode),
ag it is a mere vertical
sheet. Like most me-
tallic veins, it is doubt-
less an aqueous de-
posit, the material
being derived from the
surrounding rocks.
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¢ The crus? of our earik is a greal cemelery, where lhe rocks
are lombsiones on which ihe buried dead have writlen iheir
own epilaphs.’’—AeAss1z,
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THE history of the formation of the earth’s crust is
not yet fully written. In its investigation many diffi-
culties are met. Strata were not made over the whole
earth at the same time, so that the coatings of rock are
not uniform. Again, some are found in one section
which are wanting in others, and the same strata even
are composed frequently of diverse material in different
parts of the earth. Thus, the chalk formation of Eng-
land is represented by sandstone, marl and limestone in
this country, though all belong to the same era. Itis
therefore a difficult task to put together these scat-
tered fragments. “The world is to the geologist a
great puzzle box.” He is to trace the resemblances
and learn how to combine all the widely strewn parts of
the world’s history, and to arrange them in order and
symmetry. Experience alone can teach him accurately
to read the rocky leaves of the book of nature. In
this work the fossils are his chief reliance. They have
been well termed the “Medals of Creation,” since by
their means the geologist identifies different strata, and
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judges of the successive creations of animals and plants
through the ages of the past. As the seals, medals, coins,
etc,, found in a ruined city concerning which history is
silent, declare its nationality, o the organic remains of a
stratum determine its geologic period and characteristics.
Each epoch recorded in its rocks and fossils the history
of the life which it supported, and the changes through
which it passed.* Each formation possesses its peculiar
fossils. This similarity obtains in a great degree over the
entire world. Thus, the identification of fossils is the
identification of formations. We can therefore under-
stand with what eagerness these are gathered and pre
served. Fragments which the ignorant would spurn
from his feet are invested with as high an interest as the
obelisks of Egypt or the sculptures of Nineveh. The
antiquarian pores over those with intensest enthusiasm,
seeking to read the history of a few thousand years. The
geologist bends with equal delight over the forms and
impressions of the rocks, secking to gather information
with regard to a past, compared to the duration of which
the chronology of man is but as the moments of yester-
day. The print of a leaf, a petrified shell, a tooth, the
fragment of a bone, a fish-scale even, may serve to un-
riddle the most puzzling problem. Rough and mutilated

* ¢ Nature has all ber facts stereotyped. She writes her events often upon the
most fragile plants and flowers, on the very winds and waters—all the most
evanescent and changing forms, as well as the most permanent. Her record is
as enduring as the phases of the object upon which she writes, and sometimes,
as if fearing both would be lost, she petrifies the whole, and leaves it thus to
endure for the ages. She has often preserved in stone the history of her frailest
leaves, her most ephemeral and minutest insects and infusoria, the record of her
ebbing and flowing tides, of the piles of dust blown together by her winds, the
footprints of her smallest birds, and of her rain-drops falling upon the sand,”~—
Blackwel.
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though the fragments may be, to the educated eye they
embody a tale as legible as any sculpture or hieroglyph-
ics, and far more comprehensive. That tiny stem, a
mere discoloration on the rock, once floated as sea-weed
in the waters; that reed once luxuriated in a primeval
marsh; that delicate rock impression was a fern that
once waved in the sunshine; and that simple leaf, now
only a film of coal-like matter, sparkled with the dew of
heaven as certainly as the tender herb is cherished by the
dew to-day, or existing verdure grows to beauty in the
sunlight. Every trace, then, becomes a letter, every
fragment a word, every perfect fossil a chapter in the
world’s history. Each tells of races that lived, multi-
plied and died, of lands that were tenanted, and waters
thronged with life,—so oft repeated, again and again, that
the mind, at first excited by the marvels, at last grows
weary and loses itself in the contemplation of the works
of the Infinite Creator.

There are no sharply-drawn lines between the different
ages. They fade into each other as insensibly as the
mountain blends with the plain. Yet each has a promi-
nent idea, and chronicles a grand transition in the world’s
history.* Lesser changes are denoted by Periods, Epochs,
and Groups. Some, at least, of the revolutions marking
the separate ages were nearly if not quite universal.
Those denoting the other divisions were more local in
their character. The periods and epochs are therefore

* The land now lay low in the water, and anon was lifted into arid, moun-
tainous regions, Consequent upon each change was a new set of climatic influ-
ences, winds, ocean currentg, rains, etc., each necessarily producing its imprese
on the vegetable and animal life of the period. Thus there were pauses, as it
were, in the deposition of sediment, each pause making a break in the strata.
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not the same in Europe and America. They vary much
in the formations which are represented even on the
Atlantic slope and in the Mississippi valley.

Geological Diyisions.—The history of the earth’s
crust is divided into four great eras or times, known
as the Eozoic (dawn of life), the PaLEOzoIC (ancient
life), the MzEsozorc (middle life), and the CExozorc
(vecent life). These names indicate the successive stages
in the development of life on the globe.

I. EOZOIC TIME.

AGE OF PROTOZOANS.

1. PALEOZOIC TIME.

1. SILURIAN AGE (Age of Mollusks).
2. DEVONIAN AGE (Age of Fishes).
3. CARBONIFEROUS AGE (Age of Coal-Plants).

ITI. MESOZOIC TIME.,

AGE OF REPTILES.

IV. CENOZOIC TIME.

AGE OF MAMMALS.

The table on page 97 contains the various subdivisions
now generally accepted, the lowest in order of time being
placed at the bottom.
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(Quaternary Period.)
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CrETACEOUS PERIOD.
URASSIC PERIOD.
w;mEn PERIOD.
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TIME.

AGE OF REPTILES.

PermiaN PERIOD.
CARBONIFEROUS PERIOD.
SUBCARBONIFEROUS PERIOD.

CARBONIFEROUS AGE
(Age of Coal Plants.)

CaTskILL PERIOD.
CHEMUNG PEeriop.
DEVONIAN >0w

(e of Fisho) HamiLToN Periop.

PALEOZOIC

TIME.

UppEr HELDERBERG PERIOD.

ORISKANY PERIOD,
Lower HELDERBERG PERIOD,

UPPER SaLina Periop.

SILURIAN.
Ni1aGarRA Periop.

SILURIAN AGE,
(Age of Mollusks.)

L HupsoN PErioD.

LOWER
SILURIAN.

TRENTON PERIOD.
Potspam PEeriop.

HuroNIAN PERIOD.
LAURENTIAN PERIOD,

EOzZOIC
TIME.
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M AGE OF PROTOZOANS.
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Terrace Epoch.
Orwiwﬂwﬁ Epoch.

Glacial or Drift Epoch.

Pleiocene Epoch. .MNWMMMSW\MWQ .
Miocene Epoch. Alabama Epock.
Eocene Epoch. Lignitic Epodky

Carboniferous Epoch.
Millstone Grit Epoch.

Chemung Epoch.
Portage Epoch.
Genesee Epoch.
Hamilton Epoch.
Marcellus Epoch.

Up. H. Epoch. ,w

Schoharie, and
Cauda-Galli Grit Epoch.

Corniferous Limestone,
Onondaga Limestone.

Niagara Epoch.
Clinton Epoch.
Medina Epoch.
Oneida Epoch.

Loraine and Salmon Epoch.
Herkimer Epoch.

Utica Epoch.

Trenton Epoch.

Black River Epoch

Bird’s Eye Epoch.

Chazy Epoch.

Calciferous Epoch.
Potsdam Epoch.

Cincinnati
Period,

t
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The Duraiion of Zime represenied by these:
geological periods and epochs we have no means of judg-
ing. Estimating the past, however, by the present rate
of change, it must be immense, so that even if we could
express it in centuries and years, we could form no idea
of the aggregate any more than we can comprehend the
distances that separate our earth from the fixed stars.
This idea of immense duration of time is suggested at
the first examination of the stratified rocks. All that
Geology attempts, at present, is to arrange in regular
order the various stages of progress in the history of
the earth’s crust, leaving it for the future to decide
upon the length of the different epochs. As yet we
know only that “#me ¢s long,” and hence estimate it
by ages, eras, and periods, rarely venturing more than
an occasional hint at their relative duration. There is
an eternity of time as well as of space in which God
works out His almighty plan of creation. Whatever
may have been our preconceived notions, we should
come to the study of Nature with a reverent, teach-
able spirit, seeking to learn its mysteries, to compre-
hend its plan, and to understand the ways of Him
who created all things.

Fozorc Trime”

Probably none of the original crust of the earth now
survives. If any still exists, it perhaps forms the foun-

* This era was, until lately, universally known as the Azoie (without life).
There was doubtless such & period when the heated earth, swept bya boiling
ocean, was destitute of inhabitants. Recent discoveries, however, seem to
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dation rock,* and is buried deep beneath later deposits

and the ruins of the tremendous changes which have

since occurred.t The oldest rocks now known upon the

surface of the earth probably represent Eozoic Time.
The following periods are recognized : }

2. Huronian iod.
Eozoic TIME. { o 2} P eno.d
1. Laurentian Period.

Both these are named from the localities where they
chiefly occur, viz., the mountains on the N.W. of the
River St. Lawrence, and on the north of Lake Huron.

ndicate that the lowest of the so-called Azoic rocks which have actually been
observed, exhibit proof of the existence of life, and the name Eozoic (dawn of
life) has therefore been substituted. Dana does not accept this conclusion,
and, in the revised edition of his Manual of Geology, proposes the name
Archean (beginning) as being non-committal. There is no doubt that the
Eozoic was preceded by an Azoic era, but it yet remains for the rocks of either
period to be fully identified.

* Winchell suggests that likely the lowest Azoic rocks in the earth’s pave-
ment have melted off as the izogeothermal line has gradually risen through the
thickening of the earth’s crust.

t In the Azoic rocks are conglomerates bearing no resemblance to the beds
in which they are found. They are fragments of other rocks, other continents
perhaps, broken up and destroyed. There is, then, little hope of our discover-
ing the origin of life on the globe, since this page of the genesis of the facts has
been torn. For some years geologists loved to rest their eyes in this long night
of ages upon an ideal limit, beyond which plants and animals would cease to
appear. Now, this line of demarcation between the rocks which are without
vestiges of organized beings and those which contain fossils are nearly effaced
among the surrounding ruins. On the horizon of the primitive world we see
vaguely indicated a series of other worlds which have altogether disappeared;
perhaps it 18 necessary to resign ourselves to the fact that the dawn of life is lost
In this silent epoch where age succeeds age till they are clothed in the garb of
eternity. The river of creation is like the River Nile, which, as Bossuet says,
hides its head—a figure of speech which time has falsified ; but the endless spec-
ulations opened up by these and similar considerations led Lyell to say: ‘‘ Here
I am almost prepared to believe in the ancient existence of the Atlantis of
Plato.”—M. Esquiros.

$ T. Sterry Hunt classifies the Eozoic rocks into four periods, according to
their lithological peculiarities, viz., Laurentian, Huronian, White Mountain,

and Labrador.
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The beds of Laurentian rocks are about 80,000 feet
thick, and the Huronian from 10,000 to 20,000 feet.

Zocatiorn.—On our continent the Eozoic area com-
prises the surface rock of a V-shaped region resting on

F1c, 41.

The Eozoic Continent,

the great lakes, one arm reaching N.W. to the Arctic
Ocean, and the other N.E. to Labrador; in addition,
there are isolated sections, as shown in the map (Fig. 41).
These constitute, so far as we know, the most ancient
dry land of America—the Canada area representing the
Eozoic continent, and the other portions widely scat-
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tered islands. “Walking along the summit of that
region,” says Agassiz, “we may feel that we are treading
upon the granite ridge that first divided the waters into
a Northern and a Southern ocean; and, if our imagi-
nation carry us so far, we can look down to its base, and
fancy how the sea washed against this earliest shore of a
lifeless world.” *

Kinds of Zock.—The rocks are generally crys-
talline or metamorphic, as granite, gneiss, marble, quartz-
ite, limestone, ete. Beds of graphite, porphyry, soap-
stone and slates, also occur. All were doubtless de-
posited as sedimentary strata, and afterward crystallized.
The Eozoic was emphatically the era of iron. The iron-
ore beds of the Adirondacks in northern New York,
the Iron Mountain of Missouri, the Marquette mines
of Lake Superior, and many others, date from this time.

PFossils.—Little is definitely known concerning the
life of this era. The earliest organisms were doubtless
very simple, hence their traces in the rocks would natu-
rally be exceedingly obscure. Fig. 42 represents the
appearance of a bit of fossiliferous marble from the Lau-
rentian rocks. The dark layers are composed of serpen-
tine, and the white of limestone. If the latter be removed
by an acid, the serpentine layers and granules resemble

* ““To me it seems, that to look on the first land that was ever lifted ahove
the waste of waters, to follow the shore where the earliest animals and plants
were created when the thought of God first expressed:itself in organic forms,
to hold in one’s hand a bit of stone from an old sea-beach, hardened into rock
thousands of centuries ago, and studded with the beings that once crept upon
1ts surface or were stranded there by some retreating wave, is even of deeper
interest to men than the relics of their own race, for these things tell more
directly of the thoughts and creative acts of God.””—dgassiz.
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the casts of Rhizopods.* To this Laurentian fossil, the
relic of the creature that, so far as we now know, first in-
habited the earth, the name of Eozoon
Canadense (Canadian dawn-animal) has
been given.

No vegetable remains have yet been
detected. Still the presence of graphite,
which is so abundant that there is as
much carbon in the Laurentian rocks
as in the same amount of the carbon-
iferous, is almost positive proof of their
former existence. The immense de-
posits of iron-ore are also suggestive of abundant vege-
tation at the time of their formation.t It would seem
reasonable to suppose that vegetable life had the prece-
dence, since the animal kingdom is wholly dependent on
the vegetable for its subsistence; and that the first vege-

Serpentine Marble of
Canada.

* These animals are named root-footed because of their root-like feet—fleshy
stems, which they often extemporize upon occasion. (See ** Fourteen Weeks in
Zoology,” p. 215.) It is proper to say that many celebrated geologists, such as
Morse, Whitney, Burbank and others, still refuse to accept the organic character
of the Eozodn. Mr. Hawes has recently discovered in what are supposed to be
Huronian greenstones of New Hampshire, fossils allied to the Eozodn, the
infiltering mineral occupying the casts of the animal being a silicate. Should,
however, the Eozobn be rejected, the limestone of the Eozoic still suggests,
if it does not prove, the presence of animal life.

+ It is thought by many chemists that all iron-ores are of marsh origin. The
growth of the so-called bog-iron is as follows: Iron is contained in the soil in
slight amounts, as a ferric oxide or common iron-rust, which is insoluble in
water. But if there is vegetable matter present in the water, it deoxidizes the
iron, changing it to the soluble ferrous oxide. On exposure to the atmosphere,
the iron takes up the rejected oxygen again and with it water (see * Fourteen
Weeks in Chemistry,” p. 154), becoming ferric hydrate. This, being insoluble,
is deposited on the bottom of the pond. One can discover this reddish-brown
sediment of iron-rust accumulating in any swamp. At various points in New
England and eleewhere bog-iron was formerly collected in such abundance as to
be used for manufacturing purposes, The ore gathered so rapidly that the
ponds were dredged every few years.

:
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tation consisted of land-plants, since the earth would be
cooled sufficiently to admit of life sooner than the water;
and, moreover, plants can exist in hotter waters than is
possible for animals.

Remarks.—7. Aouniains.—Between Canada and
New York runs a range of hills called the Laurentian.*
They are probably the oldest mountains upon the con-
tinent.

2. Upleayvals.—The metamorphism of the Eozoic
rocks was closely attended by extensive upheavals, which
twisted and folded them, throughout vast areas, into
every conceivable form. They commonly remain, how-
ever, in regular layers, which can be traced. This would
indicate a uniform force acting at right angles to the
dip of the beds. These movements must have taken
place prior to the Silurian age, since the Silurian rocks
rest unconformably upon the Eozoic, as is shown in the
accompanying figure. The sedimentary rocks A, lie hori-
zontally upon tilted gneiss, C, and black slate, B. The

* “Their low stature, as compared with that of other more lofty mountain
ranges, is in accordance with an invariable rule, by which the relative age of
mountains may be estimated. (A conclusion first suggested by Hall. See Intro-
duction to Vol. ITI, New York State Reports.) The coldest mountains are the
lowest, while the younger and more recent ones tower above their elders, and
are usually more torn and dislocated also. This is easily underatood when we
remember that all mountains and mountain chains are the resuit of npheavals,
and that the violence of the outbreak must have been in proportion to the
strength of the resistance. When the crust of the earth was so thin that the
heated masses within easily broke through it, they were not thrown to so great
a height, and formed comparatively low elevations, such as the Canadian hills
or the mountains of Bretagne and Wales. But in later times, when young,
vigorous giants, such as the Alps, the Himalayas, or later still, the Rocky
Mountains, foreed their way out from their fiery priron-house, the crust of the
earth was much thicker, and fearful indeed must have been the convulsions
which attended thelr exit.”’~— Geological Sketches, Agassiz.
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F1G. 43.

Unconformity of the Lower Silurian with the Gneiss at Montmorency Falls.

Eozoic rocks at Montmorency are about 12,000 feet in
thickness. Through what ages must those vast deposits
have slowly gathered in the primeval ocean !

3. Zhe Ouilines of the Coniinen?.—This V-
shaped Eozoic land was the nucleus around which the
continent grew. Through the subsequent ages addi-
tions were made to this germ upon the southeast and
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southwest sides. Its very shape was thus a prophecy of
the shape of North America. The direction of the two
arms was parallel to that of the Atlantic and Pacific
oceans (Fig. 41). The land and the sea have from the
beginning maintained these relative positions. In addi-
tion, the location of the scattered areas of primeval rocks
singularly indicated the great mountain ranges yet to
be elevated. We are thus led to believe that the thought
of God, as ultimately revealed in the form of this con-
tinent, was fairly outlined in the first land that appeared.

How accurately did the ancient “backbones” define
the present contour of the finished continent! The St.
Lawrence flows to the sea through a valley parallel to
the Laurentian ridge ; the Mississippi River i a second
valley inclosed between the Appalachian and the Rocky
Mountains; the Mackenzie finds its way to the Arctic
sea in a third valley between the Rocky and the Lau-
rentian mountains; while Hudson’s Bay is snugly locked
in the arms of the Laurentian Mountains.

4o The Mosaic Accoun? informs us that on the
third day the waters were gathered into one place and
the dry land appeared, and that vegetation was brought
forth as a later creation of the same day. The geologic
record of the Eozoic age agrees with the first portion,
and upon the second gives as yet only hints of possible
discoveries. The direct rays of the sun could not pene-
trate the thick mists which then enshrouded the warm,
damp earth; and hence, although the sun and moon
had shone from the beginning, they were not yet set
in the firmament to rule the day and the night.



106 HISTORICAL GEOLOGY.

Scenic Description.—The varying theories, and
the meagre geological records of the Kozoic Time, give
scanty materials for sketching the scenery of that first
of the world’s great =ons. Nature was then lavish
of time,* spending half of all geologic history in works
ing out the skeleton of a continent and developing an era
of protozoans. The imagination must fill out the picture
from a few outlines. The earth, larger than now. The
waters, protected by a thin crust, still simmering with the
interior heat. The air, heavy with moisture and dense
with earbonic-acid gas. The granite rocks, clothed with
lichens. The shores, strewed with sea-weeds and diatoms;
and the ocean bottom, covered here and there with masses
of Rhizopods slowly building up their lime-reefs.}

Fareozorc Triwe,

3. Carboniferous Age.
ParLrozoic TIME. { 2. Devonian Age.
1. Silurian Age.

The Paleozoic time is divided into three ages to mark
the great life-changes which occurred. These are called
the Silurian or Age of mollusks, the Devonian or Age
of fishes, and the Carboniferous or Age of coal-plants.

* Since this long beginning, Nature seems to have been more chary of
the diminishing years. Dana reckons the relative length of the Paleozoic,
Mesozoic, and Cenozoic times as 12, 3, and 1, respectively.

t Read an excellent article on * The Earlier Forms of Life,” by Prof. C. H.
Hitchcock, in Popular Science Monthly, January, 1877.
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Though unlike in marked particulars, they are yet dis-
tinguished by certain common features in the life they
supported, while they are all very dissimilar to any later
formations. Neither birds nor mammals were known,
and many extensive classes of animals which charac-
terized these ages disappeared with them.

I. SILURIAN AGE.

-

. Oriskany Period.

. Lower Helderberg Period.
Salina Period.

Niagara Period.

. Hudson Period.

Trenton Period.

. Potsdam Period.

UPPER.

SILURIAN AGE. 4
(AGE oF MOLLUSKS.)

B oo

LOWER.*

=

\.

This first grand stage in the progress of life on the
globe was so called by Murchison, the celebrated English
geologist, who, having investigated it in Wales, named
it from the ancient Silures, a tribe of Britons formerly
inhabiting that region. The subdivisions of the age
vary greatly in different portions even of the United
States. The Silurian and Devonian rocks are very dis-
tinctly developed in New York, and the epochs estab-
lished in the geologic survey of that State are therefore
accepted.t Fig. 44 is an ideal section extending from

* The Lower Silurian is known by many of the most distinguished American
geologists as the CAMBRIAN. It was so styled by Sedgwick, the contemporary
of Murchison, from Cambria, the Latin name of Wales, where the rocks are
extensively developed. Dana, however, makes the Cambrian only a period
extending through the Potsdam. According to Hall, Sedgwick’s original desig-
nation included the Caradoc = Hudson River group of the New York Survey.

+ This system has been- established by the genius and toil of James Hall,
LL.D., State geologist, and that of his indefatigable assistants. The New York
nomenclature is accepted by all geologists as the standard for comparison.
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the Eozoic rocks in the northeastern part of the State
to the carboniferous in the southern. It will be seen

FiGc. 44.
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Ideal Section of the New York Formations (Hall).

that the different epochs succeed one another regularly.
The dip of the strata is by no means as uniform as is
represented, nor is there any attempt to indicate their
relative thickness. This illustrates on a grand scale the
fact stated on page 77 concerning the method of geologic
study.

We shall see that, with each period, & narrow, irregular
belt was added to the Fozoic area, from which, as a germ,
the continent grew by successive additions.

General Characlerisiics.—1It is probable that at
this early day the Appalachians on the east and the
Rocky Mountains on the west were great reefs, lifted
above the floor of the sea, thus rendering the interior of
the continent an open sea, protected in some measure
from the ocean. At the bottom of this shallow basin,
sandstone, shale and limestone were formed. The kind
of rock varied in different sections of the country and
periods of the age, according to the peculiar circum-
stances which influenced the deposit of sediment at any
specified place or time. There were broad areas of low
mud-flats and wave-washed sand-beaches. There may



POTSDAM PERIOD. 109

have been rivers and lakes on the Eozoic continent, but if
so, they have entirely disappeared in the wreck of subse-
quent changes.

The land was rocky and barren, while the waters
swarmed with crustaceans and mollusks.* The pale sun,
struggling to penetrate the dense atmosphere of a yet
heated primitive world, for the first time yielded a dim
imperfect light.

POTSDAM PERIOD.}

Zocation .—This period is named from Potsdam, a
town in northern New York, where the rock is exposed
in the quarries to a thickness of seventy feet. The for-
mation is well developed in Pennsylvania, and can be
traced westward through Michigan, along the southern
shore of Lake Superior, through Wisconsin and Min-
nesota to the Black Hills of Dakota, southward along
the Appalachian range from Vermont to Alabama, and
i8 known in Texas.

Kind of Rock.—The rock varies much throughout
this wide extent. At Potsdam it is a coarse, hard sand-
stone ; at Malone, a friable one; at Keeseville, a quartzite ;
and at other localities, a fine white sand, fit for glass-

* Mollusks are soft-bodied animals nsually inhabiting a shell, like an oyster.
The crustaceans are covered with shells, like the crab, but are articulated or
Jjointed animals,

+ Dana locates at the base of the Lower Silurian (Cambrian system) the
Acapian Epocn, which includes the beds of St. John, New Brunswick, and of
Newfoundland. This rock occurs as a slate at St. John and in New Brunswick,
but a compact kind of wacke or quartzite at Braintree near Boston, Mass,
(Hally 1t is characterized by a large Trlloblte, the Paradoxides—a genus

unknown afterward.
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making. At some pointsin the east it is a good building-
stone, smooth solid masses being taken out thirty feet
square and two feet thick; while at the west it is often
so friable as to crumble in the fingers. The colors are
brown, yellowish, etc., often beautifully mottled with red
or gray, and in the west with green. In many localities
it 1s worm-burrowed,* ripple-marked, mud-cracked, and
rain-pitted, showing the mode of its formation on a low
sand-beach or mud-flat. The upper portion of this
period, known as the Calciferous Epoch,t is in part a
" magnesian limestone, so that some layers are even burned
for lime. The fissures and geodes are often lined with
quartz crystals as in Herkimer county, N. Y. In the
Mississippi valley its character changes, the silica de-
creases, and it is called the Lower Magnesian Limestone.

FIc. 45. ZFosstls.—A brachiopod, the
lingula (little tongue), so named
from its peculiar shape, is a char-
acteristic fossil. In form and
size the shell is similar to the
finger-nail. The peculiarity of
this mollusk was that it grew
on a fleshy stem which anchored
it to the rock. Several species
of the lingula still exist in the

Lingula antiqua.
Moluccas. A’ crustacean, the ¢rilobite (three-lobed), is

* The holes burrowed out by marine worms were filled with sand, which
hardened like the rock itself, and, when the rock is broken, forms regular casts
of the worm-burrow.

+ Logan groups the Calciferous Epoch, the Levis shales and sandstones so
abundant near Quebec, and the Chazy limestone (p. 115), into a new period, the
CANADIAN. It js probably the equivalent of a part of Emmons’s Taconic
gystem, which occurs as a glate rock in New York east of the Hudson, as at the
outcrop near Poughkeepsie,
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the most conspicuous fossil. This family was promi-
nent in the early creations, but disappeared in the
Carboniferous Age. It is perfectly Bid 46,
preserved, and the various stages
of growth, from the egg to the
adult, have been more accurately
traced than even those of the
crab, a living crustacean. It was
of wonderful variety, more than
400 species having been discov-
ered. It had an oval figure, and
was from } of an inch to 20 inches
in length. The body, divided into 4 'Ii’“""i,te D g
4 us Minnesotensis.)
three lobes,* was covered with a
jointed crust Wwhich folded over as in the tail of a
lobster. Some species could roll themselves up into a
ball, and thus present a hard armor in every direction.
The head was protected by a buckler of a crescent form.
The eyes were conical shaped, and each one was com-
posed of many separate facets or lenses,t by means of
which the animal could see in every direction at once.
The inner side of each eye being of no practical value,
Nature, on her principle of economy, placed no lenses
there. The trilobite is supposed to have gathered in
ghoals in the shallow water, swimming slowly on its back
by means of membranous appendages now lost.

N
//(/(/(/%,««o

N
o

* The head-shield is named the buckler, and the tail-shield, the pygidium.
The former is divided longitudinally into the glabella or middle part, and the
two cheek or side portions.

+ Walcott gives the number in a specimen of Batnyurus as 4,720, and in
another of Asaphus, 7,536. A beetle (genus Mordella) of the present time has
25,008 of these facets; a butterfly (genus Papilio) has 17,355 ; a house-fly, 4,000,
and an ant, 50.
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1,2. Eyes of Trilobites. 8. Enlarged Lens.

Remarks.—7. Z4e Azmosphere.—The eyes of
the trilobite would have been useless unless the atmos-
phere had been clear enough to permit sufficient sunlight
to reach the earth to render objects visible in some de-
gree. God makes all things for a purpose; hence we
conclude that at this early period the sun had pierced
the clouds, and the air was being purified.

2. Farly Silurian Beackh.—Where the Pots-
dam rock lies on the surface, we are assured that that
locality was raised above the sea at or near the close of
this period (unless uncovered by subsequent denudation),
else it would have been concealed by the sediment of the
succeeding one. The narrow zone of the Potsdam rock
along the borders of the Eozoic area, was doubtless the
beach of the early Silurian sea.

8. Life.—The organic remains found in this period
are principally crustaceans (Hall), though the Protozoans,
Radiates,* Mollusks, and Articulates are represented
among animals, and the sea-weeds among plants. The

* For the sake of simplicity the two sub-kingdoms, Echinodermata and
Ceelenterata are here combined in the name Radiates (see Zoology, p. 13).
They are so called because they have a radiated structure, as the star-fish.
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trilobite was the highest type. All the sub-kingdoms of
invertebrates were thus represented ; but vertebrates had
not yet appeared. No signs of land vegetation have been
found. The dry Eozoic hills may have been covered with
lichens, but they bore no moss or grass, the sea contained
no fish, and the air no bird.

4. Climalte.—No difference is seen in the life of
different latitudes; hence it is thought that there was a
uniformity of temperature existing over the earth, and
that the diversity of zone and climate had not yet been
established. Various reasons have been assigned for this,
among which are—(1) the greater heat from the inte-
rior on account of the thinness of the crust, (2) the
dense atmosphere which retained the sun’s heat more
fully, (3) the great expanse of the ocean which tended to
equalize the temperature, and (4) the greater size and
heat of the sun in that era, according to the nebular
hypothesis.

5. Changes in the Sea, Life, and Rock.—
Shales were produced in the muddy water, and lime-
stones in the shallow, clearer sea—since the coral animal
thrives best in pure water less than a hundred feet deep.
The crust of the still unsteady earth, as it rose and
fell, shallowing or deepening the waters, rendering them
muddier or purer, varied the character of the life sup-
ported and the rock formed.

6. Lake Superior.—Volcanic convulsions in that
region having tilted the rocks, a depression of the crust
was produced, thus forming the bed of Lake Superior.
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In this connection there were igneous ejections, making
trap-rocks and dikes. The fissures were also filled with
native copper and silver, among the richest deposits in
the world. The sandstone has since been worn ' into
grotesque and curious forms as seen in the famous
Sculptured and Pillared Rocks.*

7. Zhe Mosaic Account tells us that the sun and

F1G. 48.

Sculptured Rocks, Lake Superior. *Inverted Volcano.”

* These strata form a wall 50 to 100 feet high, and line the shore for a distance
of five miles. Their marked hues and fantastic shapes excite the imagination
of every beholder. Here is ** Miner’s Castle,” with its turrets and bastions;
there * Sail Rock,” a ship with sails full spread; and yonder * The Amphi-
theatre,” with its symmetrical curves. A closer inspection only reveals more
curious details and resemblances. For a very interesting account of these
rocks see Harpers® Magazine, Vol, XXXIV, p. 681,
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moon were created on the fourth day. Geology shows
us that the distinctive feature of the early Silurian
Age was the partial clearing of the sky after the murky
clouds of the Eozoic. The first glimpse of the sun would
have seemed to an observer as a new creation, and, in
popular language, it is thus described in Genesis, We
also read that on the fifth day the waters brought forth
abundantly the moving creature that hath life. We shall
see how perfectly the swarming seas of the Silurian and
Devonian Ages justify this description.

TRENTON PERIOD.

ZLocalion.—The Trenton formation extends along
the great Appalachian chain of mountains on the east,
thence outerops at various points westward to the Missis-
sippi River, and beyond the Rocky Mountains. It is
more widely distributed than any similar deposit.

Hinds of Rock.—This was the first great limestone
period of the continent. In New York there are four
epochs—(1) the Chazy limestone,* (Shaz-e¢), named from
a locality near Lake Champlain, which is the passage rock
from the Calciferous sandstone; (2) the Bird’s Eye lime-
stone, a dove-colored rock containing white crystalline
points scattered through it; (3) the Black River lime-
stone, a black, hard-grained marble,t named from the river

* In Wisconsin, Towa, Minnesota, and Illinois, the equivalent of the Chazy
is the St. Peter’s sandetone,—a soft, white, incoherent rock, composed of graing
of quartz that erumble easily under the hammer, though in some localities it
is hardened by a calcarcous cement. It is used in Chicago for glass-making.
Like the Lower Magnesian Limestone, it is destitute of fossils.— Whitney.

+ At Watertown, N. Y., it is lumpy. and breaks into rhomboidal fragments,
while the Bird’s Eye has a conchoidal fracture. The river is said by some to
take its name from the dark color of the rocks over which it flows,
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of that name, east of Lake Ontario; (4) the Trenton lime-
stone,* a hard, compact rock, black in the lower beds and
gray in the upper, so called from the well-known gorge
at Trenton Falls. In Wisconsin, Towa, etc., the Galena
limesione is an upper member of the group not known
at the east. It is the great lead and zinc bearing rock
of a region embracing about 3,000 square miles. The
streams have cut deeply down into this formation, so
that they are bordered by precipitous bluffs crowned
by perpendicular ledges, having frequently a castellated
appearance like the walls of some half-ruined city, while

Maclurea Magna.

* The massive pillars of the court-house at St. Louis are from the Trenton
limestone quarries of Sulphur Spring. The crest of the Falls of St. Anthony is
of Trenton limestone. The beautifully variegated marbles of Tennessee are
also of this period.
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1solated masses sometimes rise abruptly from the valleys

like lofty watch-towers.

Bird’s Eye Fucoid (Phytopsis tubulosum),

ZFosstls.—A peculiar coiled shell (Fig. 49) is abun-
dant in the Chazy.* Fig. 50 represents a characteristic

Fi1G. 51,

%@Mgﬂﬁ

Black River Coral (Columnaria
alveolata).

marine plant found in the
Bird’s Eye limestone. The
ends of the stems give the
rock the dotted appearance
from which it takes its
name. Fig. 51 is a coral
common in the Black River
limestone. It has been
found in masses of a ton’s
weight. The Trenton lime-

* Like all Gasteropods (see Zoology, p. 244), the common snail for example,
ft moved upon a fleshy disk or foot beneath the body. The layers of Chazy
fimestone, when worked as a marble, often show upon a dark gray surface the

white spirals of this shell.
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stone abounds 1n organic remains. Corals, erinoids, and
shells are crowded together in the greatest profusion.
Thin, semi-transparent slices, apparently devoid of fossils,
under the microscope reveal their animal origin.

. Brachiopods * occur in wonderful variety. Trilobites,
‘the highest type of the Potsdam, appear of a dozen
species, varying in size from that of a finger-nail to a
foot in length. They, however, yield in abundance,
activity and power to the cephalopods.t A family of
these, the Orthoceratite (straight-horn), distingunishes the
entire period. It had a long straight shell, divided into
sometimes as ﬁf:lwny as seventy chambers. These were
formed to accommodate the growth of the animal. As
it increased in size, it moved forward in its room, and
extending its shell at the larger end, partitioned off its
new quarters from the rest by a shelly wall. Thus, in
time, a long series of chambers was made, each larger
than its predecessor.f They were connected, however,

* The Brachiopods (arm-footed) are bivalves having arms by which they stir
the water, and thus bring their food within their reach. The two parts of the
shell are unequal; the larger is ealled the ventral and the smaller the dorsal
valve. Each valve is, however, equal sided, so that if a line be dropped from
the beak to the opposite side, it will divide the valve into equal parts, .

t The Cephalopod (head-footed) is also a Mollusk, something like the Cu'tle
fish of to-day (see Zoology, p. 243), having arms arranged around the head.

1 ** Year after year beheld the silent toil
That spread his lustrous coil
Still as the spiral grew,
He left the past year's dwelling for the new.
Stole with soft step its shining archway through,
Built up its idle door,
e Stretehed in his last-found home, and knew the old no more,

‘¢ Thanks for the heavenly message brought by thee,
Child of the wandering sea,
Cast from her lap forlorn.
Cast from thy dead lips, a clearer note is horn
Than ever Triton blew from wreathed horn;
While on my ear it rings,
Through the deep caves of thought, I hear a voice that singss
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2. Illznus trentonensis,
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Fic. 52.

Orthoceras multicameratum (Black River Epoch).
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by a membranous tube (“siphuncle ”’), which passed from
the animal in the newest and largest chamber at one
end to the oldest and smallest room at the other. These
empty chambers are thought to have acted as a buoy to
float the heavy animal. Some of the fossil orthoceratites
are not larger than a lead pencil, while others are a foot
thick and thirty feet in length. They had many mus-
cular arms, with which they seized and strangled their
prey in their powerful grasp. They were doubtless the
sea-rovers of the Lower Silurian Ocean.

HUDSON PERIOD.

ZLocatiorn .—This formation is exposed to view along
the Hudson and Mohawk rivers, on I '-» Michigan and
Green Bay, through the Mississippi va: . wid «.ong the
Appalachian range to Alabama.

v

Kinds of Rock.—In New York there are three
epochs—

(1) The Utice slate, a fissile, black stone, the surface
rock of the Mohawk valley; (2) the Herkimer shales, and
(3) the ZLoraine shales, and the Salmon River shales and
sandstones.*

¢ ¢ Build thee more stately mansions, oh, my soul,
As the swift seasons roll !
Leave thy low-vaulted past!
Let each new temple, nobler than the last,
Shut thee from heaven with a dome more vast
Till thou at length art free ;
Leaving thine outgrown shell by life’s unresting sea.’”

* A fourth may hereafter be recognized as terminating the period; viz., the
Gray sandstones' of Oswego county, which may be the equivalent of the Sha-
wangunk Grit. In the Hudson valley, the New York geologists are not able
clearly to distinguish these members, owing to the contortion of the strata.
At some points the Utica slate appears on the surface, owing to folding of the
beds (Hali).
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This period includes an enormous series of shales,
slate and sandstone, reaching a thickness of perhaps
1,000 feet. The color is dark and bitumen is often
present so as to afford a black pigment. There are thin
seams of a shiny slate which have many times tantalized
those ignorant of geology with unfounded hopes of the
discovery of profitable beds of coal.

At the west the rock becomes a soft calcareous shale
interlaminated with limestone. The group is there
known as the CINCINNATI PERIOD.

Fossils.—In the limestone regions corals, shells, tri-
lobites, etc., are abundant as in the Trenton Period. In
the shales, however, they are sparingly distributed, being
mostly those which flourish in muddy waters. The
graptolites (rock-writing) of the kingdom of Radiates
are striking fossils (see Fig. 53). They are found in the

Fxc.. 53.

A Graptolite th Eight Arms (Graptolithus octobrachiatus), Quebec Group.
(Hall)

Potsdam, but become very plentiful in the Hudson
Period. They are merely a delicate, plume-like tracery
upon the rock. They have therefore been poetically
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styled sea-pens. They delighted in foul, as the corals in
clear water, and must have thickly covered the muddy
bottom of the shallow sea with their fragile, mossy
branches. They are commonly found in scattered frag-
ments, the arms only of the entire animal as seen in

Fig. 53.

Remairks.—7. Zife Changes.—Life and death
were coeval from the first—one species giving place to
another, most commonly at the close of a period, but
frequently -within its duration. Some catastrophe oc-
curred, for example, at the close of the Chazy Epoch
which destroyed nearly all the species then existing, and
the Trenton Epoch was therefore characterized by new
species. It was still, however, the reign of mollusks,
since that subkingdom was exhibited in its various
classes, while the articulates had not progressed above
the crustaceans and worms, and no vertebrates have yet
been discovered. Another marked change took place at
the close of the Lower Silurian. The Green Mountains
were upturned and metamorphosed, thus closing the
making of rocks in that region,* while a vast section
extending from Lake Erie to Tennessee was raised above
the ocean so as to form a great island in the Upper
Silurian Sea. The land, so far as geology teaches,
remained leafless and lifeless as at the beginning. The
sea, however, in its shallower places, resembled a flower-
garden, with its abundant corals.

* According to Hall, however, there are Devonian limestones at Lake Mems-
phremagog and at Bernardstown in Massachusetts, and Lower Helderberg in

Maine,
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2. Geography.—Lake Champlain probably dates
from this time. The continent was steadily pushing its
way southward and had reached the central part of New
York. -Western New England had emerged from the
sea, while the then low, narrow Rocky Mountains repre-
sented the western part of the continent.

NIAGARA PERIOD.

ZLocattorn.—This is a continental formation like the
Trenton. It is found in Canada, and extends south
through the Appalachian region, and west through the
Mississippi valley. It takes its name from the fact that
the great cataract of Niagara pours over a rocky wall
of this period. The peculiar form of the fall is owing
to the fact that the soft shale below wears away more
rapidly than the hard rock above, thus leaving a cavern
behind the falling sheet.

Ainds of Rock.—In New York there are four
epochs. (1.) The Oneida Conglomerate,* called from a
county of that name in central New York, is a gritty,
hard conglomerate, so rough as to form millstones.
From its abundance in the Shawangunk Mountains it
is locally known as the Shawangunk grit. (2.) The
Medina sandstone, named from the locality in western
New York where the rock is extensively quarried for
building purposes, is a thickly laminated sandstone, of
red, gray, and beautifully mottled colors. (3.) The Clin-

* Hall inclines to refer this conglomerate to the Hudson Period as a fourth
member, (Seenote p. 120.) It is clearly a passage rock,
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ton Group, so called from a village in central New York,
is generally a shale or sandstone,* and always contains
beds of limestone. (4.) The Niagara proper consists of
a shale and a limesfone of a light gray or cream color and
of an enduring hardness, but yet soft enough to be easily
wrought in any desired form. The so-called “ Athens
marble ” of Illinois, is almost a pure dolomite. Around
Chicago the stone is often saturated with mineral oil.
At Lockport, New York, dog-tooth and pearl-spar, also
gypsum and other minerals, are found in beautiful crys-
tals lining the cavities in the rock. At the west the
Niagara limestone stands in bold bluffs along the river
banks, It contains nodules of hornstone (“‘chert ”), often
arranged in layers parallel to the strata. The Niagara
rock is frequently found capping small hills or knobs, and
has hence received the name “ Mound limestone.”t

Fossils.—In the Clinton beds a brachiopod (the
pentamerus, five-parted) is very abundant. Sea-weeds
(fucoids) cover the Medina sandstone in many places
with their interlacing stems, curiously wrought, like the
intricate carving of some old Gothic cornice. The
Niagara rocks abound in corals, crinoids, shells, etc.
They are doubtless the remains of old coral reefs.

* In Michigan and some of the western States it assumes still more of a lime
stone character, and in New York, Ohio, and Wisconsin, has beds of o0litic iron
ore of great value, In Tennessee it is called *‘ dye-stone,” being extensively
used for dyeing cloth.

+ The Blue Mounds, Platte Mounds, Sinsinnewa Mound, in Wisconsin;
Sberald’s, in Iowa ; Scales’s, Charles's, Waddell's, Pilot's Knob, etc., in Ilinois;
are striking examples of this peculiarity, since they form conspicuous landmarks
in the scenery of those States. These outliers of the Niagara limestone assume
a great variety of forms, but are always graceful in their outlines, and, as they
are generally covered with forest trees, present a striking contrast to the rocky
bluffs of the Galena limestone. .
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The crinoids appeared in preceding periods, but now
become very plentiful. They grew on a stem, and had

FiG. s5.

Medina Fucoid (Arthrophycus Harlani).—(Ha/l.)

somewhat the form of a lily, hence have received the
name of “stone lilies” Their cup-shaped body sent out,
star-like, five or more arms; these branched sometimes
into as many as a thousand, each composed of a hundred
little bones, firmly and exquisitely jointed together. The
stalk was also jointed, like the vertebrae of the spine, and
was curiously grooved and ornamented on the surface.
The arms were adapted to be spread out, and lined with
tentacles to seize and draw into the centre shoals of
animals, the food of the crinoid. Their forms were of
varied patterns, and their markings exquisitely beauntiful.
(See Zoology, pp. 263, 264.) In many places the rock is
a confused mass of crinoidal stems (Figs. 58 and 75),
which, when polished, present a curiously attractive ap-
pearance.
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Eucalyptocrinus decorus.

Lecanocrinus macropetalus.
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Al o
A Niagara Coral (Hall).

SALINA PERIOD.

Zocaliorn.—This period 18 named from the Salina
salt springs near Syracuse, N. Y. The formation runs in
a narrow belt parallel with the Niagara limestone, as far -
westward as Milwaukee.

Fic. 58.

Encrinital Limestone, Niagara Period (Hal)).

Kinds of Rock.—The rocks consist mainly of shales,
marls, and some limestone. The saliferous beds are about
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1,000 feet in thickness, showing a long continuance of the
peculiar conditions under which they were formed.

Flossils. —There are few organic remains. The salt
water seems to have been unfavorable for the existence
of animal life. '

Remath.— 77e Sazz Springs of Syracuse have been
accounted for in the following manmner: Central New
York was at that time a great salt lake, shut off mainly
from the sea. By continued evaporation, by fresh over-
flows of the brine from the ocean, and by washings of
rains and streams from the adjacent land, muddy deposits
were formed, thoroughly impregnated with salt.*

LOWER HELDERBERG PER!IOD.

Zocalion.—This period takes its name from the
Helderberg Mountains, near Albany, N. Y. The rocks
gradually disappear in the western part of the State, but
are conspicuous southward along the Appalachian range,
and reappear in Maine.

Kind of Rock.—This is also a great limestone
formation, but differs from the Trenton and Niagara
groups in being thickest on the eastern border. The
lower beds in New York and Virginia are used for hy-
draulic cement, whence their name—the ¢ Water-lime

group.”’

* Read Winchell's * Sketches of Creation,” Chap. XXVI, on Rock Salt and
Gypsum.
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Fossils.—The conditions of life seem to have been
eminently favorable. About four hundred species of ani-
mals have been discovered. A brachiopod (Pentamerus
galeatus) is so common in some sections as to give its
name to the rock. A peculiar crustacean, the eurypterus
(broad-fin), is allied to the trilobite. Crab-like in its
organs of mastication, lobster-like in its prolonged and
segmented body, with its broad swimming-limbs and

Fi1G. 59. Fic. 6o.

Pentamerus galeatus (Vanuxem), Eurypterus remipes.

huge claws, it presents new and striking

FiG. 6L features. Some species seem to have

been six or eight feet in length. They

were the scavengers of their time, living

on the lower forms and garbage by the

sea-shore. Small cones, called Tentacu-

Teataculites (Hall)- tites, are so abundant in some places as to
compose the mass of the rock.

Remark.— Geograpsy. —The formation of lime-
stone during this period in eastern New York and in
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the Green Mountain region shows that these sections
must have been depressed, and the mountains, in part
at least, again submerged in the sea. More than half of
New York, nearly all of Canada and Wisconsin, had now
become dry land. A great bay, however, covered a large
part of Michigan., The rivers were probably small, and
fresh water lakes, if any existed, have disappeared.

ORISKANY PERIOD.*

Zocation.—This formation is named from Oriskany
Falls. It crops out at points in Maine, extends south-
ward along the Appalachian region, and westward to
Missouri. It is the passage-rock from the Silurian ‘to
the Devonian.

Kind of Rock.—I1t is mostly a light, rough sand-
stone, often highly calcareous. Its thickness in New
York varies from twenty feet at the typical locality to
only a few inches toward the Hudson; in Pennsylvania
it is 200 feet thick. Its color is white, passing to a
reddish-brown where iron is present.

ZFossils.—The most common fossil is a brachiopod
(Fig. 62). The rock is often made up of these character-
istic shells or of their casts. The latter are represented
in Fig. 63. It is a mould of the interior of the shell
formed by the sand which filled it, while the substance
of the shell itself has decomposed.

* In Southern Illinois there is a formation termed the Clear Creek limestone,
which seems to mark a transition from the Silurian to the Devonian, since it
contains well-marked fossils of bothages. It forms the Mississippi Bluffs south
of Thebes.
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Remarks.—7. This formation is another feature of
the old Appala- Fic. 62.
chian  sea-beach.
The thickness of
the rock, as it ex-
tends southward
from the Eozoic
area,* indicates a
deepening of the
water which cov-
ered both New
York and New
England,  while e = =
the Green Moun- Spirifer arenosus (Vanwuxem).
tains were a nar- FI1G. 63.
row island sepa-
rating them.

2. Climale.
—The fossils, con-
stituting a kind of
life - thermometer,
indicate that the
climate of the Si-
lurian was uni-
form.

2. Progress A Cast (Vanuzem).
of Life.—The

* The material for making the continent came always from the north-east.
For this reason formations are generally coarser east,and finer west. Shales
and sandstones east often become limestones west.
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grand types of life remained. Continued changes, how-
ever, took place in the development of the creative idea
by the disappearance® of old genera and the appearance
of new ones. Mollusks continued to take the lead, while
the articulates were as yet represented only by the second
class—crustaceans. Neither plant nor animal was seen
on the land, and no fish sported in the waters.

4. Oniformety of Naiure.—The construction of
the eyes of the trilobite shows that the laws of light were
the same then as now. The animal itself was very like
the king-crab of the Atlantic coast. The orthoceratites
were the progenitors of the nautilus, the shell being un-
coiled in those early species. The sea-shore was clad in
weeds, and in favorable localities the waters were thronged -
with inhabitants. Species and genera took their places
in the grand subkingdoms of animal life It requires no
great stretch of the fancy to people those early seas, and
imagine the inhabitants busy and joyous on a summer’s
eve as the tribes that throng our existing oceans.

Scenic Descr1pt10n —Let us picture to ourselves
the scenery of the Silurian Age. The air, damp with
fogs and foul with noxious gases, hangs heavy over land
and sea. The sun sheds a strange, lurid glare. The land,
faintly visible in the dim light, presents few attractions.
The new-born continent is yet crude and unfinished.
Vapor is rising in clouds from the heated surface. With

* For example, the chain-corals and graptolites passed away with the Upper
Silurian, while the crinoids greatly increased. Dana says that not one species
belonging to the latter part of the Lower Silurian existed at the close of the
Upper Silurian.
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no song of bird, no hum of insect, no garment of ver-
dure, it is a broad, fow, barren, rocky desert. Everywhere
are seams, and gulfs, and ridges, rent and upheaved by
earthquake shocks, and swept by volcanic floods. The
sea is the only centre of life. The low rocky beach is
garnished with innumerable sea-weeds, whose long trail-
ing branches rise and fall with the tide, while every wave
strews the sand with shells and broken corals, heaped in
lengthened rows like the grass from the mower’s scythe.
Trilobites, in swarming shoals, scull their tiny boats in
animated pursuit of food. Huge orthoceratites lie quietly
floating their many-chambered shells on the surface, or
speed through the water with long arms spread to grasp
their prey. The sea-bottom is gay with the lily-shaped
crinoids that, blossoming with life, foreshadow the flowers
which are yet to deck the barren earth. Coral reefs
stretch away in lines of beauty, where myriad workers toil
to build their fragile many-colored homes. In shallower
places, too, there is somewhat of grace, for the graptolites
cover the muddy bottom with their quaint mossy
branches, overshadowing mollusks that sluggishly luxuri-
ate in endless profusfon below. Yet as the long age goes
by, continued changes take place. The land rises and
falls. The sea retires, and anon pours swelling in again.
The scene of life shifts from one locality to another.
The great drama of life and death has begun, which is to
be played while the earth endures.
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Fishes of Devonian Sea. 1. Coccosteus. 2. Pterichthys. 3. Cephalaspis. 4. Holop-
tychius. 5. Osteolepis,
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Il. DEVONIAN AGE.

4. Catskill Period.

. Chemung Period.

. Hamilton Period.

. Upper Helderberg Period.

DEvVONIAN AGE.

- N W

This second great stage in the progress of life on the
earth takes its name from the county of Devon, England,
where the formation is very clearly and extensively de-
veloped. It is often styled the OLD RED SANDSTONE,
from the prevalent color of the rock, and has been im-
mortalized by Hugh Miller under that name. On this
continent its color and character are very different,
although it is similar in its dominant fossils.

General Characleris?ics.—The continent is still
small, low, and rocky. The Silurian” sea is gradually
retiring southward, as period after period adds its belt to
the growing margin of the land. The earth, however, is
no longer lifeless. Flags and rushes abound by the
water-courses, while ferns of rare beauty and plants very
like our rushes, flourish in the marshes. There are cone-
bearing trees, but no conspicuous flowering tree or shrub
like the maple or rose. The graptolites have become
extinct, while that curions crustacean, the eurypterus,
appears in profusion in Europe, but rarely in America.

The marked feature is the fishes which swarm in the
seas.* They were nearly all Ganoids, <. e., they had bean-

* Anderson says the remains of these Ganoid fishes are ro abundant in the
yellow sandstone deposit of Dura Den, Scotland, that a space of little more than



136 DEVONIAN AGQE.

tifully enameled scales encasing them as with an armor,
and often a bony helmet large enough to cover the skull
of an elephant, strong enough to resist a musket-ball, and
hard enough to strike fire like a flint. The tail was
nearly always of unequal lobes, instead of equal lobes or
rounded forms, as at the present. Thus, says Agassiz,

F1c. 64.

1. Heterocercal, or unequally bilobate ; 2. Equally bilébate; and, 3. Single and
rounded form of tail. i
the progress of life through the ages has been marked in
the tails of the fishes. Among the most peculiar of these
fishes we notice—1. THE CoccosTEUS (berry-bone),
which takes its name from the tiny berry-like projections
ornamenting its plated armor. Its teeth are chiseled, as
it were, out of the solid jaw, just as the teeth of a saw are
cut out of the solid metal. 2. THE PTERICHTHYS (Wwing-
fish) had two arms or wings, combining the broad blade
of a paddle with the sharp point of a spear, which served
both for propulsion and for offence. The head was cov-
ered with a strong helmet, perforated in front by two
circular holes, through which the eyes looked out. Its
chest was protected by a curiously constructed cuirass
formed of plates, and the tail was sheathed in a flexible

three square yards yielded above 1,000 fishes, most of them perfect in their out-
line, with scales and fins quite entire, and the forms of the creatures often start-
ing freely out of their hard, stony matrix into their complete armature of scale,
fin and bone.
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mail of bony scales. 3. Tk CEPHALASPIS (buckler-
head) had a head-plate of a single bone of a crescent
shape. 4. THE HororrycuIus (all-wrinkled) is so called
from the curiously wrinkled sculpturing that adorned its
scales. 4. THE OSTEOLEPIS (bony-scale) had bony scales
placed alongside one another like the bricks in a build-
ing, thus affording protection, and at the same time
yielding readily to the bending of the body.

In these fishes there is a singular union of reptilian
and fishy traits. The structure of their skull resembled
that in reptiles, while their air-bladders had a lung-like
character. They could move the head upon the neck
independently of the body. Like reptiles, also, their ver-
tebrze were connected by ball-and-socket joints instead of
inverted cones, as in common fishes.

Compreliensive Zypes.—The Creative purpose
seems at the beginning to have been sketched in broad,
geueral characters, and to have included in the first ex-
pression of the plan all the structural possibilities. This
combination of higher with lower features in the early
organic forms is a very striking peculiarity, and becomes
still more significant when we notice that many of the
later types recall the more ancient ones. The latter may
be styled prophetic and the former retrospective types,
since the one anticipates the future and the other recalls
the past. The erinoids, with closed cups in some, and
open, star-like forms in others, united features of the
present star-fishes and sea-urchins, and by their stems,
which fastened them to the ground, included also a polyp-
like character. The armor-plated pterichthys propelled
itself with paddle-arms, like the turtle, instead of with
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the tail, like other fishes. The trilobites, with their uni-
form rings and head-shield, partook at once of worm and
crustacean types. The chambered shells of the ortho-
ceratite and goniatite gave hints of the ammonite of a
later age.

The early fishes prophesied not only the reptiles which
were to come, but also the birds and even mammals.
Though the ancient types have become obsolete, and have
been replaced by modern ones, as Agassiz happily re-
marks, a few old-fashioned individuals have been left
behind to give, as it were, the key to the history of the
race. The gar-pike explains the ancient Devonian fishes;
the Millepore coral, the old Silurian corals; the nautilus,
the ammonite and orthoceratite. The thought of God
thus includes all that have gone before as well as all that
now exist. The study of nature reveals to us the present
linked with the past, which is not lost and dead, but per-
petually revivified and reproduced in the life of to-day.

UPPER HELDERBERG OR CORNIFEROUS
PERIOD.

Localion.—The lower group is found in eastern
New York, and is thickest along the Appalachians; the
upper group is a great continental limestone like the
Trenton and the Niagara. At the west, in the absence
of the Oriskany, the Corniferous often lies directly upon
the Niagara limestone, except where the Salina rocks
intervene.

Kinds of ZRock.—This formation in New York
comprises two epochs: (1). The Cauda-Galli and Schoha-
rie Grits, which are named, the former—the passage-rock
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from the Silurian to the Devonian—from a peculiar
feathery sea-weed common in it, and the latter from the
typical locality in eastern New York. (2). The Hel-
derberg Limestones,—the last great limestone formation
in New York—the lower beds of which are termed the
Onondaga, and the upper the Corniferous limestone.

The Helderberg beds lose their distinctive features
westward and blend into one group, which is called by
either of these names. The Corniferous limestone (cornu,
a horn) derives its appellation from disseminated nodules
of hornstone (“chert”). The Onondaga is a dark-gray
rock which takes an excellent polish. These limestones
are quarried for a building-stone at multitudes of points
throughout western New York, Ohio, Michigan, Indiaua,
and Illinois.

ZLossils.— This was the great Paleozoic coral reef.
Corals arc found in every conceivable form—standing,
lying down, broken into fragments, or preserved as per-
fectly as if they had grown but yesterday. They flour-
ished luxuriantly and may have exhibited all the wealth
of coloring now manifested in the tropical seas. They
are especially abundant at the Falls of the Ohio, near
Louisville. Some have a diameter of five or six feet.
Crinoids and mollusks, in all their orders, present a be-
wildering variety and profusion.

HAMILTON PERIOD.

Location.—This formation extends across New
York, Michigan, thence west of the Mississippi river, and
southward through Pennsylvania, Virginia, and Ten-
nessee,
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Ainds of Rock.—In New York this period com-
prises three epochs.* :

(1). The Marcellus Shale is a fissile slate, often nearly
jet-black. It abounds in septaria resembling turtles
(see p. 83). It contains so much carbonaceous matter
as sometimes to burn quite freely. This fact has led
to much waste of money in exploring it for coal. The
attempts are always futile, since the formation lies
thousands of feet below the coal measures. (). The
Hamilton Groupt consists of a harder and lighter shaly
sandstone, often calcareous. The layers are remarkable
for the abundance of ripple-marks. They present also a
very perfect jointed structure, some fine examples of
which are seen on Cayuga Lake (Fig. 25). (3). The

* The Hamilton series in New York makes one enormous formation. It is
nearly destitute of lime, and thus differs widely from the Onondaga, Trenton,
and Niagara limestones which overlie it on the north. The most marked
physical features of this great extent of country consist in its deep valleys and
long ridgy hills, usually extending in a north-and-south direction, as an inspec-
tion on any map of the rivers which follow the valleys will show. Some of these
long north-and-south valleys, having been excavated so deeply below their
outlets as to retain the accumulated waters of the rains and streams, form that
remarkable geries of lakes beginning with the Otsego, and comprising the
Canaseraga, Cazenovia, Otisto, Skaneateles, Owagsco, Cayuga, Seneca, Crooked,
LCanandaigua, Honeoye, Canadice, Hemlock, and Conesus lakes; all so similar in
their general form aund direction, and in the shape and geological formation of
their inclosing hills, Over the whole extent of these rocks, the country is “roll-
ing » or broken into ridges generally running north and south, and rising from
one to eight hundred feet above their main dividing valleys ; and it is rarely that
we find among them a plain half a mile in width, excepting in a few of the * bot-
tom-flats ”” or alluvial lands along the larger rivers, (Lincklaen in Guide to N. Y,
State Cabinet.)

The upper part of Hamilton Group in New York is a dark, impure rock, termed
the Tuily limestone. It is about twenty feet in thickness, and contains a few dis-
tinguishing fossils.

+ The absence of the Marcellus Group at the west, drops the Hamilton directly
upon the Corniferous, forming the appearance of a single mass. Thus, four
limestone formations—the Niagara, Salina, Corniferous, and Hamilton—are there
brought into juxtaposition. Before they were closely distinguished, the entire
mass was known as the ** Cliff limestone,” because they often formed bold bluffs
‘along the river-banks.
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Genesee Slate which overlies the Hamilton beds derives
its name from the gorge in the Genesee river, where it is
well developed. It is a dark bituminous shale, rich in
oil. Through the Mississippi valley it is known as the
Black Shale.

Z£0ssils .—The Marcellus Shale contains the orthocer-
atite and goniatite. =~ The Fic. 6s.
latter is like the former, i
but is partly coiled, thus re-
sembling the modern nau-
tilus. The name (gonia,
an angle), refers to the
sinuous form of the parti-
tions which separate the
different chambers. The
Hamilton Group,in its lime-

stone layers, has fine cri-
noids and corals, but the
predominant fossils are
brachiopods and conch-
ifers, ¥ — species which
flourish in muddy wa-
ters. Among the former

Spirifer mucronatus (/al?).

* Conchifers (shell-bearers) have their gills in thin membranous plates on
each side, as seen In the oyster, whence they are often called Lamellibranchs
(Lamella, a plate). A line let fall as in the case of the Brachiopods (p. 118) will
divide the shell into two unequal parts.
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r. Heliophyllum Halli. 2. Eridophyllum simconensis. 3. Favosites goth-
landica. 4. Syringopora elegans. 5. Aulopora cornuta. 6. Philipsastreea
Verneuili. 7. Zaphrentis prolifera.
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are many beautiful ones belonging to the family of spiri-
fers. A peculiar coral, commonly styled the cup coral
(see 1 and 7, Fig. 67) is noticeable. It is horn-shaped,and
was occupied by a single polyp, which, Fig. 68.
when alive, with its tentacles expanded,
must have been seven or eight inches in
diameter. Fish-bones are common in
some localities. A small trilobite (Pha-
cops bujo, lens-eyed toad) is conspicuous
because of the perfect preservation of its
eye lenses. Terrestrial plantsare an in-
teresting feature, since they now first
appear in any abundance.

Phacops bufo (Hall).

CHEMUNG PERIOD.

ZLocatiorn .—The Chemung formation is found in New
York, and attains a great thickness in Pennsylvania.

Kinds of Rock.—This period contains in New
York two epochs. (1). The Poriage Group receives
its name from the celebrated falls in the Genesee River.
It consists of shales and sandstones, which are nearly
1000 feet thick at that locality. (R). The Chemung
Group, named from the Narrows in the Chemung *
River, is composed of coarse shales and shaly sandstones
of an olive or a greenish color. All the rocks abound in
ripple-marks, mud-cracks, and other proofs of broad, low
flats, swept by a muddy sea.t

* The name Chemurg—meaning big horn—was given to it by the Indians be«
cause of a mammoth tusk which they found in the bed of the river.

+ Hall well remarks, here quiet was required for the growth of-the abundant
forms of Brachiopods and Lamellibranchs,
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Fossils.—The Portage contains few fossils. The
Chemung, however, abounds in organic remains. Large
slabs are completely covered with impressions of shells,
Brachiopods and conchifers are plentiful, and occasionally
a trilobite or an orthoceratite is met. A prominent
brachiopod is the broad-winged spirifer, which is com-
monly known as a “petrified butterfly.” It resembles the
one shown in Fig. 66. Beautiful fern impressions are
also presented—a prophecy of the abundant vegetation of
the Carboniferous Age.

CATS KN PER] O D.

Locatiorn.—This formation constitutes the upper
range of the mountains after which it is named. It is
there perhaps 2500 feet thick, while south, along the
Appalachians, it is more than twice that thickness.

Kinds of Rock.—The beds consist of shales and
sandstones, of a greenish or a reddish color, and often-
times gritty character. The harder strata of the sand-
rock sometimes weather in a peculiar way, dividing into
thin layers resembling a pile of boards.

Fic. 68a.

Modiola Angusta (Vanuxent).
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Fossils.—There are few organic remains. Tiny
seams of coal, as in the Chemung rocks, indicate the pres-
ence of plants, while bones and scales of fish, often white
or blue, are conspicuous on the red-shale.

Remark.— ceograpny. —New York and Wisconsin
were nearly finished. Interior Michigan was yet an inland
sea, while the ocean washed in unrestrained freedom the
vast area of the Mississippi valley. The Hudson and
Connecticut Rivers were perhaps formed, and the St.
Lawrence emptied into the sea near Montreal.
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