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PREFACE.

HIS work attempts to hold a position between text-
books and books of light reading. The formal text-

book would not suit the class of readers addressed. The
style of light reading would have been unworthy of the
theme, and would not have supplied the substantial infor-
mation here intended. The writer has often felt that
graphic illustrations would have rendered portions of the
text more intelligible, and therefore, more entertaining ;
but these would have enhanced the cost of the book
beyond limits which for other reasons seemed desirable.
The method of treatment is simple. The reader be-
gins with the familiar objects at his very door. -His
observations are extended to the field, the lake, the tor-
rent, the valley, and the mountain. They widen over the
continent until all the striking phenomena of the surface
have been surveyed. Occasionally, trains of reasoning
‘suggested by the facts are followed out until the outlines
of geological theories emerge. The course of observation
and reasoning then penetrates beneath the surface. The
various formations and their most striking fossils are de-
scribed, first in descending order, to the oldest. We find
here indications of heat which stimulate speculation and
bring out the grounds of a nebular theory of world-
origin. From this starting point, the treatment now
handles the subject in historical order, weaving into a
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4 PrEFACE.

narrative, the dry facts previously noted. Reaching the
end of the history, the treatment pauses for retrospect
and reflection ; and here are brought to view some of the
higher and more abstruse thoughts connected with the
subject of the book.

It is hoped the perusal of this work may impart some
clear conceptions of that grand range of scientific truths
with which it deals. It is hoped, also, that a relish may
be stimulated which will seek its gratification in the
scholarly study of works of higher range and more
exacting method.

THE AUTHOR.
ANN ARBOR, March, 1886.
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WALKS AND TALKS.

L
FACTS;
OR, THE RECORD GIVEN US TO READ.

AMONG THE ROCKS.

I. THE GEOLOGY AT OUR DOORS.

SURFACE MATERIALS.

CoME, John and Jennie—come, George and Julia—let us
have a talk about Georocy. Come, John’s mother and
aunt—come every body that wishes—we shall find some of
the most delightful things to talk about which any body ever
heard of. Now ‘“ Geology” may sound like a hard word;
and perhaps you have no curiosity to know any thing about
it. But do not decide too soon, for if you know nothing
about Geology, you can’t know what interest there is in it.
Take my word for to-day—you will find the subject easy and
delightful.

We shall travel all over the world. 'We shall climb over
mountain-cliffs and descend into deep mines. We shall go
down under the sea, and make the acquaintance of creatures
that dwell in the dark and slimy abysses. We shall split the
solid rocks and find where the gold, the silver, and the iron
are hidden. We shall open the stony tombs of the world’s
mute populations. We shall plunge through thousands of
ages into the past, and shall sit on a pinnacle and see this
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planet bathed in the primitive ocean; boiled in the seething
water ; roasted in ancient ﬁres; distorted, upheaved, moulded,
and reshaped agam and again, in a long process of prepara-
“-tion to becohde: ,f;t i"or us to dwell upon it. We shall see a
'long processio‘n ‘of- strange creatures coming into view and

L ﬁdi;appearlngé—shch a menagerie of curious beasts and crawl-

" ing" and créeping’ and flying things as never yet marched
through the streets of any town. And what is most wonder-
ful of all, we shall plunge through thousands of ages of com-
ing events, and sit on our pinnacle and see the world grow
old—all its human populations vanished—its oceans dried
up—its sun darkened, and silence and midnight and Winter
reigning through the entire province in which a sisterhood of
planets at present basks in the warmth and light of a central
and paternal sun.

.Do you feel no curiosity over these wonderful themes?
These all belong to Geology. Come, let us begin.

But we must begin at the beginning. Those who go on
long and pleasant journeys have to start from their own door-
steps. Geology tells all about this world. The world is here—
under our feet. It is in the garden and along the road-side,
and in the field, and on the shore where the summer ripples
sing lullabies to the sleepy crags, and winter storms tear
them from their resting-places. No summer ripples or wintry
storms are here; but the solid land is here. Let us walk up
this hill-slope and sit where we may get an outlook over a
little piece of the world’s surface.

‘What is there, now, within reach of our vision that we
can distinguish and describe and say that it belongs to the
world—is a part of the world? Whatever it may be, it is a
geological fact. It is a part of the science of geology. Now,
here is this hillslope, and the soil and stones which make it.
Back of us the hill rises to a higher level. Perhaps brown
cliffs frown near its summit; and there are huge, heavy trees
upborne five hundred feet above the town. But, in the op-
posite direction, there is the landscape. That is a geological
fact. With all its scenic beauty, that is geology, at founda-



GEOLOGY AT OUR DOORS. 1

tion. The houses and the herds, the wheat-fields and the
gardens—these are accessories. But the dark, beetle-browed
ridge which skirts the horizon—that is nature’s. The green
forest which glides down to the field borders; the stream which
winds across the landscape, and rises and falls with the rains;
the low swells and the valleys between; the outcropping ledge
in the field, and the loose stone by the road-side—these belong
to nature. There, in the distance, flies the train of steam-cars,
its iron-bound way has been cut through hill and rock-mass,
and opens to our view something of the hidden material
which goes to form the world. There is the meadow, with its
green turf and deep, dark soil. The gully scored in the hill-
side by the summer storm, and the train of stones and sand
at its foot—which the water tore from their hiding-places be-
- neath the soil. Up the stream we see the tamarack swamp
or the open marsh, through which the head-waters flow—the
head-waters of the main stream or of some small tributary.
There, just beyond, is the little lake or pond, sleeping in its
green-fringed nest, and looking out on the grass-covered
slopes and the blue sky.

How charming is all this scenery! How many times, im-
bued with the love of nature, we have strolled on the borders
of this quiet lakelet, or lounged on the green slope, which
seemed set, like an amphitheater, to accommodate the visitor,
who loves to look upon the scene. Perhaps, as urchins stray-
ing from school, or getting the most out of a Saturday holiday,
we have angled along this brook, or paddled our skiff over
this pond. - Perhaps in wonderment we have seen the artist
from the city, with easel and brush reproducing on canvas
the beauty of this simple landscape, thinking to win a prize
in the Academy of Art, or at least to afford the pent-up
dwellers in the dusty town the luxury of knowing how lav-
ishly the beauties of nature are strewn before the gaze of those
who dwell here in this agricultural vale—in this quiet hamlet
which Providence has made our home.

This is all geology. We are in the midst of it. We have
been enchanted by it before we knew its name. We have
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admired the forms fashioned in beauty by the hands of the
geological forces before we knew that it had a geological
origin, or possessed any geological significance, or had passed
through long ages of preparation. We have been like chil-
dren born in the parental dwelling, reared in the midst of its
comforts and adornments, without once thinking that, before
we were born, some mind planned the dwelling, some hands
reared its walls, laid its floors, and fashioned every doorway
and casing. Now, this terrestrial dwelling, with all its beau-
ties and conveniences, its wonders and sublimities, is something
to set us thinking; just as we reflected, when the thought first
came into our minds, that father’s house has had a history,
and was the product of study and labor, which we had never be-
fore considered. The green slope was made ; the pretty lake was
Scooped out; the swelling hill was shaped; the dark mountain -
was upbuilt, its foundations were laid, its vast weight has
been sustained and is to-day sustained by some support, with
strength proportioned to the requirement. It is time for us to
come to a realization of these facts.

We may begin in this very spot to inquire how this ter-
restrial home was fashioned. It was made without hands, but
not without the use of the same forces of nature and proper-
ties of matter as were employed in the building of our paternal
dwelling. Tts plan was not drafted on paper and carried out
under the direction of a builder, who issued his orders in
audible tones; but our terrestrial abode is built under a plan
just as real and just as intelligible, and is just as truly a fit
subject for study. There is this difference, that we may ar-
rive at a complete understanding of the plan, and purposes,
and modes of construction of the paternal home; but of the
terrestrial home we can only arrive at an incomplete under-
standing. As far as we proceed, the methods of understand-
ing and interpreting are the same; but the whole plan, in its
depth, and breadth, and complications surpasses our powers,
and we must, like young children, content ourselves with a
comprehension of some of the most obvious things—sure that
if our powers were loftier, we might proceed in the same way
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to understand more difficult things in the plans and methods
of world-making.

If we decide to interest ourselves in the inquiry, How the
world was made and what it has become, we must first give
attention to the materials of which it is composed. It is a
stone dwelling; it is imperishable—at least as imperishable
as granite foundations and massive courses of masonry can
render a structure.” Here are, indeed, beds of gravel and
sand, overspreading the greater part of the country. These
are not firmly consolidated, and are easily moved out of place.
But they are like the gravel used on the roofs of some build-
ings—a very insignificant part of the whole. Underneath
these loose materials we shall find the solid and enduring
foundations. But the study of the loose surface materials is
full of interest, because their presence renders the earth hab-
itable. What sort of a home for man or beast would this
planet be, if all the loose surface beds were cleared off down
to the rocky floor on which they rest? Did you ever hear
that question asked before? We must, by all means, begin
with the stones, and sands, and clays, which lie upon the sur-
face, or near the surface, and try to ascertain what they are
and how they are arranged, and of what use they are to man.
Do you think we had better proceed ?

II. LosT ROCKS.
BOWLDERS.

Wao cares for a cobblestone? It is a kind of nuisance
anywhere—so most people think. The farmer would be glad to.
have every one of them carted from his fields. I have seen land
so thickly covered by them as to be almost impossible to cul-
tivate. In some regions near the coast, in New England, the
loose rounded stones lie so close over hundreds of acres that
I have traveled by simply stepping from stone to stone.

You will notice that cobble-stones are of various sizes. In
fact, it is difficult to state where a cobble-stone is small enough
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to be called a ‘“ pebble,” and just where it is too large to be a
cobble-stone. Pebbles differ from them only in size. Pebbles
are hard and rounded, and seem formed of the same kinds of
rocks; and the large, rounded, loose stones, which lie scattered
over the earth’s surface, are in every respect only a larger
style of cobble-stones. It is plain that these are all one class
of rocks. So it has been decided; and geologists call them
bowlders. 'This is an old name used by common people before
the science of geology existed, because these stones are rounded
like balls or bolls; and, being loose on the surface, are apt to
be bowled about. Even grains of gravel and sand appear to
be of the same nature as bowlders. You will also notice,
especially, that these rocks are all separate and detached, as
well as rounded, and they are of various colors and mix-
tures of colors. They are apparently different kinds of
rocks, which by some means have been brought promiscuously
together. Ledges of rock, which you must have noticed many
times, are generally all one kind of rock. They extend long
distances, and continue under the earth. Should a ledge of
rocks become broken up, and the fragments, large and small,
have their angles rounded off, and the whole then be scattered
over a township, far from the ledge, the result would be much
like what we see in our actual bowlders. From all we know
of rocks we are constrained to believe that our bowlders are
rounded fragments of broken up ledges. But where are the
ledges? Not in the next township or county. Perhaps not in
the next state or province. They have strayed far away from
their native ledges. They are ‘lost rocks.” Now, it would
be very interesting to know where the parent ledges are; and
it is curious how these fragments have been transported so far,
and how they became so rounded, instead of remaining angu-
lar, like the stones blasted from a quarry.

Indeed, the more we think about this, the more astonishing
the facts appear; for we call to mind that just such bowlders
are scattered all over our northern states, and they lie buried
beneath the surface in countless numbers. And the very sand
and gravel, to the depth of many feet, is only the same kind
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of material in a finer state. What an incalculable amount of
work has been accomplished in transporting all these materials
so far that the places from which they came have been lost,
and can not be found. Suppose it were necessary to cart all
the loose stuff on a township to a distance only one mile fur-
ther, on what terms do you think the contract would be
taken? But all that stuff has been moved—not one mile
alone, but many miles, to a certainty. And not alone the
stuff on a township, but the stuff on ten thousand townships.
The work was not done, you say, by the slow process of haul-
ing in carts. No, indeed; but it was done somehow, and it
is the same job whether performed by Nature’s method or by
human muscle. Think of that.

Now, what do you imagine was Nature’s method? Would
it not be a grand discovery if we could find out? It was
Agassiz that ascertained this, and the discovery gained him
great fame. But there were others who came very near to
the same discovery. Suppose we could stand by and see
Nature in the midst of the job—carting and dumping on the
bare surface of the rocks, the gravel and sand and clay so in-
dispensable to render the surface of the earth habitable for
man or beast or plant. I think we should consider it a grand
revelation of the method and mind of the Author of nature.
I am happy to assure you that we have found out pretty pre-
cisely how this immense and beneficent work was done; and
this knowledge is a part of geology, and we are intending to
talk these matters over until you grasp the knowledge. That
is, we shall put you where you will be as a bystander gazing
on the progress of the great work as Nature herself car-
ries it on.

Many bowlders attain to dimensions which are truly enor-
mous. The largest are found in northern New England and
Canada. As we proceed southward, the average size dimin-
ishes, and south of the parallel of Cincinnati, bowlders are
entirely wanting, except along the Appalachians. In New
Hampshire are many immense bowlders, which have excited
the wonder of all who have seen them. Several of these have
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been deseribed and figured by Professor C. H. Hitchcock in
his Report on the Geology of New Hampshire. The Churchill
Rock of Nottingham is 62 feet long, 40 feet wide and 40 feet
high. It contains 75,000 cubic feet, and weighs 6,000 tons.
Close by is Chase Rock, 40 feet long, 40 feet high and 30
feet wide. Vessel Rock, in Gilsum, now split by frost,
weighed 2,286 tons. The Green Mountain Giant, in Whit-
tingham, Vermont, weighs 3,000 tons; and a bowlder for-
merly existing at Fall River, Massachusetts, weighed 5,400
tons. At St. Ignace, in the Upper Peninsula of Michigan,
lies a porphyry bowlder 25 feet in height. Mr. G. M.
Dawson, in his report on the geology ef the North-west Terri-
tory, describes a quartzite bowlder 42 feet long, 40 feet wide
and 20 feet high, and another nearly as large. It appears
that the greater part of North America, down to the latitude
of Cincinnati, is overstrewn by incoherent materials contain-
ing bowlders. The situation is similar in Europe; and there,
also, certain ‘““lost rocks” or ¢ erratics” attain vast dimen-
sions. The ‘ Pierre 4 bot (or Toad-stone), on the Jura Moun-
tains, about two miles west of Neufchitel, contains 40,000
cubic feet, and weighs 3,000 tons. As far south as the Lake
of Como, bowlders of large size are very frequently en-
countered.

Often these lost rocks lie perched on the summits of sharp
cliffs; and sometimes we find them so nicely poised that the
strength of a man suffices to give them a tilt. They are then
called ‘‘rocking stones.” In Hanover, New Hampshire, half
a mile east of Dartmouth College, is a rocking stone 12 feet
long, 10 feet wide, 5% feet thick, containing 480 cubic feet.
In Goffstown is one 8 feet high and 42 feet in circumference.
In Barre, Massachusetts, is one having a smaller bowlder on
its back, which, when in motion, suggests the idea of a
child’s rocking horse. One in Fall River, poised on granite,
weighs 160 tons.

We find bowlders at various altitudes, from the level of
the sea, to the height of perhaps six thousand feet; but above
this, though rock fragments are extremely numerous, they
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are mostly angular, and appear to be derived from rocky
ledges close by. They are not “ lost rocks.” The summit of
Mt. Washington is covered by a bed of angular fragments,
and such fragments are common for two thousand feet below
the summit. Lower than this, rounded bowlders are abun-
dant. Professor C. H. Hitchcock, however, thinks he finds
real transported rocks to the very summit. The great quartz-
ite bowlder in the North-west Territory, Canada, is 3,250 feet
above sea-level. Many others in that part of the continent
are up to 4,400 feet in elevation ; and, in one region, attain
5,280 feet. Some erratics on the flanks of the Sweet Grass
Hills lie at an elevation of 4,660 feet. The Pierre A bot, in
Switzerland, is 800 feet above Lake Neufchitel, which lies
itself 1,427 feet above sea-level.

‘We observe, in passing over the country, that the larger
bowlders are northward; while toward the south, their aver-
age size diminishes to cobble-stones, and finally, all indications
of transported rocks disappear. Since we have concluded
that all these lost rocks have been removed from extensive
ledges somewhere, it seems probable that the direction of these
ledges.is to the north. We notice also, that bowlders of any
particular kind become more numerous, as well as larger, as
we proceed northward. In fact, in some cases, by following
up a train of bowlders of a particular kind, we trace them to
their origin. That origin is often sixty or one hundred miles,
or even two hundred miles away. Such are the distances to
which the forces of Nature have moved much of these inco-
herent materials.

It is not always possible to trace bowlders to their source
by following back a train. But we can always consider where
is the nearest locality of bed-rocks of the same kind as any
particular bowlders. For instance, in Connecticut, we can
find bed-rocks sometimes, in the near vicinity, but at other
times, not farther away than Massachusetts. In Ontario, the
nearest sources of the bowlders are in the regions east and
north of Georgian Bay. At Chautauqua, the nearest bed-
rock for the hard bowlders is beyond Lake Ontario and Lake:

2
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Simcoe. In Michigan, the nearest source is north of Lake
Huron and south of Lake Superior. So in Indiana, Illinois,
and the north-west generally, we must go northward to find
rocks in place which-are of the same sorts as the bowlders.
This is plainly demonstrated in the case of bowlders of native
copper, which are frequently found in Wisconsin, Illinois,
Indiana, Michigan, and Ohio. There is no other credible
source than the native copper region south of Lake Superior.
So, in the case of the Pierre & bot, near Neufchétel, the
nearest credible source is the Mont Blanc chain of Alps, sev-
enty miles distant, and separated by the valley of Switzerland
and the Lake of Geneva.

We seem authorized to conclude, therefore, that the
bowlders have been transported generally from the north;
that many of them have been moved one or two hundred
miles; that they have sometimes been borne over regions
which are now lake-basins; that they have been carried, at
times, to higher levels than their origin, and much higher
than valleys over which they passed; that a vast mass of sand,
gravel, and clay was moved with them, since they lie imbed-
ded in these accumulations, to the depth, sometimes, of one
or two hundred feet.

These conclusions will be borne in mind when we come to
seek for the nature of that tremendous agency which could
have performed so vast a work over all the northern half of
at least two continents. (Talks IV and XL VIL)

III. THE GRAVEL PIr1.
ARRANGEMENT OF THE DRIFT.

SHALL we proceed? This subject has its alphabet, like
most others; and every child can testify that there is little
inspiration in the alphabet. A few more letters of our alpha-
bet will be found in the arrangement of the loose materials
which cover the surface of the northern states. These ma-
-terials are called Drift. The bowlders are a part of the Drift.
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Now we wish to know more about the internal constitution
of this deposit. This will be easy, for the Drift is all about
us, and numberless deep excavations have been made for sun-
dry purposes. Let us visit a gravel pit, or some deep railroad
cut through a pile of these incoherent materials.

Do you find these loose sands and gravels arranged in
regular courses? Yes, you say; and then you hesitate; and
well you may; for the semblance of courses is exceedingly
interrupted. Here is indeed, a layer or bed, or stratum of
sand, but it thins out in one direction, and in the other,
loses its upper and lower boundaries, and merges in a general
mass of sand. Here is a bed of gravel, but it lies at a dif-
ferent inclination from the last, and in one direction it changes
to sand, while in the other, it becomes split up into a num-
ber of subordinate layers which bend down and lose themselves.
This bed also is composed of many oblique laminz, coarser
and finer in alternation, which are cut off completely by the
upper and lower surfaces of the bed or stratum. What is
singular, the very next bed below this, which is also obliquely
laminated, has its lamine tilted in the opposite direction.
And then next to this is a long straight course of cobble-
stones and pebbles. Is not this a correct description of what
you have all seen somewhere ?

In some places are large beds of fine sand, which are
taken out and used for mortar-making. In others we find
extensive deposits of gravel and pebbles, which are used for
paths and streets. Mixed in the sands are some cobble-stones
and large bowlders. Here and there, too, are some beds con-
taining much clay; and these are impervious to water. Now,
all this is not a regular nor a perfect bedding or stratification.
We may say the Drift here is semi-stratified. You can all
recall some locality where this arrangement of materials
occurs.

This cut or exposure, however, extends only fifteen or
twenty feet down. How is the arrangement below? There
are places where the bed-rock is not reached in less than a
hundred or two hundred feet. There are wells fifty to eighty
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feet deep, without reaching bed-rock. Those who have seen
such wells have observed the deeper structure of the Drift;
and they report it niuch like what we see in the gravel-pit. T
will tell you how we shall ascertain the arrangement to the
depth of perhaps two hundred feet. Go to the lake-shore, or
the sea-shore. Of course it must be a place where the shore
is not formed of bed-rocks. Here the whole thickness of the
Drift may be cut through, exposing at the bottom the solid
foundation on which the Drift reposes. Well, here we find
two kinds of Drift. The semi-stratified Drift passes down
into a sheet of Drift quite unstratified. It consists of blue
clay and a large quantity of imbedded bowlders. These are
rounded like those at the surface. They are in every respect
the same thing—made, apparently, by the same agency; trans-
ported in the same company. This is the Bowlder Clay
or Till.

We must state, however, that in some situations the semi-
stratified Drift rests directly on the bed-rock. Perhaps in
these places the Bowlder Clay was washed off before the semi-
stratified Drift was laid down. Again, there are many places
where the semi-stratified Drift does not rest on the Bowlder
Clay—perhaps because it was never laid down; but more
probably because it has been removed. In such places the
stiff, blue clay is exposed over the surface, and the soil is full
of bowlders. Can you not call to mind such a place?

" The sheets of sand and gravel, often obliquely laminated,
which we saw in the gravel-pit, were there cut through in a
vertical section presented edgewise. You must think of these
sheets as extending into the earth a certain distance, but very
irregular in extent as well as in form and position. Some
of them are flat; some are concave upwards, and some are
convex. Now and then one is nearly horizontal, but most are
considerably inclined. 3

Did you ever see a huge mound of rock-rubbish at the
foot of a torrent rushing down a steep ravine to the open,
level land-—a torrent sometimes suddenly swollen to a terrific
and maddened volume, which tears stones and trees from their
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fastenings? And have you ever seen such mound cut through
for a highway or other purpose? If you have, you have wit-
nessed a semi-stratified order of deposition somewhat like that
in the Drift. Those who have thought on this resemblance
have reached the conclusion that the semi-stratified Drift must
have been moved and laid down by some kind of forrential
action.

But however this was, the origin of the bed of Bowlder
Clay must have been very different. Here is no sort of bed-
ding. The whole is in a state of uniform confusion. Evi-
dently, then, Nature employed two kinds of action successively
in transporting and dispersing the Drift. In the semi-stratified
Drift, water in tumultuous movement may have been the
chief agent. In the Bowlder Drift water was not the chief
agent, since here is none of the assortment and stratification
due to water, and here also are rock-masses moved scores or
hundreds of miles, and these results are not ascribable to water.

Let us take another glance over the general distribution of
the Drift. 'We have seen the bowlders increasing in bulk and
abundance northward. We have seen the whole Drift forma-
tion terminating southward on about the parallel of Cincinnati.
We find incoherent surface deposits in Kentucky and southward ;
but they contain no bowlders; and they have mostly resulted
from the disintegration and decay of the bed-rocks in place.
The Drift, then, is a northern phenomenon.

If we notice more carefully the detailed distribution of
bowlders, we find that, while they have generally moved
southward, there has also been a radial distribution from high
mountains. In New Hampshire the bowlders move east and
west from the White Mountains, as well as south, In Switzer-
land, the Prerre ¢ bot and thousands of other bowlders moved
north-westward from the Mont Blane range—though on the
opposide sides of Mont Blane the movement was in the op-
posite direction. In the Rocky Mountains and the Sierra
Nevada, the movement of the bowlders was east and west
from the mountain axis. So, too, the southward distribution
of bowlders was greatest along mountain elevations.
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Thus the distribution of Drift materials sustains a relation
to altitude similar to that which it sustains to latitude. What
factor, or force, or agency exists in altitude which exists
identically in latitude? Temperature, certainly. To ascend
a high mountain range is the same as to ascend to a high lati-
tude. All high mountains support animals and plants related
to species farther north. On the summit of Mount Washing-
ton are the butterflies and plants of Labrador. Ascending the
Andes, you have tropical products at the foot, temperate pro-
ducts at ten thousand feet, and arctic conditions at the sum-
mit. The distribution of the Drift, then, has relation to heat
and cold. Greater cold has been accompanied by larger re-
sults. Bowlders are more numerous and more massive in
northern and in elevated regions, because the cold is there
more intense.

Now, how does cold act to effect transportation of rock-
fragments? Our thoughts run over the world to scrutinize
the modes of action of cold. Much cold implies much snow
and ice, if moisture and water are abundant. Most far north-
ern regions and high mountain summits are covered much of
the year, or the whole of it, by a sheet of snow. Winter
snow, under the action of thawing and freefing temperatures
in alternation, becomes granular, as we often observe in old
snow, especially in early spring. With a more advanced
stage of granulation, the icy grains coalesce into larger grains,
and finally merge completely into a solid mass of ice. This,
also, we have often noticed in the last lingering patches of
last winter’s snow.

We have many observations of this kind on a large scale.
On high mountains broad fields of granular snow come into
existence, and at a certain elevation the average annual tem-
perature is not sufficient to dissolve it before autumnal snows
begin to increase the amount. The old snow becomes a per-
manent granular sheet on the high slopes. In the Alps the
Germans designate it Firn, and the French, Névé. When the
firn-masses are accumulated in valleys, the amount of snow is
§0 great that it may reach to a much lower altitude before
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finding a temperature which will suffice to melt it all away be-
fore the next winter. So tongues of granular snow stretch
down the mountain valleys, and being, like our late spring
snow, exposed to increased action of warmth, these valley pro-
longations of the upper firn become completely changed into
solid ice. This is now a glacier.

‘We may reason a step further from facts of observation. All
substances expand with increase of temperature, and contract
with reduction of temperature. The glacier is certainly at a
lower temperature in winter than in summer—though it can
never be warmed above thirty-two degrees Fahrenheit, which
is the thawing temperature. The surface of the glacier is also
at a lower temperature during the night than during the day.
The glacier, therefore, must sometimes expand and some-
times contract. Now, when it expands, the whole expansion
will be developed at the free lower border, since the upper
border is frozen to the earth, and pressed also, by the snows
beyond. Also, if both were free, most of the expansion would
be developed below, because gravity aids motion downwards.
Next, when the glacier contracts, the lower border does not
retreat, because the ice is not strong enough to bear the pull
of the mass up the slope. The ice breaks in innumerable
little cracks. These are soon filled with water, which freezes,
and thus restores the complete solidity of the glacier. Thus,
when the next expansion takes place, the glacier takes another
slide down the valley. So the glacier travels. So, if a whole
state should become glacier-covered, the ice-sheet would have
a motion from higher to lower, and from colder to warmer.
Every thing on its surface would be transported ; every loose
object beneath it or in front of it would be pushed forward.

Now, here are some hints toward an explanation of the
method of transportation of our millions of bowlders. If we
go to the Alps we find exactly such glaciers, on a small scale,
performing precisely such work. Thus our theory receives
confirmation. We can not pretend that glacier action ex-
plains all the phenomena of the Drift. Nor do we pretend
that any thing more than a hint has been given toward an ex-
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planation of transportation. The action which arranged the
semi-stratified Drift must have been exerted by water rather
than ice. But we leave the subject now to your thoughts.
You may speculate as much as you please for the purpose of
forming a complete theory. You will find such occupation
interesting and profitable. By and by we shall come upon
this subject again from another direction. (Talk XLVIL.)

IV. AMONG THE GLACIERS.
GEOLOGICAL ACTION OF GLACIERS. :

PerHAPS it is best to pause at once and contemplate a
fuller sketch of some living glaciers. We indulged in a little
speculation about the cause of the Drift. We argued that
glaciers must perform a work pretty nearly such as the Drift
required ; and I cited you to Alpine glaciers as actually exem-
plifying this kind of work. But come, now, let us take a
closer look at Alpine glaciers. The scenes are abundant in
picturesque interest as well as instruction.

About fifty miles from Geneva lies the ¢ vale of Chamo-
nix —the classic valley of classic glaciers. Its axis lies
nearly east and west, and the Arve, taking its rise from the
east, flows through the length of the valley, and bends north
to the Lake of Geneva. On the north, the valley is bounded
by the sharp pinnacled Aiguilles Rouges (A-ghee-Roosj) ; on
the south rises the stupendous mass of the Mont Blane
(Blahnc) range, nearly sixteen thousand feet above sea level.
The rounded summit of the monarch mountain is silver white
with perpetual snow. On one shoulder rises the Dome du
Godter, and on the other the Aiquille de Gotter (A-ghee-du-
Goé-tay). For three thousand feet below the summit, com-
pact snow covers the surface to an unknown depth. In one
region below the Aiguille de Godter, may be seen a long per-
pendicular cliff of snow left by a slide. It looks like a vast
entablature to the glittering dome. This is said to be fifteen
hundred feet in height. At the foot of the final dome
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stretches a fathomless crevasse, in which a number of persons
have been lost. This is the ¢“Grande Crevasse,” and for a
long time it prevented all successful approach to the moun-
tain’s summit. Sometimes a temporary bridge is stretched
across by drifting snow. Occasionally it becomes sufficiently
solid to serve for a passage over, but it is always treacherous,
and once precipitated an English lady and her companion to
a depth from which they were never recovered.

From the Grande Crevasse stretches a gentle slope called
the Grand Plateau at an elevation of thirteen thousand feet.
This is covered with granular névé. Along its lower limit the
snow-mass is broken into tumultuous confusion, and the pas-
sage over it is difficult and dangerous. Below this is the
Little Plateau, ten thousand feet above.sea-level; and then
come other broken belts of snowy precipices. Now, the
upper limits of two glaciers are reached in the downward
flow of the ice. This common ice-field is a scene of grand
confusion. The mountain slope beneath the ice-sheet presents
many irregularities of pitch, and many projecting bosses.
Over all these the ice-stream flows toward the lower level. In
one place, nine thousand feet above sea-level, a vast pinnacled
mass of rock rises some hundreds of feet above the ice. This
divides the wide stream, but the parts completely coalesce
again around the lower side. In other places, the underlying
inequalities break the sheet by fractures large and small.
Some of these crevasses extend up the general slope, and
others are transverse. The ice-mass is therefore broken into
innumerable prismatic fragments. The tremendous mashing
together which they experience through the movements of
the flow, squeeze numbers of them out of their places; and
they stand as huge pyramids and columns ten, twenty, and
forty feet above the general surface. The columnar forms
are called séracs. The afternoon sun acts on them, and some
are sharpened to a point; others are worked out at the sides,
and stand with broad flat caps. Finally they tumble down
or waste away, while new ones rise in other places. Though
the ice is continually shattered by crevassing, the fissures are
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continually closing together, when changes in underlying con-
figuration permit. Two fractured surfaces pressed tightly
unite again as one mass; and a pateh shivered into ten thou-
sand fragments becomes solid and transparent under the lat-
eral squeezing to which it may become subjected. So, to
whatever extent the ice-sheet may be shattered, it is continu-
ally healing, and tends to return to the condition of a sound
and solid mass. Thus the tourist, picking his way among the
séracs, and jumping the bottomless chasms, hears frequently
the detonation of some new split, which is echoed back from
the red pinnacles of Mont Maudit, which rises on his left.
These themselves hurl down rocky fragments to keep alive
the watchfulness of the traveler, and place material on the
back of the glacier to be borne gradually but steadily down
toward the valley.

The common glacier-field just mentioned strikes the sharp
upper limit of a mountain salience, which slopes down to the
valley of Chamonix, and separates two mountain valleys.
This prominent dividing point is the Aiguille de la Tour. As
the common ice-mass impinges against it, the ice parts to the
right and left like a river. Down the western valley flows
the ice-stream known as the Glacier de Taconnay. Down the
eastern valley flows the greater stream known as the Glacier
des Bossons, having the little village of Bossons at its foot.
Another valley lies still farther west, and the common ice-
field of Mont Blanc fills it with a stream known as Glacier
de la Gria.

These three glaciers descend to the valley on the west of
the pretty village of Chamonix. On the east are three others.
The nearest is the celebrated Mer de Glace, the lower part of
which is called the Glacier des Bois, with the little village of
Bois at its foot. The snowy eastern slope of Mont Blanc and
Mont Maudit (Mo-deé) feeds an enormous glacier which, to an
observer from the valley of Chamonix, lies behind the pinna-
cled summits of Charmoz and Midi. This is the Glacier du
Géant, and it forms the western tributary of the Mer de
Glace. Into the head of the Mer de Glace comes the Glacier
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de Léchaud (La-shé), fed by the snow-fields of the Grandes
Jorasses. On the east, the Léchaud is reinforced by the
broad triangular Glacier de Taléfre (Tah-lefr’), in the midst
of which, at an elevation of 9,143 feet, is the Jardin, an
island of land-surface, walled in on all sides by lofty mount-
ains, and adorned in August with a display of several species
of Alpine flowers.

Beyond the Mer de Glace is the Glacier of Argentiére—a
fine long river of ice, almost equal to the Mer de Glace itself.
The bright village of Argentiére lies at its foot. At the very
head of the valley of Chamonix comes down from the same
direction, the Glacier du Tour. Thus six glaciers descend into
the valley, and each contributes its torrent of muddy water
to create and swell the Arve. This grand series of ice-rivers
and the more majestic mass of the mountains, with their
swelling domes and sky-piercing pinnacles, may be contem-
plated as a panorama from the summits which overlook the
valley from the north, and put the spectator face to face be-
fore the stupendous Mont Blanc range. No person can gaze
on this spectacle from the Flégeére, which faces the Mer de
Glace, or from the Brévent, which faces directly the Glacier
des Bossons and Mont Blane, without feeling a sympathy with
Coleridge in his ““ Hymn in the Vale of Chamonix :”

“Ye ice-falls! ye that from the mountain’s brow
Adown enormous ravines slope amain,
Torrents, methinks, that heard a mighty voice,
And stopped at once amid their maddened plunge!
Motionless torrents! silent cataracts!
Who made you glorious as the gates of heaven
Beneath the keen full moon? Who bade the sun
Clothe you with rainbow ? Who with living flowers
Of loveliest blue spread garlands at your feet ?
God! Let the torrents like a shout of nations
Answer, and let the ice-plains echo, God!”

The conception of a glacier as a frozen cataract is sugges-
tive and truthful. When, from the Montanvert, overlooking
the Mer de Glace, De Saussure contemplated the sea of ice,
he received an impression thus recorded: ¢ Its surface re-
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sembles that of a sea which has become suddenly frozen—not
during a tempest, but at the instant when the wind has sub-
sided, and the waves, although very high, have become
blunted and rounded. These great waves are nearly parallel
to the length of the glacier, and intersected by transverse
crevasses, the interior of which appears blue, while the ice
is white on its external surface.” Farther down, in the nar-
rower Glacier des Bois, the séracs and needles bristle over the
surface in mighty uplifts and fearful confusion.

The crevasses really run in any direction, according to the
nature of the underlying surface. In length they vary from
twenty feet to a mile. The downward direction is originally
vertical, but as the surface of the glacier moves more rapidly
than the deeper portions, the transverse crevasse assumes,
after a while, an inclination which gives it a dip up the val-
ley. Its depth may be ten or a hundred, or two hundred
feet ; and its width, which is a few inches at first, may grow
to fathoms. Forbes measured a crevasse at the base of the
Glacier du Géant, which had a breadth of not less than 1,214
feet. The two walls generally approach each other downward,
and we may sometimes safely descend to the bottom. The
wall-ice is absolutely immaculate, with a greenish blue trans-
parency. Down in the crevasse we hear the rills coursing
through the substance of the glacier, and sometimes the cen-
tral torrent rumbling along the bottom. The surface of the
glacier is white and granular, from the action of the sun.
Pools of water rest here and there—pure, cool, and refreshing—
and numerous rills flow over the surface, discharging them-
selves through crevasses and perforations in the ice-mass, into
some subglacial stream.

Each of these great glaciers is bordered by a moraine, or
long ridge of material thrown off the surface in the course
of ages, and pushed up by the movements of the ice. It con-
sists of clay and rounded bowlders. It is completely unstrati-
fied, and resembles precisely, the till at the bottom of the
Drift. These lateral moraines at the present epoch, tower fifty
to eighty feet above their glaciers. The ice, for centuries, has
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been in process of shrinkage. Such masses of débris could
never have been raised by the existing glaciers. Other attes-
tation of a former higher stage of the glaciers is seen in the
smoothed and striated rock-slopes which bound the glacier
valleys. These surfaces remind us of the smoothed and
striated rocks underneath the till in America. The records
of the glaciers may be traced on these smoothed slopes, two
or three hundred feet above the present ice-surfaces.

At the foot of each glacier is a terminal moraine, which
is continuous with the two lateral moraines. Among the
Chamonix glaciers, this moraine is half a mile or more below
the termination of the ice, showing to what extent the glaciers
have diminished in length. These remote moraines were left
in 1817 and 1826. The ¢ chief of guides” at Chamonix
remembers the occasion, and narrated to me a number of

memorable incidents. The plain between the moraine and the -
foot of the glacier is strewn with bowlders. Many descend
on the surface of the ice or imbedded in its mass. One sees
them frequently precipitated from the foot of the Glacier des
Bois to the plain below. The diminution of the glaciers ap-
pears to be a persistent phenomenon, and not dependent on
climatic fluctuations of short period. There must be either a
continuous diminution of cold or of precipitation.

All parts of the glacier mass move continually downward.
In the Glacier des Bossons the amount of the movement has
been determined by means of a catastrophe. In 1820, eight
persons were buried in the Grande Crevasse at the foot of the
dome of Mont Blanc. In 1861, their remains began to ap-
pear in the ice near the termination of the glacier. In forty
years they had traveled 26,000 to 29,000 feet, or 680 feet a
year. As they were buried 200 feet beneath the surface, it
appears that 200 feet had been melted from the top of the
glacier in the same interval. The Mer de Glace, as shown
by Forbes, moves past Montanvert at the rate of 822 feet
per annum. Near the foot of the Glacier des Bois the motion
is 209 feet a year. The lower Glacier of the Aar, which was
the scene of Agassiz’s observations, moves downward at an
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average rate of 250 feet per annum. Hugi’s hut according
to Agassiz, had been carried 5,900 feet in thirteen years. A
record bottled up by Hugi, stated that it had traveled 197 feet
in three years and 2,345 feet in nine years. The great conti-
nental glacier would not have traveled at rates so rapid; but
if it moved 200 feet a year, the time required to transport a
bowlder 250 miles would be 6,600 years.

These interesting Chamonix glaciers are but the stumps of
what they have been. Once they were noble tributaries of a
greater glacier which filled the valley of Chamonix. Out
of this valley it passed along the valley of the Arve, all the
way to Geneva. As we ride along the highway, the rocky
bounding walls rise on either hand, smoothed and scored after
the same fashion as the rock-walls of the valley of the Mer de
Glace. Evidently, the Chamonix glaciers have long been in
process of shrinkage. Evidently, they once existed under an
enormous development. When that period was passing, we may
well believe our northern states were extensively glaciated,
and a work was in progress very nearly like that which we
have already reasoned out. With these facts before us, we
shall be prepared to appreciate the picture of continental
glaciation that will be presented as we trace the later history
of the world.

V. THE HILLSIDE SPRING AND ITS WORK.

SUBTERRANEAN WATERS AND THEIR DEPOSITS.

WHERE goes the rain which falls upon the earth? If the
surface were completely level, and all the water should stand
which comes from the clouds in the form of rain and snow,
it would be everywhere about forty inches deep. In some
parts of the United States it would be more, and in others
less than this. Such an amount of water would be 34,480
barrels on every acre. What becomes of all that water?

Part of it runs off, you say; and part of it soaks in the
ground. True, and part of it evaporates, and is afterward
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condensed and rained down again. Also, part of that which
soaks in the ground returns when the surface becomes dry,
and is evaporated. But, not to be too precise, let us attempt
to follow the water which soaks in. First of all, it must have
dissolved some substances with which it came in contact at
the surface. These substances must be, to a limited extent
certain mineral constituents of the Drift; but the Drift has
been so many thousand years exposed to rains, that all its
readily soluble constituents have been dissolved away from
the surface. The chief agencies which supply soluble matters
to the surface are man and animals. The underground waters,
therefore, carry with them a certain amount of solutions of
organic and inorganic origin, and are not absolutely pure,
like carefully distilled water. They may even be poisonous
and unsanitary.

Following these waters in thought, beneath the surface,
we see them percolating through the sands and gravels, which
we have found to make up the principal part of the upper
Drift. Through layer after layer they continue to descend.
If any obstruction is encountered, they are quickly deflected
around it, and so continue to settle toward the impervious
Bowlder Clay at the bottom of the Drift; or, if that is
absent, the waters settle to the bed-rock. We will not attempt,
at present, to follow them in the rocks.

Now, we know that the Drift contains sheets of impervious
clay. Of course, then, these intercept the descending water.
The water arrested by a clay-bed saturates the overlying sand,
and gradually flows along the surface of the clay to a lower
level. But we have seen that all these Drift beds are of
quite limited extent. The water, therefore, soon reaches the
edge of the clay-bed and escapes down to a lower level.
Probably it is again intercepted by a deeper clay-bed. Along
this it flows in a similar way, and so continues—always ap-
proaching nearer and nearer to the lower limit of the Drift.
Some of the clay-beds are concave upward, and thus form real
dishes or cisterns, which remain full.

Suppose we dig a well. While passing through the sandy



32 ; WALKs AND TALKS.

strata, from which the water drains away, no supply will be
struck. As soon, however, as we reach one of the subter-
ranean basins or cisterns, a supply is found. Should we dig
a hole through the bottom of the cistern, we would, of course,
lose much if not all of the water. But we might continue
down to the next water-basin.

Let us suppose another well is needed, a few rods away.
We must not be too sanguine in the expectation of getting
water at the same depth. Perhaps the new well is beyond
the limits of the higher water-basin; we must then dig to
some lower one. Perhaps the new well is on higher ground;
it does not follow that we must dig to the level of the basin
in the first well. In the higher ground may be a higher
water-basin ; and so the second well, though several feet higher
than the first, may not require to be so deep.

Do not suppose these water-beds are everywhere of such
limited extent. There are districts where the same bed may
be traced onme or two miles. The bed, in such cases, is
nearly horizontal; and that condition of the underground
structure is indicated by a level condition of the surface.

Now, how are springs produced? Suppose a river valley
has cut through a deep mass of the Drift, must it not cut
the water-bearing sheets with the rest? And when that is
done, will not the water flow out? Certainly, just as when
we knock a hole in a cistern. So a hill-side spring is noth-
ing but a leak in one of nature’s cisterns. The water in es-
caping from the cut edge of the sheet finds some spot where least
resistance is experienced, and there it escapes in largest quan-
tity. It forms a sort of stream, and by degrees wears a little
channel, which extends back into the bank, opening at its
mouth in a little arch under which the water finally escapes.
Of course, all the work was accomplished before we ever saw
the spring. A well is an artificial spring.

Generally, the water of a hillside spring is allowed to flow
off to a brook or rivulet. In the course of a number of miles,
scores or hundreds of springs may discharge their contributions
into the stream. In fact, the greater part of the water in the
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stream is supplied by springs. It gets directly from rains
only so much as flows from the surface of the basin which
the river drains. Most of the rain falling within the basin,
however, sinks into the ground, and finds its way into the
stream only in the form of spring water. But when a stream
flows over a drift-formed bed, much water wastes away. Be-
sides this, many deep water-basins convey their contents under
the river. So the river never contains the whole amount of
water which falls within the basin which it drains.

Suppose all the water-basins under a township or a county
should cease to exist, what would become of wells and springs?
You understand at once that they would dry up. Therefore
the streams would dry up. The water would settle to the
Bowlder Clay or the bed-rock, and there would be the only
accumulation. Every well must then be sunk to that depth—
even if it were two hundred feet. And wells would be the
only resort, for of springs there would be none; of brooks
there would be none; of ponds and lakelets there would be
none. Then, again, the Drift sands being so dry, little evap-
oration would take place from the earth’s surface. The air
would be dry; no dew would condense; no clouds would
form, and so the rains would stop descending, unless some
other region could supply us with clouds. How beneficent,
then, are the clay-beds! Literally, they are all which saves
many a fertile region from becoming a desert and an unin-
habitable waste. We looked carelessly at these courses of
sands and clays exposed in the railroad cut, and thought, per-
haps, they only served to form a pile of earth for the rail-
road builder to cart into the neighboring filling. How
admirably the constitution of the Drift is suited to human wants!
To us it looks as if it had been an intentional preparation for
man. There are persons, however, who prefer to say it is not
so; but man is here only because the situation is one which
permits him to be here. But we are sure, at least, that a
happy codrdination exists between our necessities and our sur-
roundings; and the constitution of things which brings enjoy-
ment out of the coordination is a beneficient constitution. .
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In regions of deep Drift and abundant water-basins, the
supplies of spring-water are sometimes sufficient to meet the
demands of towns and cities. The city of Ann Arbor, with
its ten thousand of population, is thus supplied with nearly
five hundred thousand gallons daily. This is obtained from
two groups of springs, and distributed through the city in the
usual way. Five times this amount could be had, if needed.

Now let us consider springs in another light. We have al-
ready reflected that the percolating water takes some substances
in solution from the surface. It must take up much more in
leaching through the sands. This is the reason why most
sands are composed chiefly of insoluble constituents. Their
soluble constituents have been leached out. But there re-
main still, in many regions, some soluble limestone pebbles or
larger masses which have not yet been dissolved, and the
water is continually diminishing the amount of these. * Now,
first of all, consider that this little faet is a demonstration
that the present order of things has not existed from eternity.
If it had, all the soluble substances would have disappeared
long ago—in fact, an eternity since. The time, therefore,
since this Drift was brought here is only a finite number of
years. That is a positive datum.

‘Water that has dissolved much limestone is ‘“hard.” Hence,
many spring and river waters are hard. The water of a pond
may be softer, because a large proportion of it has been di-
rectly rained in, or supplied by surface drainage from the sur-
rounding land. Of course, the hardness of underground water
depends upon the amount of limestone pebbles and grains
with which it has come in contact. Aside from any supply
of limestone from neighboring ledges, the amount of limestone
in the Drift depends on the amount transported from the north-
ern regions which supplied the material of the Drift at each
particular place. Some northern regions supplied much lime-
stone, and others little. Hence, in Michigan, Ohio, and In-
diana, well and spring waters are hard, while in New England
and Pennsylvania they are comparatively soft.

Under-ground water often experiences great pressure. In
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this state it dissolves more limestone than it can hold in solu-
tion after the pressure is relieved. Hence many springs throw
down a calcareous deposit which in the open air hardens into
tufa and travertine. It often incrusts mosses and forms what is
called ¢ petrified moss.” The vegetable matter perishes and
disappears by degrees, but the form of the moss remains.
Calcareous springs flowing into ponds cause a deposit of chalky
matter on the bottom, which is called marl. It is generally
mixed with earthy substances washed in from the surround-
ing slopes.

In precisely the same way certain springs deposit peroxide
of iron, which is yellowish or red. Iron is also often trans-
ported to bogs and ponds, and there undergoes deposition.
Thus bog iron ore is formed.

Now, I wish to ask Johnnie if he understands what has
been said in this Talk. I hope he will think these matters
over. They will help him to understand, by and by, some
matters which are far more interesting. At least, I think he
will find them so.

VI. INTRODUCTION ‘TO THE RoOCKS

KINDS OF MINERALS AND STONES.

It is not entirely satisfactory to roam over the fields, with
bowlders lying on the right and left, but without any knowl-
edge of their names or natures. True, we shall experience
much satisfaction in feeling that we know something of their
origin and their history. We may walk up to the side of one
of these ancient and way-worn travelers and say: ‘Old Hard
Head, when did you arrive in this country, and where did you
emigrate from?” Old Hard Head will lie sullenly and answer
never a word. But he is written all over with inscriptions -
which we can already begin to decipher. So we look on the
rounded and weather-beaten form, and say to ourselves:
¢ This immigrant rock came from a northern country. He
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left his mother-rock, and most of his kindred, in the woods of
northern Maine, or New Hampshire, or on the shore of Lake
Superior. A large number of his kindred came with him.
He rode part of the way on the back of a glacier. By and
by he fell off, or got into a hole; and after that he had a severe
squeezing. He got crushed and rubbed and rolled and pushed
for some thousands of years. But every year he made some
progress. By and by there was a great change of weather.
The ice-carriage melted away from him, and fine weather re-
turned, and lo! he found himself, one spring, in this field.
That was long enough before Adam and Eve set up business
in gardening. But here old Hard Head has been lying ever
since. And now, we are the very first persons who ever
stopped to pay him a moment’s attention, and make his
acquaintance.”

If old Hard Head thinks, he is revolving some handsome
compliments on our intelligence. Whatever old Hard Head
may think, we are sure the ability to learn something of the
method of the world was given us to be exercised. If we go
stupidly through the world, without exercising that ability, we
do no better than an ox. But if we seek to gain an insight
into the method and history of the world, we honor the Author
of the world; we read His thoughts. Knowing some of His
thoughts, we come into more intimate relations with
him. The study of science is a virtue. Attention to
geology is a human duty.

To complete our introduction to old Hard Head we must
know his name. To call him old Hard Head is like calling a
man ‘‘ Old Russian” or ¢ Old Englishman.” He has, besides,
his personal name. Now, there is a way of finding out the
particular name of each rock. Like a dog with his
name on his collar, each mute rock displays a name writ-
ten on its exterior. Let us look into this subject a few
minutes.

Do you see that nearly all these bowlders appear to be
mixtures of different colors and kinds of rocks? See one
rock with round pebbles—white, red, black—imbedded in a
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mass of smaller grains. See another rock, less coarse, with

_grains white, pink, and black. See still another with grains
all nearly alike. See one rock nearly a uniform white;
another, bluish ; another, reddish ; another, nearly black. See
one rock with numerous black shining scales; another, with
smoky scales; another, with silvery scales. Now, all these
differently colored constituents of the rocks are so many differ-
ent minerals. Rocks are composed of minerals. Some rocks
have two minerals; some, three; some, four; and some, only
one. The particular name of a rock depends on the min-
erals in it. As soon as we know the minerals, we can call
the name of the rock. Now, sit down and take a lesson in
minerals.

Do you see this white flint rock, composed throughout of
one kind of mineral? That mineral is Quartz. It is the hard-
est of all the common minerals. Try to scratch it. You see
the point of steel makes no impression on it. But it leaves a
black mark. The Quartz wears away the steel. When one
of these bowlders is thus composed entirely of Quartz, its
name is Quartzite. There are many Quartzites, as there are
many Smiths and Joneses. Let us learn the other part of the
name. Look at these uniformly colored quartzites—white and
gray. You see one is composed of distinct grains; this is a
Granular Quartzite. One has the grains almost completely
melted together or confluent; this is a Vitreous Quartzite. One
contains pebbles; this is a Conglomeritic Quartzite, or simply a
Conglomerate. Another has some of its pebbles red; this is a
Jaspery Conglomerate. You will find quartzites exceedingly
abundant; and you will find grains of quartz in many other
rocks than quartzites. In fact, quartz is most abundant of
all minerals.

Conglomerates always excite curiosity—especially if the
pebbles are of different bright colors. Two large masses of
conglomerates of different sorts lie on the campus of the Uni-
versity of Michigan—souvenirs of two graduating classes.
One is a jaspery conglomerate from the north shore of Lake
Huron. It weighs six tons. The plum pudding, as big as
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the State House dome, demolished by the giant’s wife and
her screaming boys, refers to a conglomerate.

“They flung it over to Roxbury hills,
They fluhg it over the plain;
And all over Milton and Dorchester, too,
Great lumps of pudding the giants threw;
They tumbled as thick as rain.”

Well, here is a rock with shining scale-like mineral frag-
ments. Pick up a scale with your knife-blade. Do you see
it split into laminze or leaves of indefinite thinness? ¢ Yes,”
you say; ‘“this is the same thing as is used in the doors of
our stoves to permit the light to shine through; only these are
black leaves and those are transparent.” Quite right. What
do you call the mineral in your stove door? ¢ Mica, though
some people call it isinglass.” Mica is correct. One species
of mica is black, and has a particular name; another varies
from dark-brown or smoky to transparent, and has a different
name. There are also some other species of mica. So you
know mica. '

Examine this rock very closely—do you find any quartz?
““Yes,” you say, ‘‘there are two kinds of light-colored min-
erals here.” Carefully test them both for hardness. Can you
scratch them? ¢ Well, no. One of them is hard enough for
quartz—it is quartz; but the other I am uncertain about.”
Then you must try again. Bear on hard; can’t you make a
little scratch with your knife-point, or the end of a file? I
believe I do make a little impression on it.” Well, then, it is
not quartz. Now take another look at it. Compare it with
the quartz grain by its side. Is its surface broken and irreg-
ular? ‘“No,” you say, ‘“it is flat.” Hold it then so as to
reflect the light from the window. Is the reflection as bright
and glassy as the reflection from the guartz? ‘I think there
is a little difference.” You see, too, it is an unbroken re-
flection, while that from the quartz is not uniform, in conse-
quence of the uneven surface. There is also another point;
this mineral appears to be a fragment of a crystal; you can de-
tect one or more edges or angles. It is not so with the quartz.
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Thus, in several particulars, this mineral differs from quartz.
Its name is Feldspar. But feldspar is not always white nor
cream-colored. Very often it is pink-tinted; often almost red.
But you may know it to be feldspar by the same signs, inde-
pendently of color.

So we find in this bowlder three different minerals, and
their names are Quartz, Mica, and Feldspar. These three min-
erals mixed together form the rock Granite. There are sev-
eral varieties of granite, according to the species of mica;
according to the colors of the quartz and feldspar; according
to coarseness of the constituents; according to the relative
proportions of the three ingredients. But they are all gran-
ites. If, however, the minerals are not uniformly mixed; if
they are ranged in courses, the rock is strafified, and it is not
a proper granite, though quarrymen and builders often call it
grantte. Properly, it is Gneiss (Nice). If the mica is al-
most or completely wanting in a granite-like rock, the rock is
Granulite. 'When a gneiss-like rock contains very little feld-
spar, it is Mica Schist (Shist).

Now, let us examine another bowlder, with a similar ap-
pearance, but in which the dark mineral is not mica. Be
sure, first of all, that we have quartz and feldspar in it. Then,
if the dark mineral is not scaly, it is probably Hornblende.
It may be nearly black, or greenish-black, or dark green. It
may be in grains, or in flat-sided fragments showing an indistinet
fibrous structure. It can be scratched, giving a pale bluish-green
streak. Now, a rock with these constituent minerals— Quartz,
Feldspar, and Hornblende, is Syenite—so called because the rock
quarried by the ancient Egyptians at Sye'ne was of this kind.
Many persons call this granite also. The ‘“ Quincy granite,” near
Boston, is a syenite. Often syenite contains also some mica. This
is the case with the ‘“obelisk,” in Central Park, New York,
and the Mormon Temple, in Salt Lake City. If the constit-
uent minerals tend to arrangement in courses, the rock is
stratified, and we call it Syenitic Gneiss. If the quartz is want-
ing, or nearly so, the rock is Hyposyenite when the feldspar is
of the common kind, and Diorite when otherwise. ~When
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Syenitic Gneiss contains very little feldspar, we call the rock
Hornblende Schist.

The names above explained embrace a majority of the
rocks, and I do not by any means expect you to learn at
present all of the others. But we may mention a few. Some
rocks appear to be composed wholly of one mineral, and
yet they are not quartzites. They are mostly dark-col-
ored—slate-colored or blackish or greenish. If these are
banded in different colors, or are capable of splitting into
sheets, like shingles, they are Argillites—including most of the
hard slates, like roofing slate. If a rock is very fine, black-
ish, and harder than slate, it may be an Aphanite. If it con-
sists of a very fine, hard, uniform reddish or greenish base,
having crystals of feldspar scattered through it, the rock is a
Porphyry. But, if you feel inclined to go further into rock-
details, it will be better to study some work which takes up
the subject more thoroughly. (See the Author’s Geological
Exeursions, and still fuller Geological Studies).

One word more. These bowlder rocks are all hard, crys-
talline, and generally (not always) foreign to the region where
they lie. We sometimes find fragments of rocks which are
not hard and crystalline, and far-fetched. They come from
ledges which appear at the surface not far away. The most
common uncrystalline ledges are of sandstone, limestone, and
shale. Sandstone is composed chiefly of grains of quartz—Ilike
those in a granular quartzite, but not so brilliant or so firmly
compacted together. A grindstone is a fine sandstone. Lame-
stone can be easily scratched with a knife ; is generally not com-
posed of grains; and, if you apply strong acid, an effervescence
takes place. Very strong vinegar will often suffice, especially
if the rock is first pulverized. Shale is quite soft, easily
cut with a knife, dark-bluish or black, splitting into thin
sheets. It is exceedingly common in coal regions. It crum-
bles into small fragments, and finally becomes mere mud.

I think this little knowledge about rocks is better than
total ignorance. We may now go amongst our bowlders, and
speak many of their names.
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V1. THE FLOoODS OF THE GREAT LAKES.

LACUSTRINE DEPOSITS AND TERRACES.

Persons living along- the borders of the ¢ Great Lakes”
well understand what is meant by ‘The Ridge Road.”
That road is a geological phenomenon. It is a record of high
waters in the lakes. It possesses much signiﬁcance, and opens
an interesting vista through a chapter in the world’s history.

The Ridge Road runs parallel with the lake shore for many
miles at a stretch. It is almost perfectly level and serves as a
ready made road-bed for country roads. It consists of gravel
and sands, and presents oblique lamination or cross-bedding in
its internal structure. The materials have evidently been ar-
ranged by water. It has the general characters of a beach,
and like a beach retains a level nearly uniform. Generally
two or more of these ancient beaches run parallel with the
lake, at different altitudes. The ¢ ridge-road ” south of Lake
Ontario is 190 feet above the lake. The principal terrace
bordering Lake Erie is 220 feet above the lake on the south
side. On the north side, near Toronto, there are terraces from
30 to 500 feet above the lake. The Davenport ridge west of
Toronto is 250 to 300 feet. At the west of Lake Ontario,
near Dundas, the ridge is 318 feet high. Around Lake
Huron are clayey deposits up to 500 feet. North of Lake
Superior the upper terrace reported is 331 feet above
the Lake.

There are other indications that the Great Lakes have
formerly stood much higher than at present. Mackinac Island
is a monument commemorating in stone the fact of the ancient
high tides of the lakes. Get into a Mackinac boat and sail
around the island. On all sides a wall of limestone rises per-
pendicularly from the water’s edge to a height of about 150
feet. Only on the south, for a narrow space, is the approach
practicable. Here is the village ; back of it, on the first rock-
terrace, is the modern fort. The old Fort Holmes, captured
by the British, is on the highest dome of the island, 350 feet

4
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above the lake. As we pass along the limestone wall which
bounds the island, we see the waves breaking against the bar-
rier. We notice the peculiar smooth concavities into which
they wore the exposed surface. These are marks character-
istic of wave action. Our eyes follow along the weathered
buttresses to the summit. From bottom to top are the same
records of warring waves. There was evidently a time when
the lake acted at the height of 150 feet precisely as it acts
to-day at the lake-level, before our eyes. We ascend to the
main plateau of the island. On this rises a striking monu-
ment-like remnant of a formation which once covered the
whole of this plateau to an altitude at least 134 feet greater.
This is ‘“ Sugar Loaf.” But notice the fashion of its sides.
Here, too, are the same smooth conchoidal depressions as the
lake is still carving in the wall at the water’s edge. The waves
have certainly been there. The time was when Lakes Huron
and Michigan stood at least 200 feet higher than at present.

Think of that condition of things. Picture the lakes filled
up till the water covered Sugar Loaf. At present, Lake Su-
perior stands twenty feet higher than Lakes Michigan and
Huron. These are sixteen feet higher than Lake Erie; and
the descent thence to Lake Ontario is 323 feet. This is accord-
ing to Gannett. Now, we find lake-terraces up to three, four
and five hundred feet above the present levels of the lakes.
But let us assume the principal terrace south of Lake Erie
as representing the highest flood of the lakes. This 220 feet
above Lake Erie, 204 feet above Lakes Huron and Michigan,
and 180 feet higher than Lake Superior. We have perfectly
satisfactory proof that the water of the Great Lakes has stood
at least as high as this. Now let us cast our eyes over the
expanse. The sites of all the busy and populous lake cities
are submerged. The greater part of the peninsula of Ontario
is under water. The flood stretches westward of Detroit
twenty-seven miles. There, near Ypsilanti is the ancient beach
which marks the limit of the flood. Mackinac Island is sub-
merged to the pinnacle of Sugar Loaf Passing around to
the head of Lake Michigan, we find the vast inland sea
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stretching southward and westward over a large part of the
state of Illinois.

What hemmed in this broad expanse of water on the
south ? This interesting question has not been completely
answered. We know that in southern Illinois are the remaing
of an ancient barrier which crossed the Mississippi, and was
worn down for the passage of the great river. The barrier is
a prolongation of the Ozark range, from Missouri. The gap
cut through is at Grand Tower. Perhaps here was the bar-
rier which held the waters back at the west, until the Missis-
sippi gradually sawed the notch which drained the inland sea.
At the east, however, we know no barrier adequate to hold
the lakes at the level of the 220 feet terrace of Lake Erie.
The high flood of the lakes must- have been 182 feet higher
than the escarpment or wall of rock back of Lewiston, through
which the Niagara river has cut its gorge. Undoubtedly, this
escarpment, which runs east nearly parallel with the shore of
Lake Ontario, was formerly much higher than at present; but
we have no evidence that it stood 190 feet higher than in
our time. ‘

The Lewiston escarpment is at present 38 feet above Lake
Erie, and could have dammed the lake to that height, at any
time before the Niagara gorge was begun. The water, setting
back to the site of Chicago, would have buried it 22 feet
deep. Even this would overflow the present southern barrier
of Lake Michigan, and inundate the prairie region of Illinois.
Thus, the existence of a terrace, but 38 feet above Lake Erie
would indicate that the great lakes once flooded the greater
part of the state of Illinois. Now, if we examine the nature
of the prairie deposit, it presents every indication of forma-
tion in the bottom of a lake. Here is the stratified arrange-
ment; here are the clay and marls, and here are even the
shells of the molluscs which dwelt in the water. These facts
must be borne in mind.

The high water of the Great Lakes has occurred since the
Drift was deposited—since the latest semi-stratified Drift was
laid down. The lake terraces rest on the Drift. All the
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other lacustrine deposits attending the high water, rest on the
Drift. The entire broad region covered by the high water is
overspread by a sheet of lacustrine clays and thin seams of
sand. These deposits exhibit a regular horizontal stratifica-
tion. Occasionally we find a bowlder imbedded in them.
Excellent material for bricks and pottery is furnished by the
clays; and in many situations, as at Milwaukee, the absence
of iron p.events the production of a red color in burning.
The famous ¢‘Milwaukee bricks” are of a pale lemon color,
or even, in some cases, as white as chalk. This sort of clay
occurs on both sides of Lake Michigan.

These lacustrine deposits rise from the shore with the gen-
eral slope of the earth’s surface, to the upper level reached by
them. The lowest beds come to the surface at the highest
elevation. Often these are sandy; and, becoming saturated
with rain at the surface, they convey a sheet of fresh water
under the other deposits to the lower levels. These water-
bearing sheets pass under the cities which have been built in
modern times on the lacustrine border. In some cases, as at
Toledo, and many points on the north shore of Lake Erie,
artesian borings have been carried down to the water-bearing
strata, and thus artesian wells have been obtained.

We have been considering lake-terraces and high water in
the Great Lakes. But every observer has noticed terraces
also along the borders of rivers. On the lower Ohio they
occur up to 160 feet above low water ; at Louisville, 128 feet
above low water; near Cincinnati, 120 feet. On the Con-
necticut, they range from 150 to 240 feet above the modern
flood level. On the Missouri we find them up to 335 feet;
on the Athabasca and Saskatchewan, up to 370 feet. There
is no need of citing further; for these facts show that the
rivers in all the northern parts of the country have been
enormously flooded, as well as the lakes. These terraces, also,
rest on the top of the Drift deposits. The flooded waters,
therefore, in general, existed after the events which left the
Drift overspreading the northern states. :

Now let us reason a moment from the facts which have
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been brought to our notice. In our Second and Third Talks
we have been led to speculate on the possible agency which
transported the bowlders from their northern home. We
have been thinking of glaciers as a satisfactory explanation ;
and this view was adopted by the late Louis Agassiz, and most
ably defended by him. Now, suppose there really. was a vast
glacier covering the country as widely as the Drift at present
covers it. The ice must have melted; it is not here now.
Suppose it melted rapidly; what enormous floods must have
been occasioned! With what fury those floods rushed over the
country to the lower levels! How they moved and mixed and
half assorted the sands and pebbles! May not such a flood
have produced the results which we see in the semi-stratified
Drift? And then may not an excess of water have remained
in all the streams long after the southern portion of the
glacier had disappeared, and the semi-stratified Drift had been
put in place? Would not such a state of weather as accom-
plished the melting of the ice have been somewhat like our
- March and April weather, characterized by abundant rains?
Do we not find here good grounds for the building of a
theory of transported bowlders, half assorted sands and
flooded rivers?

VI1I. THE Mup FLAT.

SEDIMENTATION.

WaeN the road-side pool left by the last shower dries
away a film of fine sediment remains. This once hung in
suspension in the water; it was gathered up from the land
by the eddies born of rain. We shall see that this simple
observation is the key to an explanation of many of the grand-
est facts in the world’s history.

A few years ago, in ascending the valley of the Aar, in
Switzerland, I enjoyed an extraordinary opportunity to ob-
serve the action of moving water. The Aar is a turbulent
stream issuing from the foot of the Aar glacier of the Jura

-
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Mountains. It comes out of its ice-roofed cavern milky white
with the clay sediment which results from the scouring of the
rocks by the sliding glacier. The sharp collision of trans-
ported rock-fragments accompanies the loud roaring of the
impetuous stream. On this occasion, the white streamlet,
always rapid, had been swollen to a furious torrent by a re-
cent cloud-burst. The torrent, in its rage, had rent all bar-
riers, and coursed over the adjacent lands. Stones, up to
several tons in weight, had been hurled right and left, as the
autumn wind disperses the light leaves of the maples along
the street. Hundreds of acres lay buried beneath sand and
mud, cobble-stones and massive rocks. The rough and rocky
slope had received its deposits; the late goat pasture lay con-
cealed beneath a bed of stones, and the grassy flat was hidden
by a blanket of gravel and slime. 1

Observe the' power of assortment exerted by the moving
water. The heavier rocks were left where the most precipitous
hill-side graduated into the sharp slope. Here was the first
abatement of the force of the stream. It dropped what could .
no longer be moved by the diminished power of the torrent.
The smaller rocks lay next in order. Where the sharp slope
passed into a gentler grade, the still waning force of the
maddened stream became insufficient to bear them on. Still
beyond, on the lower levels, the flood was widened, its veloc-
ity slackened, and its'transportative power so abated that the
average sized cobble-stones had to be left. Still went on the
gravel, and found pause only on the pastures where domestic
animals had been grazing. But the sand was borne to the
level, and spread itself out over many an arable field and
fragrant meadow; while the fine alluvial mud had floated with
the tired waters, which sought out sheltered nooks and de-
pressions in which to rest.

This was yesterday. This morning the lesson lay before
me. Here were effects of a geological cause on whose action
the startled peasant yesterday gazed despairingly. He needs
no theory to convince him of the nature and mode of action
of the forces which devastated his fields; and I, who found
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in Switzerland many windrows of gathered cobble-stones and
pebbles, and sheets of assorted sands and mud, miles in ex-
tent, felt that it was scarcely a theoretical view to attribute
these larger results of the same kind to a geologic agency of
a similar nature, though it had acted unknown ages before
human eyes had been created.

Not far from the home of my boyhood was the mill-pond,
dear to every school-ward trudging urchin who had to pass it,
and a Saturday resort for many others who lived in the ad-
joining ¢¢ district.” Iere we bathed ; here we fished ; here we
risked our lives in shaky skiffs, and astride of unmanageable
logs. The water was deep and clear. Last summer I visited
the old pond. Like the anxious parents, who shared with
mill-pond the affection of which boyish hearts are susceptible,
the scene of so much truant enjoyment was changed almost
beyond recognition. The deep, clear water was silted up, and
flags were thrusting their brown noses up, in the sites where
I used to swim in summer and skate in winter. Sedges
fringed the borders; bulrushes, to their knees in water, were
holding possession of land that was expected to be, and the
encroaching marsh threatened to corner the anxious perches
and sunfishes in the last lingering bowl of clear water close by
the decrepit old dam. This, I thought, is a picture of the
history of the world. How long, I queried, before this mill-
pond will be a swamp? Is this the impending fate of all our
ponds and lakelets? Johnny, do you think your favorite
skating place will cver come to this?

The first land-surveyors of the territory of Michigan laid
down on their plats an extraordinary number of swamps and
bogs. It is true they greatly overdid the swamp-land business;
but swamps are there in plentiful abundance; and swamps
properly drained and tilled are the richest lands in the state.
But the early settlers of Michigan found many of the swamps
non-existent; some were grassy plains; some were quaking
bogs, and others were part marsh and part lakelet. During
sixty years, many of the quaking bogs have become solid
meadows; and many of the marsh-side lakelets have totally
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disappeared, under the encroachments of the growing marsh.
These are geological changes, and the geologist’s eye looks
about for the causes. It is not a far-fetched solution to see in
the hillside wash a source of silt, which annually diminishes
the depth of water to a certain extent. And it requires but
ordinary sagacity to notice each decaying crop of grasses,
sedges, and rushes as the source of the dark peaty deposit
which displaces the last water, when other causes have pro-
duced the requisite shallowness. We have caught the marsh-
making business in the midst of its accomplishment. Short
as our lives are, each life falls within the geologic age in which
vast results are actually working out. All these marshes have
been lakes. If we dig in them we find the bleached relics of
the very shells which held animated tenants of the vanished
lakelet. Thus, gathering sediments add sheet after sheet to
the deposits which are filling the larger as well as the smaller
bodies of water which rest on the earth’s surface.

All great rivers are enormous mud-carriers. The Nile, the
Amazons, the Ganges, the Hoang Ho, the Mississippi, are
great vehicles for the transport of earthy substances from the
higher to the lower levels. Like the Tiber, their waters are
all “yellow.” The Chinese have surpassed all other nations
in making a proper name of the generic description of muddy
rivers. What a potion is a glass of Mississippi water, placed
by the side of one’s plate in the cabin of the steamer! In
thirty minutes it holds a deposit of impalpable sediment, which
is simply mud. Think of the entire breadth and depth of
this mighty stream charged with earthy materials to such an
extent. What must be the total amount of matter carried
down to the Gulf annually? The engineers of the United
States have attempted to answer this question. They say that
if the annual discharge of mud were brought together and
dried, it would form a block a mile square and two hundred
and seventy-eight feet high. Imagine that block lying on the
surface of some level township. Then think another block
on the top—the result of another year’s transport. Recall the
fact that the Mississippi has been at this business at least five
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or six thousand years. Put five or six thousand such blocks
together ; the aggregate would be a mountain range.

There are seasons when the proud river climbs over its
bounds—climbs over the artificial restraints which bave been
imposed in the form of levées. Water and mud spread over
hundreds of plantations. Then, as in the overflowing torrent
of the Aar, the slackened motion of the water allows the fine
sediment to subside. Corn lands and cotton lands receive a
new contribution of fertilizing material. Such service the
Nile performs for Egyptian agriculture—under the rule of the
Khedives, as during the reigns of the Pharaohs. Thus the
deltas of the great rivers are formed. Still the great prepon-
derance of river silt passes on to the-outlets. Not only the
floating sediment, but a large amount of bottom mud, too
thick to float and too loose to lie unmoved. This the stream
pushes along into the sea—year by year into deeper and deeper
water, as the shallower shore region becomes silted up. This
is the bar. By the annual extension of the bar, the delta
gradually protrudes a tongue of land into the sea. Look at
a map of the mouth of the Mississippi, or the Nile, or the
Ganges. Often the piled up bar-material so obstructs the exit
through the main channel, that the water sets back up the
stream during some flood, overflows its"banks, and seeks a new
route to the sea. This may be many times repeated. So
these great rivers acquire numerous outlets. Look at the
map again. The bar at the mouth of the Mississippi extends
three hundred and thirty-eight feet into the Gulf annually.

Much of the Mississippi sediment, therefore, lies somewhat
permanently on the Gulf bottom, near the shore. Through
this Engineer Eads has staked out a channel, to which the
current of the Mississippi is confined after entering the Gulf,
until deep water is reached. Its velocity is thus preserved,
and its mud is carried beyond into the deeper basin. Before
this improvement, the water spread out fan-like, and slackened
its velocity to such an extent that the mud was deposited in a
region where the water was already so shallow that navigation
became seriously obstructed.

5
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Still, some of the sediment floats on beyond the bar.
There is a current in the Gulf which sets eastward along the
northern border, and bears Mississippi sediment as far as the
straits of Florida. The fine impalpable dust finally comes to
rest on the bottom of the Gulf.

A thousand rivers thus are bringing their contributions to
the sea. Around ten thousand miles of coast, the sea itself is
battering down the land. The coarser fragments are left
along the beach. The enfeebled action of the retreating surf
bears some distance seaward the smaller fragments and the
pebbles—rolled and rounded on the beach. The finest sedi-
ments have no opportunity to subside till floated far from
shore. Thus the samé assortment is exerted which we saw
effected by the torrent of the Aar. The ocean’s bottom lies
covered to a vast extent with sheets of sedimentary materials
which, near the shore, are coarse, and remoter from shore are
progressively finer, as far as the finest sediments are floated.
This process goes forward before our eyes; it has been con-
tinued during all the thousands of ages past, since the ocean
first came into existence. How many layers must there be?
How many feet of sediments have been piled up? What
conditions have they assumed while the geologic @ons have
rolled by?

IX. THE RIVER GORGE.

EROSION.

WHENCE come the sediments which muddy the rivers and
fill the lakelets, and make even the oceans shallower? The
query must have occurred to you as we talked about the
abundance of sediments; yet, simple as it is, comparatively
few people have considered it. These sediments must all come
from some source where they existed as solid, massive constit-
uents of our planet. They are portions of the planet trans-
ported from one position to another. Their transportation
changes the figure of the planet. Every film of sediment pro-
claims that the fashion of the planet has been worked over to
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some extent. The making of the planet has been merely a
progressive changing of the fashion of the materials of which
it is composed. If the completed planet as we see it is the
product of geological forces, then the work of sedimentation
proceeds by means of forces which are geological. “The least
mentionable portion of that work is performed by such force.
The filling of boyhood’s mill-pond was a geological work.
The slime settled by the roadside is a geological phenomenon.
These are results accomplished; let us see how far we can
trace them to their causes, and thus unfold a bit of the
world’s history.

The sediments have been brought by moving waters; we
must therefore trace the waters to their sources; we must re-
trace their course from the higher level. Obviously, the
roadside slime has descended the rill-ways from the middle of
the street; from -the hill-slope down which a portion of the
water descended. Some water flowed down the field-slope,
moved under the fences, and found its course to the road-side
pool, bringing as much sediment with it as it had power to
‘bear. The corn-fields have been taxed; the earth built into
the highway has been stolen; the form and bulk of the hill
have been changed. So the farmer’s fields contributed the
material which lies in the bottom of the mill-pond. To some
extent, the fields have been scraped down and impoverished.
There lies the farmer’s property spread over a surface which
forms the floor of the sunfishes’ home.

Over every square mile flows some stream. The smallest
stream, as well as the largest, occupies a valley; and down
its slopes descend the sediment-laden drainage waters which
seek the stream to join in its journey to the lower levels.
Follow the streamlet. Along every rod of its course we find
discharged during a rain the muddy washings of the land.
The streamlet grows. Many a lateral rill brings in its con-
tribution from the fields which stretch in another direction.
Our streamlet flows on, and sooner or later it discharges its
burden in some larger stream, which has already grown to its
present volume by the contribution of a score of streamlets
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higher up the valley. All are merged together; but we are
sure the water and the mud from our own village—our own
farms—are there with the rest. The stream moves on—it
never rests—and it grows as it moves. It courses across a
State; it marks a boundary between States. Men have made
it a vehicle for floating logs; a highway for skiffs and barges.
Now, the more pompous stream styles itself a river. It
hastens to join the Ohio and share in the dignity of floating
steamboats and carrying on the commerce of a populous
valley. The Ohio has even surpassed the tributary by which
we have been led, in taking on its cargo of mud. We stand
in the middle of the suspension bridge at Cincinnati and look
down on the yellow surface of the great stream. There go
the contributions from half a dozen States. There goes the
soil filched from our garden, or torn from our new-made road,
two hundred miles away. We know it is there.

Look on the map and notice how many rivers are bring-
ing their sediments to the Ohio. Trace these tributaries to
their sources. From how wide a territory is the mud gath-
ered which thus rushes down with the main river? Notice
that the Ohio carries its burden to the Mississippi. Look
again upon the map and see how many other great rivers
bring the mud from other far-off regions$ to concentrate it all
in the mighty Father of Waters. Here float sediments from
western New York, from West Virginia, from the Ozark Mount-
ains, from the Cumberland Table Land, from Minnesota, and
the Indian Territory. Here in this resistless tide floats the iden-
. ticalsoil which was washed from Farmer Jones’s potato field.

In this view, consider the great Missouri. It pours its
yellow stream into the clearer tide &f the Mississippi a few
miles above St. Louis. I have stood on the deck of a steamer
between Alton and St. Louis and looked down on the Mis-
souri’s turbid volume pushing far into the Mississippi, and re-
taining for miles a distinct boundary between the waters of
the two rivers. It appears that the contributions from the
far northwest exceed all those from the east. Follow the
whirling tide of the Missouri upward toward its sources.
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There stand great cities on its alluvial banks. The crumbling
bluffs by spells slide into the river. Above the limits of city
populations the river is already gathering’in the mud destined
to journey to the Gulf of Mexico—mud which has already
been floated from some remoter region and deposited here at
times of overflow. Here comes the Niobrara, with slime from
the prairies of Nebraska; the Cheyenne, with washings from
the mining camps in the Black Hills; the Little Missouri
and Yellowstone, with sands worn from the Big Horn, the
Wind River, and the Snow Mountains; here, on a grassy
plain, unite the Jefferson, Madison and Gallatin tributaries,
which bring the dust of the continent from the high water-
shed of the Red Rock Mountains, which parts the continental
drainage to opposite points of the compass. It is a bewildering
breadth and complexity of operations. Over every foot of this
wasting expanse the land is yielding to the corrosive action of
rivers and rains and frosts. The proud mountain domes and
pinnacles are coming down to acknowledge the supremacy of
the powers of denudation. The Rocky Mountains have begun
their journey to the Gulf of Mexico. Cubic miles of their
granitic substance are buried in the delta of Louisiana and the
bar of the Mississippi.

Now that we discover in action the forces which could
transform the face of the land in some hundreds of thousands
of years, we take a new view of the aspects of the terrestrial
surface which had already been acquired when man came into
existence. Wediscover that the face of the earth had already
been transformed before we began our observations on it, and
by means of agencies which corroded the rocks and carried
away the materials precisely as the forces of nature are wast-
ing the continent before our eyes. We have already recog-
nized the fact that aqueous erosion cut through the Straits of
Mackinac and chiseled down the steep sides of the monumental
island in the Straits. We have seen the deep precipitous-
walled gorge of the Niagara, and the rock-bluffs bounding on
certain sides the basins of the great lakes—the works of
rivers and waves.
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Every river, in its search for a resting-place, has cut a
way of even grade across the inequalities of the land, and the
rubbish has been dumped somewhere—in alluvial border or
broad delta, or seaward rolling bar. The Yampa has sawed
a broad gash through the Uinta range on its way to the Green
river. The Green has cut a dark chasm down through the
plateaus of Colorado to the river whose colored waters, poured
in from the snow-born floods of the Rocky Mountains, gave
name to the river and the state. The Colorado, with aug-
mented force, has dug a deeper and a wider cafion through
the shattered terraces of the southern half of the state. The
¢ Grand Cafion” sinks vertically six thousand feet through
the rocks—a terrific gash, like a sabre-cut from some of the
powers of Nature.

¢ It looks as if broken by bolts of thunder,
Riven and driven by turbulent time.”

So a hundred rivers of the far west have scored the land.
So the Cumberland, the Kentucky, the Hudson, the James,
the Mississippi, by gentle worrying of the underlying rocks,
have plowed out channels whose steep walls rise as high as
the smoke from the steamer which utilizes the water-way.
We have not seen these works begun; but we see them in
progress ; and we feel bound in reason to infer that the rivers
have worked in the distant past as they. are working before
our eyes.

There are other erosions, however, which were effected not
only before human times, but by agencies which have disap-
peared from existence. There are the Catskill Mountains—
essentially a mere wall of horizontally laid slabs of red sand-
stone. We have not detected Nature anywhere raising such
a wall. These mountains must be a remnant of a broad for-
mation once stretching far east and west. The forces of ero-
sion have worn away the formation on both sides, and the
Catskills stand forth a feature of relief, as the statue emerges
from the block of stone under the chisel of the sculptor.
Such, too, is the Cumberland Table Land, high up-raised like
a mountain, but yet not uplifted. It is a mere salience re-
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sulting from the vast erosions that have taken place along its
western border. In central Tennessee, indeed, this erosive
process has excavated a basin a hundred miles in diameter,
bounded on all sides by the ragged edges of the formations
which were left.

So this completed work of erosive powers which have re-
tired from action is commemorated in many a monument-like
outlier in Wisconsin and Minnesota. A great formation
which once overspread many a township has all been carried
away, save here and there an isolated remnant which lies like
an island in the midst of geology of a different character. It
. is the Potsdam Sandstone which has been thus eroded; but
wide areas still remain, and underlie portions of those states. -
Similar are the columns in Monument Park, and the ruins in
the *“ Garden of the gods.” Like the great basin of central
Tennessee are many of the excavations in the Bad Lands of
the Upper Missouri and in New Mexico. We shall have
other occasion to talk about these; for they are burial places
of the brute populations which held possession of America
before the advent of man.

These two great processes, erosion and sedimentation,
must be vividly appreciated. The whole history of the visi-
ble land has consisted chiefly of up-building and destruction,
rebuilding and disintegration, by the action of forces which
have left gigantic monuments of their former power, and
are even in our times, working on a scale large enough
to illustrate to us how the foundations of the land were laid,
and how the face of the earth has been carved into the fashion
it presents to our interested eyes.

In another walk we must follow the sediments, under the
sea, and try to learn what goes on in the mysterious abysses
through which no highway has been opened.
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X. A WALK UNDER THE SEA.
WHAT GOES ON IN THE OCEAN DEPTHS.

“THE sea! the sea!” shouted the companions of Balboa,
as they caught the first glimpse of the Pacific from the heights
of the American Isthmus. The sea has always inspired the
wonder—often the veneration—of mankind. Its vastness and
power overwhelm the imagination. Its permanence, its an-
tiquity, form a bewildering conception. The same ‘¢ far-
sounding sea” roared in the hearing of the mariners of the
remotest past. The same ocean floated the ships of the Tyri-

_ans and Carthaginians. Its mysterious depths aroused the
superstitions of the ancients as they excite the intelligent
curiosity of modern science. A ‘‘ glorious mirror,” as Byron
conceived it,

“Where the Almighty’s form
Glasses itself in tempests. * * * *
Boundless, endless, and sublime,

The image of eternity—the throne
Of the invisible.”

Let us stand on some bold headland and look out over the
Atlantic. Let us plant ourselves on Sankaty Head, the east-
ern promontory of Nantucket, itself the ‘‘ ultima Thule” of
New England. The breakers roar along the beach. Across
the billowy blue thought wanders to the European shore.
Underneath the ruffled surface imagination pictures a world
of curious and wonderful existences. There lie the skeletons
of noble ships—there moulder the dead sailors of all nations—
there rot invaluable cargoes—there sleep the mysteries of
steamers which sailed out of sight of land and never returned—
there swarm the sharks that desecrate the sacred forms of
humanity which sink into their silent empire. Shall we ven-
ture among the dangers of the under-world? Yes, we invoke

" the magic protection which has made warriors invulnerable,
and shielded adventurers upon the waters of Styx, and the
fiery waves of Phlegethon.
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We go down like bathers in the sea. We pass the mar-
gin where

“The dreary back seaweed lolls and wags.”

We traverse the borders where the brown, belted kelp sways
to and fro in graceful curves. We get beyond the slope of
stony bottom to the smooth sand. We come to the gardens
of the rosy-tinted sea-mosses—the Dasya, the Grinnellia, the
Callithamnion ; and startle the blue-fish and halibut in their
safe seclusion. A moonlight gleam is here, and the water
also takes on the chill of evening. We pass on, and attain a
depth of half a mile. Our feet press into the finer sediments .
derived from the land—the dust of other ¢ continents to be.”
The twilight has faded into a deep shade. The creatures of
the sea swarm curiously about us, then flee in terror from
our presence. We feel the gentle movement of ““a river in
the ocean,” but the surface disturbances do not reach even to
this depth. A change of climate impresses itself on our sen-
sations. The water where we started in had a temperature
of sixty degrees—here it is forty. But we are panoplied
against harm; we press on. We descend to the depth of a
mile under the sea. The curiously gazing species of the shal-
lower water appear no more. Their home is the zone which
now stretches above our heads. The green and rosy sea-
mosses never venture here. We are in total darkness; no
chlorophyll tints the growths of the vegetable kingdom. Here
are only stony, white calcareous algee and silicious diatoms of
microscopic minuteness.

We pause to contemplate the awful stillness of the subma-
rine realm, and feel our slimy path down to the deeper pro-
found. ‘Above us now float two miles of black sea. Any
surface fish brought down here perishes from the effect of
enormous pressure, if possessing an air-bladder. If it have
none, the fish becomes torpid, and finally dies. We are here,
probably miles from the shore—that varies with the steepness
of the slope. The sediments which the rivers have brought
to the ocean have mostly been deposited between our starting
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point and this. But here still are some of the finest particles
contributed by the land—slime from Louisiana, from Chau-
tauqua, from the Rocky Mountains, from our native town.
Will these far-brought and commingled atoms ever see day-
light again?

We are standing on the border of the vast abyss which
extends over half the area of the earth. It is an undulating,
silent desert. No diversity of mountain and valley, cliff and
gorge exists. We have read of submarine cliffs and plateaus,
but these are known only in the shallower ocean; they are
features of the continental slope. By a gentle grade the bot-
tom descends to a depth of five miles. Over all this dread
waste, no rocks rise above the bed of slime. No fragments of
crystalline rocks have been brought up by the dredge. A
thousand miles away the bottom has been burst through by
an internal force, and lavas have heaped themselves up to the
height of a mile or two, or even to the actual surface; but
no upheaval has brought to light from the abysmal floor any
trace of those hard crystalline rocks which we recognize as
‘“ metamorphic”—the sort of which our bowlders are formed.
There is no evidence that such rocks were ever produced in
that situation.

The pressure on us in this abysmal region is four or five
tons to every square inch. The water is ice-cold everywhere.
The darkness, absolute and palpable. A curdling revulsion
of feeling and purpose seiges us. We halt and reflect. We
turn our eyes upward with a painful longing for the ¢ holy
light, offspring of heaven first-born.” Only the black ceiling
appears. Two miles above us is the sunny sea, where all the
blue of a genial sky beams down. There float the ships in
summer calm upon a ‘‘ painted ocean,” or tossed and rent by
the winter tempest which inspires the waves with madness.
But no summer and winter vicissitudes are here. No sun-
light ever penetrates this Cimmerian gloom. No sunrise, or
noonday, or sunset is ever known. As it was when the Gar-
den of Eden was first consecrated to man, so it has remained
and must remain. Not even the crash of thunders or the
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roar of tempests can be heard. The huge wave, crested with
elemental fury, rolls on, but makes no stir in the stiliness and
stagnation of the abysmal realm.

When we crossed the borders of this dark and silent abyss,
our feet sank in a white pasty slime which has been desig-
nated ‘‘ Globigerina ooze.” The dredges of the Challenger
and the Albatross have been down here, hung by a piano
wire over the stern of the vessel, and samples of this ooze
have been studied. We find it composed chiefly of micro-
scopic dead shells called Fo-ram-i-nif’-e-ra, together with others
called Pter’-o-pods. The little creatures which formed the
shells do not live here; they dwell in calm zones of water far
above. When the conscious animal ceases to live, its tiny
house sinks down into this dark world. And thus, as the
ages roll by, the fine chalky rain slowly accumulates upon the
bottom. When this ooze is dried and hardened, it resembles
the chalk of Europe; and when that is microscopically ex-
amined, we find in it the same little Foraminifera. These are
important geological facts, which, though they come out of
an abyss of darkness, throw a vivid light on equally dark
chapters of the world’s long-past history.

- We have groped our way down three and four miles be-
neath daylight. A sort of ooze still overspreads the bottom ;
but it is not the Globigerina and Pteropod ooze. It is a fine
rusty clay. But the white shells are not wanting because the
tiny creatures which secrete them are not overhead. They
swarm there as elsewhere, far from land with other pelagic
forms. But the fragile matter of the shell is dissolved before
it reaches this great depth. Only the aluminous and insolu-
ble constituent reaches the bottom. This clay ooze possesses
other interest. Disseminated through it are minute crystals
of such minerals as escape through the throats of volcanoes
into the upper air. Here are the dust particles which have im-
parted a ruddy glow to many a past sunset. Once the source
of the roseate glory of the twilight hour, they lie now, in im-
penetrable darkness and the repose of death. How changed
the fortune of the little particle. It floated for months in the



60 WaLks AXD TALKs.

upper thin air—in the film of space which separates earth
from heaven—borne hither by the simoon, thither by the anti-
trades, hurled in the vortex of a cyclone and precipitated in
mid-ocean by a down-falling mass of vapor. Then, perhaps,
seized by the waves, and rocked and beaten at the surface till
it reached a zone of calm, it began its silent descent into the
dark world where it is destined to rest undisturbed for
centuries.

Here too is cosmic dust. The seeds of worlds have been
sprinkled through space, and some of them have been planted
in the soil of this abyss. These minute globules of magnetic
iron were sparks emitted from a burning meteor. -The meteor
was a small mass or particle of material stuff coursing swiftly
through the cold interplanetary spaces. It pierced the atmos-
phere of the earth; the friction resulting ignited the meteor,
and for a brief moment it painted a fiery streak in its flight,
when all had been transformed to ashy particles which floated
in the air like volecanic dust, until it found, at last, a
resting place in the cold bed of the Atlantic. What a rever-
sal of fortune was here! The particle might have swept on
through space, as many of its companions did, until it became
part of a glowing comet. Perhaps it once shone in a star—
now it is dead for a cycle of ages. It is an impressive
thought that here, in this rayless night, we find the black
ruins of a star. The realities of material history exceed in
wonder all the fictions of imagination.

We still stand wondering over the scene which surrounds
us. How oppressive is this silence. How welcome would be
the cheerful chirp of the sparrow. Even the piping of the
hated mosquito would break the eternal monotony. From
age to age this reign of death persists. A chill which is more
than icy, pierces us to the marrow. Sometimes, as we grope
through the Egyptian gloom, we kick the bones of aquatic creat-
ures which have perished in the water above us. Often their
kind is still in existence ; but sometimes their species are long
extinct. Here are teeth of sharks and ear-bones of whales
which have lain during geologic ages. Grand vicissitudes
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have passed by, which transformed the aspect of continents,
but these relics lay here undisturbed—unburied—so slowly do
the sediments accumulate.

But there is indeed life here. Sparse, quaint life; and
the species are of archaic and embryonic forms; thatis, they
resemble creatures which lived in the earlier ages of the
world, or creatures which have undergone but a part of their
development—crude, uncouth, and alien to the modern world.
Here are Crinoids, or Stone Lilies, which, in all other waters,
have perished from the earth—save one species long known in
the Caribbean Sea. They are an antique type. But from
deep waters off the coasts of Florida and Norway, comes up,
with other forms, Rhiz-oc’-ri-nus, a genus which disappeared
from shallow seas unknown millions of years ago; but here,
where nothing changes, it has perpetuated its existence
through half the history of the world. Between death and
the changeless life which here reigns, the difference is slight.

Still more startling in their grotesqueness, are some of the
fishes which lie here more than half buried in the mud. Here
is one fashioned like a scoop-net. The long, slender body is
the handle, and the net is an enormous pouch under the chin,
which would take in the whole of the body three times over.
Another hangs like an open wide-mouthed meal-bag. In this
case, also, the bag hangs suspended from the part where the
throat should be. The diminutive body is noticed as an ap-
pendage attached to the back side of the bag. It is known by
the fins. Four of these bodies might be contained in one
pouch. A different, but equally erratic form brandishes an
attenuated body like a whip-lash appended to an enormous
head, exposing an eye which is nearly half its own diameter.
Still again, we note a shark-like form, with enormous gape
and horrid teeth, having a range of spines along each side of
the slender body, above and below, and, most curious of all,
a long, thread-like organ depending from beneath the chin,
with a tassel-like tentacle bearing structures for feeling, at the
end. Indeed, this reminds us of the piano wire with dredge
at the end, which went feeling for examples from this so-called
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Jbassalian fauna, and brought up the very prototype of its own
mechanism.

But see! somebody is here with a lantern. How sleepily
the light gleams in the darkness. There is no fire in it.
Something it is. An animated lantern. A lantern without
a flame. It is another strange fish. It is phosphorescence
which gleams mildly from his shiny sides. Still another lan-
tern-bearing fish. Here are luminous plates beneath the eyes;
behind them, in a cavity, retinal tissue, as if these structures
were planned for eyes; but they are not eyes. Real eyes are
present. We discover, then, faint relief from the palpable
darkness in which we have groped.

But our task is done; our curiosity is gratified; we have
glimpsed the underworld, and have gathered observations on
which we shall ponder.many a day. Let us now, like the
heroes of epic song, ascend to the light of the upper world.

XI. By THE RocKy WALL.
STRATA AND THEIR CLASSIFICATION.

Ler us walk in front of the precipice which frowns along
the hill-side near the village of Panama, on the west. It is
no more instructive than a thousand other cliffs, but it may
be more convenient to reach. The cliff rises fifty or sixty feet
and presents a broken and rugged front. The brown and yel-
lowish rock is composed of fine silicious grains, with small im-
bedded pebbles, and thus answers the description of a con-
glomeritic sandstone. The face of the ecliff shows several
yawning fissures extending from bottom to top. The winter
snow drifts into these in such abundance as to remain, some-
times, till midsummer. One of these chasms is known, there-
fore, as the ¢ Ice House.” You observe that this precipice is
composed of layers of sandstone piled one above the other.
These are strata, and the whole formation is stratified. [Notice
that one of these layers is a stratum—not ‘‘a strata;” and we
must never say ‘“stratas.”] - You observe, also, that some of
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the strata are composed of lamine which run obliquely across
the stratum. This is obliqgue lamination. It is of the same
nature as we saw ih the semi-stratified drift. We concluded
that such mode of arrangement was caused by torrential
action. A similar explanation is allowable here, but the
water was less turbulent; it was, perhaps, wave action along
a beach.

At Watkins’ Glen, at the south end of Seneca Lake, is a
wild, deep gorge cut by a stream which rushes down from
the highland on its way to the lake. It is a striking example
of erosion, and the materials carried away are deposited in
Seneca Lake. The rocks here are shales. They are thin-
bedded, and soft enough to be cut with a knife. We see no
oblique lamination. This is a fine example of another sort of
strata. At Rochester, where the Central Railroad crosses the
Genesee river, a few rods above the Falls, we look down into
a gorge eroded by the river. The high walls of the gorge are
distinctly stratified; and here many of the strata are com-
posed of limestone. No traces of oblique lamination can be
found in limestones. If we go to Portland, in Connecticut,
we may look down into wide and deep excavations in a sand-
stone rock of a brownish color, and very evenly bedded.
Near Cleveland, and at Berea, Ohio, are extensive quarries in a
grayish and bluish gray sort of sandstone. At Cincinnati,
back of the city, we find a steep slope formed of beds of lime-
stone, shale, and clay. Descending the Mississippi from St.
Paul to St. Louis, we see high cliffs of buffish strata overlook-
ing the river at frequent intervals—now on the west, now on
the east. At St. Paul the rocks are distinetly stratified lime-
stone. At Davenport and St. Louis we find other kinds of
limestones.

Now, I have directed your attention to these few exam-
ples out of hundreds for the purpose of enabling you to un-
derstand that everywhere solid rocks underlie the Drift; and
that they are, at least very generally, stratified rocks, and are
composed chiefly of sandstones, limestones, and shales. Let
us consider how these solid strata have been produced. None
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of these have we ever seen making; but I think we have seen
a process similar to rock-making in the beds of alluvial mat-
ter deposited by an overflowing stream. In traveling down
the lower Mississippi, we can see from the deck of the steamer
that the material of the alluvial banks is horizontally strati-
fied. More strictly we should say that it is laminated; but
the nature of the geological work is the same in either case.
Now, if those alluvial banks should become firmly consoli-
dated, they would present the appearance of some of the rocky
cliffs—those in Watkins’ Glen, for instance. You have also
learned how large quantities of sediments borne down by
rivers are carried out to sea many miles, and slowly deposited
on the ocean’s bottom. These deposits must necessarily be in
layers, each of which is spread evenly over the bottom. You
remember that the distance to which materials of a certain
degree of coarseness may be carried before sinking to the
bottom, depends on the velocity of the motion of the water.
At a certain place in the sea the velocity is undoubtedly more
rapid at one time than another. The motion is caused by
winds, by tides, and by currents. Therefore, a coarser sheet
of materials will be laid down at one time, and a finer sheet at
another. The alternations of coarser and finer render the
bedded arrangement conspicuous. Very likely the colors of
the sediments will vary also; since, from one direction, they
may be supplied by pulverized limestone, from another by
pulverized sandstone, and from another by pulverized shale,
which may be blue, red, or black. We noticed, too, in our
walk under the sea, that sedimentary materials are spread
over all the slope of the ocean’s floor, within fifty or a hun-
dred miles of the land—often much farther, if the shore is
““shelving ” or the currents are favorable.

These various indications compel us to adopt the conclu-
sion that water has been the agent by which the materials of
the stratified rocks have been spread out in broad beds or
strata. But, though river overflows must leave the sediments
in a bedded condition, these beds are not exactly like those
seen in great formations of limestone and sandstone. River
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sediments never have so wide an extent as the strata which
underlie a continent; nor are they generally so evenly bedded
as our ordinary rock-strata. We must conclude, therefore,
that the watery action which arranged the sediments from
which our rock-strata have been formed, was a very widely
operating action. There is no watery action known sufficiently
wide-spread except the action of the ocean. In the ocean,
sediments are now settling down in sheets a thousand miles
broad. This conclusion is a somewhat startling one. It im-
plies that, wherever rocky strata exist, there the ocean’s waters
have stood. Rocky strata are found hundreds of feet above
the level of the ocean, and the fact seems incompatible with
our conclusion. The average level of all the northern and
northwestern states is from six hundred to a thousand feet
above the sea. If the underlying strata were deposited by
the ocean, then either the ocean has greatly subsided in later
times, or regions which were once sea-bottom have been ex-
tensively uplifted.

These subjects have attracted the attention of thoughtful
observers for a century—indeed, for two or three centuries.
The question has been much discussed ; but no doubt is longer
entertained that the sea has covered all the land, and that the
exposure of land has resulted from upheaval of portions of
the ancient sea-bottom. Many confirmations of this view will
be discovered as we proceed. Thus by a very simple and easy
process of observation and reasoning we have reached a very
fundamental principle in geological science; and you under-
stand the evidence on which it rests.

Now, if all the strata which underlie the land are formed
from marine sediments, the time required for their accumula-
tion must have been enormous. We have made observations
along the sea-shore, and have formed some conception of the
rate of sedimentation over a belt near the land. There are
times when violent winds cause the waves to wear down the
shore at such a rate that the sea, for a mile from shore, be-
comes turbid with sediments. This has been seen often at
Long Branch and Coney Island. But these periods are of

6
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short duration, and the deposits at the distance ot ten miles
from land are no longer conspicuous. In the vicinity of coral
reefs and islands the attrition of the waves imparts a milky
complexion to the sea, especially during the prevalence of a
storm, and the calcareous particles are floated sometimes a
hundred miles and more. But it is apparent that, as a rule,
the sea floats too little sediment to build up a formation in any
other than a very gradual manner. We noticed, also, in our
walk under the sea, that the bottom sediments grew thin with
distance from the shore, and that those of continental origin
ceased entirely at about two miles in depth. When now we
remember that the stratified rocks are over a hundred thou-
sand feet in thickness, we perceive immediately that the
process of sedimentation has been an extremely long one.
We have then to consider what changes may have taken
place in the conditions of the world during so long a period.
Probably the nature of the sediments has been changed from
time to time by these changes in the physical conditions of
the planet. We do not wish to anticipate conclusions to be
rested on facts which have not yet fallen under our observa-
tion; but every body has noticed that the surface of the earth
is undergoing changes; and these, in thousands of years, must
aggregate amounts which transform the aspects of the planet.
‘We have lived to see lakelets filled ; new channels formed for
great rivers; ocean beaches consumed by the waves; hundreds
of miles of continental coasts upraised or sunken—as in Chili,
Scandinavia, and Greenland ; new islands bursting into view;
whole provinces shattered by earthquakes. Suppose our ob-
servation extended -back a million years, and the tenor of
events had been the same as in modern times; is it not cer-
tain that changes must have aggregated to such an extent that,
waking at times to distinct consciousness of the greatly
changed conditions, we should from 2on to zon have felt ready
to declare a new chapter of the world’s history had begun?
I think so—reasoning only from the physical data which, so
far, have engaged our attention. But we shall hereafter make
the acquaintance of many other facts which will confirm this
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conclusion. Geologists have considered these facts, and have
settled on the principle that the long history of sedimenta-
tion has been divided into eons corresponding to successive
conditions of the world. Names have been assigned to these
®ons. Thus, the first series of sediments formed the strata
which lie deepest of all. They are called Eozoic, and the
seon during which they were accumulating is the Fozoic Aion.
We will not pause here to inquire what these sediments rested
-on—in other words, what kind of rocks formed the bed of the
sea, at the beginning of that A%on. The ocean must have had
some solid bottom; but of course, it was a bottom formed when
there was no ocean; for otherwise, the Eozoic strata would
not be the bottom strata. .

The Eozoic GREAT SYSTEM of strata is at least fifty thou-
sand feet thick. In the next son the changed conditions
gave origin to changed strata. They constitute a Great Sys-
tem known as the PArzmozorc; and the time during which
this system of strata was accumulated, is the Parmozoic
ZFoxn. Next after this, came the Mgsozoic ALoN, during
which the MEsozoic GREAT SYSTEM of strata was accumu-
lated. Lastly, followed the C&N"-0-zo-1¢ ZEoN, which contin-
ues to the present. The strata formed constitute the Camvo-
zoic GREAT SysTEM. Now, before we take another walk,
these names must be well learned.

XI1II. MysTERIOUS FORMS OF LIFE.

FOSSILS.

EvERrY one has noticed the curious forms found in the
Drift, which so much resemble shells and corals, and buttons
or beads. Often they lie loose in the soil ; and often we see
them imbedded in fragments of limestones and sandstones
which are sometimes bowlders transported from a distance, and
sometimes fragments derived from a neighboring ledge or out-
crop of stratified rocks. In the cliffs at Panama are occasional
traces of shells, both bivalve and univalve. The latter
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is a little shell three-quarters of an inch in diameter, and
closely coiled almost in a plane, like a watch spring. I have
been amused to hear some of these forms like bivalve shells
called ¢ petrified butterflies.” Through western New York,
Ontario, Michigan, Ohio, and Indiana we ficd in the Drift
innumerable masses popularly known as  petrified honey-
"comb,” and “‘petrified wasp-nest.” There are also quantities
of little flat discs like ‘“ buttons,” each with radiating strize
or other decorations, and having a hole in the middle, as if
intended to be strung like beads. These have sometimes been
styled ¢ St. Cuthbert’s beads.”

These curious forms, so much like animal structures, were
wondered over, hundreds of years ago. Very few persons
would then entertain the suggestion that they are real relics
of living things. They indeed bear the similitudes of marine
creatures ; but such they can not be, it was argued, beczuse
they lie hundreds of feet above the sea. Some of the early
Italian writers attributed them to ‘¢ the influence of the stars;”
but Leonardo da Vinci demanded ‘¢ where, in the hills, are the
stars now forming shells of distinct ages and species? And
how can the stars explain the origin of gravel, occurring at
different heights, and composed of pebbles rounded as if by
the motion of running water ?” Others attributed these forms
to the influence of a ¢‘ plastic force” in nature. Agricola, a
German miner, conceived the notion that a ¢‘ certain fatty
matter, set into fermentation by heat, gave birth to fossil or-
ganic shapes;” Fallopio thought that petrified shells were gen-
erated by fermentation in the spots where they are found; or
that they had, in some cases, acquired their form from the
‘ tumultuous movements of terrestrial exhalations.” Olivi
thought fossils were mere ‘‘sports of nature,” and some in-
dulged in the amusing fancy that they were ¢ prototypes” or
‘“ models ” after which the Creator subsequently fashioned the
living creatures of the sea; and others held that they were
‘““created” just as we find them. 'The last opinion I have
heard dogmatically asserted in America; and probably it still
survives. i)
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When it became impossible to resist the evidence that these
forms were relics of the sea, the theory obtained a foothold
that, as the deluge of Noah had inundated the lands, these®
forms must be the relics of that recognized universal submer-
gence. It required a century and a half to argue down this
error; and, meantime, the geologists who did not subscribe to
it, fell under the accusation of ¢ disbelieving the whole of the
Sacred writings.”

Thus, in our day, we stand at the outcome of a contest of
three hundred years; and, instead of battling against these
0ld errors, we find ourselves in a position to push on to new
discoveries.

That the sea has covered the land, and that shore lines
have greatly changed, was taught by Pythagoras, and after-
ward by Strabo and Pliny; but these views were almost for-
gotten. Many Arabian writers have left on record views and
opinions on many subjects, quite in advance of their European
contemporaries. On this subject we find an entertaining reve-
lation of opinion by Mohammed Kazwini, of the seventh cen-
tury of the Hegira—the close of the thirteenth century of our
era. It is given as the narrative of Kidhz, an allegorical
personage: '

T passed one day by a very ancient, and wonderfully
populous city, and asked one of. its inhabitants how long it
had been founded. ‘It is indeed a mighty city,” replied he,
‘we know not how long it has existed, and our ancestors were,
on this subject, as ignorant as ourselves.” Five centuries after-
wards, as I passed by the same place, I could not perceive
the slightest vestige of the city. I demanded of a peasant
who was gathering herbs upon its former site, how long it had
been destroyed. ‘In sooth a strange question,’ replied he,
‘the ground here has never been different from what you
now behold it.” ¢ Was there not of old,” said I, ‘a splendid
city here ? ¢ Never,” he answered, ‘so far as we have seen,
and never did our fathers speak to us of any such.” On my
return there five hundred years afterwards, I found the sea in
the same place, and on its shores were a party of fishermen,
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of whom I inquired how long the land had been covered by
the waters. ‘Is this a question,” said they, ¢ for a man like
you? This'spot has always been what it is now.” I again re-
turned five hundred years afterwards, and the sea had disap-
peared. I inquired of a man who stood alone upon the spot,
how long ago this change had taken place; and he gave me
the same answer as I had received before. Lastly, on com-
ing back again, after an equal lapse of time, I found there a
flourishing ecity, more populous and more rich in beautiful
buildings than the city I had seen the first time; and when I
would fain have informed myself concerning its origin, the in-
habitants answered me, ¢Its rise is lost in remote antiquity;
we are ignorant how long it has existed, and our fathers were
on this subject as ignorant as ourselves.””

This allegory sets forth the nature of the modern scientific
conception of changes in relative positions of land and sea. It
must not, however, be understood that continents ever occu-
pied the sites of the modern oceans; though these oceans once
extended over all the lands.

Thus these strata of sandstone, limestone, and shale are real
ancient sea-sediments, as we have already argued; and these
forms of life imbedded in the strata are the relics of the ani-
mals which dwelt in the sea while the sediments were accu-
mulating. If so long a time as we have concluded was re-
quired for the deposition of these materials, then, assuredly,
the one hundred and fifty days of the Noachian inundation
were egregiously inadequate.

Moreover, if we subject these relics to critical examination,
we discover that their resemblance to living forms is in fun-
damental characters only. As to particular species, we find
none, save in peculiar situations, which are identical with liv-
ing species. We find them less like living species than the -
leopard is like the tiger, or the hen-hawk like the snowy owl.
To maintain, as the old theologians did, that modern species
are descended from species whose relics are fossilized in the
rocks, is to advocate a theory of transformation which would
have been startling, if they could have appreciated the facts.
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Modern evolution, which maintains such a descent, allows mil-
lions of years for the accomplishment of the transmutations;
but the diluvialists never claimed over five thousand years, and
resented the offer of geology to place more time at their disposal.

If the relics buried in the rocks present undoubted diver-
gences from living forms, it must be because they lived in
other ages, and under different physical conditions from mod-
ern species. As there is now, so there must always have been,
some co-ordination or suitability between the conditions in
which species lived, and the structures, instinets, and capabili-
ties of the species. We are witnesses of this great prin-
ciple—the adaptation of organism to environment. The Hippo-
potamus and the Elephant, dwellers in warm climates, are
almost naked. The White Bear and the Arctic Fox, dwellers
in the frigid zone, are densely clad in fur. . The Duck is im-
pelled by its instinet to the water; so its feet are webbed to
adapt it to movement in the water. These co-ordinations of
structure to environment or surroundings, are everywhere
seen, and possess extreme interest. Let me ask you, my
reader, to study out a great many other examples.

Now, during the long history of rock-accumulation, there
must have taken place very great changes in the conditions
of the world. This may be inferred from the fact that some
changes are taking place before our eyes; and also from the
fact, which we must admit, that the ocean was once universal;
but is now interrupted by wide continental expanses which
deflect the winds and the currents of the sea, and modify the
climates of many regions. It might thus be inferred before-
hand, that the populations of the world have shown a corre-
spondence with the changing conditions of the world. If the
physical world has improved—if it has undergone a progres-
sion from some cruder condition to the present, then the pop-
ulations of the world have progressively improved; and we
shall find the records of this improvement in the fossil re-
mains of those populations, as we hunt for them in strata
farther and farther from the surface—that is, farther and far-
ther removed in their origin from the present time.
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Now, with this preparation of mind, permit me to state
what has been ascertained by studying the fossils imbedded
in the succession of strata. The deepest rocks of which we
have any knowledge are those already named Eozoic. They
are mostly hard and crystalline—such as we find in our in-
numerable bowlders. They were stratified originally, never-
theless ; they were marine sediments, and if any marine crea-
tures lived at the time, their relics were inclosed in the sedi-
ments. But you see how greatly the sediments have been
changed to make of them granites and gneisses. If the
change almost or completely obliterated the lines of bedding,
it must also have destroyed most traces of the included fossils.
As a fact, almost no fossil remains are found. Yet a few
have been preserved to us. I do not intend to describe them
at present; but you may learn that they belong to the very
lowest grade of animal life. The ages during which they
existed may be styled the ReEren oF ProTOZOANS.

The strata next above, in the lower part of the Pal®ozoic
Great System, abound in the remains of marine animals; but
no traces of fishes or other vertebrates have been found.
This was the REiaN oF MARINE INVERTEBRATES. Their
exclusive remains extend through two systems, Cambrian and
Silurian. In the next higher formations we detect the bones
and teeth and armor-plates of fishes. There were many in-
vertebrates also, but, as the fishes were dominant in rank and
prowess, we designate this age the REren or Fismes. The
strata deposited during this Reign form the Devonian System.
Next came the relics of the first air-breathers which ever
lived. We find their bones resembling those of modern sala-
manders or amphibians, though often much more powerful.
This was the RErax oF AMPHIBIANS; and the corresponding
strata are the Carboniferous System. The Cambrian, Silurian,
Devonian, and Carboniferous systems make up the Palzozoic
Great System.

Next, as stated in our last Talk, come the strata which
form the Mesozoic Great System. Through this, in addition
to relics of amphibians, fishes, and invertebrates, we find for
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the first time the bones and teeth of reptiles. These creatures
offer extraordinary interest for us, and we shall take up the
study of them in due time. Their empire is known as the
ReweN oF Repries. Following this was the REren or Mam-
MALS, since their bones are found distributed through the
Cenozoic Great System of strata. Lastly came man. His
bones and works are confined to the surface of the earth.
They are not found imbedded in solid rocks. This last and
highest animal characterizes the Reiay oF Man. Thisis a
grand progression. These are fundamental conceptions in
geological science. They must be made perfectly familiar to
the student of Natural history.

As the reader will desire frequently to refer to this classi-
fication of formations and of organic history and geological
time, I insert the facts in a Table:

TABLE OF GEOLOGICAL HISTORY.
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I have included also in the foregoing table a column for
Groups or Periods, because some readers will be glad of this
more detailed information. This is a dry and unadorned
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