APPENDIXES.

APPENDIX A. REVOLUTION OF THE EARTH.

1. Apparent Movements of the Sun. — In addition to the daily
yising and setting of the sun there is a slower change in its posi-
tion. which can be detected by noting the point of sunrise or sun-
set for a week or two. In the north temperate zone, the sun rises
exactly in the east and sets due west on March 21 and Septem:
ber 23. From March to September sunrise and sunset are north of
true east and west, and the days are longer than the nights, But
from September to March the sun rises and sets south of due east
and west, and the nights are then longer than the days. The
midday sun also changes in position. It is higher in summer
than in winter, but is always in the southern half of the heavens.
In the southern hemisphere the same changes oceur in the opposite
season ; but there the midday sun is always in the northern half
of the heavens.

2. Experiment to Illustrate Revolution. — One or two simple
experiments will aid in a better understanding of the way in
which revolution (p. 5) causes these apparent movements of the
sun. Place two balls in a tub of water (Fig. 548), one in the
center to represent the sun, the other off to one side to represent
the earth. The water surface represents the plane of the ecliptie,
or the plane in which the earth moves in its revolution around
the sun. If the earth ball is moved around the central ball, Its
path will represent the orbit of the earth in its revolution.

A needle inserted in the earth ball represents the position of
the earth’s axis. When the ball is so placed that the needle pro-

jeets straight up into the air, the axis of the ball is perpendicular
to the water surface; if the axis of the earth were in a similar
position, it would be perpendicular to the plane of the ecliptie.
Now turn the earth ball until the needle is inclined as in Figure

adi
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548, which is the same angle as that at which the earth’s axis is
inclined. The earth is inclined 661° to the plane of the ecliptie,
or 231° to a perpendicular from that plane.

Float the earth ball around the central ball, always keeping the
needle axis inclined at the same angle, and you will see quite
clearly in what position the earth moves around the sun.

Position 1 (Fig. 548), with the needle pointing foward the cen-
tral ball, may represent the earth’s position in summer when the
North Pole peints
toward the sun. Im
the ball on the op-
posite side of the
tub (3), the needle
is  inclined away
Jrom the sun ball,
as the North Pole ig
in winter; hut the
other end of the
needle, or, as we
may call it, the
South Pole, is then
inclined toward the
sun ball. Halfway
between these sum-
mer and winter posi-
tions (2 and 4) the axis is inclined neither toward nor away from
the sun. These points represent spring and autumn.

3. Rotation and Revolution. — The manner in which revolution
causes the sun’s position in the heavens to change may be under-
stood by another simple experiment. Let a globe or hall vepre-
sent the earth, and a lamp or candle the sun. Carry the globe
in a eircular path around the light, being careful to always keep
the axis inelined at the same angle.

When the position is that of summer, the full rays of the lamp
illuminate the northern half of the globe and reach beyond the
pole.  Soin the case of the earth, when it has reached the summez
position inits orbit, the sun’s rays reach beyond the North Pole,
and illuminate all the space within the Aretie Circle (Fig. 549).

Fia. 548, — To illustrate revolution of the earth.

. you will see that all points
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This circle is located 231° from the pole because the sun’s rays of
midsummer (June 21) reach that distance beyond the North
Pole. They reach that far because this is the amount that the
earth’s axis is inclined.
Now rotate the globe; and

Wwithin 231° of the pole are
lighted throughout the en-
tire rotation. The same is
also true of the earth. This
makes it clear why, on the
longest day, June 21, every
point within the Arctic
Uircle has sunlight for the full 24 hours (Fig. 550). ;

Still holding the globe in this position, observe the conditions
at the opposite end of the axis, or the South Pole. Even when
the globe is rotated, no light reaches that portion. This is also
true of the earth in summer, for then the midday sun just barely
appears on the Antarctic Circle, 231° from the South Pole. All

within that circle is

dark, even at mid-

day.

Moving the globe
. to the opposite, or

winter, position (3,

Fig. 548), with the

North Pole inclined

away from the lamp,

conditions are re-
versed. Allis dark-
ness within the

Arctic Circle, while

Fie. 549, - Position of the eargh June 21.

e

Fi6. 550. — The sun at midnight in the Aretie in sum- all within the Ant-
mer when the region within the Aretic circle is
lighted during the-entire rotation.

arctic Cirecle is
bathed in  light
(Fig. 551). This is the earth’s condition in winter. Thus, each
Year as the earth revolves, there is a season of darkness and one
of light around each pole,




400 . NEW PHYSICAL GEOGRAPHY.

If the globe is now placed in the position of spring or autumn
(2 and 4, Fig. 548), the light will exantly reach each pole. The
half of the polar region

that faces the lamp is |

lighted, the half away
from it is in darkness;
but by rotating the globe
the dark side is turned
toward the light. When
the earth reaches a cor-
responding  position in
its orbit, it is divided
into a dark and a light half by a plane passing from pole to
pole (Fig. 552). At-these times, the eguinoxes (equal nights), all
over the earth day and night are each 12 hours long. One period 18
called wernal (spring) equinox, the other autumnal (autumn) equino®.

During the equinoxes, when the sunlight just reaches each pole,
the midday sun is directly above the equator. After December
21, in all parts of the earth, the sun appears to be slowly moving
northward, and the sunlight slowly creeps over the curvature of
the earth into the Arctic. After the earth has passed its summer
position, thesun seems, from
all points on the globe, to
be slowly moving south-
ward, and the sun 1;_:ht is
gradually withdrawn from
the Arctic.

If the earth’s axis were
perpendicular to the plane

of the ecliptie, there would
be no such changes; but, Fia. 552 —Position of the earth September 2.

Rays from Sun

1. 551. — Position of the earth December 21.

==

P

sinee it is inclined, revolu-

tion turns one hemisphere toward the sun for a time, then away

from it. These annual changes recur so regularly that, in all the

time of human history, there has been no noticeable change.
SuaersTrons. — (1) Study Sections 2 and B at the same time that

you are yourself performing the experiments deseribed.  (2) Make
mwful observations of the change in the sun from day to day. On a
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Fi1a. b53. — To illustrate the revolution of the earth areund the sun.

platform, or table, placed wheve the sun reaches it from morning till
night, draw intersec t.m“ north-south (p. 419) and east-west lines. “’]mre
they cross drive a long knitting needle into thie table. Onee a week at
noon mark on the mnlh—snuth line the point to which the needle shadow
teaches. Also mark the point reached by the shadow just after sunrise
oF just before sunset. What movements of the sun canse these changes?
().l)serve also the exact place where the sun sets each week, (3) In what
direction does your shadow point at noon? In what direction would it

JDoint in South Africa? At each tropie, in the middle of March, June,

September, and January? At the equator? What is the direction of a
shadow at noon in summer in the Arctic? Af midnight? Are such
shadows longer or shorter than in the temperate zone ?

2p




APPENDIX B. LATITUDE AND LONGITUDE.

1. Latitude. — The most convenient method of loeating points
on the spherical earth is by imaginary cireles extending in oppo-
site directions. Any point can then be definitely located by the
intersection of such circles. These are called cireles of latitude
and longitude, names given when the extent of the world was not
known, and one direction (longitude) was supposed to be the long
direction, the other (latitude) the broad direction.

For measurement of latitude imaginary cireles are extended
in an east-west divection. The largest circle (about 25,000 miles),
the equator, extends around the earth midway between the poles.
Other circles parallel to this, and called parallels of latitude, are
located at intervals between the equator and either pole. As their
distance from the equator increases, these circles diminish in
diameter (Fig. 554) until, at the poles, a circle of latitude is
reduced to a point.

For convenience in use the parallels are numbered.  From the
equator to the north pole there are 90 parallels, numbered as
degrees (indicated by the sign °); there are also 90 from the equa-
tor to the south pole. The equator is called 0° latitude; the
north pole, 90° north latitude (abbreviated N. Lat.); the south
pole, 90° south latitude (8. Lat). The Tropic of Cancer is
23}° N. Lat.; the Arctic Circle, 661° N. Lat.; the Tropic of
Capricorn, 23}° 8. Lat.; the Antarctic Circle, 661° S. Lat.
Which parallel of latitude is nearest your home ?

Sinee there are 180° from pole to pole there are twice that
number, or 360°, in a complete circle extending around the earth
across the poles. It is customary to divide ecircles into 360%
This is a convenient number because it is exactly divisible by
80 many numbers.

The length of a degree of latitude, that is the distance between

two circles, varies slightly because the earth is not a perfect
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sphere (p. 3). Itis 41y of the circumference. Divide the eir-
cumference of the earth (25,000 miles) by 360. At the equator a
degrees isabout 68.7 miles, at
the poles abont 69.4 miles.

On a small map of a large
area, as a continent, it is im-
possible to draw every paral-
lel, for the lines would be
too close together. Accord-
ingly, every fifth or tenth
circle is placed on such a
map. But for a map of a
small section (Fig. 78) the
degrees are too far apart, and
additional cireles are neces-
sary. For this purpose de-
grees are subdivided into
minutes (indicated '), and
minutes into seconds (indi-
cated "). There are 60 sec-
onds in a minute of latitude,
and 60 minutes in a degree. What is the latitude of your town
in degrees, minutes, and seconds ?

2. Longitude. — Circles of latitude serve to accurately locate
places in a north-south diree-
fion ; but there is need of loca~
tion in an east-west direction
also. Circles of longitude
serve this purpose. These
circles all start from the
poles, broadening out toward
the equator, and are therefore
not parallel (Fig. 554). To
them the name meridian is
often applied.

At the equator a degree of
longitude is about equal to a
degree of latitude (69 miles),

Fic. 554.—To show how the meridians
converge at the pole. Trace the (0°
meridian to the opposite side of the
globe. 'What is it nnmbered there?

A0
5. porE ¥0°
Fig. 555. — The earth cut in halves along
the Greenwich meridian.
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being 41y of the earth’s circumference. In latitude 40°, which is
a much smaller cirele than the equator (Fig. 554), a degree of
longitude, 41, of that circle of latitude, is only about 53 miles.
In latitude 60° a degree of longitude is about 34.7 miles; and af
the poles, where all the meridians come together, a degree of
lengitude has no length.

The cireles of longitude are numbered as degrees, there being
360 degrees. Since there is no such natural starting point as the
equator, there is no general agreement as to where the numbering
of meridians shall begin, Most nations, however, have adopted
as the 0°, or prime meridian, the circle that passes through the
Greenwich Observatory, just outside of TLondon. From this
meridian the eircles are numbered up to 180° both east and west.
New York is 74° W. Long. Jerusalem is 35° E. Long. What is
the nearest meridian to your town ?

Degrees of longitude are divided into minutes and seconds,
as degrees of latitude
are. What is the longi-
tude of your home in
degrees, minutes, and
seconds ? '

3. Longitude and Time.
— Rotation causes the sun
to appear to pass com-
pletely around the earth
in 24 hours. That is, it
passes over 360° in 24
Fig. 556. — Map to illustrate standard time in hours ; a“fl' d"’lfi?”g 360

United States. The meridians 75°%,90°,105°, by 24, we find that it passes
and 120°, extend through the middle of the over 15°in an hour. From
four time belts. The irregular boundaries {his it is evident tha$
are due to the fact that railways have chosen
eonvenient points on their lines to make the
change.

places 15° apart will have
just one hour’s difference
in time. Formerly, places
in United States kept local or solar time, and even meighboring cities
might have a different time. This caused so much inconvenience that
it was agreed to adopt a standard time, by which the time changes one
hour for every 15° of longitade. Now in traveling across the continent
one need change his wateh only three times (Fig. 556).

LATITUDE AND LONGITUDE. 405

If longitude may be used fo determine time, it is evident that time
may be used to determine longitude. Ships crossing the ocean are able
in this way to determine their position. They start with an aceurate
elock, or chronometer, set to Greenwich time. By means of an instru-
ment, the sexiant, an officer observes the sun to determine the local noon,
that is, the time when the sun has reached its highest position. Com-
paring this local time with that of the chronometer, it is easy to tell just
how many minutes’ difference there is between Greeuwich time and that
where the ship is. Knowing that one how’s difference means 15° of
longitude, the longitude of the ship is readily determined.

SveeesTrons. — (1) To understand the need of circles of latitude
and longitude, try to locate New York City without these. Do the same
by use of latitude and longitude. (2) By tying the ends of strings to-
gether make three circles so that one will fit over the equator of a globe,
one over parallel 45° and one over parallel 60°. Make three other circles
for meridians and place them on the globe, one over 0° longitude; one
over 60° west longitude, one over 120° west longitude. With ink, mark
on each of the latitude strings the place where two of the meridians
cross” Take the strings off, and measure the diameters of each. How
to the diameters of the meridian strings compare with the equator string ?
How do the three latitude strings compare in diameter? Measure the
distaniee between the ink marks made on the latitude strings. How do
these distances compare? This shows how the length of degrees of
longitude varies. (3) Get a local swveyor to explain and illustrate the
method of determining latitude and longitude. (4) Recall your previ-
ons study of standard fime (see Second Book of Tarr & MeMurry's
Geographies, p. 116). If the earth were flat, what would be the effect on
time ? - To answer thig, imagine a table top to represent the earth. Raise
a lighted candle up to the edge to represent the rising sun. How much
of the talile do the rays reach-at once? Is any more of the table reached
as the candle is raised higher? Now, to represent part of the globular
earth, place a curved object on the table top; for example, a large sheet of
eardboard or blotting paper, resting on books or dishes. How much of this
curved surface is lighted when the candle is raised ? Is morve lighted as
the candle is raised higher?




APPENDIX €. COMMON MINERALS AND ROCKS
MINERALS

This appendiz should be studied with an accompanying use of mineral
spectmens.  Each mineral should be carefully examined to note its color, hard-
ness, cleavage, luster, aud crystal form. The text may be referred to, but each
student should have a set of specimens and be expected to find the features visible.

A mixErAL may be defined as a single element, or two or more
elements chemically combined, forming a part of the earth’s
erust. Some, like sulphur, consist of one element; but most
minerals are formed by a combination of several.” For example,
quartz is made of silicon and oxygen; one of the feldspars con-
tains silicon, oxygen, aluminum, and potassium.

There are about 2000 known minerals, of which only one or
two hundred are abundant, while less than a dozen are common
in most rocks. The more important of the rock-forming min-
erals are described below.

1. Common Rock-forming Minerals.— Quariz.— This, the most
common of minerals, is' present in many rocks and soils. It is
made of silicon and oxygen, forming silica (8i0;). These ele-
ments are so firmly united that quartz does not decay; but it is
slightly soluble in underground water. It has a glassy appear-
ance, or luster, and varies in celor from clear glassy to milky
white, blue, rose-colored, red, and variegated. Agate, opal,
jasper, and chalcedony are varieties of silica. It is so hard that
it will serateh glass, but is brittle and easily broken, having &
shelly or conchoidal fracture, like glass. When it crystallizes it
takes the form of a six-sided (hexagonal) prism terminated by a
six-sided pyramid.

The Feldspars.— There are a number of kinds of feldspar, each
formed by the union of several elements, and all nearly as hard as
quartz. Crystals are not common. Cleavage planes, extending
through feldspar, cause it to break along smooth faces. Unlike
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quartz, feldspar is not soluble. When exposed to air and water,
however, it decays, becoming dull and whitish; and, if exposed
long enough, the hard mineral crumbles to a whitish clay, or
kaolin. Many soils contain decayed feldspar, and some of the
best pottery clays are kaolin. Thus, though insoluble and nearly
as hard as quartz, its decay makes feldspar less durable,

Claleite (caleium carbonate), like quartz, varies greatly in color.
It often has a perfect erystal outline; and sinee it has cleavage
in three directions, when broken it is apt to take the form of a
rhomb. It has a pearly luster. Unlike quartz and feldspar, cal-
cite is so soft that a knife readily scratches it. "Moreover, it is
one of the most soluble of common minerals; and the cleavage
planes afford opportunity for water to enter and dissolve the
mineral. For these reasons a caleite rock is far less durable than
one made of feldspar and quartz.

The mineral dolomite resembles calcite ; but it is less ‘iﬁlll})le. and
has a different chemical composition. Caleite contains calcium,
earbon, and oxygen, and is, therefore, carbonate of lime (CaCOy);
dolomite has magnesium in addition, and is, therefore, magnesian
carbonate of lime ( (CaMg) CO;).

The Micas.— There are a number of different minerals belong-
ing to this group, all having a complex chemical composition.
Some are black, some colored, and some so colorless that they are
used in stove doors as “isinglass.””” Two of the most common
forms are biotite and muscovite, the former dark colored, the latter
light. All ave easily scratehed with a knife, and all have so re-
markable a cleavage that they readily split into thin sheets. Some
micas decay readily ; but others so resist decay that they oceur as
shiny flakes in soils and some rocks, such as sandstones and shales.

Hornblende is a black mineral of complex chemical composition,
common in some granites'and lavas. It is hard, has a bright
Iugter, is often crystalline, and has well-defined cleavage. When
exposed to air and water it decays, one of the products being an
iron compound which stains the tock. Tron isone of the elements
in this mineral.

Augite, found in many lavas, resembles hornblende in several
respects, and in small grains is dificult to distinguish from it.
Its chemical composition, crystal form, and the angle at which
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the cleavage faces meet are different, and the color is dark green
instead of black. Like hornblende it deeays readily.

Tron Ores.—Small quantities of iron are present in many minerals
and rocks, and the yellow and red color of soils is due to iron stain.
Among the iron minerals are several which are of value as ores.

Magnetite, a compound of iron and oxygen (Feg0,), is black, hard,
heavy, usually crystalline, and has a metallic luster. A magnet will
attract the grains. Hematite (Fe,0,), another oxide of iron, i3 red and
either earthy, crystalling, or in smooth, rounded masses. Like other
iron ores it is heavy. The ved coloring of seils is due to @ hematite
stain. Limonite is yellow, and common iron rust and the yellow color of
soils are due to this mineral. It is an iron oxide with water, or a hydrous
oxide (2Fe,0, 3H,0). It is easy to determine an ore of iron by seratch-
ing it on a piece of white quartz, or of broken china. Magnetite gives a
black streak, hematite red, and limonite yellow. i

Siderite, the carbonate of iron (FeC0,),’is a heavy brownish mineral,
resembling calcite in general appearance. Iron pyrite, or pyrites, the
sulphide of iron (FeS,), is not useful as an ore. It is a hard, heavy,
golden yellow mineral, sometimes mistaken for gold, and hence called
“fool's gold.” It often oceurs in perfect cubical crystals.

Gypsum, the sulphate of lime, occurs in small grains in many
rocks, and sometimes in beds. It is so soft that it can be seratched
with the finger nail; and, being soluble, is often present in “hard”
water. The color varies, but is often white. Sometimes it i8
well crystallized, then having such perfect cleavage that it splits
into thin flakes; but, unlike mica, the flakes are not elastic.

Minerals in Rocks.— The tables (pp. 410-413) show that the
common rocks are made chiefly of the minerals described above.
Other minerals, while abundant in some localities, are relatively
pare in the rocks of the earth; but some of the rarer minerals,
such as the ores of gold, silver, copper, ete., are of great value to
man.

ROCKS.,

9. Classification of the Common Rocks. — Rocks are mixtures of -

minerals, and are not usually of definite chemieal composition.
They may be classified in three great groups: —

(1) Sedimentary rocks, most of which were deposited in water;
(2) Iyneons rocks, which were once molten and (3) Metamorphié
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rocks, which have been altered from some previous state by heat,
pressure, and water. A few of the most common are described
below.

3. Sedimentary Rocks. — Fragmental or Clastic Rocks.— By the
disintegration of rocks, fragments of all sizes, from clay to bowl-
ders, are detached. When assorted by water these are deposited
in layers (p. 33), the pebbles forming grawvel beds, the sand, sand
beds, and clay, cay beds. Rock fragments may also be brought

by glaciers, by wind, and by voleanie explosions, which supply

ash and pumice. These fragmental, or clastic, materials may be
gemented into solid roek by the deposit of mineral substances
earried by underground water (p. 39).

Congolidated oravel beds, called conglomerates, are composed of
whatever minerals were in the rocks from which the pebbles are
derived. Consolidated sand beds, or sandstones, usually consist
of small quartz grains, quartz being the most indestructible of
common minerals. Some sandstones are well cemented and firm,
others friable; and iron oxide cement often gives to them red,
yellow, or brown colors.

A well-cemented sandstone or conglomerate, with mueh quartz
in it, is one of the most durable of rocks, resisting denudation so
well that it forms peaks and ridges, as in the Appalachians.
Sinee quartz does not decay and produce plant food, as feldspar
and many other minerals do, sandstones make poor soils.

Shale, the most common clay rock, varies in color from black
to blue or light gray. Because of the presence of large numbers
of flattened particles, often small mica flakes, it splits readily
along the bedding planes. Shales split so easily, and are so soft,
that they readily disintegrate, and among mountains are, there-
fore, usually found in the valleys. Soils produced by the decay
of shale are much more feitile than sandstone soils.

Chemically formed Rocks.— The.-decay of minerals produces
many substances which underground water dissolves. After being
carried for a while, some may be deposited. For example, car-
bonate of lime is being deposited as stalactites in caverns (p. 60)
and as ealcareous tufu around the Hot Springs of Yellowstone
Park (Fig. 243). On the coast of Florida and in Great Salt Lake
it is also being precipitated in small, rounded, or oolitic grains
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(p. 163). Salt is being deposited on marshes bordering Great
Salt Lake and the Caspian Sea; and, by the drying up of salt
lakes, as in western United States, gypsum has been precipitated.
Deposits of silica around the geysers of Yellowstone Park form
silicious sinter (Fig. 244); and bog iron ore is being accumulated
where certain spring waters, on reaching the air, are forced to
deposit iron. Underground water has deposited many veins of
valuable metal in fissures in the crust (p. 132)..

SEDIMENTARY Rocks.

Ortav. | NAME. COMPOBITION.

Made of pebbles derived from other rocks.
Consolidated masses of pebbles.
Finer fragments, usually quartz grains.

| Gravel beds.
Frag- Jonglomerates.
mental Sand beds.
or clastic Sandstones. Consolidated sand beds.
rocks. Clay beds, Disintegrated feldspar, hornblende, ete.
Shale. Consolidated clay beds, splitting readily.

Stalactite, oolite, | Carbonate of lime, deposited in water.
: 1 5 caleareous tufa. |
Chemically | 1,0, deposits. | Some ores of iron, especially bog iron ore.
Jormey Silicious sinter. | Silica deposited from water.
porks. Salt | Sodium ehloride.
| “Gypsum. | Sulphate of lime.
|
x ‘ | Most limestones. | Carbonate of lime, made of shells, ete.
Organie Coa, (bituminous, | Made of plant remains,
rocks. lignite, peat).

Organic Rocks.— Carbonate of lime, dissolved in water, supplies
many animals with materials for shells, or limy framework.
Where such animals are abundant, as in coral reefs (p. 217),
their limy remains often accumulate as thick beds of limestone.
Many such beds have been raised to form part of the land.
Limestone, being both soft and soluble, is worn away to form
lowlands; and, sinee it is rich in plant food, it forms a fertile
soil. This is illustrated in the broad, fertile limestone valleys
which extend among the mountaing of New England and New
Jersey, and thence through the Shenandoah valley of Virginia

1

| ing fo the color of the feldspar, being commonly light and either
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to Tennessee. Dolomite is not so easily worn, and, when very
massive, sometimes forms mountains. One very rugged section
of the Alps is known as the Dolomite Alps.

Remains of plants aecumulate in swamps, as in peat bogs
(p. 168), where the water retards decay. When such swamp
deposits have been covered with beds of other rocks, they gradu-
ally lose their water and gases, and change to coal (p. 170). The
early stages of this change form lignite, later stages bituminous
coal. .

4. Igneous Rocks.—These rocks, which have risen in a melted
condition from within the earth, have cooled either on the surface,
as near voleanoes, or below the surface as infruded masses in the
erust (p..126). In the latter case, the overlying blanket of strata
has allowed the lava to cool so slowly that the minerals have had
opportunity to grow to fair size, giving these intruded rocks a
coarse crystalline structure. In many places denudation has
worn the surface down to these intruded igneous rocks.

Granite(Fig. 33).— Granite is the most common intruded igneous
rock. Of what minerals is it composed (see table p. 412)? The
structure is so coarse that the different mineral grains are plainly
seen and easily distinguished. The color of granite varies accord-

| gray, grayish green, red, or pi ink. Itis a valuable building stone,

\I\ and is one of the hardest and most durable of rocks, 1?\1bt111g

TS

A

“Huartz.

destruction so well that, in the wearing down of mountains, it is
commonly left standing as peaks.

Syenite, a coarse-grained rock, resembles granite, but has no
(Gabbro, norite, and anorthosite, found in the Adiron-
dacks and in Canada, are hard, intruded igneous rocks, less com-
mon than granite.

Diorite and Diabase are dark-colored igneous rocks without
quartz, the color being due to dark-colored minerals, especially
hornblende, augite, and mica. Diabase, also called #rap, 1s often
80 fine grained that the minerals cannot be distinguished without
a microscope. The Palisades of the Hudson and the trap hills
of New Jersey and the Connecticut valley are diabase.

Rhyolite, trachyte, andesite, and basalt (see table) 'are among
the most common lavas erupted from volecanoes. The first two
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are light, the last two, dark colored. In most cases, erupted lavas
have cooled too rapidly for the mineral grains to grow large
enough to be distinguished by the eye alone; but large porphyritie
"t"#j.‘_v‘ff-fl'.\' are often scattered through them, having been formed
while the rock was still molten, then inclosed in the fine-grained
mass, which quickly cooled when the lava reached the air.

Sometimes lavas cool so rapidly that they resemble black glass,
and they are then called natural glass or obsidian.

A porous structure is given lavas by the expansion of steam,
which forms cavities; and rapid expansion of the steam blows the
lava into bits, forming pumice (Fig. 33) and voleanic ash (p. 122).

The ash from the Martinique eruption (p. 113) was andesite lava
blown to pieces by steam: the lava of the Hawaiian voleanoes is basalt.
Much of the country west of the Rocky Mountains is covered with
basalt, andesite, and other lava rocks erupted from ancient voleanoes
and fissures. These lavas, having many cavities for water to enter, and
being made of minerals that decay readily, are soon covered with a
fertile soil, for the minerals of lava are rich in plant food.

[exrovus Rocks.

Cier MINERAL CONPONENTS,

Granite Quartz, feldspar (orthoclase), and
- hornblende, or mica, or both.

Syenite. Feldspar (orthoclase) and either
mica, or hornblende, or both.,

Diorite. Feldspar (plagioclase) and either
hornblende, or mica, or both,

Coarse grained.

Bath coarse and Diabase, Feldspar (plagioclase) and augite.

Jine grained.

Rhyolite ‘ z | Quartz, feldspar (orthoclase), and
porphyry). hornblende, or mica, or both,
Trachyte. Feldspar (orthoclase), and either
: - hornblende, or mi or both.
Fine grained. Andesite, Feldspar (plagioclase), and either
hornblende, mica, angite, or two
of these,
Basalt, Feldspar (plagioclase), and augite
(often olivine).

ROCKS.

5. Memmorphic Rocks.—Any rock subjected to great pressure, as
tn mountain folding, and to the action of heated water, is certain

to suffer change or metamorphism. In sandstone. for example
stone, X¢ .

silica may be deposited around the grains until the rock beeomes
almost one solid mass of quartz, called guartzite. Shale, when
altered by metamorphism, changes to slate. New minerals 'LVI'l‘
then developed, which have cleavage so perfect that the ;l;lm: 1\
caused fo split, or eleave readily. By llJl'T‘.‘ll!l!ll‘}lllir«ln limestone 1\
changed to erystalline caleite, as in the case of white marble. ;

In the Appalachian Mountains ( p. 109), coal has been metamor-
phosed to anthracite. In Rhode [sland, where mountain folding
re -1 AVvO 3 vel 1 { v 1
Was even more intense, l‘”.‘lI llFlH. I Some cases, In'vn ('Ililli"'i'f[
to graphite, which is pure carbon.

When subjected to metamorphism so intense that the minerals
have 1'f*('I'}'HtEiHi1(‘li. some rocks are altered to gneiss. (Gneiss
resembles granite; but there is a slicht bauding of the minerals

N Qo n rho fant +hat ¢ y ] E )i
(Fig. 33), due to the fact that they have developed along lines of
least l‘l‘ﬁtrlw‘f-:lllt't-‘ - that is, at right angles to the pressure. Where
the banding is so distinet that the rock rea ily cleaves, it is a
.A\.lu,\-f, Gmeisses and schists are durable erystalline rocks, found
I regions of intense mountain folding. f

MeraMorriic Rocks.

NAME 8
, . URCE X
OURCE. MineraL Comrosimios,

Qnartzite, Altered sandstones, Quartz

Hata aroilitia 4 - s

Slate (argillite). Altered clay rocks, Partially crystallized mica-

ceous minerals developed
: out of the clay particles.

Marble, Altered carbonate of lime, | Calcite s :

Anthracite Altéred cos i

An }lwl'lef(]‘ Altered coal. Mainly carbon and carbon

% 7.:_1.11v iite). i compounds,

Schist. Altered from various | Variable — usually two or
rocks, e.g. shale, con more of the following :
clomerate, diorite, ete, feldspar, quartz, horn-

N blende, or miea

Gneiss, Altered from various | Variable — usnally two of
rocks, e.g. shale, con- more of the following
glomerate, granite, feldspar, quartz, homn-
diorite, ete. blende, or mica.
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SucerstioNs. — (1) Collect minerals from your neighborhood and
study them. Dana’s Minerals and How to Study Them is a good book of
reference. (2) Colleet rocks from the ledges, bowlders, guarries, and
stone yards. If you live in a part of the country reached by the ice
sheet (Fig. 270), you will find a varied store of rock specimens in the
gravel banks. See how many kinds you can collect. Study their char-
acteristics; place them in one of the three groups and, if possible, give
them their proper names. The teacher can systematize this work and
make it of great disciplinary value. (3) Place pieces of quartz, feld-
spar, and calcite in weak hydrochlorie acid., Which is attacked by it?
Water in the earth is often weakly acid, and in this state attacks min-
erals. (4) Grind up some mica, mix with sand, and stir in water. After
the sediment has settled, notice the position of the mica flakes. It is for
this reason that shales split readily along the bedding planes. (5) To
which of the three groups do the rocks of your neighborhood belong*
What kind or kinds do you find? Of what are they made? Are they
hard or soft? Do they make rich or poor soil? If your home is in &
valley, see if the rocks on the hills are different. What are the differ-
ences? Do they help account for the hills and valleys?

TABLE ¥OorR GUIDE IN STUDY OF MINERALS.

T - - OTHER

Harp- e gppotric | CrysTaL | CLEAY
NESS, VLOE Graviry. | Forx. AGE.

Trans- Hexag- Noiiio Con- | Vitre-
parent, | onal. |~ * | choidal. | ous.

Quariz.
| |

Calcite.

Ete.

Reference Books. — DDAxA, Minerals and How to Study Them, Wiley &
Sons, New York, 1895, $1.50; Kese, Handbook of Rocks, D. Van Nostrand
Co., New _Ynl'k, 24 ed., 1900, §1.50.

APPENDIX D. GEOLOGICAL AGES.

‘.‘tll-m,i-: it is impossible to tell the age of the earth in years
(p. 49), geologists have divided the strata into stages. or n-z"in‘i“
and have determined their relative ace o

T

; This is made possible by
the fossils the strata contain. s

For example, tl i
= ok . X¢ , there was a tim
: i ‘ : 1e
xr]:gtu no animals higher than fishes lived on the earth: and if
strata contain remains of birds. it i i sl
: EINAINS ( rds, it is certain that 7
ont H 8 certal at they were nc
deposited in those anei Imes ' St
sé ancient times. Careful studi ; i
: 8. areful studies of fossils, i
all parts of the earth, hav 7 it it
S ¢ : , have so clearly revealed tl 1
Ll > ea clearly reve: 18 history of the
rlf velopment of life that, on examinine the fossil bl
gists can now tell in what period it was formed
periods names have )

8 in a rock, geolo-
ey f ['o the different
el given, some of the mc ;
el ; 2 DSt con ]
which are placed in the following table : pe i’

Man as DTk S —
CENOZoIC Quaternary. "I'i"‘!" x Jlll'v lT‘Il.Rn.;:[..u,..‘_._ﬂ]l:njfl('l_l]:li‘[\' in
TIME. e part. Glacial period in first half.
(Age of NEOCENE. = half.
Mammals.) e
EOCENE.,

=
Ple istocene, or

.‘\I.:xm;u:tl»; develop in remarkable variety
and to great size, while reptiles diminish.

Tertiary.

: Birds begin to be important: rent;
MES0ZOI0 Cretaceous. tinue ; and higher nl|:n'|l>;:::ltti:1'f]ilj:cl"llljl“'T ;:“h-
TIME. - e plants and insects of high type, s
(Age of | Jurassic, : : P - i
Reptiles.) =5 =
Triassic. Amphibia and 1"‘1'5'11“\'10-\'1-}011 |‘L~I|l:ll'k'|hi s
low forms of mammals appear. i

] ] 7
Reptiles and amphibia predominate.

Carboniferous.
PALEOZOIC n
TIME. Devonian.
(Age of X e

= lur
Invertebrates.) ,'\‘”“ i)

Land plants assume great importance

—t =

Fishes are abnndant.

i Invertebrates ! prevail.

Cambri Y i "
ian. No forms higher than invertebrates

In part
AZOIC TIME. | i © | Mostly mets i
201 f““ﬁF | kel lostly metamorphic rocks: perhaps, in

: ey part, original erust of earth.

1 rerte H
Invertobrates continue abundant to present time
began in the Silurian, eontinue, though with many c:'.|
ik £a- 4 s 0 h many et
Upper part sometimes called Algonkian,
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but are of different kinds., Fishes, w hich
anges, to the present time i .




APPENDIX E. TIDES.

Tar full explanation of tides is considered too diffieult and
complex for statement in so elementary a book. 1t is known that
they are caused by the attraction of gravitation which both sun
and moon are (-x'urlmj_: on the earth: but the moon is more
effective in this than the sun.

This pull of gravitation draws the ocean water toward the moon
(Fig. 557), producing a wave which follows the moon across the

oceans. A second high tide is formed

on the opposite side of the earth. In

this way the ocean is distorted into

a somewhat elliptical form. If the

earth were all water, the attraction

of the moon would change it to an

ellipse; and, as the earth rotated, the

form of the ellipse would constantly

change to keep its axis pointing to-

ward the moon.! That is to say, two

waves would constantly be passing

around the earth, following the moon.

To understand this shape attach a

rubber ball to the floor and, by a

Fio. 557.— Distortion of ocean  gtring on the upper side, pull until
by attraction of MOOk ¢ the ball loses its spherical shape.
gerated. i3 ' Tili:ll waves are lrl'Ulllll}r-(] !l}' the

. sun in the same way as by the
moon ; but, although the sun is so much larger than the moon,

1There is more to the tidal explanation than the mere pull of gravitation ;
there is also the effect of centrifugal force. However, unless the teacher,
because of special interest, wishes to enter into a full study of tides, it does
not seem well to introduce this complex question.

416

TIDES. 417

its greater distance makes its tide-producing effect less. The
solar tides are, therefore, only about one third as great as the lunar
tides. Thus, at all

times, there are four / .

tidal waves in the W e (s)
oceans, two formed N W =
by the moon, and s v oL

two smaller ones by Fia. D&ti.-—'[‘l_» illu.-_rr:lte cause of spring tides — dis-
1];9 g I]l v;u_‘il tortion being :l‘n*:l.tl}' exaggerated.

pair one is on the opposite side of the earth from the other.

At full moon (Fig. 558) the sun and moon are nearly in line,
They are then pulting so nearly together that the solar and lunar
tides combine, causing an uncommonly high tidal range, known as

® spring tide. At new
moon, the sun and
moon are again
nearly in line, and
spring tides are
again formed. Dur-
ing the quarters
(Fig. 559), on the
other hand, the high
tides formed by the

LUNAY TIOE

LUNAR TIDE
F1G. 539. — To illustrate cause of neap tides,
moon occur where
low tides are caused by the sun; consequently the tidal range is

much less. These tides of low range are called neap tides. Each

lunar month, that is every 29} days, there are two spring and two
neap tides.

Another eause for variation in tidal range is the distance of the moon.
The moon revolves around the earth in an ellipse, and when it is nearest
to the earth, or in perigee, the lunar tide is higher than when it is farthest,
or in apogee. Because of these variations in the relative ‘l'n-'il]'UN of sun
and moon, and in the distance of the moon, the tidal range varies greatly.
There is also an irregular variation due to wind (p. 271), which some-
times piles the water up in bays, causing it to overflow wharves and low
land that the tide itself never reaches.




APPENDIX F. MAGNETISM.

Ix the United States, as in other regions, a bar or needle of
magnetized steel, so suspended that it freely swings horizontally,
will point north and south. An ingtrument having such a needle
is a compass. Throughout most of the country the compass needle
points a little to one side of a true north and south line. In central
western Greenland the needle points westward, in northern Green-
land, southwestward. The place toward which the compass needle
points is known as the north magnetic pole, and is located north
of Hudson Bay and west of Baffin Land. Within the Antarctic
Circle, between New Zealand and the South Pole, there is a
similar region known as the south magnetic pole.

It is because of these centers of magnetism that the compass is
so valuable that sailors depend upon it for determining the
course of their ships, and the steersman always has one in plain
sight. In the Arcticthe compass is much less useful, for, though
nearer the magnetie pole, the needle is less sensitive and more
easily deflected by outside influences, such as the presence of jron.

~ The reason for this fact is that the cause for the attraction of the
needle lies beneath the earth’s surface. This is proved by so suspending
a needle that it will freely swing, or dip, vertically. At the magnetic
pole, the needle of such a dip compass points directly downward; near
the equator it swings horizontally ; part way between the pole and equa-
tor it points toward the earth at an angle. From this it is evident that,
the nearer one goes to the magnetic pole, the stronger becomes the down=
ward attraction and the weaker the horizontal pull, and, therefore, the
less useful the compass.

Along a line extending from South Carolina to Lake Superior,
magnetic north, or north by the compass, is the same as true north;
that is, the compass points toward the north pole. East of this
line the compass points to the west of true north, northern Maine
showing a difference between magnetic and true north, or a decling-
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560. — Isogonic map of United States, showing the amount of declination for 1901.
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