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PREFACE.

Tue faculties of our minds are developed in succession, as
we advance in age, each of them reaching its maximum,
and then gradually diminishing. In childhood, the senses
acquire their greatest developement; in boyhood and
youth, the memory and imagination; in early manhood
the purely reasoning faculties; andin adult life, the judge-
ment. .

A rational system of education should be guided by
the physiological law here laid down. The child should
be instructed mainly through his sensations; the boy
should learn Languages, ancient and modern, and Natural
History, so far as it depends on observation ; the youth
should cultivate Mathematics and Logics; while studies,
such as Ethics, Physiology, and Politics, should be re-
served for the more mature period of life, in which the
Judgement corrects the rash conclusions founded on mere
memory and reason.

Considered from the foregoing point of view, the ne-
glect of Natural History, as a school study, appears most
unaccountable, as it is inferior to no other study—not even

Language—as a means of cultivating the memory and
observation.
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CRYSTALLOGRAPHY. 3

The first subject to be considered in Mineralogy 18, therefore,
the geometrical forms of minerals, and this branch of the subject
is generally called Crystallography.

Crystals are geometrical solids, bounded by planes, which are
related to each other by definite laws that are never departed
from. All the crystals found in natural or artificial compounds
are reducible to the following seven groups, which are called
erystalline systems :—

The Monometric system.
The Dimetric system,
The Trimetric system.
The Monoclinic system.
The Diclinic system.
The Triclinic system.
The Hexagonal system.

=T hth B N

These systems are classified as follows: —

1. Monometric—three axes equatL
2. Dimetric—two axes equal.
3. Trimetric—axes unequal.

A. Referred to three axes making
right angles with each other.

( 4 Monoclinic—one acute angle be-

tween axes.

B. Referred to three axes making
one or more acute angles with <
each other.

5. Diclinic—two acute angles be-
tween axes.

6. Triclinie— three acute angles be-
tween axes.

(. Referred to the three diameters
of a regular hexagon, and to
a fourth axis drawn at their » 7. Hezagonal.
point of intersection, perpen-
dicular to their plane. J

1. The Monometric System.—It is proved by Euelid (xiii,,
18, Scholium), that there are five solids, and five only, whose faces
make equal angles with each other, and are bounded by regular
figures. These are called the Regular Solids, and are all inscrib-
able in a sphere. Their names are—
B 2


















THREE-FACED OCTAHEDRON. 9

relations between them become apparent, which could not other-
wise have been perceived.

The Pyramidal Cube is shown in P
Fig. g, and is formed by constructing &
four-faced pyramids upon the six faces
of the primary Cube.

The Pyramidal, ov Three-faced Octa- g r
hedron, is shown in Fig. ro, and is
formed by building up regular three-
faced pyramidsupon the eightfacesofthe
primary Octahedron. When the Pyrami-
dal Cubeand Pyramidal Octahedron are compared with each other,
they are to be supposed as placed
in the relative positions shown
in Fig. 5, in which the Octahe-
dron is represented as inscribed

Fig. 9.

in the eube.
The number of faces 1n the
Pyramidal Cube is found from

the consideration that each of
the four-faced pyramids, p, g,
r, &e., is built upon one of the six
faces of the primary cube, and
hence the total number of faces
of the pyramidal cube is 6 x 4= 24.

In like manner, in the Pyramidal Octahedron, since each of
the three-faced pyramids, p, ¢, r, s, &e., is built upon one of the
eight faces of the primary Octahedron, the total number of faces
must be 3 x 8 = 24.

If the pyramids p, ¢, r, &c., in the Cube, or the pyramids
p, g, r, 8, &e., in the Octahedron, were so constructed that
the planes joining the vertices p, ¢ of the pyramids with the
intervening edge, ab, of the primary solid were to coincide, we







SIX-FACED OCTAHEDRON. [

I regular pyramids be built upon the faces of the Tetra-
hedron we obtain the Pyramidal,
or three-faced Tetrahedron, shown
in Fig. 12.

The pyramidal cubes, octahe-
drons, and tetrahedrons have faces
formed of isosceles triangles, whose
bases form the edges of the pri-
mary solid from which they are
derived, and they may readily be
recognized by this property.

There is another class of modifications of the primary forms of
Cube, Octahedron, and Te-
trahedron, whose faces are
formed of scalene triangles.

These are known by the

names, Six-faced Octahe-

dron, Eight-faced Cube, and

Six-faced Tetrahedron. The

Six-faced Octahedron, or

Eight-faced Cube is shown

in Fig. 13,1n which 1t iseasy

to recognize the primary

forms both of the Cube and Fig. 13.
Octahedron, masked by the modifying planes.

The Six-faced Tetrahedron is shown in Fig. 14, in which only
one face is drawn, to prevent confusion in the figure.

A Deltoid is known in Geometry as a figure formed by two
unequal isosceles triangles, constructed on opposite sides of the
same base. There are two remarkable forms of crystals whose
faces are Delfoids, and which are to be regarded as modifications
of the Tetrahedron and Octahedron respectively.

If, having constructed pyramids, as shown in Fig. 12, upon

Fig. 12,
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THE DIMETRIC S¥STEM. 15

The octahedron of the Dimetric system has isosceles triangles
for its faces, and the vertical angles of the isosceles triangles are

Fig. 19.
greater or less than the angles of an equilateral triangle, accord-
ing as the vertex of the dimetric octahe-
dron falls below or above the vertex of the
regular octahedron of Euclid, The edges
of the octahedron are of two kinds—eight
terminal edges formed by the sides of the
isosceles triangles, and four lateral edges, || ,
which form a square, and are the bases of ||
the isosceles triangles. : :

5
!

!
smemmnge - I A
=

In the Monometric system there was | s
only one octahedron, that of Euclid, which _ |
is inseribable in a sphere ; in the Dimetric :
system there are an innumerable number of g :-5 /
octahedrons, each with a square base, but ol
differing from each other in the height of
the vertex, Itisfound, however, that these Hiedae
octahedrons are related to each other in a very simple manner.

If p denote the parameter of the octahedron with the lowest

vertex, its faces cut off lines on the three axes, which are respec-
tively equal to

| A TR )






THE TRIMETRIC SFSTEM. 17

3. The Trimetric System.—In this system, the axes, as be-
fore, are at right angles with each other, but their lengths are all
unequal, so that there are two parameters in the system which
express the ratios of the second and third axes, respectively, to
the first.

The accompanying Fig. 22 shows the primary octahedron of
the Trimetric system inscribed 7
in its primary prism. Its axes
aa’, bb’, ce’, are equal to the edges
of the prism, and intersect at
rigcht angles. The octahedron of
the Trimetric system has, there-
fore, scalene triangles for its
faces, and is constructed upon
rhombic bases. Secondary octa-
hedrons are met with in this sys-
tem as well as in the Dimetric
system. If p and ¢ denote the
parameters of the system, or
ratios of the second and third
axes to the first; the primary Fig. 22.

octahedron cufs off lengths on the axes equal to—
IL: p. g

and its diameters are—
2 :2p: 2q

In the Dimetric system, the secondary octahedrons were formed
by taking integer multiples of the unique axis, and therefore only
one set of secondary octahedrons existed: in the Zrimetric SYs-
tem we may take integer multiples of any of the three axes, and
use them to construct secondary octahedrons; we may therefore
have any of the following octahedrons in combination with the
primary or with each other : —
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THE CLINIC SYSTEMS. 19

rise to many elegant forms of crystals. In Fig. 24 is shown the
combination of two prisms parallel to one axis, with two
prisms parallel to another axis; those of the third axis being
absent. ;

In Fig. 25 is shown a combination of two octahedrons, pri-
mary and secondary, with terminal planes and a prism. The ter-
minal planes slice the summits off both the octahedrons; and the
prism bevels four of the edges of the primary octahedron.

The number of combinations possible from the union of the
various octahedrons and prisms in the Trimetrie system is very
great, but they are easily recognized after a little practice, in
consequence of the great symmetry of the system referred to its
rectangular axes.

The following minerals furnish good examples of the Trimetric

system of crystals :—

Aragonite.

Harmotome.

. Btilbite.

Topaz.

Sulphate of Barytes (Heavy Spar).

e L

4. The Monoclinic, Diclinic, and Triclinic Systems.—The
Clinic systems differ from the Metric systems, in Crystallography,
in this respect, that their axes contain one or more acute angles,
while those of the Metric systems are always at right angles to
each other. Thus, in the Metric systems, the greatest number
of constants necessary to define the erystal is only two, viz., the
parameters that express the ratios of the lengths of two of the
axes to the third; but, in the Clinic systems, the number of
constants ranges from three to five, in the following manner :—

1. Monoclinie System—Contains two parameters, and one acute angle.
2. Diclinic System—Contains two parameters, and two acute angles.

3- Triclinic System—Contains two parameters, and three acute angles.
c2






THE HEXAGONAL SYSTEM, 21

Diclinic.

Naumann has discovered a Clinic system with only one right
angle in certain artificial salts, and some crystallographers sup-
pose that Felspar may be referred to this system.

Triclinie.
Labradorite.
Albite.
Anorthite.
Axinite.
Sulphate of Copper.

Lﬂ-!i-hl'bil-

;. The Hexagonal System.—This system is referred to a re-
gular hexagon as base, and its primary forms are the Hexagonal
Dodecahedron, Fig. 27, and the Hex-
agonal Prism Fig. 28, which may be
terminated by the Hexagonal Dodeca-
hedron, or by flat summits. The form

Fig. 27. Fig. 28.

shown in Fig. 27 1s often assumed by the mineral called Gme-
lenite, and Fig. 28 is a common form of Quartz: the flat ter-
minations of the hexagonal prism are best shown by Apatite and
Emerald.

The Hexagonal Dodecahedron has twelve faces, eighteen edges,
and eight angles; the faces are isosceles triangles, and the edges
are of two kinds—twelve terminal, forming the sides of the tri-
angles; and six lateral, forming the bases of the same triangles.






THE RHOMBOHEDRIC SYSTEM. 23

produced, and the two Rhombohedrons so formed have to each

other a relation similar to that of the two primary Dodecahe-

drons. :

The primary Dodecahedrons may be
confounded by turning either of them
through half the angle of an equilateral
triangle; and the primary Rhombohe-
drons may be confounded by turming
either of them through the angle of an
equilateral triangle.

Many Crystallographers regard the
Rhombohedron as the fundamental form
of the Hexagonal system, mamed by
them the Rhombohedrie system; and
the Hexagonal Dodecahedron is re-
egarded by them as the result of the
combination of the two primary Rhom-
bohedrons. The relation between the Fig. 30.
Rhombohedron and Hexagonal Dodecahedron is similar to that
between the Tetrahedron and Octahedron in the Monometric
system, thus—

1. The Octahedron may be converted into one or other of two
primary Tetrahedrons by producing its alternate faces ; and
the primary Tetrahedrons may be made to coincide by
turning either of them through a right angle.

2. The Octahedron may be regarded as a figure produced by the
superposition of two Tetrahedrons differing in position by a
right angle.

In the preceding statements we may substitute the Hexago-
nal Dodecahedron for the Octahedron, and the Rhombohedron
for the Tetrahedron, provided we at the same time substitute the
angle of an equilateral triangle for that of a square.

A remarkable form of erystal, frequently occurring in cale
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CLASSIFICATION OF MINERALS. 29

2. The Simple Oxides.—Under the name of Oxides are in-
cluded both the Simple and Compound Oxides of elementary
bodies ; and there are several elements that furnish such com-
pounds, viz., silicon, aluminium, iron, copper, titantum, &e. The
following are the Simple Oxides most frequently met with in
nature :(—

A. Quarts Family.—This is the most abundant of all mine-
rals, and enters freely into combination with many of the elements.
It is composed of one atom of silicon, combined with three atoms
of oxygen, and therefore contains—

Siliaoris e he Lat et 2Ee sl S B GRpericent.
Oxygensi- il sy w1024 o i 58 } i
45 100

Pure Quartz occurs in crystals of the Hexagonal system
(Figs. 27 and 28), and is either colourless and limpid, or va-
riously coloured and more or less opaque, giving rise to the
varieties called smoked quartz, rose quartz, &e.

Quartz, or pure Silica, is nearly insoluble in water and com-
mon acids, but under fayourable circumstances may be taken up
by water in quantities sufficiently large to become appreciable
after a long lapse of time. Thus, the water of the Geysers in
Iceland contain y5i55 per cent. of Silica, and sea water contains
sometimes 1go5gg per cent.

Quartz forms an important constituent of many rocks, such as
Quartzite, Sandstone, Granite, &c., and the following are the
principal varieties of this mineral : —

(a.) Amethyst.—A violet-coloured quartz.

(b.) Chalcedony.—An opaque variety, containing a small quantity
of water in combination with the Silica, and coloured of
various shades, from white to red ; contains the stones called
Carnelian.

(¢.) Agate—Consists of alternate layers of pureQuartz and Chalce-
dony, variously coloured, and called, from the forms of the
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THE COMPOUND OXIDES. 35

limits, while the erystallographical form remains the same, is
called Tsomorphism, and is the converse of the phenomenon al-
ready described as Dimorphism, which implies change of crys-
talline form with identity of composition.

B. Magnetic Iron Ore.—This mineral oceurs in octahedrons
of the Monomefric system, and forms, when massive, the cele-
brated “lodestone’ of the ancients. Its composition is as fol-

lows :—

One atom of Peroxide of Iron, . 80 . . . 68.4 per cent.
One atom of Protoxide of Irom, . 36 . . . 31.6 5

116 100.0

—

It is one of the most valuable of the ores of iron, and is found in
large quantities in the metamorphic rocks of Sweden and Nor-
way. It is closely allied to the compound oxides called Chrome
Iron Ore, and Titaniferous Iron Ore, which are of frequent occur-
rence in similar deposits.

4. The Silicates.—As Silica is the most abundant of all the
oxides, so we find the Silicates to be the most important of all
the compound oxides, and to enter more largely than any other
minerals into the composition of rock masses. The Silicates may
be divided, for convenience of description, into the following
families : —

Silieates.

Felspar Family.

Hornblende Family.

Mica Family. :
Tale Family.

Zeolite Family.

. Andalusite Family.

Garnet Family.

5. The Felspar Family.—The Felspars form the chief consti-
tuent of almost all the rocks produced by igneous agency, or me-

D2
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SILICATES. 37

The silica and alumina, in this analysis, are the same as in
the typical Orthoclase, but the potash is partially replaced by
soda, &ec.

The following are the principal varieties of this important
mineral :—

(a) Adularia or Moonstone.—A colourless, semitransparent va-
riety.

(b.) Sanidine, or Glassy Felspar.—A vitreous, creviced, transparent
Orthoclase, never found in granitic rocks, but characteristic
of the voleanic rocks called Trachyte.

(¢.) Sunstone.—This is a name given to semitransparent felspars
(sometimes oligoclase), which in crystallising have entangled
minute scales of oxide of iron, which are scattered through
the mineral, and give a reflection of light, much admired
by jewellers.

(d.) Amazon Stone—This is a green felspar, found in Siberia and
Greenland ; that of Siberia owes its green colour to copper,
and that of Greenland, to iron protoxide.

B. Albite, or Soda Felspar.—This felspar has the same com-
position as Orthoclase, with the exception thatsoda is substituted
for potash. When perfectly pure, its composition is— '

Four atoms of Silica, . . 180.0 . . . . 68.7 percent
One atom of Alumina, . £1.§ . - . . I9& o
One atom-of Boda, «. -« + 310 . < oo ILE

262.5 100.0

Albite is a much rarer mineral than Oythoclase, but 1s found
associated with it as a constituent of the granites of the Mourne
Mountains ; its soda is partly replaced by potash, lime, and mag-
nesia, without changing its erystallographic form, which is ére-
¢linic and essentially distinct from that of Orthoclase, which is
monoclinic; this is one of the arguments used by mineralogists to

i o i el o
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FELSPARS. 41

Here we see that the lime is partially replaced by magnesia,
(Collecting together into one table the compositions of the five
felspars, we obtain as follows—arranging them according to their
richness in Silica : —

o Albite. | Orthoclase, | Oligoclase. | anradorite. | Anorthite. |

| Lol ¥ per .::cul:. per cent, per_ce;ll'-. per cent. per '.':EIIL- I
STHER: e e || 06300 64.8 62.5 52.9 45-9 |
Alumina, . . . 19.5 18. 4 23.8 30.2 35.0
Potash; . . . . — 16, 8 — — —

| IO E vy ve et 11,8 — 7.2 4.6 —
TR gl — — 6.5 1223 19, I

F. Leucite.—This remarkable mineral performs the function
of a true felspar in voleanic rocks, and has never been found in
any rocks, except the lavas and traps. It occurs in crystals hav-
ing the form of the Deltoidal Octahedron (Fig. 16), which 1is
often called, after this mineral, the Leucitokedron. 1ts colour is

greyish white, its lustre glassy, and it is semitransparent. It
has the following composition:—

Eight atoms of Silica, . . . 3600 . . . 54.9 per cent.

Three atoms of Alumina, . . 154.5 . . . 236

Three atoms of Potash, . . 141.0 T
655.5 100.0

e

Leucite abounds in trachyte between Lake Laach and
Andernach, on the Rhine, but the finest crystals are found in
the lavas of Vesuvius, and in the old lavas near Rome. Itis
remarkable, historically, as the mineral in which Klaproth first
discovered that potash (so called vegetable alkali) was a consti-
tuent of the mineral kingdom. The analysis of Klaproth is so
interesting and accurate, that I add it here, for the purpose of
comparison with the theoretically perfect type given above.







VOLCANIC FELSPARS. 43

The soda in Nepheline is often partially replaced by potash,
just as in Leucite, the potash is sometimes partly replaced by
soda. Leucite and Nepheline are, in fact, the potash and soda
felspars of the voleanic rocks, just as Orthoclase and _Albite are
the potash and soda felspars of the plutonic rocks; and this ana-
logy is carried outeven in the forms of the erystals, for Nepheline
and Teucite are Hexagonal and Monometric respectively, while
Albite and Orthoclase are, respectively, triclinic and monoclinic ;
i each case the most complex form of crystal belonging to the
mineral in which soda largely occurs.

6. The Hornblende Family.—Thisimportant group of mine-
rals is chiefly interesting in consequence of its entering exten-
sively into the composition of rocks of igneous origin ; most of
these rocks are formed principally of a felspar and of a hornblende,
which seem to be the opposite poles round which the different
elements grouped themselves on cooling. The Felspar family is
remarkable for containing large quantities of alkalies and lime,
while the Hornblende family, on the other hand, appropriates
to itself quantities of iron and magnesia.

A. Hornblende.—This well-known mineral oceurs in crystals
of the Monoclinic system, having cleavage planes that form
angles of 1241°and 551°; being nearly those of a regular hexagon
and equilateral triangle. It is generally of various shades of
green, up to black, according to the quantity of iron it contains.
Hornblende may be regarded as a compound of three atoms of
silica with four atoms of maguesia, lime, or protoxide of iron,
and its composition varies with the preponderance of one or other
of these bases.

The following are the chief varieties of hornblende :—

(a.) Tremolite.—This is a magnesia and lime hornblende, quite
white, and not found in the igneous rocks; it is usually
found in metamorphic limestone, especially in the metamor-







HORNBLENDES. 45

of the rock, and slight chemical differences in the composition of
the rock paste, such as the presence or absence of free silica.
Hornblende, as a rule, characterizes the older igneous rocks, and
Augite, the more modern.

I add here, for the sake of comparison, the analyses of two
Augites, one from Carlingford, associated with Anorthite felspar ;
and the other from Loch Scavig, Skye, associated with Labrado-

rite felspar.
Augite ( Carlingford and Scavig).

Carlingford. Seavig.

BTG = by o e b SO L e 5050
AT e o o g 0036] - Bt S3IG0
Protoxide of Iron, . . 186r . . . . .61
PETTov{ T o pa g e AR 2 S [ RSO S 11+ T
LTt v B e e B O ey o S
ROdateeTe oo ook o e R I
Hotnaling = e v g e e T oy 1
Protoxide of Manganese, itk N amn 08
98.05 9g.56

e D ———

The Augite of the Anorthite Syenite abounds in iron ; that of
the Labradorite Syenite, in magnesia.

7. The Mica Family.—This group of minerals is easily re-
cognized by their remarkable foliation, which occurs to a degree
not known in any other family of minerals. They are found in
the igneous rocks, and in metamorphic rocks, and are eminently
characteristic of the rock masses in which they are found. They
are divisible info two groups, the first of which is characterized
by the large amount of alumina and potash (or other alkalies)
found in 1f, and the second by the large quantity of iron
and magnesia that form essential constituents of the mineral.
These two groups are also distinguishable by their optical pro-
perties, being binaxial and uniaxial respectively; and are also,
in general, distinguishable by their colours, as the second group
has a dark colour, due to the presence of iron.
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Eight atoms of Silica, . . 3600 . . . 544 per cent.

Three atoms of Alumina, . 1545 - . . 233

Three atoms of Soda, . . . 930 . . . I42

Six atoms of Water, . . . 540 . . . 8&r
661.5 100.0

——

This Zeolite is found chiefly in cavities of old lavas, as in
Dumbarton, the Giant’s Causeway, the Cyclopean Isles; and is
occasionally found in older rocks, as in the silver lodes of Kongs-
berg and the Hartz; and in the Zircon Syenite of Laurvig, in
Norway. The observer must learn to avoid confounding Analcime
with Leucite.

B. Dimetric Zeolites.—(a.) Apophyllite.—This Zeolite occurs
always 1n crystals of the Dimetric system (Figs. 17 and 18). It
is, essentially, an hydrated double silicate of lime and potash,
containing very little alumina, and in this latter respect it differs
from all the other Zeolites. Its theoretical composition is—

Ten atoms of Siliea, . . . 450 . . . . §2.0 percent
Eight atoms of Lime, . . 224 . . . . 260
One atom of Potash,. . . 47 . . . « 54 5
Sixteen atoms of Water, . 144 . . . . 166

865 100.0

Apophyllite differs from the other Zeolites, not only in not
containing alumina, but also by the presence of a small quantity
of Fluorine sometimes amounting to one per cent.

This mineral, like Analcime, is found chiefly in cavities of
trap rocks (geodes), and also, occasionally, in mineral lodes.
Some of the finest specimens come from the great trap field of
Western India. I add here, for comparison with the typical
composition, the analysis of a fine specimen sent to me from
Bombay, by Lieut.-Colonel Montgomery.

SR
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cilicate of alumina and soda, and has the

sition :—
Two atoms of Silica, . . . 9o.0
One atom of Alumina, . . . §I§
One atom of Soda, . . . . 3I.0O
Two atoms of Water, . . . 18%.0

190.5

55

following compo-

47.2 per cent.
1o 1] o SRS
63" S,
9.5 11

I00.0

This zeolite oceurs chiefly in amygdaloid, basalt, dolerite,
and clinkstone. It has been found also among the plutonic

rocks al Laurvig and Arendal.

(8.) Secolezite, or Lime Needlestone.—QOccurs in prisms, sometimes
acicular and radiated, or fibrous. Its composition is analo-
gous to that of Natrolite, or Soda Needlestone, only that lime

takes the place of soda, and the water
somewhat different :—

Two atoms of Silica, . . . go.0
One atom of Alumina, . . . 35I.5
One atom of Lime, . . . . 28.0
Three atoms of Water, . . . 27.0

196.5

in combination 1s

4:5,8 per cent.

-] L L
I4.2
I3:8 Lo
100.0

Many Zeolites have been described, under various names,
which seem to be either mechanical mixtures of Natrolite and
Scolezite, or true varieties intermediate between these minerals.
The following seem not to be entitled to a separate rank :—

Lehuntite, of Thomson.
Poonahlite, of Brooke.
Mesole, of Berzelius.
Brevicite, of Berzelius.
Harringtonite, of Thomson.
Antrimolite, of Thomson.
Stellite, of Thomson.

= St B oW B
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stone and mesotype were given by the older mineralogists.
It differs essentially in its composition from Natrolite; but
resembles it in its mode of erystallization, and in the fan-
shaped radiated masses in which its crystals are usually
found, Its composition, regarding it as a double silicate
of alumina, and of lime and soda hydrated, 1s—

Four atoms of Siliea, . . . 18c.0 . . . 37.I percent

Three atoms of Alumina, . . 1545 . . - 3L.9

Two atoms of Lime, . . . 560 . . . IL5

Oneatomof Soda; we v« BI0E o a0 G

Seven atoms of Water, . . 630 . . . 131
454.5 100.0

Thomsonite is found with cale spar and zeolitic minerals in
cavities in amygdaloid, basalt, dolerite, clinkstone, and old lavas.

(e.) Harmotome.—This zeolite is sometimes called cross-stone,
because its crystals are usually found placed regularly in
pairs (macles) intersecting each other symmetrically, so as
to form a Maltese cross in section. It is a double hydrated
silicate of alumina and barytes, having the following com-

position :—
Three atoms of Silica, . . . 1350 . . . 43.8 percent.
One atom of Alumina,. . . ‘sr.5 . . . 468 :
One atom of Barytes, . . . 9365 . . . 248
Five atoms of Water, . . . 450 . . . 146

308.0 100.0

A variety of Harmotome, called Phillipsite, is known, in
which lime and potash take the place of barytes, but the atomic
proportions of the mineral remain as before, The Harmotomes
are found in amygdaloidal trap and in metallic lodes.

E. Monoclinic Zeolites. — (a.) Stilbite.—Occurs in broad
prisms, frequently clustered into sheaves or bundles; it is also
found in massive or fibrous aggregates—sometimes of various
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double oxide with one atom of the double fluoride. Zopaz is tri-
metric, and occurs in beautiful crystals, with a basal cleavage; it
is frequently found, as in the Mourne Mountains, in cavities of
granite, and is often associated with Beryl, Schorl, and Zinstone ;
it is also frequently found, as a constituent part of a metamor-
phic sandstone, called Topaz rock, in which it is associated with
schorl and quartz. Oriental Topaz 1s a variety of sapphire.

C. Beryl, or Emerald—This beautiful mineral is a double
silicate of alumina and glucina, having the following composi-
1100 :—

Four atoms of Silica, . . . . 18c.0 . . . 66.8 per cent,

One atom of Alumina, . . . 5I.5 . . . Ig9.I

One atom of Glueina, . . . . 38.0 . . . 4.1
269.5 100.0

Beryl occurs in hexagonal erystals, and is usually of various
shades of blue or green ; the most valuable and beautiful crystals
known are the blue Emeralds, found in a metamorphic dolomite
near Santa Fé de Bogota; beryl is frequently found in mica slate
and other metamorphic rocks, and is also known to occur as a
constituent mineral in granite. Beryls are found in all the granitic
distriets of Ireland, those of Leinster and Donegal being green,
and those of Mourne being blue in colour. The earth, glucina,
was discovered in Beryl, in 1797, by Vauquelin.

D. Tourmaline, or Schorl.—This mineral (or minerals) occurs
in the hexagonal system, and possesses every variety of transpa-
rency. It is of various colours, red, blue, black; and possesses a
very variable chemical composition, which is not yet accurately
ascertained. 1t may be regarded, roughly, as a silicate of alu-
mina, consisting of three atoms of silica, and four of alumina—a
fourth or fifth of the alumina being replaced by boracic acid—other
substauces, such as iron, manganese, potash, soda, &e., and also
phosphoric acid and fluorine are frequently found in different
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A. Chrysolite.—This mineral is also called Olwvene and Peri-
dote. Tt is trimetric, and frequently found in single columnar
crystals ; it varies in colour from olive green to brown. It has
the following theoretical composition :—

One atom of Silica, . . . . - 45 . . . 43 percent.
Three atoms of Magnesia, . . 60 . . . §7
105 100.0

In most Chrysolites, 10 per cent. of protoxide of iron replaces
a portion of the magnesia, and when the iron -exceeds this quan-
tity, the mineral is called Olivene; when it replaces the magnesia
altogether, the mineral is called Peridote. The finest crystals of
Chrysolite come from the granitic rocks of Upper Egypt, and Per:-
doteis found in the cavities of granite in the Mourne Mountains ;
but the chief source of Olivene is basalt, and other voleanic rocks,
in which this mineral is almost universally present, disseminated
in grains through the finer portions of the rock. Olivene is found
also to occur abundantly in meteoric stones, and its 1igneous ori-
oin is clearly proved, by its frequent occurrence in the cavities
of slags, furnished by iron smelting furnaces.

Yitrite, or Gadolinite, is a form of Peridote in which Cerium
and Y#trium take the place of Tron.

B. Garnet.—This beautiful mineral 1s monometrie, and usually
found in rhombic dodecahedrons (Fig. 11), or in trapezohedrons
(Fig. 16); it has every variety of colour, green, red, black ; and
always a brilliant lustre. The garnets are divided into two
groups, the lime garnets and the iron garnets. The lime garnets
have the following composition :—

Two atoms of Silica, . thoye 90,0 . . . 40.0per cent,
Ons atomyof Aluming: . . &' Brs o . iSazdd o
Three atomsof Time, . . ' 840 . . « 372 |

225.5 100.0
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Dimetric system, in crystals, columnar or pyramidal, im-
bedded in the matrix, or adhering to each other; frequently,
also, in fibrous compact aggregates. It is found in old
lavas, in serpentines and dolomites, and seems to be, gene-
rally, the result of metamorphic action.
Orthite is a garnet, in which the oxides of cerium and yttrium
take the place of lime.
C. Epidofe.—This mineral is monoclinic, aud generally ex-
hibits a bright green surface, like that of garnet, to which mine-
ral it is closely related. It has the following composition :—

Three atoms of Silica, . . . I35 . . . . 42 per cent.
Two atoms of Alomina, . . 103 . . . . 32
Three atoms of Lime, . . . 84 . »* . . 260

322 100

The Epidotes, like the Garnefs, may be divided into Lime
Epidotes and Iron Epidotes, together with intermediate varie-
ties, and others depending on the occurrence of manganese in the
constitution of the mineral.

(a.) Zoisite ; is a grey Epidote, found in granite and crystalline
limestone.

(b.) Pistacite ; 1s bright green, and frequently found in the horn-
blende rocks ; it occurs with beds of magnetic oxide of iron,
at Arendal, and is sometimes called, for this reason, by the
name of Arendalite.

D. Awinite—This is a rare mineral, unquestionably related to
the Garnet family, but differing from the garnets in containing
boraciec acid—like Zourmaline. In the cliffs, near Botallack
mine, axinite 1s found in a rock forming a thin band in the horn-
blende slate of the neighbourhood, composed of hornblende,
quartz, garnet, and schorl. In order to obtain good specimens,
the mineralogist is obliged fo take off his shoes, and creep down

¥
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Sphene is monoclinic in its erystallization, and is found in
separate crystals in granite and other erystalline rocks; it is
generally of a brown colour, and of a resinous lustre, for which
reasons, and from the usual size of its crystals, it is known to the
quarrymen in Canada by the name of ‘“bed bug.” It occurs,
scattered through the gneissose granite of Donegal, N orway,
and Canada, in such abundance as to give a name to the geological
horizon on which it is found.

Titanic acid itself, as we have already mentioned in speaking
of the oxides, occurs as a mineral, under the forms of Brookite,
Rutile, and Anatase.

B. Tantalite, or Columbite.—This mineral is trimetrie, and has
the appearance of tinstone, with which it has sometimes been
confounded. It is essentially a combination of Tantalic acid

with protoxide of iron, and has the following typical composi-
tion : —

One atom of Tantalic or Niobic Acid, . ga2.75 . . 72 per cent.
One atom of Iron Protoxide, . . . 3600 . . 28 3
128.75 100

Zantalite 1s usually found in granites, in Finland, and Green-
land, and is associated with albite, or oligoclase telspar, and with
other minerals that, like itself, contain Tantalic acid. The pro-
portions in which Tantalic and Niobic acid enter into the compo-
sition of Tantalite is not known; and, indeed, the properties of
Niobium cannot be regarded as yet fully ascertained by chemists.

C. Wolfram.—This well-known mineral, like Tantalite, re-
sembles Tinstone in colour and lustre ; it is trimetrie, and occurs
generally in lamellar masses, but is sometimes massive granular,
the particles being strongly coherent, It is a combination of
Tungstic acid with the protoxides of iron and manganese, having
the following composition :—

F 2
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Many other sulphates occur occasionally in nature, but pos-
sess more interest for the chemist than for the mineralogist.

Among them, the following may be mentioned :—

(a.) Glauberite—A double sulphate of soda and lime.

(b.) Hairsalt, Alunogen.—An hydrated sulphate of alumina.

(¢.) Epsom Salt.—An hydrated sulphate of magnesia.

(d.) Glaubersalt—An hydrated sulphate of soda.

(¢.) Alunite—A double hydrated sulphate of alumina and potash,
differing in the proportions of its constituents from potash

Alum.

14. The Borates.—Boracic acid, as I have already stated,
oceurs in several minerals, such as Tourmaline and Awintte, n
which it takes the place, in part, of alumina or silica. There
are, also, two well-known minerals, which are pure compounds
of the boracic acid with a base; they are both found associated
with Rock Salt, and seem to have had their origin, like i, in the
drying up of ancient sea beds.

A. Boraz, or Tincal—This is a monoclinic mineral, found
in broad, short, columnar crystals. It is translucent, with a re-
sinous lustre, and conchoidal fracture. Boraz has the following
composition, showing it to be an hydrated borate of soda:—

Two atoms of Boracic Acid, . . 70 . . 36.7 per cent.
One atom of Soda, . . - . . 3I . . I62
Ten atoms of Water, . . . . . go . . 4TI

191 100.0

Boraz is found in loose crystals and granular aggregations, on
the shores of Alpine lakes in Thibet and Nepaul, and in South
America, near Potosi; in North America, it has been found at
Clear Lake, in California, in crystals several inches long.

B. Boracite.—This is a borate of magnesia, having the fol-
lowing composition :—

—

—
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Nitratine is found in granular crystals mixed with sand, as-
sociated with gypsum, rock salt, and glauber salt, at many places
on the coast of Chili; and in the district of Tarapaca, the dry
pampas for forty leagues, at a height of 3300 feet above the
sea, is covered with beds of this salt several feet in thickness;
together with gypsum, rock salt, and glauber salt, with recent sea
shells, indicating that the whole deposit must be regarded as a
raised sea beach, and therefore of marine origin.

17. The Carbonates.—The Carbonates of lime and magnesia
are the most important minerals of thisfamily ; under the names
of limestone and dolomite, they form large rock masses, which
owe their origin to the action of currents of water distributing the
particles of which they are composed over the floor of the ocean,
according to mechanical laws.

A. Calespar.—This important mineral is a carbonate of lime,
having the following composition :—

One atom of Carbonic Acid, . . 22 . . . 44 per cent.
InaiatomiofEbanme, e o 2 B s g el =60
50 100

Calespar is thombohedral or hexagonal in its erystallization,
and several of its forms are represented in Figs. (30, 31, 32, 33)-
‘When found in rock masses formed by the mechanical agency of
water, and often altered by subsequent metamorphic action, it
receives the names of limestone, marble, chalk, oolite, piso-
lite, &c.

As a rock mineral, calcspar stands next to quarfz in impor-
tance, as forming, next to it, the largest rock masses found in
the crust of the earth.

B. Talespar.—This mineral, when pure, is rather rare; and
is generally found associated with serpentine. 1t is a carbonate
of magnesia, having the following composition :—
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Blue Copper. They are true ores, for they are found only in lodes,
and never in bedded rocks, and are formed by the action of air
and water containing carbonic acid, upon the sulphurets of cop-
per, originally deposited in the lode.

(a.) Malachite—This is an hydrated carbonate of copper, of a
fibrous crystallization, encrusting the walls of the lode in a
Stalactitic manner. It is always of a green colour, varying
from emerald to verdigris and applegreen, and has the fol-
lowing composition :—

One atom of Carbonic Acid, . 22 . . . 19.9 per cent
Two atoms of Oxide of Copper, 80 . . . 72.0
Opeatomof Water, . . « « 9 . . . &1

III 100.0

(b.) Aszurite—This is an hydrated carbonate of copper, of a com-
position different from that of Malachite, being—

Two atoms of Carbonic Acid, . 44 . . . 255 percent,
Three atoms of Oxide of Copper, 120 . . . 69.3
One atom of Water, . . . . O ¢ ol £ Ry

173 100.0

Azurite is found in nature under the same circumstances as
Malachite, and is often associated with it. Tt is of a bright azure
blue colour when pure; but when mixed with earthy matter, 1s
of a smalt blue, and liable to be mistaken for Fiviantte.

Malachite is found in the largest masses known in the mines
of Prince Demidoff, at Nischni Tagilsk in the Ural Mountains,
on the West Coast of Africa, and at the Burra Burra Mines in
South Australia. It takes a high polish, though soft, and when
in large masses is cut into tables, snuff boxes, vases, and other
articles of furniture.

Azurite has been used, occasionally, as a blue paint, but is of
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in the Dolomite of St. Gothard, and is sometimes found in cavities
of sandstones, or filling the casts of fossils in limestone.

C. Cryolite—This remarkable mineral is a double Fluoride
of Sodium and Aluminium ; having the following composition :—

Six atoms of Fluorine,. . . 1140 . . . 54.2 per cent.
Two atoms of Aluminium, . 27.5 . . . 1I13.I ,,
Three atoms of Sodium, . . 6g0 . . . 32.7

' 210.5 100.0

This mineral is semitransparent, and greyish white in colour;
it 1s remarkable for its easy fusibility, and has been called Ice-
stone, because it melts in the flame of a candle. It is supposed
to be trimetrie, because all its cleavage planes are rectangular,
but its crystalline system i1s not known with certainty, because it
is always found massive.

Cryolite is found at Arksutfiord, in West Greenland, where it
was first discovered by Sir Charles Giesécke, in two veins in
gneiss; and it forms the matrix for Galena, Copper pyrites and
Spathic iron. It has been also found at Miask, in the Ural
Mountains associated with Fluorspar, Lithia-mica, and another
double fluoride or aluminium and sodium, called Chiolite.

19. The Sulphurets and Arseniurets.—These minerals, toge-
ther with the closely allied Seleniurets and Antimoniurets, are
generally believed by mineralogists to have their origin deep in
the interior of the earth, and to be sublimed thence into fissures
or metallic lodes, by the agency of the interior heat of the globe.
‘When deposited in lodes, and surrounded by the matrix of earthy
minerals usually found associated with them, they form the basis
of all the metallic ores that are quarried from the ground, and
are variously changed by the metamorphic action of air and
water into carbonates, sulphates, arseniates, &e. Among the
most important of these valuable minerals may be mentioned the
following :—
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Stibnite, or Grey Antimony, is found in metallic lodes, and
occasionally in beds, associated with spathic iron ore; it is usu-
ally accompanied, in lodes, by Blende, Barytes, and Quartz. It
forms the source of nearly all the antimony of commerce, the crude
antimony of the shops being formed by the simple fusion of the
ore. The term Anéimony applied to this ore, which was anciently
called Stibium, 1s derived from a singular story recorded of the
alchemical German monk, Basil Valentine, in the early part of
the fifteenth century. This experimental philosopher, having
thrown some erude antimony to the hogs, observed, that after it
had purged them heartily they immediately fattened; and there-
fore, he 1magined, his fellow monks would be the better for a
like dose. His experiment, however, succeeded so ill, that they
all died of it; and the medicine was, thenceforward, called 4nt-
moine.

Stibnite was called by the Greeks arduue, or ThaTvoplaluor,
because it was used by women to blacken the eyebrows, so as
to increase the apparent size of the eye. It was prepared for
this purpose, by enclosing it in a lump of dough, and then burn-
mg 1t in the coals till reduced to a cinder. It was then extin-
guished with milk and wine, and again placed upon coals and
blown till ignition ; after which the heat was discontinued, lest it
should ““become lead ;” from this statement of Pliny it appears
that the ancients occasionally reduced antimony by accident, and
mistook it for lead.

D. Silver Glance.—This mineral is a sulphuret of silver; it
is monometric, and frequently occurs in arborescent and reticu-
lated forms; it has a metallic lustre, and blackish lead grey
colour, and is opaque,

Its composition is—

One atom of Sulphur, . . . 16 . . . I2.9 per cent.
Unig abort of Bilyer, SR8 S S8y 088 R T
124 100.0
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with Fluorspar. The most important lead mines are those of
Linares, in Spain, Bleiberg, in Carinthia, and Cumberland, in
England.

The following minerals are formed by the metamorphic action

of air and water upon Galena :—

(a.) Cerusite, or white lead.—Carbonate of lead.
(b.) Pyromorphite—Phosphate of lead, containing chloride.
(¢.) Mimetene.— Arseniophosphate of lead, containing chloride.

G. Blende—This mineral is a sulphuret of zine, and is the
basis from which all the ores of that metal are derived; it is
monometric, and affects chiefly the tetrahedric forms of that sys-
tem ; its lustre is resinous ; colour brown, yellow, black, red, or
green; tramslucent; fracture conchoidal. It has the composi-
tion :—

One atom of Sulphur, . . . . 160 . . . 33 percent.
One iAo OL ZAT0y s ham (ht= e300 o= GO0 oy

48.5 100

—_— PRE—

Blende is found in metallic lodes, frequently associated with
@alena ; but, like the latter, is also met with occasionally in
bedded rocks, under conditions showing that it was deposited by
wet processes ; as, for example, when it is found lining the cells
of Ammonites, in the formations of the age of the Brown Jura
and Lias. It is called Black Jack by miners, and the variety
containing gold, found in the Brazils, is called Jackotinga. Blende
gives origin, by metamorphic action, to the following minerals:—

(a.) White Vitriol, or Sulphate of Zinc.
(b.) Zine Spar, or Carbonate of Zinc.
(e.) Calamine, or hydrated Silicate of Zine.

H. Copper Glance.—This is one of the ores called Grey Cop-
per by miners; it is trimetrie, and as such readily distinguished
from the other ore called Grey Copper, which is always tetrahe-
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and is readily distinguishable from Jron Pyrifes by its =oft-
ness,

L. Zron Pyrites.—This well-known mineral is monometric,
and is found in a crystalline form known as the Pyritokedron,
which is the nearest approach known in the mineral kingdom to
the Euclidean Dodecahedron(Fig.6). The Pyritohedron, however,
is not a true pentagonal dodecahedron, for the pentagons forming
its faces have one side longer than the other four, which are
equal. It is formed, geometrically, from the Pyramidal Cube
(Fig. g), by producing its alternate faces so as to obliterate the
others. It is often found in single imbedded erystals, but more
frequently massive. It has a metallic lustre, and is of a bronze

yellow to gold yellow colour. It has the following composi-
tion :—

Two atoms of Sulphur, . . . 32 . . . 3.3 percent.
Oneatomiof Tromes o = o a s ae afi v o Sabie =
6o 100.0

Pyrites is found in beds among slate rocks, and is also met
with massive in lodes. It is used as an ore of sulphur, and
employed largely in the manufacture of sulphuric acid. When
roasted in a reverberatory furnace it gives off sulphurous acid,
and the roasted ore is reduced to the state of Magnetic pyrites,
from which no further sulphur can be obtained by the process of
simple roasting.

Pyrites 1s so hard that it readily strikes fire with steel, and it
may thus be distinguished, by its hardness, from Magnetic py-
rites and Copper pyrites, both of which somewhat resemble it
in colour and appearance. The most valuable mines of Pyrites
are those of Wicklow in Ireland. The name (wwvpirns) was given
to this mineral in consequence of'its striking fire when struck with
steel, and not in consequence of its burning when exposed to fire.
Some mines of Pyrites, as those of Pestarena, on the south of Monte
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Four atoms of Sulphur, . . 640 . . . 34.9 per cent.

Two atoms of Copper; . . . 635 . . . 346

Two atoms of Iron, . . . . 560 . . . 305
183.5 100.0

—

Copper Pyrites is monometric, and affects chiefly the Octa-
hedric and Tetrahedric forms of that system; it has a metallic
lustre, and is of a brass yellow colour, liable to tarnish readily,
and often iridescent.

Copper Pyrites, or Yellow Copper Ore forms the principal
ore of Copper found in Cornwall, where upwards of 150,000 tons
of this ore are raised annually ; it is associated in several mines
of that county with Zinstone, Erubescite, Copper Glance, Galena,
Grey Copper Ore, and Blende. No metallic mineral is liable to
more changes, from the metamorphic action of air and water,
than Copper Pyrites. The following are several of the products
of this metamorphic action, which takes place incessantly in
lodes : — :

(a.) Blue Vitriol.—Hydrated sulphate of Copper.
(b.) Malachite.—Hydrated carbonate of Copper.
(¢.) Chrysocolla.—Hydrated silicate of Copper.
(d.) Black Copper Ore.—Oxide of Copper.

(¢.) Limonite—Hydrated oxide of Iron.

S. Grey Copper Ore.—This complex and variable ore 1s easily
recognized by its tetrahedric form, whenever it occurs in crys-
tals; so much so, indeed, as to occasion the name Zefrahedrite,
often given to it by mineralogists ; it hasa metallic lustre; colour
between steel grey and iron black; rather brittle, with uneven
subconchoidal fracture.

There is no ore of copper or silver known that is more com-
plex or variable in composition than Grey Copper Ore. It con-
sists essentially of four atoms of a basic sulphuret, combined with
one atom of an acid sulphuret.
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Ruby Silver is found associated with cale spar, native arsenic,
and galena, at Andreasberg, in the Hartz; in Mexico it is worked
extensively as an ore of silver, and is not uncommon.

U. Light Red Silver.—This mineral is closely related to Ruby
Silver, differing from it in the fact that arsenic replaces the anti-
mony; it is rhombohedric and hexagonal in erystallization ; lustre
adamantine; colour cochineal red to aurora red ; subtransparent;
fracture conchoidal, uneven.

Tt has the following composition :—

Six atoms of Sulphur, . . . g6 . . . 19.4 per cent.
One atom‘of Arsenic,” ~. .. . 5. . . ISK O,
Three atoms offSilver,. .. « . 224 - - .« 6555 &

495 100 ©

There are many other double sulphurets, or sulphur salts, as
they are called, known to mineralogists, but not of much impor-
tance in practice. One of the most beautiful of these 1s Bourno-
nite, which is a sulphuret of antimony, combined with a sul-
phuret of copper and lead ; and there seems to be no limit to the
number of antimonio-sulphurets and arsenio-sulphurets that may
have been formed by sublimation, and mutual decomposition,
nnder favourable circumstances in lodes. The combinations al-
ready described will, it is hoped, give the learner an introduction
to the important subject of metallic sulphurets.

20. The Native Elements. — Many of the simple bodies
known to chemists occur in the Mineral Kingdom perfectly
pure, and are called  native” by mineralogists. Among the
native elements, the noble, or imperfectly oxidisable metals, are
commonly found ; and also elements, as sulphur and carbon, that
in their pure state, are probably the result of mutual chemical
decomposition of complex bodies, either mineral or organic.

A. Native Gold.—This metal always occurs native; it is
monometric, and found chiefly in octahedric and dodecahedric
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‘ral, probably by the intervention of organic substances. It is
called monometric, because it freezes at 39° below zero into octa-
hedric crystals. Mereury forms, with native silver, a mineral
called Amalgam, containing two atoms of mercury to one atom of
silver ; and occurring in crystals which are modifications of the
rhombic dodecahedron.

D. Native Silver.—This metal is somefimes found native,
and is then believed to be produced by a metamorphic reducing
agency, influencing the sulphurets or other ores of silver; it is
monometrie, and usually found, like the corresponding mineral,
native copper, in filiform or arborescent masses, or plates filling
natural planes in the matrix. |

E. Native Copper.—This mineral is generally octahedrie, or
in pyramidal cubes, when it occurs in crystals, and is commonly
found in arborescent or flattened masses, like native silver. This
remarkable mineral has been found in large masses in serpentine
and trap rocks, in Cornwall at the Lizard, and on the shores of
Lake Superior at Point Keweenaw.

In addition to the native metals already mentioned, the fol-
lowing have been found frequently :—

F. Native Iron.—In meteoric masses, associated with Niekel.

G. Native Lead.—Formed by desulphuration of Galena.

H. Native Tin.—Associated with gold in Siberia.

T Iﬂdasmium.#ﬁllﬂf of eredium, and osmiwm.

K. Native Tellurium.—Found in Hungary with gold.

L. Native Bismuth.—Found with ores of silver, cobalt, &e.

M. Native Antimony.— Associated with silver ores,

N. Native Arsenic.—Found with antimony, won, silver, gold,
and bismuth,

O. Native Sulphur.—This substance is found in trimetric crys-
tals, usually pyramidal, and clustered together in cavities; or in
fibrous radiating masses.

Sulphur is found as an accessory in rocks, and as a separate
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Diamonds areusually weighed by carats (3} grs.), and increase
in value enormously with increase in weight. The following may
be mentioned as instances of remarkable diamonds :—

The largest diamond of which we have any record is that de-
seribed by Tavernier as belonging to the great Mogul. It was
found A.p. 1550, in the mine of Colone, and, in its rough state,
weighed goo carats, but was reduced in cutting it to 2723
carats.

The Kohinoor, or ¢ Mountain of Light,” became the property
of the Queen of England on the annexation of the Punjaub in
1850. It 1s reputed to be 4000 years old ; and it 1s certain that
in 50 A. ¢, it belonged to the Rajah of Mjayin, and remained in
the possession of his suceessors until the Mahomedans conquered
India. The Kohinoor is mentioned by Tavernier a.p. 1665,
as the property of the Great Mogul. Ifs original weight was
793 carats, and i1t has been reduced by repeated cuttings to its
present weight, which is only 103% carats. If is thought that
the original rough form of the Kohinoor was that of a rhombie
dodecahedron (Fig. 11), and that this great mass was broken ac-
cidentally into three parts, forming the Kohinoor, the Russian
diamond, and the Dorianoor, or ** Ocean of Light."”

The Russian diamond weighed 194 carats, and was sold for
£g0,000, and an annuity of £4000.

The Kohinoor and Dorianoor formed part of the plunder seized
by Nadir Shah, at the taking of Delhi in 1739, when the
treasures carried off exceeded £70,000,000 in value.

(8.) Graphite, or Plumbago.—Occurs in the hexagonal gystem,
usually in six-sided, thin tabular, or short prismatic crystals; also
massive, in radiated, lamellar, or compact aggregates; colour
iron black to grey ; streak black, with metallic lustre ; soils paper;
used for pencils to draw and write with. It consists of carbon,
with some iron in combination as a carburet of iron.

Graphite is sometimes found, as in Eastern Siberia, forming
beds in the metamorphic crystalline rocks, and is believed to be
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varieties of coal are called anthracite that contain less than go
per cent. of pure carbon. Anthracite occurs in many coal beds,
especially in Pennsylvania, South Wales, Leinster, and parts of
Saxony and Russia.

21. Organic Compounds.—Among the mineral substances,
whose origin is clearly organie, the following may be noticed :—

A. Bitumen.—This has been already mentioned as forming
the chief distinction between ordinary coal and anthracite. Many
different oily and pitchy substances are included under the
term betumen, of which the most important are naphtha and as-
phalte.

(a.) Naphtha—A volatile and colourless oil with bituminous
smell ; it is frequently mixed with paraffine and other sub-
stances, especially asphalte; when quite pure, its COmposi-
tion is as follows : —

Bix atoms of Carbon, . . . . 36 . . . 38 per cent.
Five atoms of Hydrogen, . . . 5 . . . ra

41 100

(b.) Asphalte.—This may be described as a hardened mineral
pitch, not containing oil; itis massive, and has a conchoidal
fracture ; colour pitch black ; opaque, lustre resinous : when
rubbed, gives out a bituminous odour; is easily ignited, and
burns with a bright flame and thick smoke.,

Naphtha, under the name of Rock 0il, is found in natural wells
In many places ; as Persia, Pennsylvania, Canada ; where it is be-
lieved to impregnate the sandstones and other rocks in which it
is found, in consequence of its natural distillation from coal beds,
by virtue of subterranean heat.

Asphalte, or mineral piteh, is found, under similar civcum-
stances, in the Dead Sea, in Trinidad, and elsewhere. It is also
found in limestones in Ireland and other countries, as the result
of the destructive natural distillation of fossil shells, and even in
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organ between the roots and leaves; it encloses and protects the
numerous canals that convey the crude food from the roots to the
leaves, and others that reconvey the digested sap from the leaves,
to be deposited in the various parts of the plant in which growth
proceeds.

Our type plant now possesses organs of absorption, respiration,
eirculation, digestion, and consequently grows by an organie pro-
cess, and not as a mineral, by the constant addition of identical
molecules by chemical affinities; but it also possesses the fatal
gift of life, and must therefore die, after a period long or short,
as the great Creator wills. A mineral never dies; it may be de-
composed and converted into other minerals, but it is continu-
ally reproduced again by the action of the chemical and erystalline
forces that first produced it. Our plant, however, being a living
thing, must die, and its growth must have a limit. The indi-
vidual plant only dies, for the fype plant is continued by the
process of reproduction, which belongs essentially to living things.
For this purpose, certain portions of our plant are set apart,
which are called flowers, or organs intended for the production of
seeds. When the seeds are formed, the function of the old plant
is fulfilled, and sooner or later it perishes, giving place to the
younger plants produced from its own seeds; and these plants
in their turn produce their seeds, and die.

Such is the lot of all living things, and it seems impossible
for us to regard it without sorrow, whether it be that it contra-
dicts our own instinctive yearning for immortality, or that our
finite faculties cannot comprehend the Creator’s wisdom.

Our plant is composed of organs of nutrition, respiration, re-
production, and its life consists in the suitable exercise of all
these functions. The organs themselves are the roots, the stem,
and branches, the leaves, and the flowers, and these compound

organs are themselves composed of molecular elements and tissues
which must be first described.











































BREATHING PORES. Iy

cells on the upper and lower surfaces furnished with sfomata on
the lower surface of the leaf ; inside the upper epidermis, at the
bottom of the diagram, are seen a number of closely packed cy-
lindrical cells, placed like brick pavement, with their narrow ends
up, an arrangement calculated to diminish evaporation through
the upper surface; and in the lower half of the thickness of the
leaf we observe a quantity of loosely packed cellular tissue, with
large intercellular spaces, communicating directly with the ex-
ternal air, through the sfomafa, which cover extensively the
under surface of the leaf. The process of respiration in the
plant, which is the converse of that in the animal, takes place by
means of the stomata and intercellular spaces of the leaves; and
at the same time the stomatic cells serve as valves, the opening
and closing of which, by self-actinglaws, regulate the evaporation
that takes place from the surface.

The 1mportance of these breathing pores may be estimated
from the following facts :—In the White Lly, there are 60,000
stomata to the square inch on the epidermis of the lower surface
of the leaf, and only 3,000 in the same space of the upper sur-
face. More commonly there are none at all on the upper surface.
In different plants they vary from 1000 to 170,000 per square
inch. 1In the Apple tree, where they are under the average as to
number, there are 24,000 to each square inch of under surface,
so that each leaf may be estimated to contain 100,000 breathing
pores, Whose numbers make up for their minuteness.

7- The Root.—The young plant, starting into growth from

I its embryon in the seed, sends a rootlet downwards into the earth,

4 and a stem upwards into the air; the point of separation of the
ascending and descending stems was called by the older botanists
the neck of the plant (eolfum), or vital node, and it was considered
as the seat of life, and an importance attached to it which it by
no means deserved.

The young root, like the young stem, consists at first of cellu-
la:: tissue only, and grows by continuous additions to its point;
this cellular tissue is covered by a thin epidermas, unprovided with
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The first group of nerves is called the eerebro-spinal system,
and consists of the brain and spinal cord forming a continuous
body, and enclosed in the brain-case or skull, and in the series of
bony rings called vertebre. To this part of the nervous system
belong the reception of sensations, the issuing of volitions, and
the power of thought. This group of nerves is called the Nerve
System of the Animal Life.

The second nerve system of Vertebrate animals 18 called the
WNerve System of Organic or Vegetative Life ; and is also known by
the names Sympathetic or Ganglionic System. Tt is divisible
into two parts placed in front of the spine; one composed of
several ganglions (called semilunar and cardiac), whose branches
are distributed to the primary organs of digestion and eirculation ;
and the other consisting of two knotted cords, extended along
the whole length of the spine, and communicating
freely by branches with the ganglionic plexus, and
with the cerebro-spinal nerves,

These two subdivisions of the sympathetic
nerves are found in verte-
brate animals, and are met
with separately in the lower
(invertebrate) forms of life,
For example, in the Mol-
lusks, the nervous system
consists (Fig. 1og) of a
number of distinet gangli-
onic centres, joined by con-
necting filaments of nerve,
as in the ganglionic plexus
of man ; and in the Arficu-

Fig. 109. lates, the mnervous system
(Fig. 110) assumes the form of a double row of knotted nerves,
each knot corresponding to a separate joint of the body-

Fig. t1o.
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whereas the velocity of the eleetric current is considered
to be 10,000 times that of light, which is nearly 200,000
miles per second !
There can be no
doubt that it is a
chemiealactionthat
i1s propagated to
and fro along the
nerves, and that
each message of
volition and sensa-
tion 1s accompa-
nied by a che-
mical change, and
consequent loss of
force that must be
compensated for by
fresh additions of
new materials in
the form of food.
Branch nerves are
given off by the
spinal cord at each
vertebra, and seve-
ral of these pairs of
nerves unite in the
neck and loins, to
torm origins for
the great brachial
and sciatic merves
that supply the an- Fig. 114.
terior and posterior limbs.
The weight of the brain, as compared with that of the whole
body, is as follows in several animals—
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other excretions, formed in the blood, and not in the lungs them-
selves ; and its elimination is so necessary to life, that an immer-
sion in water of sixty seconds will kill a man, although the lower
animals will bear a longer immersion with impunity. In other
words, the accumulation in the blood of the carbonic acid formed
in one minute, corresponding to twice the contents of the lungs,
will so poison the blood, that the brain ceases to act, and death
ensues by coma.

Inspiration and expiration are effected, partly by means of
intercostal muscles, raising and lowering the ribs, and thus in-
creasing or decreasing the cavity of the chest, and partly by
means of the muscular diaphragm peculiar to mammals, which
by its contraction enlarges the chest, and aids inspiration.

We thus see how respiration in the animal kingdom is com-
plementary to respiration in the vegetable world, and that they
are mutually dependent on each other, alternately forming and
unforming carbonic acid for each other’s use.

D. Ciroulation.—The heart of mam-
mals, Fig. 116, is double; the right side
consisting of two cavities, the right au- g
ricle ra, and the right ventricle rv, sepa-
rated from each other by a large orifice
called the auriculo-ventricular opening;
and the left side consisting of two similar
cavities, the left auricle la, and the left
ventricle /v, separated from each other by
a similar auriculo-ventricular opening.
The right auricle, ra, receives the blood from the entire body,
poured into it by two large veins called superior vena cava, ves,
and inferior vena cava, ver; the venous blood, loaded with carbon,
is passed from the right auricle into the right wentricle, the

* Fig. 116—Diagrammatic Representation of the Heart. ra, rv, the right
auricle and ventricle ; ves, vei, the venm cave; zz, the pulmonary arteries;
la, lv, the left auricle and ventricle; yy, the pulmonary veins ; aa, the aorta.
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These mammals live mostly on animal food, some exclusively ;
a few of them eat fruits also, and other vegetable matters. Their

Fig. 1a1.

motions are rapid, and irritability great; many possess uncommon
muscular power. Their organs of sight and smell are peculiarly
developed. They are divided into three groups, viz.—

a. Digitigrade. b. Plantigrade. ¢. Pinnigrade.

(@). Digitigrade carnivores, or walking on the toes without bring-
ing the heel to the ground. Examples— Otter, Dog, Cat.

This important division includes the Cafs bmper, Crvets,
Hyaenas, Dogs, Oftters, Skunks, Polecats, and Martens.

Some of the Digitigrade Carnivores are provided with only
one blunt molar behind the lacerator (dent carnassier), and form
a very natural group, commonly called vermin—including the
Polecat, Weasel, Ferret, Ermine, Marten, Skunk, and Otter. The
Otters, as all know, are aquatic in their habits, and live upon fish
and crustaceans; they bring their prey ashore to be devoured,
and when fish is scarce, they have been known to attack and
destroy lambs. They inhabit sequestered nooks at the river side,
and are nocturual in their habits, like many other beasts of prey.


























































































THE MONOTREMES, 247

vered with hairs and spines; long claws. These animals
burrow under ground, live on ants and other insects and
grubs, and, like the
Duckbill, are noctur-
nal in their habits,
It 1s remarkable that
the brain of the Fehid-
na has convolutions,
while that of the Or-
nithorhynchus is de-
void of them.

4. Birds. The second
great division of the Ver-
tebrates consists of Birds,
which are vertebrate,
warm-blooded, oviparous " Fig. 136.
animals that breathe by lungs; their heart consists, like that of
mammals, of a left and right side, each provided with an
auricle and a ventricle; their bill projects forward and is un-
provided with teeth; the anterior limbs are changed into wings.

A. Skeleton.—The skeleton of birds presents many peculiari-
ties, caused by its adaptation to the purpose of flight, as the usual
mode of locomotion. In Fig. 113 [ have shown the pelvic arch of
the Alligator, which, like that of
the Kangaroo, is regarded as typi-
cal of the greatest perfection in the
structure of the hind limb; in
Fig. 137 is shown the scapular
arch of a bird, so constructed as to
give the most fixed support possible
to the wings. The sternum, s, '
in all birds except those related to Fig. 137.
the Ostrich, is provided with a deep keel, that serves for the at-
tachment of the powerful pectoral muscles that depress the wings
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its body, and in the middleis left a small aperture through which
it sees ; this is never covered with skin ; the eyeis turned round in
a circle, and it can direct its vision to any side, so that it can see
where it will. The change in the colour of the skin takes place
when it is filled with air; it can aequire either a black colour,
like that of the erocodile, or ochreous, like that of the lizard, or
spotted with black, like the panther ; and this change takes place
over the whole body, for the eyes also change like the rest of the
body, and so does the tail.”

The Crocodiles (Fig. 149) are often separated as a distinet
order from the Lizards. They live in fresh water, are very

Fie. 149.

voracious, and are therefore called muggers by the Hindoos; by
day they frequent the land, robbing hen roosts, and attacking
dogs and children, and at night they remain in the water, and
look for fish and earrion.

The Crocodiles are found both in the Old World and in the
New ; those of the Old World being distinguished from those of
the New World by trifling characters depending on the width of
the upper jaw and the manner in which the fourth tooth of the
lower jaw locks into the upper.

The best known species are the Crocodile of Africa (Croco-
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bles the others, is supplied with its own nervous ganglion,
and may possess its own locomotive organs ; thus the structure
of the articulate or annulose animal is essentially repetitive—
so much so, indeed, that in the lower forms of the class the
animal may be divided into portions, each of which continues
to grow and feed, like the uninjured animal. The nervous
system in Articulates consists of two long cords ranged along
the ventral surface, united at infervals by
nodes or ganglions, each of which corresponds
to a ring or segment of the body. The animal
whose nervous system is shown in Fig. 161 is
the Mole ericket; the first nerve ganglion sUp-
plies the eyes and antenne, and is called the
optic ganglion or brain ; it lies in front of and
above the cesophagus, which, ascending from
the mouth on the under side of the head,
always passes through the ring of nerve sub-
stance (called the @sophageal collar) shown be-
tween the first and second ganglions ; thesecond
nerve ganglion supplies the organs of hearing
and taste, and the muscles of the jaws; and
the fifth and tenth ganglions supply the place
of the cervical and sacral plexuses of nerves in
the Vertebrates. From the precedin g descrip-
tion, we see at once the profound difference in
the type of the Articulates and of the Vertebrate
animals. TIn the Vertebrate Animals the intes-
tinal tube and its appendages lie in front, not
only of the spinal cord, but of the great sym-
pathetic; whereas, in Articulate animals, the
whole digestive canal lies behind the chain of ganglions, except
the small portion between the mouth and the cesophageal collar of

nerves ; and the nervous cord lies along the ventral instead of the
dorsal surface of the body.

Fig. 161,














































































J L I ] { & ]
I, o L i :




jzo ELEMENTS OF NATURAL HISTORY.

that observed them, or remarkable for their own qua-
lities.

The Dung Beetles of the ancients, socalled from their dirty habit
of rolling the excrement of various animals into balls for the pur-
pose of depositing in them their eggs, belong to the family called
Lamellicorn Beetles by the moderns. Linneus divided the La-
mellicorns into two genera, Zucanus and Scarabaus, the latter of
which words is the Latin corruption of xdpafos, the Stag Beetle.
The Beetles called Scarabeeus by Linngseus are now reckoned to
be 3000 in number, and are characterized principally by the
structure of their antennz.

The Dung Beetles, properly so ealled, form one of the six sec-
tions into which the Linnwan genus Scarabeus has been divided ;
and unquestionably the most celebrated of these Beetles is the
Sacred Scarabeus of the Egyptians
(Fig. 173). This brute is one inch in
length, and of a jet black colour; it is
found in France, Spain, and Italy, as
well as in Egypt, and must have been
well known to the Greeks from the ac-
curate description of its habits given
by the Comedian Aristophanes. It en-
closes its eggs in a ball of excrement, <}
which it forms by rolling the nasty sub- Fig 173.
stances between its legs, or as Aristophanes says :—

See how the cursed devil eats, bending himself
Like a wrestler, and laying on with his grinders,

Going at it with his head and paws;
Like gailors twisting the strong ropes for ships. *

* olov Ot kvbac 0 karaparoc éobBie
womep wakaioriig, mapaBalwy Toic youdiove:
 kai TabrTa THv Kepalny TE kai Tw YEipE Twe
wii TEpLAYWY, WOTED 0i Ta Oyotvia
it maxia ovpFallovrec elg rac oAeadag.
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Isopods; the greater number of them live in water, and those

which live on land require very damp situations, such as under
the stones along the sea shore, or

under the loose mortar of old walls .
they are capable of rolling themselves
up into a ball, for protection when
disturbed,

Many geologists believe that the
fossil T'rilobites were Isopods, and
quote in illustratien the Serolis of the
coast of Senegal (Fig. 184). In this
animal the usual seven pairs of feet A
exist, but they are so short as to be Fig. 184.
completely hidden under the edges of the dorsal rings. These
Crustaceans are found at Terra del Fuego, as well as in Senegal,
and the beach of many parts of the east coast of Patagonia 1is
often covered with dead specimens. Captain King observed them
swimming close to the bottom among the seaweed ; they moved

slowly and gradually, quite unlike shrimps, and were never seen
to swim near the surface.

(¢.) Entomostracans.—This term is here used in a restricted sense
to include all the groups of Crustaceans characterised by
the possession of a bivalve shell of horny texture, or of a

thoracic carapace, so large that it looks like such a shell.
They are divided into—

Phyllopods—Crustaceans with leaf-like feet.
Cladocers—Water Fleas.
Ostracods—Bivalved Crustaceans.
Copepods—Oar-footed Crustaceans.
Epizoans—Parasitic Crustaceans.

SRS S

The Phyllopods have eight pairs or more of leaf-like thoracic
g1l feet, and sometimes additional swimming feet placed behind
the gill feet; they have also two compound eyes. T have se-
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The Barnacles ov Goose Mussels (Fig. 187), illustrate well the
structure of the Cirripede Crusta-
ceans ; their bodies are covered by
four pieces of shell which corre-
spond to the four parts of the lid of
the Sea Acorns ; while the single
keel piece along the back of the
Barnacle corresponds to the cal-
careous tube of the Sea Aeorn, and
its fleshy stem may be regarded as
a prolongation of the same. The
Barnacles derive their name of
Goose Mussel from a fable invent-
ed by Scandinavian Monks, who
asserted that a species of goose
(Anas bernicla) had its origin from this Crustacean, and might be
seen flying out from the Barnacle as a little gosling at certain
seasons of the year; and since there could be no doubt as to the
* fishy origin of the Lepas, the goose was pronounced to be good
fish also, and was freely used in Lent, as a supplement to the
meagre diet proper for that season.

(e.) Xiphurids, or King Crabs (Fig. 188). These Crustaceans
have gix pairs of feet attached to the cephalo-thorax, the
bases of which are spinous and surround the mouth, and
serve it as masticators; six other pairs of feet are attached
to the abdomen; these form semicircular plates, or swim-
ming feet, to the last five of which the gills are attached.
The body is composed of three parts; a cephalo-thorax or
buckler, carrying two pairs of eyes, one pair kidney-shaped,
and compound (Fig. 188 a) ; and the other pair simple (&) ;
an abdominal or dorsal buckler having the form of an ir-
regular indented hexagon ; and a long sword-like tail arti-
culated to the dorsal buckler, from which the animal derives
its name. These Crustaceans are found in the Moluceas, and
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is divided by transverse folds into rings or girdles, which are often
very numerous. The common Leech has 100 rings, and Phyllo-
doce, one of the marine worms, has often upwards of soo ring
segments.

The organs for movement consist of bundles of hairs sur-
rounding a central bristle, as shown in the section of a ring seg-

Fig. 189.

ment (Fig. 18g). One pair of such bristle-shaped feet is placed
on the dorsal arch of the ring (¢ d), and the other pair (v v) is
placed in a corresponding position on the ventral arch. Locomo-
tion is effected by means of these bristles pushing against the
ground, like the ribs of snakes.

The nervous system consists, as in all the articulates, of a great
ventral chain of double ganglions, through the collar formed
by the first two of which the gullet passes: this anterior gan-
glion is called, for this reason, the pre-wsophageal ganglion, and
sometimes the cerebral ganglion.

No Annelid ever possesses a heart comparable in developement
with the heart of a Crustacean or Insect; but a system of vessels
is found, through which a clear fluid, red or green in colour,
and seldom containing corpuscles, is driven by pulsations from
behind forward—the dorsal vessel of this system acts as an arte-
rial heart ; in some Annelids, a venous ventral vessel is also found,
through which the blood returns from before backwards. This
circulation is called pseudokemal, and it is considered by Huxley
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ing apparatus, and by alternately contracting and expanding
the body ; they swim rapidly in fresh water, with a serpen-
tine and sinuous motion of the entire body. The most useful
of the Leeches is the well-known Hirudo medicinalis, which
lives in fresh water, through the south and east of Europe;
and in winter conceals itself in mud, rolled up in a circular
form. It lives exclusively on the blood of other animals,
both vertebrate and invertebrate. The arrangement of the
eyes of this leech is peculiar; it possesses eight eyes arranged
in horse-shoe form on the back of the head ; these eyes con-
sist of four pairs, of which the first pair are placed on the
first segment of the body, the second and third pairs are
placed on the third segment, and the fourth pair of eyes on
the sixth body ring. The Leeches are Hermaphrodite, the
Spermducts opening on the twenty-fourth ring of the body,
and the Oviducts opening on the twenty-ninth ring ; the leech,
however, notwithstanding the possession of both testicles
and ovaries, cannot fertilise its own ova ; and it requires the
assistance of a second leech to effect its impregnation. The
common Horse leech of this country is distinguished from the
medicinal leech by the absence of teeth. Some of the tropi-
cal leeches give poisonous bites; thus the bite of the Hirudo
Zeylanica is followed by tedious and dangerous ulcers. Many
fresh water and even salt water fishes are attacked by species
of leeches peculiar to each ; the Carp, the Tench, and the
Ray have been especially noticed as thus favoured by Nature ;
fortunately for these fish, their leeches have no teeth, and
are compelled to imbibe nourishment from their hosts, by
simple suction.

(b.) The Bristle-bearing or Setigerous Worms are divided into
two groups; in the first of which respiration is effected by
means of internal sacks opening by pores along the ventral
side of the abdominal rings; and in the second, respiration
takes place by means of external arborescent gills.
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carrymg an operculum, or lid, which closes the shell when the
worm retracts its head. The shell itself is ealcareous, twigted
into an irregular convoluted spire, and is generally attached to
the shells of some species of mollusk, as the oyster, sedentary in
its habits.

The Notobranchiate Worms may be
illustrated by the Lugworm already figur-
ed (Fig. 190), and by the active little
marine worm known to fishermen as
hairy bait (Fig. 192).

The Lugworm (Arenicola piscatorum),
Fig. 190, has rudiments of feet, with a
dorsal fasciculus of bristles, and a ventral
row very minute, and incurved ; the gills
are arborescent and placed in rows in the
middle of the body ; the body is thickened
forwards, in front of the gills, and becomes
smaller behind the gills, where it has no rudiments of feet or of
bristles. This worm lives in deep canals excavated in the sea
sand, which the worm forms with its head, while the sand is
swallowed and passed through the intestinal canal ; it is flesh-
coloured or blackish, while 1fs gills have a brighter colour, and it
exudes a yellow fluid on being handled.

The little worm called havry bait (Nepththys, Fig. 192) has

Fig. 191.

Fig. 1ga.
its head truncated, and furnished with four small tentacles; its
rows of dorsal and ventral bristles or feet are separated by a row

of strap-shaped gills.
The beautiful animals called Sea mice belong to the group of
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Of these subdivisions of Scolecid worms, the last five are pa-
rasitic, and exhibit anomalies of structure and of developement,
such as might be expected from creatures living under guch ex-
ceptional conditions.

Most of these animals agree in the possession of what is
called the water vascular system, formed of a remarkable set of
vessels, communicating with the exterior medium by means of
one or more apertures situated on the surface of the body, and
branching out, more or less extensively through the interior of
the substance of the body of the animal itself. In none of these
Scolecids has any true circulatory apparatus been discovered.
The water vascular system may be said to perform the offices of
circulation and respiration by means of the same system of
organs.

The nervous system in the Scolecids consists of only one or
two closely approximated ganglions.

(a.) Rotifers,or Wheel Animaleules, are microscopic Scolecids, con-
tractile, crowned with vibrate cilia at the anterior part of the
body, which resemble a wheel revolving rapidly ; intestine dis-
tinct, having a mouth and an anus ; sexes distinet, oviparous in

Fig. 194.

winter, viviparous in summer. The general appearance of
“these animalcules under the microscope may be understood
from Fig. 194, which represents the Rotifer called Bra-
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shore, coiled up in gordian knots, under the loose stones. It has

a simple intestine, with an anterior mouth, and terminal anus,

and is roundish, or slightly depressed, with imperfect marks of

body rings—the head is distinct, and it possesses from four to
fourteen eyes, arranged in pairs,

(¢.) The Zrematodes or Flufkes, are internal worms, infesting the
body of man, sheep, and especially fishes. They have a
general resemblance to the Planarians. The body is depressed
or roundish and soft ; they are furnished with suctorial disks,
and have a branching intestinal eanal; one of the suctorial
disks leads into the mouth, and the others are blind. They are
found abundantly in the sheep’s liver, and in the gall-blad-
der of Man, the Ox, Deer, and others: some of them, also, live
gregariously in the eyes of certain fishes; others are found
In pairs, lying in elastic tumours under the skin of the belly
and thighs of Finches; while those that live on the skin, or
in the gills of fishes, are almost countless.

(d.) The Cestodes, or Tape Worms, are better known than liked :
they possess an elongate, flat, jointed body, well described
by the term Tape worm ; they have no mouth, but the head
1s furnished with suctorial pores. Three kinds of this dreaded
pest infest the small intestines of man; the Russian Tape
Worm (Bothriocephalus latus), the common Tape Worm
(T'enia solium), and a third species, scarcely less abundant
(Z@nia mediocanellata). The Russian Tape Worm is found
abundantly in Lapland and Russia, in Man, and in the Polar
Bear ; it is broader than the common Tape Worm, and attains
a length of twenty feet. The common Tape Worm (Zenia
solium), or Internal Worm that sits enthroned in state, called
by the French ver solifaire, owes both his Latin and his French
name to the mistake, that in the same person one such worm
only can be found. It infests the people of Western Europe,
and 1s occasionally to be met with in the same intestine, in
company with its rival, the Bothriocephalus latus.
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intestines, the skilful disciple of Esculapius attacks the colony
with a turpentine glyster, and speedily routs it in dismay.

The Guinea worm (Filiaria Medinensis) lives in the cellular
tissue, under the skin of man, especially in the legs, and attains
a length of ten feet ; it is endemic in Curagoa and in some hot
countries of the Old World, and often causes severe pain. It is
viviparous, and it is remarkable that the male worm has never
yet becn found; all the specimens examined by naturalists,
hitherto, having proved to be females,

(f) Acanthocephalids, or Spiny-snouted Entozoans. — These
worms have a roundish bladder-shaped body, marked with
transverse wrinkles ; no mouth or intestine : proboscis retrac-
tsle, and armed with recurved hooks ; sewes distinet. They
are found in the intestinal canal of many birds and fishes;
also in that of the Pig and the Seal. Upwards of 100 species
of Eehinorhyncus have been described, one of which (E. por-
rigens) is common to the Rider Duck, and lesser Rorqual
Whale ; it is found in the duodenum of that whale, where
1ts presence is indicated by large fleshy papille in the mu-
cous membrane of the intestine; the openings of these
papille from the intestine lead into tubular cavities, situated
obliquely between the mucous and the muscular coats of
the gut, in each of which lies ensconced a formidable looking
Echinorkynchus. Specimens of this dreadful entozoon have
been recently found in the intestines of the short-tailed
monkeys, and, let us hope, may yet be found in man,

(9.) The Gordians, or Hair Worms, are hair-lile, extremely slender
and elastic; anus none; sexes distinet.—These worms are
found commonly in summer time in ponds and ditches, and
so closely resemble horse’s hairs that they are believed by
schoolboys and country folk to be living hairs. They are
scarcely separable from the lower Nematodes. In theimma-
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springing motion, as certain Bivalves and the Cephalopods, exert
their muscular power in a more uncertain and irregular manner
than the higher articulates.

TheVegetative or visceral life of the Mollusks is much more per-
fect than their animal life ; most of them possess an arterial heart,
which receives the blood from the gills or lungs, and distributes
it by arterial tubes to the different parts of the body (Fig. 179).
Capillary blood vessels are wanting, and the veins are replaced by
sinuses or cavities in different parts of the body, in which the
blood collects before returning to be oxidised in the gills. The
arterial heart of the first or highest division of the Mollusks shows
its superiority to the second division, as clearly as did the nerve
ganglions. In the higher Mollusks, there isa distinet auricle and
a distinct ventricle in the heart; while in the lower forms (Mol-
luscoids), the heart is saccular, and not divisible into an auricle and
a ventricle.

4. Classification of Mollusks.—The Mollusks are divided
into the following classes :—

. Cephalopods.

Pteropods. e
Gasteropods. ,

. Lamellibranchs.

. Brachiopods.

. Tunicates. } Molluscoids.

G. Polyzoans.

A. Cephalopods.—The Cephalopods are Mollusks with a dis-
tinet head, having the organs of motion (tentacles) surrounding the
mouth in a ring ; gill cavity, open in front; sewes distinet; res-
piration by gills; marine. Locomotion is effected among the
Cephulupodé, partly by means of their arms or tentacles, but
chiefly by means of the propulsion of water from the gill sack,
through a funnel placed under the head; the mantle or skin sur-
rounds the body loosely, forming a large gill sack, opening to the
external water by means of an aperture under the head (in the

Mollusks proper.
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aperture, o, the so-called branchial sack, the entrance to which
18 often surrounded with a fringe of tentacles, admits a constant
current of water, and leads into a large pharyn-
geal cavity; the gullet, stomach, and intestine,
follow the pharynx in due order, and terminate in
a chamber leading to the second aperture of the
Ascidian, called the afrial or anal aperture, a,
through which a stream of water constantly passes
outwards. This water passes from the sides of
the pharyngeal sack or gill chamber, by means of
the water-vaseular system, through the body
walls, into the efferent or afrial chamber, from
which 16 escapes again into the surrounding me-
dium ; and thus a perpetual circulation of water
1s established, carrying food into the stomach,
oxidating the gills, and removing all the effete matters from the
body tissues, in the manner of a kidney ; which, even in the higher
animals, is little more than a well constructed blood filter.

The Ascidians possess a distinct heart, of very simple con-
struction, for it consists only of a muscular tube, without valves,
and open at both ends. This heart behaves in a manner else-
where unknown in the animal economy, for it works at regular
intervals, alternately in opposite directions, forming, literally, a
tidal circulation, 1n which the two ends of the heart are alter-
nately venous and arterial.

All the Ascidians possess one nervous ganglion placed in
front of the oral aperture.

G. Polyzoans.—The Polyzoans are well known to geologists
as the so-called Lace Corals, and to sea-side collectors, as the
Sea Mosses; they are minute social Mollusks, living together
in communities, the common frame-work of which resembles
seaweed of a horny constitution. One of the commonest of
these Mollusks is shown in Fig, 213, which represents the
Flustra, or Sea Mat of the British coasts. On examining the
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Star rays to the madriporiform tuberele, a, marks the plane of bi-
lateral symmetry, or amis of elliptical symmetry ; and in like
manner, in Fig. 217, ¢, the line joining the mouth and anus

marks the axis of elliptical symmetry in the Urchin there figured

(Galerites). The sexes are distinct in the Echinoderms, and the

ovaries and testes are disposed in rays, opening in the Sea Urchins,

by oviducts or sperm ducts, placed symmetrically round the

anus, and equal in number to the typical number of rays. :
The Echinoderms are divided into the following Orders:—

—

a. The Crinoids—Sea Lilies.

b. The Asteroids—Sea Stars.

¢, The Echinoids—Sea Urchins.

d. The Holothuroids—Sea Cucumbers.

(a.) The Crinoids, or Sea Lilies, have a calcareous integument,
or external skeleton, formed of symmetrical plates; with
jointed rays, or tentacles surrounding the mouth, which 1s
always superior. This whole Family belongs rather to the
former period of the history of our globe than to the present.
Most of the fossil Crinoids were attached to the sea bottom,
by means of a flexible, jointed column (Fig. 218) (Aprocri-
nus) ; and others lay at the bottom, without being attached
(Fig. 219) (Saccocoma) ; and it is remarkable that the fixed
forms occur earliest in Geological history. There are two
living forms of Crinoids, Pentacrinus and Comatula, of which
the first is fixed, and the second is free; but it was ascer-
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(¢.) The Eehinoids, or Sea Eggs. Body subglobose, or depressed,
without radiant lobes ; mouth and anus distinet, and mouth

inferior ; integument calea-
reous, beset with moveable
spines. The plates of the
Eehinus (Fig. 221) are either
pentagonal or hexagonal, and 6
are arranged in aseries of ten e
zones or lunes, five of which, 4
commonly narrower than the
others, have two rows of am-
bulacral pores, through which the feet are protruded, as al-
ready described. Around the anus are placed five apertures
(sometimes only four), which are the outlets of the oviducts
or sperm ducts; and these outlets are situated in as many
calcareous plates, of which one, larger than the rest, cor-
responds to the madreporiform tubercle of the Sea Stars, and
gives admission to the water supply of the ambulacral sys-
tem. The moveable spines, whose number increases with
age, work by a ball and socket joint on tubercles placed in
meridian rows upon the surface of the shell. The mouth of
the Sea Urchins is furnished with five teeth meeting in a
point, which grow continually from behind, like the teeth
of the Rodents ; these teeth are worked by an apparatus of
forty distinet muscles, and by means of them the animal
nibbles at and swallows its food. They were first noticed
by Aristotle, and are called by Naturalists Aristotle’s Lan-
tern, quite erroneously, for it was the entire shell of the Sea
Urchin that Aristotle compared to a lantern, and not its mas-
ticating apparatus. He says, “ the Zehinus is not continuous
as to 1ts surface, but is like a lantern without a skin
stretched over it,” alluding apparently to the pin holes for
the ambulacral feet, which are easily seen in the empty
shell, because they admit the light.

Fig. 221.
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also of reproduction by budding. With the exception of two
freshwater genera, all the Ceelenterates are marine,
They may be conveniently divided into two classes—

@ Actinozoans.
4. Hydrozoans.

(@.) The Aetinozoan Radiates are Ceelenterate animals, in which
the inverted wall of the general digestive sack is separated from
the general wall of the body by a wide space, subdivided into
chambers by a series of vertical partition, on the faces of which
the ovaries, or sperm cells, are developed (Fig. 225). To the Ae-
tinozoa belong, among others, the Sea Anemones (Flg 223),
and Coral Polyps (Fig. 224), which differ only, as the shelly
Gasteropods and Slugs differ, by the faculty of secreting car-
bonate of lime, which.the Coral polyps do internally, as the
shelly Gasteropods do externally.

The Sea Anemone (Fig. 223), may be regarded as the type of

Fig, 223. Fig. 224.

the Actinozoans ; it is of a soft, leathery consistence, and attaches
1tself by its base to the rock, its mouth being placed opposite to
the base, and facing the sea water, which furnishes it with food.
Numerous tentacles, arranged after Nature's fashion, alternately
in concentric ecireles, surround the outer margin of the voracious
mouth, which readily swallows whatever soft edible substance is
placed within its reach; and these tentacles, with their thread
cells, are even capable of seizing and of paralysing an animal as
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