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INTRODUCTORY NOTICE.
In attempting to convey to the general reader a practical or really
useful knowledge of the Minerals and Geology of Caneda, it is ad-
vigable to consider the subject under the following heads:

1. How minerals are distinguished from one another.
2. The minerals and metallic ores met with in Canada.
3. How rocks are classified and distinguished.

4, Organic Remains: their use and teachings.

5. Subdivisions and distribution of Canadian rocks.

The term * Geology” comprises, strictly, a knowledge of the phy-
gical history of the Earth, as revealed to us by the study of the rock-

* The object of the series of papers.to'be published under this ticle, is twofold : First, to
enable our surveyors.. farmers, and others, to determine the Canadian mineraly that way
come, under their observation; and, secondly, to serve as an introduction to the valuabla
reports and other publicativng issued by our Geological Survey.

Vou. V., B



2 A POPULAR EXPOSITION OF THE

masses which lie around and beneath us; and by a comparison of
the results of ancient phenomena, with the forces and agencies still at
work in modifying the surface of the globe. As geology is thus es-
sentially based on the study of rocks and their contents, and as rocks
are made up of a certain number of simple minerals, it is necessary,
or at least advisable, to obtain a knowledge of these latter (so as to
be able to recognize them when met with), before proceeding to the
discussion of the rocks into which they entcr. With these minerals,
also, it is convenient to consider a few others of economic application
and common occurrence, including the more important metallic ores.
In this consideration, the characters or properties by which minerals
are distinguished from one another will first be explained, introduc-
tory to a Tabular Distribution of Canadian minerals. The latter will
be so arranged as to enable the recder to make out the name of any
one of the included species, with great facility.

I. How MINERALS ARE DISTINGUISHED FROM ONE ANOTHER.

Minerals are distinguished from one another by certain characters
or properties which they possess: such as form, degree of hardness,
fusibility, &c. Hence, it is to these characters that our attention
must be first directed.

Mineral characters are of two kinds : physical or external characters,
and chemical characters. The former are exhibited by the mineral
under ordinary conditions ; the latter, only when the mineral is expos-
ed to the action of heat or mineral acids, by which, in genersl, a
certain degree of chemical decomposition is effected. Hence the term
“ chemieal ” as applied to these latter characters.

The physical properties of minerals are somewhat numerous ; but
many, although of the highest interest in indicating the existence of
natural laws, and in their relations to physical science generally, are
not readily available as a means of mineral discrimination. These,
consequently, will be omitted from consideration in the following
pages; and the other characters will be discussed only in so far as
they admit of direct application to the end in view—namely, the
practical discrimination of minerals one from another.*

* In the explanation of these various characters, it is occasionally necessary to refer, as
examples, to a few substances of foreign occurrence. The reader will therefore understand,
that the present Part of this Essay makes no special mention of the minerals of Canada, but
is simply an Introduction to Part II, in which these minerals will be found arranged
togethers '

L]
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The following are the characters in’ question :

1. Aspect or Lustre.

2. Colour,

3. Streak.

4. Form.

5. Structure.

6. Hardness.

7. Specific Gravity.

8. Relative Malleability.
9. Magnetism.
10. Taste, &ec.

1. Aspect or Lustre.—We have here to consider, first: the kind ;
and, secondly, the degree or intensity of the lustre, as possessed by
the mineral under examination. The kind of lustre may be either
metallic, as that of a piece of copper, silver, &e.; or sub-metallic, a3
that of most kinds of anthracite coal; or non-metallic, as that of
stones in general. Of the non-metallic lustre there are several varie-
ties, as, more especially : the vitreous or glassy lustre—example : rock-
crystal ; the resinous lustre—ex. : native sulphur; the pearly lustre—
es.: tale; the silky lustre (usually accompanying a fibrous struc-
ture)—ex. ; fibrous gypsum ; the stony aspect; the esrthy aspect,
&ec. These terms sufficiently explain themselves. Occasionally, two
kinds of non-metallic lustre are simultaneously present, as in obsi-
dian, which exhibits a ¢ resino-vitreous™ aspect; and the lustre in
some zeolites is pearly within, and vitreous externally. In mica, and
some few other minerals, there is frequently a pseudo-metallic lustre.
This may be distinguished from the metallic lustre properly so-called,
by being accompanied by a degree of translucency, or by the powder
of the mineral being white or light-colored : minerals of a true me-
tallic aspect being always opaque, and their powder being always
black or dark-colore . So far as regards the metallic and the non-
metallic lustres, there are very few minerals which exhibit (in their
different varieties) more than one kind. Thus, galena, the common
ore of lead, copper pyrites, &c., always present a ‘mefallic lustre;
whilst, on the other hand, quartz, feldspar, calc-spar, gypsum, &c.,
are never found otherwise than with a non-metallic aspect. Hence,
by means of this easily-recognized character, we may divide all
‘minerals into two broad groups; and thus, if we pick up a specimen
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and wish to ascertain its name, we need only leok for it amongst the
minerals of that group with which it agrees in lustre. The first step
towards the determination of the substance will in this way be ef-
fected. ,

The degree of lustre may be either splendent, shining, glistening,
glimmering, or dull ; but the character i3 one of comparatively little
importance.

2. Colour.—When combined with a metallic aspect, colour becomes
a valuable character in the determination of minerals, because it then
remains constant as regards a given substence. Thus galena, the
common ore of lead, is always lead-grey; copper pyrites, always
brass-yellow ; native gold, always gold-yellow; and so forth. When
accompanied, however, by a vitreous or other non-metallic lustre,
colour is, practically, a character of no value; as in that case, the
mineral may present, in its different varieties, every variety of colour.
Thus, we have colourless quartz, amethystine or violet quartz, red
quartz, yellow quartz, &c., just as in the vegetable kingdom, we have
red, white, and yellow roses; and dahlias, &c., of almost every shade.
‘When combined with a metallic aspect, the colour is said to be me-
tallic; and of metallic colours we may enumerate the following :

White... Silver-white ...... ex. Native silver.
: Tin-white ..,...... ex. Pure tin; cobalt ore.
Grey ... {Lead-grey‘......,.. ex. Galena. ’
Steel-grey......... ex. Specular iron ore.
Black ...... Iron-black (usually with sub-metallic lustre) ex. Moag-
netic iron ore. )

Gold-yellow ...... ex. Native gold.
Yellow.. { Brass-yellow. ... ex. Copper-pyrites.

Bronze-yellow (2 brownish-yellow) ex. Magnetic pyrites.
Red........Copper-red ....... ex. native copper.

These metallic colours are often more or less obscured by a black,
brownish, purple, or iridescent surface-farnisk. Hence, in noting the
colour of a mineral, a newly-fractured surface should be observed.
The non-metallic colours comprise, white, grey, black, blue, green,
red, yellow, and brown, with their various shades and intermixtures;
ag orange-yellow, straw-yellow, reddish-brown, greenish-black, &e.
-In minerals of a non-metallic aspect, the colour is sometimes uni-
form; and at other times, two or more colours are present together, in
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8pots, bands, &c., as in the varieties of quartz, called agate, blood-
fitone, jasper, and so forth. In Labradorite, or Labrador feldspar, a
beautiful play or change of colour is observed in certain directions.
The finer varieties of Opal also exhibit a beautiful and well-known
iridescence.

3. Streak—Under this technical term is cdmprised the colour of
the powder produced by drawing or “streaking” the mineral under
observation, across a fil or piece of unglazed porcelain. The charac-
ter is a valuable one oun account of its uniformity ; as, no matter how
varied the colour of a mineral may be in different specimens, the
streak will remain of one and the same colour- throughout. Thus,
blue, green, yellow, red, violet, and other specimens of fluor spar,
quartz, &c., exhibit equally a white or “uncoloured” streak. The
streak is somctimes ““unchanged,” or of the same tint as the external
coloar of the mineral ; but far more frequently it presents a different
colour. Thus, Cinnabar, the ore of mercury, has a red colour and
red streak ; realgar, or sulphide of arsenie, has a red colour and
orange-yellow streak ; copper pyrites, a brass-yellow colour, and
greenish-black streak ; and so forth. In certain malleable and sectile
minerals, whilst the colour remains unchanged in the streak, the
lustre is increased. The streak is then said to be ¢ shining.” Finally,
it should be remarked, that in trying the streak of very hard minerals,
we must crush a small fragment to powder, in place of using the file ;
because otherwise, a greyish-black streak, arising from the abrasion of
the file, might very possibly be obtained, and so conduce to error.
It may be observed, however, that all minerals of a non-metallic as-
pect, and sufficient hardness to resist the file, have a white streak.

4. Form.—The forms presented by minerals, may be either regular
or irregular. Regular forms are called erystals, whether the minerals
which present them be transparent or opaque. The term *crystal™
was first applied to transparent vitreons specimens of quartz or rock-
crystal ; but, as it was subsequently found that opaque spccimens of
quartz presented exactly the same forms, and that opaque as well as
transparent forms of other minerals existed, the term gradually lost
its original signification, and came to be applied to all regular forms
of minerals, whether transparent, translucent, or opaque. Minerals
of a metallic lustre are always opaque; and many of these, as iron
pyrites and galena, occur frequently in very regular and symmetrical
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erystals. Crystals originate in almost all cases in which matter pas se
from a gaseous, or liquid, into a solid state; but if the process take
place too quickly, or the matter solidify without free space for expan-
sion, crystalline masses, in place of regular crystals, will result. If a
small fragment of arsenical pyrites, or native arsenic, be heated at one
end of an open glass tube (five or six inches long and one-fourth of
an inch in diameter), the arsenic, in volatilizing, will combine with
oxygen, and form arsenious acid, which will be deposited at the other
end of the tube, in the form of minute octahedrons (Fig. 3, below).
In like manner, if a few particles of common salt be dissolved in a
small quantity of water, and a drop of the solution be evaporated
gently (or suffered to evaporate spontaneously) on a piece of glass,
numerous little cubes and hupper-shaped cubical aggregations will re-
sult. Boiling water, again, saturated with common alum, will deposit
octahedral crystals on cooling: the cooled water not being able to
retain in solution the full amount of alum dissolved by the hot water.
In like manner, sugar, sulphur, and other bodies crystallise by slow
cooling from the molten state.

The study of crystal-forms constitutes the science of Crystallogra-
phy. To enter into the details of this science would extend our
present discussion beyond its proposed limits, and carry us altogether
beyond the object in view—the simple determination of the names of
commonly-occurring minerals—and hence we shall confine ourselves
to the general statement, that crystals admit of being arranged in
six groups, or “systems;” the forms of each individual group passing
into one another by sinple trausitions, but having no relations to the
forms of the other groups.* The names of these respective groups,

* The reader desirous to take up the study of Crystallography in a moreextended manner,
may attend the author’s special courses of lectures which include that subject. In these,
tneusc of crystallographic instruments is shewn, aud the lectures are illustrated by nu-
merous wood and porcelain models, drawings, and natural crystals. The following is ex-
tracted from the syllabus of the advanced course on Mineralogy

CRYSTALLOGRAPHY, PAaRT I.—Crystals, how defined. Formation of Crystals. Elements
of Crystals: planes, edges, angles; diagonals, axes. Forms and combinations. Replacing
plances. General nomenclature of Forts and simple Crystals. Law of constant Angles.
Aecasurement of Angles. Laws of Symmetry: Holohedral, Hemihedral, and Tetartohedral
Porms. Classification of Crystals, Dimorphism. [somorphism. Compound Crystals,
Distortions. Pscudomorphs.

ParT IX—The six systems of Crystallization. The Monometric system. The Dimetric
system. The Hexagonal systers. The Trimetric system. The Monoclinic system.  The
Triclinic system. 3cthod of ascertaining the system of a given Crystal.

PazrT JIL—Optical and other physical relations of Crystallography.
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with figures of a few of their more common forms and combinations,
are given in the annexed talular view.

The Monometric or Regular System.—This group includes the
cube (Fig. 1), the rhombic dodecahedron (Fig. 2), the regular octa-
hedron (Fig. 3), trapezohedrons or leucitoids (Fig. 4), pentagonal
dodecahedrons (Fig. 5), &c. Fig. 6 is a combination of the cube and

P16 1. F16. 2. FiG. 3. F16. 4.

F16.5. F1G. 6. T16.7.

octahedron ; Fig 7, a combination of the cube and pentagonal dode-
cahedron. Native gold, silver, copper, iron pyrites, galena, magnetic
iron ore, garnet, fluor spar, rock salt, and numerous other minerals,
crystallize in this system.

The Dimetric or Sguare-Prismatic system.—This includes, princi-
pally, square-based prisms and pyramids (or octahedrons), and their
combinations. Figures S and nine are examples of Dimetric crystals.

F16. 8. F16. 9.

Amongst minerals, Copper Pyrites, Tin-stone, Zircon, and Idocrase,
may be cited as belonging to the group.

The Hexzagonal system.—Regular six-sided prisms (Fig. 10) and
pyramids (Fig. 11), combinations of these (Fig 12), rhombohedrons
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(Figs. 13 and 14), and scalenohedrons (Fig. 15), are included under
this system. Graphite, Red Silver ores, Cinnabar, Specular Iron
Ore, Corundum, Quartz, Beryl, Apatite or jphosphate of lime, Cal.

e

PI1G- 10. Fic. 11. Fi1G. 12,
F16.13. F16.24. P1G. 15, R

careous Spar, Dolomite, and Carbonate of Iron, are some of the
principal minerals which belong to it.

The Trimetric or Rhombic system.—This system includes righ-

rhombic prisms, rectangular prisms, rhombic octahedrons, &c., and
their combinations. Fig. 16 is a rhombic prism ; figs. 17 and 18 are

i

F16.16. Ria.17. F16.18.

combinations beionging to this system. White iron-pyrites, mispickel
or arsenical pyrites, native sulphur, topaz, staurolite, arragonite,
heavy spar, celestine, and Epsom salt, are some of the principal
minerals which belong to this group.

The Monoclinic or Oblique Rhombic system.—Rhombic prisms and
pyramids, and rectangular prisms and pyramids, with obligue or
sloping base, belong to this system. Figs. 19 and 20 are monoclinie
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combinations. The principal minerals comprise: Augite, Horn.
blende, Epidote, Orthoclase, or potash feldspar, Stilbite, and Gypsum.

F16G. 19. T1G. 20.

The Triclinic, or Doubly Oblique system.—The forms of this
system are oblique (or they incline) in two directions. The crystalsin
generel are more or less flab and unsymmetrical in appearance. No
two planes meet at right angles; and there are never more than two
similar planes present in any crystal belonging to the group. Axi-
nite, Albite or soda feldspar, Labradorite or lime feldspar, and
sulphate of copper, are the principal triclinic minerals.

Such is a brief exposition of the six erystal systems. TFor present
purposes it will only be necessary for the student to impress upon
his memory the following forms, so as to be able to recognize them
when met with. The cube (Iig. 1), the regular octahedron /3), the
rhombic dodecahedron (2), the pentagonal dodceahedron (5), the
cubo-octahedron (6), the regular six-sided prism (10), a combination
of & six-sided prism and pyramid (12) a rhombohedron (13 and 14),
a scalenchedron (15), a rhombic prism (16).

The trregular forms presented by minerals are of very subordinate
importance; so that a few of the more common need only be men-~
tioned. Most of the terms used in reference to these, explain
themselves. '

Irregular mineral forms :— GQlobular or nodular, ex. quartz, iron
pyrites; reniform or kidney-shaped, ex. quartz, &c.; botryoidal
mammillated : a form made up of a series of rounded elevations and
depressions, or otherwise exhibiting a surface of this character, ex.
red and brown iron ore, calcedony, &e.; stalactitic, ex. cale spar,
d&c. ; coralliform, resembling certain branching corals, ex. arragonite;
dendritic or arborescent, s branching form, often made up of small
aggregated crystals, ex. native silver, native copper, &c.; filiform or
wire-like, ex. native silver; acicular, in needle-like crystallizations,
ex. many varicties of augite, hornblende, epidote, &c. When &
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mineral has a perfectly indefinite shape it is said to be “ massive >’ or
* amorphous.”

Structure :—In the majority of minerals, a certain kind of strue-
ture, or, in other words, the shape as well as the mode of aggregation
of the smaller masses of which they ave composed, is always observ-
able. Structure in minerals may be either lamellar, laminar or
JSoliated, prismatic, fibrous, granular, or compact. When the mineral,
as in most varieties of calc-spar, heavy-spar, feldspar, and gypsum,
for example, is made up of broad tabular masses producing a more
or less stratified appearance, the structure is said to be lamellar.
‘When the tabular masses (whether straight, wavy, or curved,) become
extremely thin or leafy, as in mica more especialiy, the structure is
said to be laminar, or foliated, or sometimes micaceous. The scaly
structure is a variety of this, in which the laminwe are of small size.
‘When the component masses are much longer than broad or deep, as
n many specimens of tourmaline. beryl, cale-spar, &c., the structure
i8 said to be prismatic or colusinar. "When the prismatic concretions
becowme very narrow, the fibrous structure originates. TFibrous min-
erals may have either: a straight or parallel-fibrous structure, as in
many specimens of gypsum, cale-spar, &c.; a confusedly-fibrous
structure, as in many specimens of augite and hornblende; or a
radinted-fibrous strueture, as in the radiated varieties of ivon pyrites,
in natrolive, wavellite, &c.,—the fibres radinting from one or more
central points. Minerals made up of small grains or granular masses
4re said to bave a granular structure; ex. granular or saccharoidal
limestone, granular gypsum, &c.  Fivally, when the component par-
ticles are not apparent, the mineral is said to have a compact struc-
ture, as in the native malleable metals, obsidian, and most varieties
of quartz. Hard and vitreous ininerals of a compact structure (ex.
obsidian), generally show when broken, a conchoidal fracture, or a
series of circular markings resembling the lines of growth on the
external surface of a bivalve shell.

Almost all minerals, especially those of a lamellar stmcture,
separate more readily in certain directions than in others. This
peculiarity is called cleavage. The fragments resulting from “ cleav-
age’ have often a perfectly regular or definite form. Thus the purer
specimens of calc-spar, no matter what their external form, break
very readily into rhombohedrons, which measure 10595 over their
obtuse edges. Galena, the common ore of lead, yields rectangular
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or cubical cleavage forms; whilst the cubes of fluor-spar break off
most readily at the corners or angles, and yir d regular octahedrons,
fig. 8. 4

Hurdness,—The bardness of a mineral is its relative power of
resisting abrasion, not that of resisting blows: many of the hardest
minerals being exceedingly brittle. Practically, the character is of
great importance. By its aid gypsum may be distinguished in a
moment from cale-spar or limestone, cale-spar from feldspar, and
copper pyrites from iron pyrites, not to mention other examples,*
The degree of hardness in minerals is conventionally assumed to vary
from 1 to 10 (1 being the lowest) as in the following scale drawn up
by a German mineralogist, Mdks, and now generally adopted :

Scale of Hardness—Mohs Seale.

1. Foliated Taxoc.

2. Roox Sarw, a transps 'nt cleavable variety.
3. Cancareous Seam, s insparent variety.
4. Froor Sear.

5. APATITE.

6. FRLDSPAR.

7. Rocx CrysTAL.

8. Toraz.

9. Corvunpuar

10. Tueg DiaxMoND.

In order to ascertain the hardness of a mineral by means of this
scale, we attempt to scratch the substance under examination, by the
different specimens belonging to the scale ; beginning with the hard-
est, in order not to expose the specimens to unnecessary wear. Or,
we take a fine file, and compare the hardness of the mineral with
that of the individual members of the scale, by drawing the file
briskly across them. The comparative hardness is estimated by the
resistance offered to the filo; by the noise produced by the file in
passing across the specimens; and by the amount of powder so

* Gypsum may be scratched by the finger nail. Cale-spar and copper pyrites may be
scratehed easily by a knife; whilst feldspar and iron pyrites are hard enough to scratch
window-glass. Not long ago. as mentioned by Sir William Logan, a farmer in the Ottawa
district was put to much expenscand annoyance by mistaking feldspar for crystalline lime.
stone,and attempting to burn it into lime.



12 A POPULAR EXPOSITION OF THE

obtained. The degrec of hardness of the mineral is then said to be
equal to that of the member of the seale with which it agrees the
nearest. Thus, if the mineral agrees in hardness with Fluor-spar
we say, in its description, I (or hardness) =4. If, on the other
hand, it be somewhat softer than fluor-spar, but harder than calcare-
ous spar, we say, H=3.5. Finally, if, as frequently bhappens, the
hardness of a mineral vary slightly in different specimens, the limits
of the hardness are always stated. Thus, if in some specimens, g
mineral agree in hardness with cale-spar, and in others with fluor-
spar, we say, L. =8 to 4; or, more commonly, H =8 —4. Ifthe
hardness be very rigorously tested, it will frequently be found to
differ slightly on different faces of a erystallized specifen, or on the
broad faces and the edges of the laminw® of foliated specimens,—but
this, so far as regards the simple determination of winerals, is prac-
tically of little moment.

As the miverals of which the scale of Mohs consists, may not
bein all places obtainable, or always at hand when required, the
anthor of this paper coutrived some years ago another scale, agreeing
closely enough for practical purposes with that of Mohs, and exaci-
ing for its application only such objects as are always to be met with.
The following is the scale in question ; its use explains itself:

Chapman’s Convenient Scale of Hardness, to correspond with that
of Moks.
1. Yields easily to the nail.
2. Does not yield to the nail. Does not scratch a copper coin.,
8. Scrateches a copper coin, but is also seratched by one, being
of about the same degree of hardness.
. Not scratched by a copper coin. Does not seratch glass
(ordinary window-glass).
. Scratches glass very feebly. Yields easily to the knife.
. Scratches glass easily. Yields with difficulty to the knife.
. Does not yield to the knife. Yields with difficulty to the
edge of a file.
8, 9, 10. Harder than flint or rock-crystal.

-

e 21

Convenient terms of comparison for Jdegrees of hardness above
No. 7 cannot be easily obtained ; but that is of little consequence,
as there are but few minerals of common occurrence which exhibit
a higher degres ;. and these are readily distinguished by other char-
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acters. Where, in the above seale, two terms of comparison are
employed, both must of course be attended to in the determxmtxon
of the hardness,

Specific Qravisy—This is also n character of great value in the
determination of minerals. The specific gravity of a body is its
weight compared with the weight of an egual bulk of pure water.
In order 1o ascertain the specific gravity of a mineral we weigh the
specimen first in air and then in water. The loss of weight in the
latter case exactly equals the weight of the displaced water, or, in
other words, of a volume of water equal to the volume of the mine-
ral. Now, the specific gravity of pure water, at a temperature of
about 620, being assumed to equal 1, or unity. it follows that the
specific gravity of a mineral is obtained by dividing its weight in air
by its loss of weight in water. Thus, if ¢ = the weight in air, and

= the weight in water, @, or sp. gr. =

a—w
Ezample—A piece of caleareous spar weighs 66 grs. in air, and

42 grs. when xmmerced in rain or distilled water. Hence its sp. gr.
66

=aon = §—~ = 2.75.%

The weight of the mineral may be ascertained most conveniently
and with sufficient exactness for general purposes, by a pair of stall
scales such as are commonly called “apothecaries’ scales.”” These
may be purchased for a couple of dollars, or even less. A small hole
must be made in the centre of one of the pans for the passage of a
horse-hair or silken fibre, about four inches in length, and fur-
nished at its free end with a “slip-knot *> or running noose, to hold
the specimen whilst it is being weighed in water. The strings of the
perforated pan may also be somewhat shortened, but the balance
must in this case be brought into equilibrium by a few strokes of a
file on the under side of the other pan, or by attaching thinner
strings to it. If grain weights be used with this balance, the follow-
ing will be required : 50 grs., 30, 20, 10, 5, 3, 2,1, 05, 0.3, 0.2, (.1.

" The specific gravity bottle often recommended in mineralogical
works, is too heavy to be carried by the scales described above.
Bottles of the smallest capacity, weigh, when filled with water, at
least 500 grains; and these scales will not carry more than 200, or
280 grains at the most. They are not very sensitive, indeed, when

* Thigis the maximum spezific gravity of calcareous spar.
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loaded with more than 50 or 60 grains in each pan, although often -
of great delicacy when carrying lesser weights. The use of the
sp. gr. bottle requires a chemical balance, costing, at the very lowest,
some twenty-five or thirty dollars, besides being of difficult porta-
bility ; and hence its employment for general purposes is scarcely
available.

Relative Malleability.—Some few minerals, as native gold, native
silver, sulphide of silver, native copper, &c., are malleable or ductile,
flattening out when struck, instead of breaking. A few other
minerals, as tale, serpentine, &e., are sectile, or admit of being cut
by a kaife ; whilst the majority of minerals are oritéle, or incapable
of being cut or beaten out without breaking. In testing the relative
malleability of a mineral, a small fragment should be placed on a
little anvil, or block of steel polished on one of its faces,* and struck
once or twice by a light hammer. To prevent the fragment from
flying off when -struck, it may be covered by a strip of thin paper,
held down by the forefinger and thumb of the left band. Thus
treated, malleable bodies flatben into discs or spangles, whilst brittle
ones break into powder.

Magnetism.—Few minerals abtract the magnet in their natural
condition, although many do so after exposure to the blowpipe. (See
below.) In trying if amineral be magnetie, we chip off a small frag-
ment, and apply to it a little horse-shce magnet, such as may be
purchased anywhere for a quarter of a dollar ; or otherwise we apply
the specimen to a properly suspended magnetic needle. In this
manner the black granular masses which occur frequently in our
gueissoid or Laurentian rocks, and in the boulders derived from
them, may easily be recognised as magnetic iron ore.t Many speci-
mens of magnetic iron ore (and also of magnetic pyrites) exhibit
“ polarity,” or attract from a given point, one end of the needle, and
repel the other.

Taste—This is a very characteristic although limited property,
being exhibited only by a few soluble minerals. In these, the taste
may be saline, as in rock salt; or bitter, as in Epsom salt ; or metal-
lic, as in sulphate of iron, and so forth. ’

* The little anvils called “ Watch-makers’® anviis,* are very suitable for this purpose.
They may be purchased (where Watch-makers® tools are sold) for half-a-dollar, or even less.

% The other dark-coloured cleavable masses in these rocks consist of mica or more rarely
©f hornblende.
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Camrear Cmamaorers.*—These, so far as regards the deter-
mination of mineral species, comprise the results produced by the
action of acids; and the relative fusibility, &c., of minerals, as
ascertained by the employment of the blow-pipe.

detion of Acids.—The acid-test is-resorted to, chieﬂy?br the pur-
pose of distinguishing the carbonates from other mineral substances.
The majority of carbonates, as carbonate of lime, carbonate of oxide
of copper, &c., when touched with a drop of diluted hydrochloric acid
(the ¢ spirit of salt” of the shops), produce a more or less vigorous
effervescence. This reaction is still more marked, if 2 small frag-
ment of the mineral be dropped into a test-tube containing a little
of the acid. The effervescence arises from the escape of carbonic
acid. Some carbonates, as carbonate of iron, dissolve very slowly,
and scarcely produce any effervescence, unless employed in a pulver-
ised state, or unless the acid be gently heated. Sulphate of lime
and various other minerals dissolve in hydrochloric acid, but without
causing effervescence. Quartz, feldspar, &e., on the other hand,
are quite insoluble. Certain silicates, and wmore especially those
named ‘¢ zeolites” dissolve partially in hot hydrochloric acid,
leaving the undissolved silica in the form of a gelatinous mass.
Gold and platinum are not attacked by strong nitric acid, which
dissolves copper, silver, &c., very readily. Cupreous acid-solutions
have always a green or biue colour. Red copper ore dissolves with
effervescence in nitric acid producing a coloured solution ; by which
characters it may be readily distinguished from the red silver ores.

* The Chemical Characters of minerals are discussed in the present paper in the briefest
terms. To havo entered fully into theseicharacters, would have carried us altogether beyond
the object in view: the simple determination of the names of Canadian minerals. The
advanced lectures given daily during the Michaelmas Term in University College, To.
ronto, by the author, are open to all students desirous of obtaining more ample information
on the subject, The annexed extract is taken from the author’s syllabus 6 this course of
lectures:

“THE CHEMICAL RELATIONS OF MINERALOGY.

“The Chomical Oonstitution of Minerals—1, Chemical Nomenclature as applied tc
Mineralogy; 2, The Laws of Combination : 3, The Atomic Theory: 4, Chemical Notation: 5,
Construction of Chemical Formul@; 6, Isomorphism, or Law of Substitution; 7, Atomic
Volumes.

“ The Chemical EBramination of Minerals—1, Action of Acids, &c. 2, Employment of
the Blow-pipe, comprising: &, Instruments and Appliances; . Reagents; ¢, Operations; d,
Reactions; and e, Plan of Analysis in the examination of an unknowu substance.”

Students attending these Jectures, are strongly advised to go through, also, 3 course of
Practical Chemistry, in the Laboratory of University College, under the direction of Profes.
sor Croft.
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The acids used in these experiments may be conveniently kept in.
small glass bottles furnished with a long glass stopper, reaching to the

bottom of the bottle, and with a glass cap to prevent the escape of

corrosive fumes. For geological purposes (testing caleareous rocks,

&c,) strong hydrochloric acid diluted with half its bulk of pure

water, is principally used. The ‘¢ specimen basket ” may be provided

wear its upper edge with a little nest, or wicker-work pocket, for the

reception of the acid bottle.

Action of the Blow-pips —The blow-pipe in its simplest form is
merely a narrow tube of brass or other metal, bent round at one
extremity, and terminating at that end in a point with a very fine
arifice (a: fig. 21). If we place the pointed end of this instrument
just within the flame (and a little above
the wick) of a lamp or common candle,
and then blow gently down the tube, the
flame will be deflected into a horizontal
position, and its heating powers will be
wonderfully increased. Many minerals
when held in the form of a thin splinter at
the point of the blow-pipe flame, melt
with the greatest ease; and some are either
wholly or partially volatilized. Other minerals, on the contrary,
remain unaltered; and thus, by the aid of the blow-pipe, we are
often enabled to distinguish from one another, in a moment, various
minerals which in external characters may be closely alike.*

The blow-pipe has, strictly, a three-fold application. It may be
employed, as just pointed out, to distinguish minerals from one
another ; some of these being fusible, whilst others are infusible ;
gome attracting the magnet after exposure to the blow-pipe, whilst
others do not exhibit that reaction ; some imparting a colour to the
flame, others volatilizing, and so forth. Secondly, the blow-pipe
may be employed to ascertain the general composition of a mineral,
or the presence or absence of some particular substance in if, as
copper, lead, iron, cobalt, manganese, sulphur, arsenic, and the like.
Thirdly, the blow-pipe may be used to determine in certain special

TP16. 21.

® More convenient forms of blow-pipe will be found described-in special works-on the use
of that instrument, but the common form deseribed above is quite sufficiont for the simple
experiments reguired in the determination of our ordinary minerals.
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cases the actual amount of a metallic or other ingredient previously
ascertained to be present in the substance under examination *

In the employment of the blow-pipe (in conjunetion with external
characters) in the simple determination of our Canadian minerals,
we are never compelled to resort to more than two experiments: the
fusion-trial, and the water-fest. The student will find it of advan-
tage, however, to study in addition the reactions of the more common
metals and metallic oxides as given in special works on the Blow-
pipe. To describe these reactions in the present essay would extend
the subject much beyond its allotted limits.

The T'rial of Fusibility.—In order to ascertain-the relative fusibility
of & substance, we chip off a small particle (the smaller the better)
and expose the point of this to the extremity of the blow-pipe flame
—holding the test-fragment i a small pair of tongs or forceps with
platinum tips;t or supporting it, if it be of a metallic aspect or of a
certain weight and exhibit at the same time a coloured streak, on a
piece of well-burnt pine charcoal. The particle thus exposed to the
flame ought not to be larger than a small carraway seed. If it be
fusible, its point, in the course of ten or fifteen seconds, will become
rounded into a bead or globule. The proper method of blowing can
be acquired by half-an-hour’s practice. The cheels are to be filled
with air, and this is to be urged gently and continuously down the
tube by the compiession of the cheek muscles, the operator breathing
al the same time (if he require to do so) through his nose. By a
little practice this becomes exceedingly easy ; und the blowing need
never be kept up (at least in experiments of this kind) for more than
a quarter of a minute ab atime. A Zhin splinter will exhibit sigus
of fusion in ten or twelve seconds, or not at all. The use of the
instrument, therefore, is easily acquired, and is in no way injurious
to the health.

Thus treated :

(a) The test-fragment may “decrepitate” or fly to pieces.
Example, most specimens of galena. In this case, a ]nrger fragment

* See, for example, 2 paper by the author “on the Assaying of Coals by the Blow-pipe,” first
piblished in this Journsl: Vol, IIl. o page 208. Also Plattner’s “ Probirkunst mit-dem
Lothrdhre.”

+ Theso forceps may be obtained from any dealer in chemical apparatus. Forsimple expe.
riments they may be replaced by = strip of thin sheet ircn bent into the form of a pair of
nippers or tong3. Some twine or silk must e twisted round the middle part to prevent the .
fingers from being burned.

Vor. V, C
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must be heated in a test-tube over a small spirit lamp, and aftér
decrepitetion has-taken place, one of the resulting f{ragments may
be exposed to the blow-pipe flame as already explained.

(5) The test-fragment may change colour (with or without fusing)
and become attractable by a magnet. Example, carbonate of iron.
This becomes first red, then black, and attracts the magnet, but does
not fuse. Iron pyrites on the other hand becomes black and mag-
netic, but fuses also.

(c¢) The test-fragment may colour the flame. Thus, most copper
compounds impart a rich green colour to the flame; compounds con-
taining baryta, and many phosphates and borates, with the mineral
molybdenite, colour the flame pale green; sulphur, selenium, lead,
and chloride of copper colour the flame blue of different degrees of
intensity ; compounds containing strontia and lithia impart a eximson
colour fo the flame ; some lime compounds impart to it a paler red
colour ; soda compounds, o deep yellow colour; and potash com-
pounds, a violet tint,

(d) The test-fragment may become caustic. Example, carbonate
of lime. The carbonic acid is burned off, und caustic lime remains.
This restores the blue colour of reddened litmus paper. It also
imparts if moistened, a burning sensation to the back of the hand or
other sensitive part.

(¢) The test-fragment may take fire and burn. Example, native
sulphur ; common bituminous coal, &e.

(f)The test-fragment may “volatilize,” or dissipate in fumes,
either wholly or partially, and ..ith or without an accompanying
odor. Thus, grey antimony ore volatilizes with dense white fumes ;
arsenical pyrites volatilizes in part, with a strong odor of garlic; com-
mon iron pyrites yields an odour of brimstene, and so forth.

(9) The test-fragment may fuse, either wholly, or only at the point
and edges; and the fusion may take place quietly, or with bubbling,
end with or without a previous ¢ intumescence” or expansion of the
fragment. Most of the so-called zeolites, for example, (minerals
abundant in Trap rocks), swell or curl up on exposure to the blow-
pipe, and then fuse quietly. Lepidolite fuses with great bubbling,
and colours the flame red. Feldspar only melts on the edges, ab
Jeast, in ordinary cases.

(k) The test-fragment may remain tnchanged. Example, Quartz,
" and various other infusible minerals.
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The Water-test.—Many solid minerals contsin a considerable
amount of water, or the elements of water, in some unknown physical
condition. Gypsum, for example, contains 20.98 per cent. of water.
In order to ascertain if o substance yield water, we chip off a frag-
ment (of about the size of a small pea) and hert this in a common
test-tube (or better, in a small “ bulb-tube * or glass tube closed and
expanded ab one end, as shown in
the accompanying . figure) over the
flame of a little spirit lamp. If
water be present, it will rise and
condense in the form of & thin fllm
or in small“drops, on the cold neck
or upper part of the tube. When
the moisture begins to appear, the
tube must be held in & more or iess
horizontal position, otherwise a
fracture may be occasioned by the

= water flowing down and coming in
Fra. 2% contact with the hot glass., A small
spirit lamp may be made by fitting a piece of glass tubing an inch
long (to serve as a wick holder) into the cork of any short, stout
bottle. A proper lamp, however, with a glass cap to prevent the
evaporation of the spirit when the lamp is not in use, can be pur-
chased for a quarter of a dollar.

This concludes our review of the more common characters pos-
gessed or exhibited by mineral bodies. The application of these
characters to the actual determination of Canadian minerals, by
means of an origical Tabular Distribution or Arrapgement, will be
shewn in the next number of the Journal,

ERRATA.

Figure 7 (on page '7) has been accidentally printed in a reversed position.

Pnge 5, line 17, for “realgar, or sulphide of arsenic,” read “renlgar, a sulphide
of arsenic” :

Page 15, line & from bottom, ;for “which,” read “whilst:this”
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RESOLUTION OF ALGEBRAICAL EQUATIONS.

RESOLUTION OF ALGEBRAICAL EQUATIONS.

Proof of the impossibility of repr ting in finile algeBraical functions, in the most
general caso, the roots of algebruaical equations of degrees higher than the fourth;
with methods for finding the rootls af equations of ihe 5th, 6ih, Tlh, Ce., degrees, in
those cases where the cofficients in the given equations involve a general or cariable
quantity, but where, in consequence of relations subsisting between the coefficients,
the roots of the equations happen to admit of being oxactly represented in finite
algebraical funclions.,

BY THE REV. GEORGE PAXTON YOUNG, M.A.,
PROFESSOR OF LOGIC AND METAPHYSICS IN KNOX’S COLLEGE, TORONTO.

Leead before the Canadian Institute, 19¢th February, 1859.

DErInITIONS.

Def. 1. In the functions which ave to be considered, a variable is
involved; and, when quantities are spolten of as rational or irrational,
the meaning always is, rational or irrational with respect o the vari-
able. Thus, ¢ being constant, and p variable, the former of the ex-
pressions, ¢ + +/p, +/¢ + p, is surd or irrational; and the latter,
rational.

Def. 2. Surds may be distinguished as of different orders. The
7" root of a rational expression, 7 being a prime number, distinet
from unity, is a surd of the ficst order. But the #*" root of a rational
expression, when n=nnm,...5, each of the numbers, n,, 7, &ec.,
being a prime number disiinet from unity, is a surd of the s* order.
Again, the n™ oot of an expression involving surds of the s* order,
but of no higher order, when n=nnsns...2,, each of the numbers,
N7 &c., being a prime number distinet from unity, is a surd of the
(s+2)*™ order, and so on. Thus, the first of the expressions,

C€+2) > Lletp) +pf ;e + [ (c+p) +p § + Jp] :
is a surd of the third order; the second, of the fourth order; and
the third, of the seventh order. .

Def. 8. Every surd of a certain order is formed by the extraction
of some root, (as the 2™), of an expression involving only surds of
the order immediately inferior,  being a prime number, When we

1,
el
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. .1,
speak of the indew of the surd so formed, the fraction 7 is meant.
2

For instance, if we regard (¢ + p) a8 generated by the extraction of
1
s
the fifth root of (¢c+p), itis a surd of the second order, with the
index 3. From another point of view, it might be deseribed as a surd
of the second order, with the index %.

Def. 4. In the case of a surd of a certain order, we may distin-
guish the principal surd from its swbordinates. Thus, under the

principal surd, (¢ J_p)”, is mvolved the subordinate /p. Under
the principal surd,

[{e+(b+p3%}y+<2+pf]{

¢ being a constant quantity, are involved the subordinates,
' Y

£

o ot - F13
@+p ), @+p) 5, Let+ (A4p) ,

g 2 “76‘}“} { 2 ':" 2‘1

ct(l+p) § 5 Let(A+p) §

the first appearing in the principal surd only in its fifth power ; and
the second only in its second power. A surd which is a subordinate
of the surd Y, but is not a subordinate of any surd which is itself
subordinate to Y, may be termed a ckhief subordinate of Y ; while
those surds which are subordinates of surds subordinate to Y may
be called secondary subordinates of Y.

Def. 5. Ar integral function of a variable is cue in which no surd,
principal or subordinate, occurs as the denominator, or a term in the
denominator, of a fraction. For instance, ¢ being constant, and p
variable, the first of the expressions,

P 2 1 s 1

vP, (& +——) et —-

N2 ( ct+vpl’ vp’
is an integral function of p; bué the two last are not.

Cor. A given algebraical function f(p) of a variable p always
admits of being exhibited as an integral function. For, reduce the
function to the form £ ; where each of the quantities N and D is the
sum of a rational etpreaslon, which may be zero, and of a finite
series of terms, each of them the product of a rational coefficient
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by some power of an integral surd, or by the continued product of
several such powers. Take Y, one of the surds of highest order
present in any of its powers in the function ; and arrange the terms
in N and D according to the powers of Y not exceeding the'(m—1)®,
L being the index of the surd Y. Then

m-1
a+a,Y+a,Ys+...+a,,_| T
b4b Y48 4o tbyy T

where the coefficients, b, 4, 8, a,, &e., may involve powers of any sard
in f (), except X. No powers of Y higher than the (m-1)™ are writ-
ten; because, for instance, if there were a term AY™** in the nu-
merator, A being an expression clear of the said Y, it might be

S (p)=

3

written, (AYm)Yz. But Y may be written so as to involve only
w42
the subordinate surds of Y ; and hence the term AY  may be con-

) 2
sidered as contained in the term, a; ¥ . Assume

a+ta, X +&e.
&4+0,Y 4 &e.
and, when the expressions, b+5,Y + &e., c+¢,Y -+ &e., are multiplied
by one another, let the product, arranged according to the powers of
Y not exceeding the (m-1)™, be, d+ d,X + &e.; where d, d,, &e., are
clear of the surd Y. Then
e+ &Y +&e=d b dY ot d Y

Determine the m unknown quantities, ¢, ¢, ...... s Cny, Dy the m
simple equations,

=c+e, Y Fuunene +cm.,YM;

d:a, dl=ab ...... 3 d,,,_,:a,,_, o
Then the function may be written,

F(P)=ct+alteY J&e.;
where the coefficients, ¢, ¢;, &c., are clear of the surd Y. Again,
let a surd of the highest order present in any of its powers in the
coefficients ¢, ¢;, &c., be V; and its index L. By the process already
exemplified, we may find, for each of the coefficients, ¢, ¢;, &ec., an
equivalent expression such as

BV A IV e bV s

where 7, %, &c., are clear of the surds Vand Y. Let it be remarked,
that, in consequence of our having commenced with Y, a surd of the
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highest order in £ (p), it is impossible, after X has once been dis-

posed of, as above, that it can ever return upon our hands, as it

might do, if it were a subordinate of any of the principal surds in-
¢, ¢, &c. From the same consideration we selected V, a surd of the

highest order in ¢, ¢;, &&. "We may obviously go on in the manner

described, till we have exhausted all the surds that need to be

disposed of, in order to make the expression for £ (p) altogether an

integral function of p.

Def. 6. Let £ (p) be an algebraical function of a variable p. In-
stead of Y, a surd of the lowest order in f (p), baving the index 2,
write # Y, in every place where Y, occurs in f(p) in any of its
powers, z, being an indefinite 2 root of unity. Do in like manner
with all the other surds of the lowest order. Again, Y, being a surd
of the order next to the lowest in £ ( p) thus altered, having -1 for its
index, and 2, being an indefinite 2** root of unity, write 2,¥, for Y,
in every place where Y, occurs in the function in any of its powers.
Proceed in this way, till modifications of the kind deseribed have
been made upon all the surds in the function, including those of the
highest order ; and let the function, after having suffered all these
changes, become ¢ (p). Denote by ¢, ¢s Ps,...... 5 qu, the values
of ¢ (), not necessarily all unequal, that result from taking all
the possible values of the indefinite numerical quantities, z,, z,, &c.,
which have been introduced into the function. These expressions,
¢y, P, &c., may be termed the cognate functions of f (p).

As it is important that a clear apprehension be formed of the
manner in which we understand the terms ¢,, ¢, &ec., we subjoin
illustrative examples. Let

ALY 2
F(D=0+vp) +1+/p) -

2
Then, ¢ (P)=2(1+2v/P) +2(1+z/P) .

Here there are, including £ ( 2), six cognate functions ;
3 %
F(P)=¢=0+/p) + A+V2) 5
.% . 3
$a=2 (I+vp) +2 (1+v5) 5

a 3
$y=2 (L++/P) +z A++/2) ;
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¢o= (1— /p) + (1-«/29>,
=% (1— Jp) +z(1 /p) ;
0 =2 (1—-~/17) g (l—/p) 3

where 2 18 a definite third root of unity, distinet from umt;y. Ip the
three first of these equations, in order that ¢, qS,., and ¢,, may be
definite, we must take a definite value of /2, and then also a definite

a]no

value of (1+ xlp)""". As anew surd, (1— Jp)}s', occurs in the three last
equations, we must fix upon some definite value of this surd, retain-
ing the definite value already assigned to yp ; and then ¢,, ¢,, and
&6 will be definitely determined. Had we assumed

. —— —
F(@)=@+P -1 +(p—+p*—1) (p+ Vp2-1),

we should have got six cognate functions ; but three of them wmerely
8 repetition of the other three; for the three which resuls from

taking ¥p2 —1 with the negative sign are the same as those which
result from toking it with the positive sign.

Def. 7. Suppose that we form the cognate functions of f (), as
described in the previous definition, with this difference, that we
now proceed as though certain surds, ¥,, Y,, &e., (in such a series
all the subordinates of any surd mentioned ave necessarily included),
were rational. In other words, attach no indefinite numerical multi-
pliers, (as 2,, 2, &e¢.,) to any of the surds, ¥,, Y., &e.; bub con-
sider each of these surds as having 2 single definite value. The
cognate functions of 7 (), so obtained, may be termed the cognate
functions of £ (), faken without reference Yo the surd character of the
surds Y, ¥, &e. TFor instance, let

13 3
Fp=@+p) +1+p) +Q+P) +7p;

then the cognate functions of f (p), taken without reference to the
1, l 3

5

surd character of the surds, vp, p (2+17 ) , are,
1 1 3

$=@+p) + <1+~’p) + <1+~’z7) +2;
']',";' 2
o@Dy 7 (L) 45 ) s



RESOLUTION OF ALGEBRAICAL EQUATIONS. 25

K 8 s %
=242 ) +z (1+p) +2z (1+¥p) +4p;
= being o definite third root of unity. '

o
o

Def. 8. Lieb £ (@) be an integral function of a variable p; and
suppose, that, if ¥ be any surd whatever, principal or subordinate,
oceuring in the funetion in its ¢® power, and having (sce Def. 3) the

index }’—, cis less than s.  Also, the form of the fuunction being,
F(O=A+A Y, +A Y, + . +AY,,

where the coeflicients A, A,, &e., ave (see Def. 1) rational, and each
of the terms Y,, Y,, &ec., is either some power'of an integral surd;
or the continued product of several such powers, suppose that no two
of the terms, ¥, Y,, &ec., ave identical. Tinally, if V be any suvd,
prineipal or subordinate, occurring in the function in its n" power,

and if the form of V. be,
V=(B4+B,Y,+B,¥o+..... +B.Y.)",

where the coefficients, B, B,, &c., are rational, and each of the terms,
Y., Yo, &c., is either some power of an integral surd, or the con-
tinued product of several such powers, the index of the surd V
being -1, suppose that no two of the quantities, Y, Y¥,, &ec., are
identical. When these conditions are satisfied, the function f ()
may be described as satisfying the conditions of Def. 8.

Cor. Any given algebraical function f(p) of a variable p admits of
being exhibited so as to satisfy the conditions of the Definition. For
should a surd Y, principal or subordinate, with the index 2, vecur in
the function in its ¢® power, ¢ not being less than s, let ws be the
greatest multiple of s in ¢ ; the excess of ¢ above ws, (which may be

c we k
zer0), being £.  Then we may replace ¥ by (Y ) Y ; and, since the
WS
index of the surd Yis -2, ¥ may be written out so as to involve
only the subordinate surds of Y. - Thus the violation of the first

c
condition of the Definiticn, involved in the term Y, is got quit of.
For instance,

2
Y =(14+7p) =L+ p)

af

3
Yp (L+4p) .

Next, should any such guantities as Y,, ¥,, &e., (ses above), be
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identical, the terms containing the identical quantities, as describéd,
may be combined into a singl~ term. For instance,

: 1% : 1%
S (p)=p+ {1+p~’z’+p Vz’} +p {1+p~’p+:n Vp}

RS
=p+(1+2) {1+(p+p’)~’p } 3.
Def. 9. Ax irnrational function, f (), of a variable p, is said to be
in @ simple form, when no equation such as,

A+BUT+CV+...... +DY+...... +ET=0,............(1)

ean subsist; where the ecoefficients, B, C, ...... s B, all of them dis-
tinet from zero, are (see Def. 1) rational ; A likewise being rational;
and each of the terms, U, V, ...... s T, is either some power of an
integral surd occurring in f (), or the continued product of several
such powers ; the expression on the left hand side of the equation
satisfying the conditions of Def. 8. et it be observed, that, in this
paper, when we speak of a surd occucring in a function, we mean
that the surd appears in the function, as a principal or subordinate
surd, in some one or more of its powers, but not necessarily in the
first power. Thus, the surds which oceur in the function,

2 s

p+47+(p~4p*~15f+(p— 41)’-—-'1"7,

1
S T .
are, Yo — 1, and, (p — ¥p* — 1) . The first oceurs in its first
power; the second, in its second and fifth powers. This being kept
in view, we may instance, as violating the condition above men-

tioned, the function,
A

L
JRESS. 1
S@ =@+ P> —1) +(2 — ¥p? —1) eeeeennn (2
For the equation, of the form (1), subsists :

)

1 2
————- 3 — ——
(p="p*=1) —@+p* =1 (p—P* - =0
Hence f (), as eshibited in (2), is not in a simple form.
Cor. 1. The Definition implies, that, should an irrational function

of a variable », in a simple form, and equal to zero, present itself in

the form,
(@ =A+BU+CV+ ... + BT,

where U, V, &e., are terms of the same kind as in equation (1), and
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A, B, &ec., are rational, the coeflicients A, B, &c., must vanish sepa-
rately. Also, should f (p) be of the form,

F(@D=A+AVi+ AV, +. ... +A.V,

where each of the terms, V,, Vs, &c., no two of them identical with
one another, iz either some power of an integral surd, or the con-
tinued product of several such powers, while the expressions A, A,,
&e., involve only surds distinet from those whose powers constitute
the factors of the terms V,, V,, &c., then [it being understood, as
before, that 7 (p) is in a simple form and equal to zero] the cofficients
A, A,, &c., must vanish separately.

Cor. 2. If f(p), a function of a variable p,.be in a simple form,
and if

ArA Y+ A Yot +A Y. =B+B,U+B, Uy ... +B, T 5...9)

where A, By, A,, B, &ec., none of them being zero, are rational; A
and B also being rational; and each of the expressions, ¥;, U,, Y,
Uy, &c., is either some power of an integral surd occuring in f (),
or the continued product of several such powers; the expressions,
A+ A Y + &, B+ B U, + &, having been arranged so as
severally to satisfy the conditions of Def. 8; then the surd parts,

Y Yoeerennns 3 Yoo veerercsnncinssnnionsncossronnes (4)
are identical, taken in same order, with the surd paris,
L3750 1/ § SO NS e -(5)

and, U, being the part identical with Y,, the rational coefficient B, is
equal fo the rational coefficient A;. 'What we mean by identical with,
ag distinguished from egual o, may be shown by an example. The
surd ./p®—1 is equal to the product of the two surds, /p+1,
+p—1. But the expressions, /pt—1, /p+1 ,\/p—-—f, are not
identical ; Lecause the only surd which appears in the former is not
found in the latter; and the surds which constitute the factors of the
latter do not appear in the former. The truth of the Corollary may
thus be shown. Should any term in (4), as Y,, be identical with a
term in (5), as Uy, let the two terms, A,Y,; and B,U,, in (8), the latter
removed. to the left hand side of the equation, be written as one term,
Y; (A, —B,). No other term in (5) can be identical with Y,, for
then it would also be identical with U,; but since the expression,
B+B,U,+, &, satisfies the conditions of Def. §, no two terms in
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(5) are identical. If U, be identical with a term in (4), necessarily
distinct from Yy, let that term be Y, ; and let the two terms, A, Yo and
B, U,, in (3), the latter removed to the left hand side of the equation,
be written, Y, (A;— B.): Make all other such modifications as are
possible. Then equation (3) becomes,

A —B)+ YA —E) Fevrerre FAY,—B,U, + &2 =0 ;.........(6)

where all the terms, Y,, Y,, U, &c., are distinct; so that the expres-
ston on the left-hand side of cquation (6) satisfies the conditions of
Def. 8. Therefore, by Cor. 1, the cocfficients, A;—DB,,...... » Ay By
&c., vanish separately. DBut, since the terms A, By, &e., are all (by
hypothesis) distinet from zero, this shows that there are, in fact, no
such terms in (6) as those which we have written, A, Y,, — B, U,
Hence the terms in (4) are identical, taken in same order, with those
in (5). Also, Y, being identical with U, we have scen that A, is
equal to B,.

- Pror sition I

If f£(p) be an integral function of a variable p, not in a simple
form, then an equation,

Y =Py MY Y @

must subsist ; where Y, ¥, &c., are surds, principal or subordinate,
occurring in f°( p), of the same order, and with a common index < ;
Ay, A, &e., being whole numbers, less than s; while P is an expression

involving only such surds, occurring in f(p), as are of lower orders
than the surds Y,, Y,, &c.

For, since f(p) is notin a simple form, an equatlon such as (1),
Def. 9,
A4+BU+CV+ e + DY + ..., + ET =0,...... )

subsists; all the surds involved in the equation being surds present in

S (p). Let
Y. =Py v T e eersenes (3)

be an equation such as (1 J, with this dlﬂ’erence, that the indices of the
surds Y,, Y,, &=., are not assumed to be equal to one another; but
A; is less than the denominator of the index of Y, A, less than the
denominator of the index of Y,, and so on. "Of the terms, U, V,
woeenes Ts in (2), let those which involve among their factors surds of the

A‘Y Ag
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highest order in equation (2), be, U, V, ...... , Y ; and let the sum
of A and of those terms, such as BT, in (2), which do not involve
surds of the highest order present in (2), be . Then
H+BU+CV+.inrereee+ DY= 0.
Again, let
U=HX, V=1LX s o, Y=H, X, ;

where X is the continued product of those factors of U, which are
powers of surds of the highest order in (2) ; X, the continued pro-
duct of those factors of V, which are powers of surds of the highest
orderin (2); and so on. Then, putting

o + BH, X, + CILX, + ...... + DH, X, =0,........... (4)
let us suppose, if possible, that no such equation as (3) can subsist ;
and, in connection with this supposition, let us make the hypothesis,

that the terms, X, X,, &c., arc all distinet from one another. By
.differentiating (4) with regard to p, we get

@y log (H) d 3 log (BH, X)) }
H %p }+BHnXx -pr Y &e =0 ... (5)

Multiply (4) by the coefficient of BH, X, in (C:), and subtract the
product from (5). Then .

FPHA+2,CH X, 4+ ......... + 2, DH, X, =0; e vorviieennnnne (6)
where the values of &, %, &c., are

T
4 { leg BHIX )
dp

cH, X,
d { log (BH,X,‘)

dp

and so on. None of the factors of the coefficient of X, in (6) vanish.
For C (by hypothesis) is not zero. The equation, H, = 0, is virtually
of the form (3), which we have supposed inadmissible. And, if %,
were zero, we should have, by integrating the value of %,,

BH, X, =ZCH, X,eceeemrecreareeensrrsnsnarenennns (7)

& being a constant quantity, that is, a quantity independent of p.
But since X, and X, are not identical, there must be one factor of

. b=

,7“2=
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° i

= A
X,, as MA, such that X, either has no power of the surd M as one
1 N D

of its factors, or a power of M* distinct from the ¢*.  Both of these
7

alternatives are included in the assumption that M isa factor of X,

r being a whole number, which is not equal to ¢, but may be zero.

Hence, if equation (7) subsist, we have

C-r

BH, XM " =%CH, X, ...... ccvvrernurn.. (8)

<

[} N o

where X is what X, becomes when the factor M is rejected; and X

*

is what X, becomes on the rejection of the factor M*. Since ¢ and
# are whole numbers, different from one another, and cach less than
the prime number A, we can choose whole numbers, » and %, such
that m (c—9»)=2X +1. Then
., m n ;\_ n m
BH,X ) M M "= (4CH,X) .

1

AMM=(BH, X) M (RCH,X) . ceerrreenen (9)

But this equation will be readily seen, when the expression on its
right hand side is rendered (Cor. Def. 5) integral, and made to satisfy
the conditions of Def. 8, to be of the inadmissible form (3). Conse-
quently &, cannot be zero; and therefore the coefficient of X, in (6)
is not zero. In like manmer it can be shown that the coefficients of
all the other terms, such as X, in (6), ave distinct from zero. Again,
the coefficients of the terms, H, X,, X,, &c., in (6), when rendered
integral functions, and made to satisfy the conditions of Def. 8, in-
volve no surd of so high an order as those whose powers constitute the
factors of X, X,, &c. This will be plain if it be considered that the
differential coefficient of the logarithm of any power of a surd does
not involve, when arranged so as to satisfy the conditions of Def, 8,
the surd in question. TFor instance,

3
2l g v} _ vo—p ,
dp 8p(1—p) -
where the differential coefficient obtained is clear of the sard
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bY

aQ+ Vv p)”.. Since therefore the coefficieats of the terms, H, X,

veeereny Xo, in (6), when arranged so as to satisfy the conditions of
Def. 8, involve only surds of lower orders thau those whose powers
constitute the factors of X,, X,, &ec., and since the coeflicients of
the terms, X ,,........., Xq in (6), are all distinet from zero, it follows
that equation (6) is of the same character as equation (4). But
equation (6) contring one term less than equation (4), X,, having
been eliminated. Therefore, in the same way in which equation (6)
was derived from (4), we may deduce from (G) another equation of
the same character as (6), but with a term fewer. And so on, till
ultimately we get

bH +1X,50;

where { and &, the former not zero, involve no surds of so high an
order as those whose powers constitute the factors of X,. But
[compare the reasoning by which equation (9) was deduced from (8)]
this is virtually an equation of the inadmissible form (3). Hence,
in consistency with the hypothesis that equation (8) cannot subsist,
it cannot be supposed that the terms, X, X,, ........., X,, in (4),
are all distinct from one another. Should X, then be identical with
X,, let the two terms, BH, X,, DH, X,, be combined into thesingle
term, X, (BH, + DH,). Make all other such modifications on
equation (4) as are possible. Ultimately we get

H + X, (BH, + DH, + &c.) + X, (CH, + &c.) + &e.=0...(10)

where no two of the terms, X,,X,, &c., are identical. But, by
what has been proved, this is impossible, except upon condition that
the coefficients of X,, X,, &c., vanish separately. Put therefore

BH, + DH, + &c. =0 .cocvvererreerrereee e (11)

If we compare this equation with (2), we perceive that it is of the
same character as (2), with this difference, that there is no surd in
equation (11) of so high an order as some of the surds in equation
(2). Buf, in the same manner in which we derived (11) from (2),
we may deduce from (11) another equation bearing the same relation
to (11) as (11) bears to (2). And so on, till ultimately one of the
equations, such as (10), at which we arrive, contains only one ferm
such as X |, with no more than a single term, such as BH,, for its
coefficient : from which it follows that B must be zero ; whereas all
the coefficients, B, C,... ......; B, in (2), were supposed (see Def. 9) to



32 RESOLUTION COF ALGEBRAICAL EQUATIONS.

be distinct from zero. Hence some equation such as (3) must of
necessity admit of being formed. Now suppose that the indices of
the surds, Y., ¥, &, in (3), are, %, -::‘ » &c ; and that s, is not equal
to 3. By raising both sides of equation (3) to the s power, we may
easily [compare the manner in which equation (9) was deduced from
(8)] transform (3) into an equation, nob involving the surd ¥,
B, Bg B
Y =P, Y, ¥ ...%,

where P, is an expression such as P; 8, being a whole namber less
than the denominator of the index of ¥ ,; 8,, a whole number less
than the denominator of the index of Y, ; and so on. By continuing
this process of reduction as far as necessary, we ultimately arrive at
an equation such as (1).

Cor. Let each of the terms, Y,, Y,, &c., be either some power of
an integral sard, or the co‘n?iuued product of several such powers;
while Ay, A,, &ec., are aigebraical expressions, distinet from zero;
and A is an algebraical expression not assumed to be distinct from
zero. Then, if

A+A Y +A Y, 4. A Y =0,...... (12)
an equation of the form;

IR
Y, =PY, ;e e (13)
must subsist; where P is an expression involving only such surds as
are present in the coefficients A, A, , &e., or are subordinates of some
of the surds whose powers constitute the factors of Y,, Y,, &c.;
and Y, is a term in the series, Y,, ........., ¥} m being either unity
or zero. Tor, in the same wayin which we eliminated X, from
equation (4), we may procced to eliminate successively the terms

Y, ...... , Y, from (12). The result of the elimination of Y, is,
d § log (&i) ;
e+ ALY, - 225 2 4 &e. = 0......(14)

dp
Heére (see remarks in the Proposition) the coefficient of Y,, when
made to satisfy the conditions of Def. 8, involves no surds except
such ag are found in A, or A,, or are subordinates of the surds
whose powers constitute the factors of X, and Y,. Hence the co-
efficient of X, in (14)is an expression such as P in (13). Should
this coefficient vanish, we bave A, ¥, = %2A,Y,, % being a con-
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stant ; which equation is of the form (13). Suppose that the coeffi-
cient of Y, in (14) does not vanish; and let equation,(14), for the
sake of simplicity, be written,

B4+B,Y, +B,Y, +.t B Y. = O.......... 15)

In the same manner in which we proved B, to be an expression such
ag P, it can be shown that all the other terms, B, B,, &ec., are ex-
pressions such as P. Eliminate Y, from equation (15), a8 Y, was
eliminated from (12). The result of the elimination is .

B, Y,
¢4 (5or) ¢
e +B, Y, d}-’-“ + &c. = 0......(16)

As above, the coefficient of Y, here is an expression such as P.
Also, if that coefficient vanish, we have B, Y, = %2 B, Y, £ beinga
constant quantity. And this equation is of the form (18). Should
the coefficient of Y, in (16) not vanish, we may proceed to eliminate
another of the terms, Y,, Y, ....,Y,; and it will be found that
the coeflicient of Y in the equations that result from such elimina-
tions can never at any stage become zero, unless such an equation as
(13) subsist. Suppose then that all the terms, ¥,, ¥, ...... , Yo,
can be eliminated in the manner described, without the coefficient of
Y, at any stage becoming zero. Then ultimately we get

HA+EKA, Y, =0,

where H and K, the latter (and consequently also the former) not
zero, arc expressions such as P.  And this is an equation of the form
(13), m being taken equal to zero. Hence an equation such as (13)
musb necessarily subsist.

Prorosirron II.

In £ (p), an integral function of a variable p, in a simple form,
satisfying the conditions of Def. 8, let ¥ be a surd which is not
subordinate to any other in the function, its index being . Arrange
{ (p) as follows:

FO=A+AY +A,7 +4,7 +&e,
where A, A,, &ec., are expressions distinct from zero, and clear of the

surd X; A being also clear of the surd Y; and Yc, Yn, &c., being
Vor. V., D
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distinet powers of Y, not exceeding the (s-1)*". Tet the surd T be
a chief (see Def. 4) subordinate of ¥, but not a subordinate of any
other surd in 7 (p); its index being 71, and, by changing T, wherever
it occurs in f (p) in any of its powers, into 2T, z being an »* root of
unity, distinet from unity, iet £ (p), A, Y, A,, &c., be transformed
into ¥ (@), B, U, B,, &e.; so that

P@=38+B8,T +B,T + &
Then, if F (p)=F£(p), the terms,

AAY, AT, & o (D)
taken in same order, are equal to the terms,
B,B,U,B, T, &eyrerreoriaens (2)

each to each; A being equal to B.
For, since F (p) = f (), we have

(A=B) + A. Y +A,Y + &—B,U— & = Ou.evveveve (8)
Hence (Cor. Prop. I) one or other of the following equations must
subsist:

AY =D (A—B),

AY =DA, T, poerreenseennnen(d)

AY =DB,U;
where D is an expression involving only such surds as occur in the
expressions A, B, A, B, &e., or are subordinates of Y or of U; Y
being a term in the series, Y Y s &u, dlstmet from Y ; and v

representing some term in the series, U U &c. But, since T is
not a subordinate of any surd in f(p) except Y, the coeflicients B,
B., &c., involve no surds different from those which enter into the
coefficients A, A,, &c¢.; and therefore involve only surds which are
found in £ (p). Also, since T is not subordinate o any of the sub-
ordinates of Y, it follows that the subordinates of U are the same
with those of ¥. Hence D involves only such surds as occur in
F{(p). Therefore (Cor. 1, Def. 9,) the first and second of equations
(4) are maﬂmlsmble and the third must subsist. Adopting then the

equation, A, Y =DB, U we say that 1o other term in (1) than
A.Y cax be equal to the product of B, U by an expression such as
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D; for, should A, Y = D, B, Um, where D, involves only such
surds, exclusive of Y, as occur in f(p), this would give us,

DAY = DAY . e, (8)

Now D cannot be zero, else A, Y would vanish ; but A, is (by hypo-
thesis) not zero; and the equation, ¥ = 0, is impossible by
Def. 9. Hence, since D is not zero, equation (5) 1s (Cor. 1, Def

9) inadmissible. Therefore we cannot have A, Y =D, B, U
Consequently, as we established the third of equations (4), we can
establish similar equations for all the terms in (1), after the first
A, Y =D,B, T,
A.Y =D,BU,

and so on; the terms, A, Yc, A, Yn, AmYm, &e., being all different
from one another, on the. one band; and the terms, B, T , B, U,

B, Ua, &c., being all different from one another, on the other hand.
Hence equation (3) becomes,

c -1 n 1
(A—B)Y (1-D )A+Y (1D, ) A, + &e. = 0;

1
where (Cor. 1, Def. 9) the coefficients, A—B, A.(1—~D ), &e., van-
ish separately. That is, the terms in the series (1), taken in some

order, are equal to those in the series (2), each to each; A being
equal to B.

Prorosition III.

Let /' (p) be an algebraical function of a variable p, in a simple
form; and let Y, Y,, &c., certain surds, with the common index sl, 1o

one of them a subordinate of any of the others, be such that all
their subordinates occur in f (p) Suppose that

Ye= PY1 Y2 ...... Y.,
or, as the equation may be written,
where Y is merely a symbol used (for the sske of simplicity) to de-

" Ay
note the continued product of the expressions ¥, ¥; , Y,
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2
Y. ; and P is an expression involving only such surds as occur in

J (p); the whole numbers A, Xz, &c., being lessthan s. Take ¢,
the general expression which includes (see def. vi.) all the cognate
functions of f(p): one of its particular forms, distinet from J (),
being ¢,. Inpacung from £ (p) to ¢, let P and Y become respectively
Q and y; and, in passing from ¢ to ¢, , let Q and y become respec-
tively Py and y1 . Then the equation,

N = k P] 3 tecccarescescsccreantaee (2)

subsists ; % being an st root of unity.

Ezxplanatory remark—When we speak of Y becoming y in passing
from f (p) to ¢, we do not assume that the expression Y is present
In £(p); but we mean that all the surds which occur in £(p), and are
also found in Y, must, in order that Y may be transformed into y,
undergo the same changes which they require to suffer in order that
S (p) may become .

We proceed with the proof of the Proposition. In the first place,
should P be zero, Yo = 0. Let Y. be of the form,

1
Ye=(a+ @S + a8 + ...... + an Sy)

where the coefficients, @, @, , &c., are rational; and each of the terms
S;, S, , &c., is either some power of an integral surd, or the continued
product of several such powers; the expression, @ 4+ a; 8; + &e,,
satisfying the conditions of Def. 8. Then, since Y. = 0, we have

¢+ a Sy + ax Sz + &e. = 0.
Now all the surds present in this equation, being subordinates of
Y., are (by hypothesis) surds occurring in f(p), & function in a simple
form. Therefore (Cor. 1, Def. 9) the coefficients, a, a; , &c., vanish
separately. But, if Y, be what Y, becomes in passing from £ (p) to

¢, and Y: be what ’f, becomes in passing from ¢ to ¢ , we have
2

Y(l:' = (a +ay Sll Forens F a, Sln) H
where S',, &e., are what S, &e., become in passing from £ (p) to ¢i°.
Therefore Y:= 0. But, in the same way in which, from the fact

L]
that Y. is zero, we have deduced the conclusion that Y, is zero, we
may, from the fact that P is zero, deduce the conclusion that P;is
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zero. Also, since Y"c is a factor of y1, z must be zero. Therefore
N = k 1’1 . ' s
In the next place, should P not be zero, the expressions °, Y, ¥,
developed by the ordinary process of involution, rendered integral,
and made to satisfy the conditions of Def. 8, are of the forms,
¥ =A+A v +A ¢+ &,
= A+ A V+AT+ &e, §
yt = A+ A Vi+ A T+ &5

where A, A; , &c., are rational ; and each of the expressions, v, ¢, &c.,
is either some power of an integral surd, or theé continued product of
several such powers; the expressions V, T, &c., being what v, ¢, &e.,
become in passing from ¢ to £ (p); and Vy, Ty, &c., what 4, 4 &e,
become in passing from ¢ to ¢; . In like manner, the expressions,

Q,', Ps, P:, satisfying the conditions of Def. 8, are of the forms,

P=B+B M+ B L+ &e,
P, — B + By M+ B Ly+ &c; 2

where B, B,, &c., are rational; and each of the expressions, m, I,
&c., is either some power of an integral surd, or the contiuued pro-
duct of several such powers; M, L, &c., being what m, Z, &c., become
in passing from ¢ to £ (p); and My, L, , &e., what m, 7, &c., become
in passing from ¢ to ¢, . From (1), (3), and (4), we have,

A+A V48T + &e.=B+B1 M+ B L + &eooo. »)

Q=DB+Bm+ By I + &e.,
g e

But the surds occurring in the expression on the left hand side of
this equation, being necessarily subordinates of some of the surds,
Ye, Yoy oone. > Xa, are all present in £ (p). Those occurring in the
expression on the right hand side of the equation are likewise all
present in f(p). Therefore, since equation (5) subsists, the surd
parts, V, T, &ec., are (Cor. 2, Def. 9) scverally identical, taken in
some order, with the surd parts, L, M, &c.; which also (Cor. 1,
Def. 9) implies, that, if V be the surd part identical with M, A, is
equal to By; and so on. But since V is identical with M, and
4; equal to B), and T is identical with (we may suppose) L, and
As equal to Bs , and 50 on, the equation,

A+A;1Vi+A Ty + & =B + By My + Ba Ly + &e, ...... (6)
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must subsist ; because, in passing from f(p) to ¢; , V becomes V; , and
M becomes M, , so that Vq and M, are identical, and hence A; V;is
equal to By My : and so-of the other terms. Therefore from (6),
(3), and (4), s

s
n="°P . .n==%"P.

Prorosition IV.

If f (p), an integral function of a variable p, be in a simple form,
each of its cognate functions is in a simple form.

It is self-evident that the Proposition is true for all functions which
involve only surds of the first order. Suppose the law to have been
found to hold for all functions which do not involve surds above the
(n~1)™ order : it may then be proved true for a funetion, f (), in-
volving surds of the 21, but of no higher, order.

For take ¢, the general espression which includes all the cognate
functions of f (p) ; one of its particular forms, distinct from s (p),
being ¢ ; and suppose, if possible, that ¢; is not in a simple form.
Then an equation such as (1). Prop. I

must (Prop. L) subsist; all the surds mvolved in the equation being
surds which occur in ¢; . 'We may write this equation in the form,

n= P s (1)
where y; denotes the continued product of the expressions Y ,

Yo M » &e. Let y1in ¢y correspond to y in ¢, and to Y in f(p):
that is to say, y is what Y becomes in passing from £ (p) to ¢, and
y1is what y becomes in passing from ¢ to ¢y . In like manner, let
Pin ¢; correspond to Qin ¢, and to R in £ (»). Let the the surds

Y., Y1, &c., in ¢1, correspond to Yc, Yl, &e.,in £(p); and since
the surds Y;, Y{ , &e., have the cormmon index %, let their forms be,
1 1 1
3 « s
Yc=V1>YI=V1> ------ ’Ya=.va
Take T (), 2 function involving all the surds which oceur in the ex-
pressions R, Ve, Vo, ...... » Va3 and let the particular cognate func-

tion of F (), obtained by making the same changes in the surds in-
volved in F () as require to be made in order to pass from f (p) to
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¢1s be Fy (»). Then the surds occurring in T (p) are all of lower

orders than Yo, Y;, &c.; hence they are all of lower orders than
the nth, But we are st present reasoning on the hypothesis that the
law sought to be established in the Proposition holds for all functions
which do not'involve surds above the (n—1)% order. Therefore, since
F (), containing only surds which occur in # (p), is in a simple form,
it follows that the function Fy (p) also is in a simple form, Now, if
we refer to equation (1), we find that the surds involved in P, and all
the subordinates of those surds whose powers constitute the factors of
#1, oceur in the function Fy (p). Therefore, by Prop. 111, we can
deduce from (1) the equation, i
Y=1IR,

% being a constant quantity. But this is an equation such as
(1), Prop.1.; all the surds appearing in the equation being surds which
occur in f (p). Such an equation, however, is directly at variance
with the hypothesis that f (p) is in & simple form. And hence ¢,
cannot but be in a simple form. Consequently the law sought to be
established in the Proposition holds good for all functions which do
not involve surds above the nth order.

Since, therefore, the law holds good for functions involving only
surds of the first order, and since, on the hypothesis of its holding
good for functions involving only surds of orders not higher than the
(n~1)™, we have shown that it mast hold good for functions involving
only surds of orders not higher than the 2%, it holds good universally.

~

Prorosition V.

If £ (p), an integral function of a variable p, in a simple form, be a
root of the algebraical equation, F (2) = 0,.in which the coefficients of
the powers of 2 are rational functions of p, then ¢;, any one of the
cognate functions of f (p), is a root of the same equation.

For take ¢, the indefinite expression which includes all the cognate
functions of f (p); and let F (¢), F} £(p)}, F (1), developed by
the ordinary process of involution, and arranged so as to satisfy the
conditions of Def. 8, be,

FP=A+ MY +AYo+ .. + A Y,

F{f(m}=A+ M Vi+aaVet ... + AV,
F)=A + MU; + AU+ ...... 4+ AcUe;
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where A, A;, &c., are rational ; and each of the terms, Y;, Yo, &e.,
is either some power of an integral surd, or the continued product of
several such powers; Vi, Vg, &ec., being what Y;, Y,, &e., be-
come in passing from ¢ te / (p); and Ui, Us, &c, what Y,
Y2, &c., become in passing from ¢ to ¢;. The expression for
T{F(p} can only involve such surds as are present in some of their
powers in £ (p). And £ (p), by hypothesis, is in a simple form.
Therefore F § £(p)}, as exhibited above, is in a simple form. Italso
satisfies the conditions of Def. 8. But, since f(p) is a root of the
equation, T (x) = 0, T § f(p)} is equal to zero. Therefore, in the |
expression for I! f K (p)}, the coefficients A, Ay, &c., must (Cor. 1,
Def. 9) vanish separately. Hence, F (¢y) = 0; and consequently
¢1 is a root of the equation, F (z) = 0.

Cor.—Let £ () be an integral function of p, in a simple form ;
and let certain surdsin £ (), viz. : 91, y2, &e., (in which series of
terms, as was noticed in Def. 7, all the subordinates of any surd
mentioned are necessarily inclnded), have definite values attached to
them ; and let the cognate functions of f(p), taken according to the
manmner described in Def. 7, without reference to the surd character
of ¥1, ya, &c., be

‘ ‘i’l: 9523 4’3’ ------ 3 ¢u-

Also let F (z) = 0, be an equation in which the coefficients of the
powers of x are rational as far as all surds except v1, y2, &e., are
concerned ; that is, the coeflicients contain uno surds besides 1, y2,
&c.  Then, if £ (p) be aroot of the equation, F(z) =0, any one of
the terms, ¢y, o2, ......, ¢n, (the definite values of 7y, 72, &c.,
being adhered to), is a root of the same equation. For, in this case,
in the same manner in which the expressions for ¥ { f (p)$ and
T (¢1) in the Proposition were formed, we get

F{rA =4+ AT+ AT
F(a)=A+ 001+ AUz + &

where A, A,, &c., are rational as far as all surds except y; , 2, &c.,
are concerned ; and each of the expressions, V1, Va2, &c., is cither
some power of a surd in f (p), not contained in the series, ¥1, y2,
&c., or the continued product of several such powers; Uy, Us, &c.,
being what Vi, Va2, &c., become in passing from £ (p) to ¢: the
expressions for F { £ (p)} and T (¢y) satisfying the conditions of
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Def. 8. In passing from £ (p) to ¢, no change is made on A, Aj,
&c., because the surds entering into these expressions are the same
in f(p)asin¢. DBut since I {f(p)} is equal to zero, the co-
efficients A, Ay, &ec., must (Cor. 1, Def. 9) vanish separately. There-
fore F (¢ ) = 0; and ¢, is a root of the equation, F () = 0.

(T be continued.)

ON THE GEOLOGY OF BELLEVILLE AND THE SUR-
ROUNDING DISTRICT.

BY E. J. CHAPMAN,
PROFESSOR OF MINERALOGY AND GEOLOGY IN UNIVERSITY COLLEGE, TORONTO.

Read before the Canadian Institute, December 17th, 1859.

—

For the informatio. of distant readers, it may be observed that the
town of Belleville, in Canada West, is situated at the mouth of the
River Moira near the western or closed extremity of the Bay of Quinté.
The Trent, a broad and fmportant river, enters this bay at the upper
end, about ten miles west of the Moira, or rather constitutes by its ex-
extension, the bay itself. The Salmon River or Shannon on the other
haud flows into the same waters some eight or nine miles to the east of
Belleville. . The observations contained in the present paper apply
almost exclusively to the tract of country thus bounded respectively on
the east and west by the Salmon River and the Trent ; and extending
from a short distance along the shore of Prince Edward’s County
(south of the Bay of Quinté,) to some ten or twelve miles inland or to
the north of the Bay. A few remarks, however, furnished by a hasty
visit to the back township of Elzevir, are also incorporated in this
paper—leaving the geological details of the iron district of Belmont,
Madoc, &e., for a future communication.

Throughout this tract of country (as indeed almost everywhere
within the Province,) the eye is at once struck by evidences of ancient
denuding forces of an action both prior and subsequent to the deposi-
tion of the Drift ; and, as a corollary to thisaction, of the much lower
level of theland, relative to the water, at a comparatively recent period
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of geological history. The shores of the Bay of Quinté in very many
places, and the high banks or terraces which run, with more or less of
interruption, a short distance inland along the course of the ahove-
named rivers, and which were evidently washed at one time by waters
cither salt or fresh, afford abundant proofs of this earlier physical
condition of the district. The foundation rock, so to say, of this
locality, is the well-known Trenton Limestone. This, although exposed
in numerodus places, is generally capped by a considerable thickness
of Drift clay, sand, and gravel, with boulders of limestone and various
gneissoid rocks, such as lie more or less immediately along the northern
confines of the tract in question. ~Around Belleville itself, more par-
ticularly, the upper portion of the Drift conists of very finely stratified
sand and light-coloured plastic clay, overlying gravel and other coarser
materials with boulders of various kinds. The accompanying sketch-
section across the River Moira will serve to convey an idea of the
extensive denudation to which the Drift has been here subjected. In

this section, a is the upper thin-bedded portion of the Trenton lime-
stone, and & and ¢ are the Drift beds. In consequence of this
denudation the beds ¢ are only of partial occurence, but I remarked
them in several places at considerable distances apart. They are
especially well shewn on the side of a hill or steep bank through which
a street is cut, in the vicinity of the Court-house, Belleville.

A deposit of caleareous tufa derived in great part from minute fresh-
water shells belonging to cyclas, planorbis, and other genera, constitutes
a comparatively recent formation extending over a considerable area on:
the top of the drift bank or high ground on the west side of the river.
It marks the site of an old swamp, now drained off. The same modern
calcareous formation oceurs still more extensively along the foot of the
so-called “ mountain’’ at Trenton, (where it was kindly pointed out to-
me by the Rev. Mr. Bleasdell of that village,) and undoubtedly in
many other places ; although the above were the only spots in which
it came under my personal observation. It may be stated, as a general
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rule, that a deposit of calcareous tufa or shell-marl will be fonnd under
the vegetable mould aroand the margins of almost all our smaller lakes,
these having occupied at one period a larger extent of surface than
that included within their present areas. As a mineral manure, this
calcarcous deposit ought to possess considerable value, but I did not
find any particular importance attached to it either at Belleville or
Trenton, and it seemed to be very little used.

The limestone surface immediately under the Drift appears through-
out the entire district o have been polished and grooved by glacial
action'; but it is only here and there, and more especially where a
recent removal of the Drift deposit has taken-place, that the results
of this action are now visible. At the period of my visit to Belleville
(June 1859) a beautiful example of polished and striated rock had just
been laid bare in some drain excavations on the south side of Bridge
Street, west of the Moira; and I observed the same effects on the
exposed faces of limestone at  The Plains,” between the Moira and
the Shannon; and, still more distinctly, opposite the Shannonville
Station, on the north side of the Grand Trunk Railway. At the lat-
ter locality, large slabs of rock exhibited a polished surface equal to
that of plate-glass, with fine strise running across it in a gencral NJW.
and 8.E. direction. By the effect of weaihering, however, these results
of ancient glacial action become more or less rapidly obliterated.

The Trenton limestone of the district in question is lithologically
divisable into two distinct sets of beds. Of these, the npper ave thin-
bedded (passing indeed into shales,) and are exceedingly fossiliferous ;
whilst the lower are thick-bedded and almost destitute of fossils.
These lower beds are well displayed at tkhe quarries on Ox Point, and
at other places eastward along the Bay of Quinté. They form a most
excellent building stone. The upper or thin-bedded limestones crop
out extensively along the banks of the Trent, Moira, and Salmonrivers,
and are exposed in most of the road cuttings of the district, and along
the line of the Grand Trunk Railway. They literally teem with the
more common fossils. of the Trenton group: A list of those actually
collected, is given below, These beds lie apparently in horizontal
layers, but at Ox Point and other places some low anticlinals or
undulations are visible, and a careful examination of the district shows
a slight but general dip towards the south-west. A road cutting near
the west bank of the Moira exposes a bed of calcareous clay about a

. foot in thickness interstratified with the shaly limestones of the upper
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part of the Trenton series. This bed, pointed out to me, by Campbell
Wallbridge, Esq., of Belleville, contains numerous impressions of
- strophomena alternata and other Trenton forms, and is thus (as shown
moreover by its position amongst the shaly limestones) a true member
of the group. Itis the first example of this kind of association that
T have met with in the Trenton series, but a similar interstratification
of clay and limestone beds has been seen, I believe, in other places.
About Belleville, the most prolific fossil localities are the river banks,
and an old cutting for a mill-vace on the east bank of the river, a little
north of the Railway Station. The banks of the river (the Salmon)
at Shannonville, and a cutting on the Railway at that place, about
half a mile west of the Station, are also good localities ; whilst around
Trenton village many excavations and smail quarries will be found ex-
ceedingly rich in fossils. On the steep side also of the high land at
Rednersville in Prince Edward’s County, some good specimens may be
procured. This is the highest .position occupied by the Trenton
Limestone immediately around Belleville. I was led to understand by
persons residing in Belleville, that the rock was not limestone ; but it
consists simply of the same shaly limestone as that seen on the banks
of the Moira, as shewn in the following section (lettered as in figure
1), from which moreover, an idea may be gleaned of the vast amount
of denudation which must have taken place in that neighbourhood,
both before and after the deposition of the Drift.

2

At some of the above mentioned localities, and especially in the
old mill-race neav the Railway Station at Bellevile, I found Columna-
ria alveolats, until recently cousidered typical of the Black River
Limestone, associated with ordinary Trenton fossils; and near the
Episcopalian Church at Shannonville, I found the same coral with
Stromatocerium rugosum, also accompanying Trenton species. These
types thercfore, (as already shewn by Sir William Logan and others,
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from the examination of other localitics) although highly characteristic
of the Black River Limestone, are not absolutely peculiar to that for-
mation (or sub-formation) as was formerly thought to be the case.
The subjoined Table gives an enumeration of the fossils collected,
during my visit, at Belleville and in the surrounding district.

PLANTS :

Indistinet fucoids, and at Rednersville an undescribed form pre-
senting a thick primary stem-mass, with numerous dichotomous
branchings.

Coravrs and CrINOIDS :_-

Stromatocerium rugosum (Shannonville). Stenopora fibrosa (the
Cheetetes lycoperdon of Hall, &e.): Variety 1, ramosa, the branched
form, most abundant on the surfaces of the flat layers along the banks
of the Moira ; Variety 2, concava, the flattened or salver-shaped form
concave above, abundant everywhere, more especially at the Railway cut-
ting near Shannonville ; Variety 3, globosa, the true * puff-ball” form
rather uncommon. Columnaria alveolate (Belleville, Shannonrille).
Petraia (Streptelasma) cornicula.  Glyptocrinus ramulosus? (stem
fragments only.

Bryozoons:

Ftilodictya (Stictopora) acute, common at most of the fossiliferons

localities, with a few other (indeterminable) forms.

BracHIOPODS :

Lingula quadrata. Rhynconella increbescens (not common).  Stro-
phomena alternata and S. filitexta (both exceedingly abundant).  Zep-
teena sericea.  Orthis testudinaria (also very abundant); O. tricenaria
(beautifully preserved) ; O. pectinella ; O. lynz (only observed by me
at Trenton).

CONCHIFERS :

Of this Class I did not meet with any determinable forms.

GASTEROPODS :

Pleyrotomaria lenvicularis, Murchisonia gracilis; M, bellicincta ;
M. subfusiformis (7) Subulites elongata.

Prerorons (7):
Conularia Trentonensis (not very common),
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CEPHALOPODS :

Orthoceras (Endoceras) proteiforme; O. bilineatum; O. —
(undetermined species); O. tenuifilum, or a related species with beaded

siphuncle.
TRILOBITES :

Asaphus platycephalus (= Isotelus gigas, exceedingly common in a
fragmentary state) ; A. megistos (rare). Ceraurus pleurexanthemus
(very abundant), Calymene Blumenbackii (tolerably common, and
well preserved). Trinuclens concentricus (two fragments only, found
at Shannonville).

In the above list it will be seen that I have placed the coral com-
monly known as Chetetes lycoperdon, under the genus Stenopora, of
Lonsdale. D’Orbigny’s Monticulipora, to which genus the branched
form has been referred, appears to agree in all essential respects with
Stenopora, and to be thus an unnecessary addition to the list of
TFavositian genera.  Calamopora of Goldfuss (including amongst
others, Favosites, Stenopora and Chetetes) can scarcely be employed
without risk of misconception, and is therefore now almost univeisally
abandoned. [Favosites differs essentially from Stenopore and Chetetec
in possessing perforated ecell-walls, The imperforate favositoidean
corals fall into two series: the one exhibiting fissiparous and the
other gemmiparous reproduction. The former show in the fracture
the interior of the tubes, and constitute the genus Chefetes. The
latter show the outside of the cell-walls (reproduction taking place by
the lateral interpolation of new tubes) and they form the genus Steno-
pora. To this genus, if the above definition as given by McCoy and
others, hold good, our so called Chetetes undoubtedly belong. This
admitted, our common forms, the Calamopora fibrosa of Goldfuss, may
be legitimately placed under McCoy’s Stenopora fibrosa, and conve-
niently sub-divided into three varieties : the branching form (variety
ramosa) ; the flat, cup-shaped or salver-shaped hemispherical form
(variety concava) ; and the globular or true < puff-ball” form (variety
globosa or lycoperdon). It often happens that whilst one variety is
exceedingly abundant at a special locality, the other two are altogether
absent. McCoy (““ British Paleeozoic Fossils,” p. 24,) makes but two
varieties : fycopodites and regularis, the latter including the branched
and polymorphous forms; but those given above, so far as regards
Canadian examples, will be found I think of more convenient adoption.
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The ¢ petites saillics coniques,” the distinguishing character of
d'Orbigny’s Monticulipora, appear to be a necessary consequence of
the mode of reproduction exhibited by Stenopora.*

On proceeding north of Belleville, the thin-bedded limestone gives
place to tha lower or thick beds, and these in turn merge into a sili-
cious limestone, the probable equivalent of the Black River sub-
division ; although the country is so thickly covered by Drift, that
sections are only observable here and there. At the village of Hun-
gecford, in the township of that name, the grey silicious limestone is
seen to overlie a series of thin flat layers of a reddish calcareous sand-
stone with pale green spots distributed irregularly through its mass,
This rock is apparently an abnormal form of the Potsdam sandstone,
or, perhaps a bed of passage between the Potsdam sandstone and the
Calcareous sand roek, as it contains from 40 to 50 per cent. of dolomitic
carbonate of lime. I found no traces of organic remains in it. I should
be inclined to look upon it as the calcareous sand rock, were it not for
its agreement, in certain of its physical characters, with the Potsdam
sandstone as recognised elsewhere. From this part of the country
however, westward to Georgian Bay, the beds between the base of the
Trenton and the outerop of the Laurentian series, are more or less ob-
scure—thinning out altogether, or merging, as it were, one into the
other. About three miles north of Hungerford village (or perhaps
less, the intermediate space being greatly obscured by Drift) the
Laurentian or Gueissoid rocks begin to crop out, dipping at a high
angle to the north-east, or in a contrary direction to the slight dip of
the Silurian strata. Close to the southern limit of the Laurentian
outcrop a fine band of crystalline limestone occurs, interstratified with
dark grey and reddish beds of gneiss. This may be conveniently
examined at the village of Bridgewater in Elzevir Township on the
property of Billa Flint, Esq., to whose enterprising spirit, that part of
the country owes so much. The specimens of crystalline limestone
obtained at this spot, form a marble of excellent quality. I have to
regret that from want of time I was unable to examine the run of the
band, and its quality at other points. A few fragments of galena and

some impure steatite were shown to me, as having been met with near
at hand.

* These remarks were written several months ago. In the last number of the Canadian
Naturalist, we were gratified to find the identity of the so-called Cheatetes lycoperdon with
Stenopora fibrosa also adopted by Mr. Billings.
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The accompanying sketch-section across the little River Scoof, was
taken near Mr. Flint’s village. It may serve to convey an idea of the
relative positions of the various beds which occur there. In this sec-
tion, 4 repreéents the Gineissoid strata, with the band of crystalline
limestone b; € denotes the Lower Silurian beds (Jimestone above, and,
by inference, the resldish sand-rock below, as seen farther south); and
D, denotes the Drift deposit.

Tu concluding this brief notice of the more salient geological fea-
tures of Belleville and its vicinity, I am anxious to express my obli-
gations to the family of Lewis Wallbridge, Esq., M. P. P., for mnch
information respecting points of interest to be visited, and for the
presentation of many fossils obtained in the neighbourhood.

REVIEWS.

Galbraith and Huaughtor's Scientific Manuals. Ezperimental and
Natural Science Series: Manual of the Animal Kingdom; Protozoa.
By Professor J. Reay Greene.

This small volume has a double title; we have chosen that which
presents it as-the commencement of an extended series of manuals,
because we thus give most information to our readexrs. Those who
obtain it alone from curiosity respecting its particular subject, would
make use of the other.

1t is a beautifully printed, carefully illustrated, and neatly got up
volume, containing only 88 pages, with a Bibliography of the subject,
questions for esamination, and an index ; to thisave prefised 30 pages
of general introduction. Of course there is, within such limits, no
attempt to characterise or enumerate genera and species. The ob-
ject aimed at, is a general view of structure, arrangement and distribu-
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tion. In the case of the Protozoa, this may be all that most people
need or could profit vy, but as we rise in the animal kingdom, such
a manual would appear very meagre. We see announced as forth-
coming, another Zoological volume from the pen of the author of that
which lies before us, and a Botanical one from that of Professor
Harvey of Dublin. We are curious to see whether the present
manual is to be a model as to size, and if so, how the learned authors
will acquit themselves in such trammels; bub our present business is
with Professor Gireene’s manual of the sub-kingdom, Protozoa. It
must in the first place be conceded that in this department of
zoology, accessible and trust-worthy information is greatly needed,
and would be gladly received by a large class of readers. Professor
Greene appears to be well acquainted with what has been written on
the subject, and has laudably exerted himself, to give a clear, though
much compressed account of what is known, in relation to these
elementary forms of animal life. "W e are not satisfied with his mode
of treating their classification. He regards them as being as yet tao
little understood for the limits of classes and orders to be well deter-
mined, and therefore only gives under the titles of the several groups
which have been proposed, the subdivisions recommesrded by the
authors who have chiefly studied them, accompanied by such strue-
tural and physiological parficulars respecting at least some typical
species as seem to be established by sufficient anthority. TFor prac-
tical usefulness we should bave preferred some attempt, even if con-
fessedly only provisional, to harmonise what we seem to have learned
from various investigators into a consistent system whose parts are
brought into proper relation to each otber and to the whole; and we
confess we have no such ideas as to the necessary foundations and
limits of what are entitled to be called classes and orders, as would
deter us from applying these terms to the greafter and secondary
divisions, which, though liable to modification by incressing know-
ledge, seem now to express the relations of the creatures, which we
agree with the author in regarding as a distinct, well established sub-
kingdom of the animal kingdom. e indeed complains of the char-
acters of Prorozoa being almost wholly negative, but this may
perhaps appear to be almost unavoidable in a lowest division of any
large collection of objects. In the vegetable kingdom, the method
we prefer, separates as a sub-kingdom, those plants which are without
Vascular tissue—the mode of diposing that tissue when present,
Vovr. V, £
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giving characters to the remaining sub-kingdoms,—and so in the
animal kingdom, the development and disposision of the nervous
system characterise the four higher divisions, whilst Protozoa are
animals consisting of an animated jelly, (Sarcodinm) with little dif-
ferentiation of parts and no perceptible nervous system. We are
aware indeed that there may possibly not be one of the sub-kingdoms,
certainly none excepting the highest, in which there are not instances,
where no nervous system can be demonstrated ; but in all such in-
stances there is a manifest conformity to a type of structure, which
directs our judgment as to the position of the object, whilst in Pro-
tozoa, wherever we have a tolerable acquaintance with the lite history
of the creature we recognise not only the absence of the character-
istics of another sub-kingdom, but the presence of certain features
properly belonging to that we are considering. If we have materials
in our hands which really justify us in establishing a sub-kingdom of
Protozoa, they can hardly fail to suggest some opinion as to the
mode of sub-dividing it. If groups of creatures have been examined
and intelligibly described, the question of their relation to other known
groups, and the comparative importance of their distinctive marks
will arise, and should be solved to the best of our ability.

It seems to us, that the possession of a mouth, and consequently
of an alimentary sac, with a somewhat definite figure, and an outer
covering, ditfering in some degree from the mass of the body, char-
acterise Infusoria (in the now received limited sense,) as the highest
class of Protozoa. From them, Rhiizopoda are distinguished, by
having no difference, so far as is known, or only a slight difference in
certain parts, in their external covering from the mass of their bodies,
and by their power ¢f protruding portions of their substance, in the
form denominated Pseudopodia. Possibly the naked Rhizopoda, the
Axcellina, the Foraminifera, and the Polycystina may be so many
good orders in this class. Thalassicollida may be neaver =kin to
Sponges : of Gregerinida, nothing can as yet be satisfactorily decided,
until a full history of at least some species, removes the doubts which
ab present are unavoidable respecting their nature.

Spanges for which we may adopt the name of dmorphoroa, form a
third distinct class. Since no protrusion of pseudopodia is attributed
to Thalassicollida and in some of them at least, celleform bodies,
seeming to contain germs are surrounded by spicules, not unlike the
peculiar ovarian spicules of some sponges; we may perhaps regard
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these organisms as one order of Amorphozoa. Without waiting for
the expression of Dr. Bowerbank’s views, we would not decide on
the subdivision of the class, but would temporarily employ one of the
existing arrangements to afford us that aid of system without which
wé can hardly proceed a step usefullyin the study of nature. "What-
ever may be its defects, that founded on the nature of the skeleton,
may serve the purpose, and at least exhibits remarkable analogies
with the arcangement of Rhizopoda; ‘Thalassicollida representing
naked Rhizopoda, the horny spenges having a certain correspondence
with Arcellina—those with Silicious spicula being the analogues of
Polyeystina, and those with Caleareous spicula of Foraminifera. Did
our space permit, we should endeavour to ascertain the proper arrange-
ment of Infusoria also, being well convinced, that all other informa-
tion is in a great degree thrown away, if not connected with an
intelligible system, and that methods which are necessarily only
provisional and in which we may be sensible of great defects, are yet
far preferable to any attempts at communicating anatomical, physi-
ological, or descriptive matter independently of systems, which never
carry the student beyond insulated facts, and barren, becsuse uncon-
nected observations.

Although Professor Greene may not exactly see these things in
the same light that we do, we are by no meéans insensible to the
merits of his book. The Introduction is excellent and useful, and
its extent can hardly deter the idlest reader. His accounts of the
low, and generally minute organisms of which he treats are highly
interesting, and cannot fail to diffuse information, and lead to the
increase of knowledge, by enlisting a host of new inquirers. The pro-
prietors of the series have done their part well, and their first number
holds out a favourable promise for those which are to follow; if
what is more important is not sacrificed to over-anxiety after com-
pression. W. H.

S e——

The Old Glacters of Suwitzerland and Norith Wales. By A. C.
Ramsay, F.R.8. and G.S. London: Printed by Spottiswood and
Co. 1839.

Amongst the various records of & by-gone condition of things
presented by Nature’s archives to the interpretation of the geologist,
few can compete in interest, and perhaps in difficulty of solution,
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with those belonging to the great Drift or Glacial epoch : that period
in the history of the earth’s mutations, which immediately preceded,
and gradually passaged into, the present or historic age. Broadly
spread acrnss the entire northern hemisphere, southward to 2 mean
latitude (on this continent) of about 40°N., and again extending
many degrees northwards from the southern pole, lie vast beds of
clay, and sand, and gravel, mixed up with and overlaid by heaps of
travelled stones or boulders; stones that have been brought by
natural agencies, often across intervening seas and valleys, and over
mountain ridges, miles and miles away from their original localities.
Where hard and compact rocks lie underneath this boulder formation,
or rise up amoengst it, their surfaces are almost always found to be
rounded, or smoothed and polished, and marked likewise in long and
straight lines with narrow grooves and scratches. If these peculi-
arities be not always observable on exposed rock surfaces, their
absence is chiefly due to the disintegrating action of the atmosphere,
as they necessarily become obliterated, sooner or later, by the effects
of weathering.

In Canada the drift formation is largely developed ; and in many
places the underlying limestone and aother rocks exhibit the polished
surfaces and the long lines of grooving & alluded to. But itisin
mountainous countries that the phenomena of the drift epoch are por-
trayed to usin their grandest outlines. There,in many localities within
the limits of latitude already pointed out, the hill-sides present their
rounded contours, smoothed, polished, and striated ; the hill-tops bear
their loads of boulder stones, balanced one upon another, or perched,
perhaps, on isolated points of rock ; and the valleys show their exca-
vated hollows and lake-basins, their barriers of heaped up boulders,
their high and furrowed walls, with other memorials of abrading
agencies belonging, it may be there, to an older time, but which
are still in action amongst the frozen solitudes of the remote north,
and in the higher valleys of the Alpsand other mountain chains, In
these vaileys the broad ice-rivers still slowly push their way awidst
the surrounding rocks, wearing and abrading them, and piling up at
lower levels their stony burdens in the form of huge moraines.*
This kowever leaves the tale balf told. To complete our view of the
phenomena under which_the drift accumulations took place, we must

* In many glaciers the formation ofa terminal moraine is prevented it should be observed
by the action of the stream which results from the melting of the ice.
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picture in addition the likeness of a northern sea, girt with protrud-
ing glaciers from which drift off the floating icebergs with their freight
of rock and stone. Thisrocky freight, as the icebergs melt in lower
latitudes, is necessarily scattered over the hill-tops, the plains, and
valleys of the deep sea-hottom. We must picture also, over broad
areas, vast sinkings and upheavals of the land, going grandly on
through the slow lapse of centuries; the stranding and piling up
of icebergs on shoals and ~ .sts; the southern migration and sub-
sequent retrogression of northern organisms; and the gradual dawn
of softening climatic influences, coupled with the shrinking back of
glacial forces to within their present limits.

Tt was thus by observations conducted in northern lands and seas,
and in Alpine valleys, that the true nature of our drift phenomena
became gradually elucidated. Professor Ramsay, in the attractive
essay now before us, has placed in striking parallel~not from the
descriptions of others, but from personal observation and research—
some of the glacier valleys of Switzerland, with the romantic Pass
of Llanberis and other valleys of North Wales. Commencing with
the Swiss valleys, he lays before us & rapid but graphic sketch of the
glaciers of the Aar: shewing how incontestible is the fact, that, vast
as are these glaciers now, they shrink into insignificance when com-
pared with their extensionin former times. The same factis obsery-
able, indeed, with regard to almost all the glaciers of these Alpine
valleys. On this subject, after mentioning some modern instances
of the advance and retreat of glaciers, Professor Ramsay remarks s
““But all such historical variations in the magnitude of glaciers are
trifling compared with their wonderful exfension in pre-historic
periods. There is perhaps scarcely a valley in the High Alps in
which the travéller, whose eye is educated in glacial phenomena, will
not discern symptoms of the former presence of glaciers where none
now exist; and in numerons instances, far from reguiring to be
searched for, these indications force themselves on the attention by
signs as strong as if the glacier had disappeared but a short time
befare the growth of the living vegetation. So startling, indeed, are
these revelations that for a time the observer scarcely dares to admit
to himself the justness of his conclusions, when he finds in striations,
moraines, rockes moutonnées, and blocs perchés, unequivocal marks
of the former extension of an esisting glacier, a long day’s march
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beyond its present termination ; and further, that its actual surface
of to-day is a thonsand feet and more beneath its ancient level.”
With regard to the Aar valley, the glaciers of which are taken as
type-forms in relation to this inquiry, our author observes in addition :
“ Below the lower glacier of the Aar, the stream winds through one
of those gravelly flats, so frequent in old glacier valleys, and at its
lower end, where this plain narrows towards the Grimsel, a boss of
granitic gneiss, well moutonnée, nearly bars the valleys across which
the path leads. It is partly covered by striations, well marked on
the slope that looks up the valley, telling the observer not only of the
previous extension of the glacier thus far, but also thav the ice which
filled the plain pressed strongly on the higher side of the boss, and
was forced upwards till it fairly slid over the rock, the lower part of
the ice being quite unchecked by the opposing bar. I mention this
especially, because similar phenomena were often pointed out by
Buckland in deacribing the old glaciers of North Wales. On either
hand, all the way from the glacier to this point, the mountain sides
show the same mammillated contours that mark the rock above the
ice, and a little further down the valley, the signs of glacial action
become even unusually obtrusive. A large hill rises from the valley
on the right, up which the road winds to the Hospice of the Grim-
gel. On the left is the narrow gorge of the Aar, and on the other
side of the hill the sullen lake of the Grimsel half encircles it far
above the level of the river. At its outflow the lake is partly dam-
med up by a little moraine-like débris; but it requires no soundings
to tell that the rounded rocks close by, passing under the rubbish,
form the chief retaining barrier of the water. On both banks, ex-
cept when weather-worn, the rocks are ice-worn, and the lake is
nearly looped into two by rockes moutonnées that project from either
bank toward the centre, like Llyn Idwal above Nant Francon, and
the lakes of Llanberis, if these were undivided by the alluvial strip
below Dolbadarn Tower, At its farther end a long, narrow, high,
rounded barrier of solid rock (over which the glacier formerly pour-
ed) crosses the valley, damming up the lake in that direction ; and
here so great has been the pressure, that I found proof of the ice
having been forced into anarrow transverse Sssure, which it polished
and striated quite out of the direction of its general flow. The lake
is a complete rock basin similar to some of the tarns of North
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‘Wales, and such as I only know in regions where glaciers once have
been. )

“On the hill that rises behind the Hospice, the glacial striations on
the rocks gradually circle round to the further end of the lake, follow-
ing the sweep of the valley ; and it soon becomes apparent that this
hill itself, is but a gigantic roche moutonnée, mammilated and striated
all over, on which erratic blocks were left by the decrease of the glacier
of the Aar after a period in which it rose so high, that it not only filled
tue hollow of the lake, and pressed upward over the ridgy barrier at
its further end, but actually overflowed the entire hill. If from its
polished side you survey the opposite ridge of the Aar valley, the vast
size of the old glacier becomes still more strongly impressed upon the
mind. A great wall of rock rises sharply above the river course, and
on its side the striations which cover it, have been deflected upwards,
at a low angle, the effect of the intense jamming to which the thick
ice was subjected in its downward course, when obstructed by the great
roche moutonnde that rises in the middle of the valley between the lake
and the mountains on the opposite side of the Aar. Above this wall,
the mountain is moutonnée almost to the very summit, where at length
the serrated peaks of the highest ridge rise sharply above the ice-worn
surfaces. The valley has been filled with ice almost to the very brim.”’

After thus discussing in their past and present bearings, the glacial
phenomena of these Swiss valleys, our author turns to the valleys of
Ceenarvonshire that lie around the majestic Snowden, and traces out,
in these, step by step, the former existence of immense glaciers, whose
dimensions rivalled in grandeur the great ice-rivers of the ancient Alps.
He then considers the guestion of identity of time with respect to the
extinet glacial phenomena of Wales and the ancient extension of the
Alpine glaciers. ¢ But these things being true, [the former existence,
&e., of glaciers in the valleys around Snowden], what relation in time
is there between the old glaciers of Switzerland and those of Wales?
The elements from which to attempt a solution of this question are
few. Tirst, it may be said that the signs of glaciation in the former
extension of still existing Swiss glaciers, are not only identical in all
respects with those of the extinet glaciers of Wales, but also that in
many an Alpine valley all the ice marks remain, even when no dimin-
ished glacier still holds its place amid its uppermost recesses. These
in all respects .gtiay be compared to the ancient glaciers of the neigh-
bouring Jura, the Vosges, or of Wales. Again, when we consider that
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the great old glaciers of the Oberland apparently opened out on ‘the
broad drift-covered territory that extends northward to the Jura,
there is another point of resemblance. So similar in general structure
and in all its adjuncts is this Drift with that of the north of Europe,
that T see no reason whatever to doubt their identity. Toadd weight
to this opinion, I may quote the high authority of Mr, Smith of
Jordan Hill, who informed me, that he recollects seeing in the mu-
geum at Berne, a neglected collection of Swiss shells, arctic in their
grouping, and subfossil, like those of our Newer Pliocene beds; and
in the museum at Geneva a similar collection, among which was Mya
Udivalensis.  Further, it is well known that in the superficial de-
posits associated with these, the bones of the great hairy elephant (E.
primigenius), and other mammalian vemains, occur by the Lake of
‘Geneva, at Winterthur, and in other places; and though mo one that
I 'know of, has yet attempted to prove the ploughing of -drift out-of the
mouths of Swiss valleys by the older and larger glaciers, yet in every
other respect the conditions aré so identical, that I am preparedto ex-
pect that this also will be proved, and T cannot resist the -conclusion
that, when glaciers filled the valleys of Wales, it was at that very time
{the Newer Pliocene epoch) that the glaciers of Switzerland attained
their great original extension.

Further, in spite of the modern fact that far south of the equator,
the cold is greater than in equivalent northern latitudes, it is difficult
not to speculate on the probable existence of a climate perhaps colder
for the whole world, during what is often called the glacial period ; u
period when not only the Alps, but all Scandinavia, were full of great
rivers of ice descending to the sea; when the White Mountains of
North America also had their glaciers, (as I was informed in 1857, in
‘conversation with Agassiz,) and when the great glaciers of the Hima-
Jayah, as described by Di. Joseph Hooker, descended 5000 feet

. below their present levels, the older moraines being in one instance
only 9000 feet above the sea, whereas ‘the present end of the -glacier
lies at a height of 14,000 feet.

Another point often occurs to my mind,—what relation have these
extinet glaciers to the human period? This is a subject on which we
still are in the dark, but considering that in Newer Pliocene bone-
caves, flint knives have been found,—there is reason to ‘believe, -coeval
with elephants, rhinoceroses, and other Maminalia, partly extinct;—
and that in France, at J}bbeville and Amiens, well formed flint
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batchets of an old type ‘occur in fresh-water and marine strata of so-
called Upper Tertiary date; and aleo, that a human skull was dug
out of the so-called Pliocene voleanic ashes of Auvergne, it is possible,
and perhaps even probable, that, long sfter the Drift was raised
above the sea, the eyes of men may have looked upon the glaciers of
Wales, when in their latter days, the ice had shrunk far up into the
highest recesses of the mountains.”

In celling the attention of our readers to this ably-written essay,
we must not forget to mention, that its author has added much to the
interest of his descriptions by 2 number of charming little vignette
sllustrations, and by a valuable map of the country around Snowden.
In the latter, the directions of the rock-strize, with the moraines and
other vestiges of the ancient glaciers of North Wales, are indicated

from Professor Ramsay’s personal explorations.
E J. C

The Family Herald., John Lovell, Montresl.

A periodical of a somewhat novel and attractive character has been
atflded to our Canadian Literature under this name. Issued in the
form -of a Newspaper sheet, and embracing scientific, literary and
general news ; it partakes in some respects .of the united .characteris-
tics of ‘Ohamber's Journal, and the Zondon Athencum. A tale or
novel runs through a series of chapters, in successive numbers; well
selected stories, poems, and literary gleanings occupy other of its
columns ; and a good space is devoted in each numberto Reviews. Its
news -columns are severally set apart to * Canada and the Lower
Provinces,” **England,” ¢ 8cotland,” “Ireland,” and The  United
States” The only thing omitted is party politics ;—and, without any
disparagement to the uses and value of -our free press, as one -of the
elements of -vur social life and freedom, we ‘believe that to many fair
and young veaders, The Famidly Herold will be none the less welcome
for the 'omissien.

"The Editor -of ‘this new Canadian periodical is Mr.:G. P. Ure, a
gentleman long connected with the press; and the character of the
earlier numbers of ‘his new serial, show that he is making the best use
of his opportunities and experience. When the great influence of the
daily press is considered, not -on politics only, but in forming the
tastes, and training the minds of so large a portion of the community,
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to whom, such constitutes their most frequent reading, it cennot but
be acknowledged that a periodical thus combining somewhat of the
attractiveness and accessible brevity of the newspaper, with the carefal
literary characteristics of the scientific periodical, or monthly magazine,
supplies one of the great wants of our industrious and advaneing com-
munity. If the Family Herald, is conducted with the same good
taste and judiciousness in the selection of its materials, which have been
manifested in ity earlier numbers, it cannot fail to meet with the suc-
cess it merits. D. W.

On the Classification and Geographical Distributior of the Mammalia
—being the lecture on Sir Robert Reade's foundation, delivered
quore the University of Cambridge,, in the Senate-house, May 10,
1859,—~t0 which is added an appendiz, on the Qorilla, and on the
extinction and transmutation of species. By Richard Owen, F.R.S.
&e, &e. London: John W. Parker and Son, West Strand. 1859,

Everything which proceeds from the pen of Professor Owen will be
received with lively interest and with respectful attention. The present
lecture is a pretty full exposition of his views respecting the Classifica-
tion of Mammalia according to the cevebral system, which he has de-
rived from a long series of dissections, and a diligent use of such
opportunities as have perhaps never before been possessed by a com-
parative anatomist, That his system is an important improvement on
that of Cuvier, can hardly be denied.

Every unprejudiced observer of nature will feel favourably disposed
towards a method which brings Edentata, [Bruta] Cheiroptera, In-
sectivora and Rodentia into close relationship. "We cannot help look-
ing 2 little suspiciously at the multiplication of orders, and are disposed
to anticipate still further improvements. In the meantime, all honour
is due to Professor Owen’s labours; and his present explanation of the
characters of the various tribes is to be highly valued. In connection
with this lecture, the author has published two papers which form an
appropriate and valuable supplement to it. Appendix A is a note on
the extinction of species, “being the conclusion of the Fullerian course
of lectures on Physiology for 1859.” Appendix Bis on the Orang,
Chimpansee, and Gorilla, in reference to the transmutation of species,
and runs to a considerable extent. Qur present limits forbid extracts,
or analysis, but in naming the subjects we excite the curiosity of our
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readers to know the opinions of the chief of comparative anatomists,
and they can readily satisfy it, by having vecourse to the work itself,
which deserves the careful study of all who are interested in these

pursuits. w. H,

Arckaia; Or Studies of the Cosmogony and Natural History of the
Hebrew Scriptures. By J. W. Dawson, LL.D., F.G.S., Principal
of McGill College, &. Montreal : B. Dawson and Son. 1860.

Dr. Dawson’s recent contribution to the literature of the Bible—for
in such light must his Arckaia be chiefly regarded,—has reached us
Just as we are going to press; and, hence, we are unable to devote
to it the space to which it is so justly entitled, both by the
distinguished name of its author and by its own intrinsic merits. As
the issue, moreover, of a Canadian publisher, it has further claims
upon us: ill met, we are afraid, by this too scanty and too hurried
notice. Archaia is essentially composed of a series of critical essays
or discourses founded on the opening chapter of Genesis; but the
author enlarges his field of inquiry by various references to other
passages of the sacred writings; more especially in the bearings of
these on the Mosaic record of creation, and in their connexion with
the study of nature generally. For the successful composition of a
work of this kind, the author possesses many peculiar qualifications :
a ready command of language, a clear and logical method of discus-
sion, an intimate acquaintance with the discoveries and researches of
modern science, and, above all, an evidently sincere and strong faith
in the divine truths of Revelation. With these qualifications, although
preceded on the same path by many active investigators, he has pro-
duced, as might be expeccted, an interesting and popularly written
book ; and one, moreover, containing various subordinate points of
a novel character. The very nature of the subject renders, however,
a work of this description more or less unsatisfactory to many readers.
Perhaps to the scientific investigator, and to those whose thoughts
have long dwelt on these questions, more especially ; but if the work
before us, leave the mind in some respects unsatisfied, we cannot but
admit that in its expansive treatment of the subject it has gone far
beyond its predecessors. The author, in his preface, hopes that his
work may aid in some degree in redeeming the subject from the
narrow views which are unhappily too prevalent: and of this, if those
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who entertain susch views can be led to read the book, we have but
little douht. In this respect alone, therefore, apart from its general
value, we may fairly welcome it, and urge its perusal upon those who
still blindly look upon geology, and upon natural science generally, as
antagonistic in some undefined manner to the spirit of Revelation.

It is difficult to extract a passage, sufficiently independent of the
context for quotation, without occupying a larger space than our limits
permit ; but the following from one of the introductory chapters, in
which the author claims for the Holy Scriptures a deeper insight into
vatural phenomena than many have hitherto foreseen, may serve as an

ample of the style and general expression of the work:

“The law of type or pattern innpture is distivetly indieated in the Bible. This -
is'a principle only recently understood by naturalists, but it has more or less dimly
dawned on the minds of maay great thinkers in all ages. Nor is thie wonderful,
for the idea of type is scarcely ever absent from our own conceptions of any work
that we may undertake. In' any such work we anticipate recurring daily toil,
like the returning cycles of nature. We look for progréss, like that of ‘the growth
of theuniverse. We study-adaptation both of the several parts to subordinate
uses and of the-whole to some general design. But we also keep in view some
pattern, styla, or-order, aceording to which the whole is arranged, and the mutual
relations of the pavts ave jndjusted. The architect must adhere to some order of
architecture, and to sume style within that order. The potter, the calico-printer,
and the silversmith, must equally study uniformity of puttern in their severdl
manufactures. “The Alinighty Worker has exhibited the same idea in his works.
In ‘the animal kingdom, for instance, we have four leading types of structure.
Taking :any one of these—the vertebrate, for exrmple—~we have:a uniform general
plan, embracing the vertebral column constructed of the same elements; the
members, whether the arm of man, the limb of the quadruped, or the wing of
the bat or the bird, or the swimming paddle of the whale, built of the same
bones. Tn like maoner all the parts of the vertebral column itself in the same
animal, whetber in the skull, the neck or the trunk, are composed of the same
élementary structures. These types are farther found .to be sketched out,—first
in their more general, and then in their special features—in proceeding from the
lower species of the same type to the higher, in proceeding from the earlier to
the later stages -of embryonic development, and in proceeding from the more
ancient to the more receat creatures that have succeeded each other in geological
time. Man, the highest of the vertebrates, is thus the archetype, representing and
including all the lower and earlier members of the vertebrate type. The above
are but trite and familiar examples of a doctrine ‘which .may furnish and bas fur-
nished the material of volumes. There can be no question that the Hebrew Bible
is the oldest book in which this principle is stated. In the first chapter of
Genesis we have specific type in the creation of plants and animals after their
kinds or species, aud in the formation of man in the image aud likeness of the
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Creator ; and, as we shall find in the sequel, there are some curious ideas of higher
and mors general types in the grouping of the creatures referred to. The same
iden is indicated in the closing chapters of Job, where the three higher classes of
the vertcbrates are represented by o number of examples, and the typical likeness
of one of these—the hippopotamus—to man seems to be recognised. A late able
writer has quoted, as au illustration of the doctrine of types, a very remarkable
passage from Psalm exxxix.:—
“ <X will praise Thee, for I am fearfully and wonderfully made.

Marvellous are thy works,

And that my soul knoweth right well.

My substance was 3ot hid from Thee

When I was made in sceret,

And curiously wrowwht in the lowest parts of the earth:

Thine cyes did see my substance yet being imyperfect,

And in Thy book all my members were written,

Which in continuance were fashioned when as yet there was none of them.’

“ It would too much iax the faith of exegists to ask them to believe that the
writer of the above passage, or the spirit that inspired him, actually meuant to
tench—what we now know so well from geology, that the prototypes of all the
parts of the archetypal huraan structure may be found in those fossil remains of
extinet animals which may, in pearly every country, be dug up from the rocks of
the earth. No objection need, however, be taken to our reading in it the doctrine
of embryonic development according to a systematic type.

*“In that spiritual department which is the special field of scripture, the doc-
trine of type has been so extensively recognised by expositors, that T need only
refer to its typical numbers, its typical personages, its typicalvites and ceremonies,
and lastly, to its recognition of the Divine Redeemer as the great avchetype of the
spiritual world, as mun himself is of the natural. In this last respect the New
Testament clearly teaches that, in the resurrection, the human body formed after
Adam as its type, is to be sublimated and reformed after the heavenly body of the
Son of God, rising to some point of perfection higher than that of the present
esrthly archetype.

Tt is move than curious that this idea of type, so long existing in an isolated
and often despised form, as a theological thought in the imagery of seripture,
should now be a leading idea of nntural science; and that while comparative
anatomy teaches us that the structures of all past and present lower animals point
to man, who, ag Prof. Owen expresses it, has had all his parts and organs * sketch-
ed out in auticipation in the inferior animals,’ the Bible points still farther forward
to an exaltation of the human type itself into what even the comparative anato-
mist might perbaps regard as among the ¢ possible modifications of it beyond
‘those realized in this little orb of ours,’ could he but learn its real nature.”

The passage given above, even if we cannot go with the author to
the full extent of his argument, will shew the suggestive, thought-
créating-character of Dr. Dawson’s work. As such, it will shew also,
the value of the work itself to the biblical or theological student,
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who, shaking off the trammels of & too narrow school, is willing to
allow a vlace in his philosophy to the teachings of the great cosmic
harmony which circles around him, and which proclaims through all
its changes, I, too, am of God. E J. C.

SCIENTIFIC AND LITERARY NOTES.

PROFESSOR GEORGE WILSON, M.D,, F.R.S.E.

Death has of late thinned the ranks of Edinburgh’s men of science and letters.
Somse of the last veteraus of the old Edinburgh Review, the foremost of Scottish
Metaphysicians, and one eminent in ber racks of native Geologists, bave rapidly
followed one another to the tomb; buta sense of sorrow pot less intense than
that which was felt on the painful and sudden loss of Hugh Miller, bus been
oceasioned by the death of Iir. George Wilson, the first Regius Professor of
Techrology in the Uuniversity of Edioburgh. Dr. Wilson is widely known as
the biographer of Cavendish aud Reid; the suthor of * Researches on Colour
Blindness,” and ofber scientific woirks; besides numerous valuable papers
coutributed to scientific periodieals, and to the Transactions of the Royal Society
and other learned hodies of which he was a member. His researches embraced
a great variety of subjects, and included many discoveries of interest and value;
among which may be noted his iuvestigations into the history of wedical clectri-
city, and his discovery of fluorine in sea-water and io blood.

Dying, however, in his forty-first year, when, to those who knew him best, he
seemed only to be ripening for the works of his matured genius: the best of his
productions very partially indicate the wide range of thought and the original
capacity of his mind. He has left incomplete the biography of his old friend and
colleague, Professor Edward Forbes; and many of his papers furnich mere
glimpses of the original views in his favourite science of Chemistry which he
bad purposed to work out in the leisure of later years he was never destined to
see.

Inaddition to his professorship, Dr. Wilson was Director of the Scottish Industrial
Museum. Of this natioval Institution a writer in the Athencenm, has justly
remarked : “Dr. George Wilson was in no small degree the originator of that
musenm; he gave to it his heart, his genius, aud his hopes of success and fame.”
It would not, indeed, be unjust to say that hislife was in some degree the encrifice
made by his devotion to that favourite object. Of a warm and generous nature,
and with the well-tempered enthusiasm of true genius, be threw his whole henrt
into whatever he did; and his Joss is mouraed in his native city with demonstra-
tions of public grief rarely manifested with like intensity. His remains were
followed to the grave by the City Magistrates, the professors of the University,
and the representatives of scientific societies and public bodies : and the day of his
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funeral was observed as oue of public mourning. Such an expression of genernl
grief, was due perhaps even more to the worth of a siugularly upright und genial
Christian man, than to the admiration excited by his rare eloguence a8 & lecturer,
and the fascination of a peculiarly winning and attractive manxer, alike in public
and private. To those who knew him ia the ntimate relatious of private life, his
loss creates o blank that nothing can replace. To a wider circle it may suffice to
say, the world has lost in him,—at the early age of forty-one,—a mast faithful and
conscientious servant of science, und a singularly honest and painstukiog searcher
after its truths. What he has done will give his nmame a place among the
honoured rauks of our scientific discoverers,—but what he was capable of doing,
*ad life been granted to him, would have rendered all he bas done of littla
account,

BRITISH ASSOCIATION TFOR THE ADVANCEMENT OF SCIENCE.

The twenty-ninth Anoual Meeting of the British Association for the advance-
ment of Science, which opesed its proceediugs under the presidency of His Royal
Highness Prince Albert at Aberdecn, on Wednesday, September 14th, 1859,
appears to have fully equalled in general interest the most successful of its
predecessors. The attendsnce was much beyoud the average; and so numerous
were the papers communicated to the various Sections, that a mere enumeration
of their titles, alone, would occupy many pages of our Journal. In the first
Section, for example, comprising Matbematical and Physical Science, nearly eighty
papers weve read; and the total number of communications and Reports brought
forward ab the Meeting, is not far short of four hundred. Some of these papers
are of the highest value: but a considerable number are of mevely local interest,
and many, indeed, appear to be entirely destitute of any special novelty or
importance. Considering the undesirable manner in which resily valuable®
communications, on account of the limited duration of the Meetings, ave obliged
to be hurried through, and their discussion greatly shortened, it would seem
advisable to restrict the reading of the papers to such only as contain new facts or
practical demonstrations, or which refer to questions of a debatable nature bearing
or the philosophy of Science. Mere details of local geology (however usefel in
their way), with descriptions of ordinary fossils, analyses of river-waters,
ordinary meteorological observations, and other papers of a similar character,
that neither clear up doubtful points nor open out new paths of inguiry, might
surely be forwarded with equal profit to some of the numerous scieatific journals,
in which, if worthy of regard, they would readily receive insertion. Some plan,
% least, will bave to beadopted sooner or later, to keep down the formidable array
of papers, brought forward, in increasing numbers, at each successive meeting of
the Association.

We give below (from copies of the Aberdeen Herald, kindly placed at our
disposal by Puofessor Wilson,) a Report of the President’s Address, and 2 few of
the more importent or geverally-interesting papers communicated at this Meeting.
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THE PRESIDENT'S ADDRESS.

GENTLEMEY OF THS BRITISH ASSOCIATION,—

Your kind invitation to me to undertake the office of your President for the
ensuing year could not but startle me on its first announcement. The high posi-
tion which science occupies, the vast number of distinguished men who labour inher
sacred cause, and whose achievements, while spreading innumerable benefits, justly
attract the admiration of mankind, contrasted strongly in my mind with the consci-
ousness of my own insiznificance in this respect. I, a simple admirer, and would-
be student of science, to take the place of chief and spokesman of the scientific men
of the day, assembled in furtherance of their important objects—the thing appeared
tome impossible. Yet, on reflection, Icame to the conclusion, that, if not asa con-
tributor to or director of your labours, T might still be useful to you, useful
to scieuce, by accepting your offer. Remembering that this Association is a
popular Association, not a seeret confraternity of men jealously guarding the
mysteries of their profession, but inviting the uninitiated, the public at large, to
join them, baving as one of its objects to break dowa those imaginary and hurtful
barriers which exist between men of seiense and so-called men of practice—1I felf
that I could, from the peculiar position in which Providence had placed me in this
country, appear as the representative of that large publie, which profits by and
admires your exertions, but is:unable actively to join in them; tbat mny election
was an act of humility en your part which to reject would have looked like false
humility, that is like pride, on mine. But T reflected further, and saw in my
acceptance the means, of which necessarily so few are offered to her dajesty, of
testifying to you, through the instrumentality of her busband, that your labours
are not unappreciated by your Sovereign, and that she wishes her people to know
this as well as yowrselves. Guided by these reflections, my choice was speedily
made, for the path of duty lay straight before me.

If these, however, are the motives which have induced me to accept your
flattering offer of the Presidency, a veguest on my part is hardly neccessary that
you will receive my cfforts to fulfil its duties with kind indulgence.

If it were possible for auything to make me still more aware how much X stand
in peed of this indulgeuce, it is the recollection of the person whom I have to suc-
ceed as your President-—a man of whom this country is justly proud, and whase-
narge stands among the foremost of the naturalists in Europe for his patience in
investigation, conscientiousness in observation, bolduess of imagination, and acute-
ness in reasoning. ¥You have no doubt listened with pleasure to his parting address,
and I beg to thank him for the flattering manper in which he has alluded to me
init.

The Association meets for the first time to-day in these regions, and in this ancient
and interesting city. The poet,in his works of fietion, bas to chaose, and anxiously
to weigh, where to lay his scene, knowing that, like the painter, he is thus laying in
the background of his picture, which will give tone and colour to the whole, The
stern and dry reality of life is governed by the same laws, and we are here living,
feeling, and thinking under the influence of the local impressions of this northern
seaport. The chioice appears tome a good one. The travelling philosophers bave
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had to come far, but in approaching the Highlands of Scotland they meet nature in
its wild and primitive form, and nature is the object of their studies, The geolo-
gist will not find many novelties in yonder mountains, because he will stand there
on the bare backbono of the globe, but the primary rocks which stand out in therr
nnkedness, exhibit the grandenr aud beauty of their peculiar form, aud in the splen-
did quarries of this neighbourhood are seen to peculiar advantage the closeness and
hardness of their mass, and their inexhaustible supply for the use of man, made
available by the application of new mechanical powers. On this primitive goil the
botanist and zoologist will be abtracted only by a limited range of plants and
animals, but they are the very species which the extension of agriculture and
increase of population are gradually driving out of many parts of the country.
On those blue hills the red deer, in vast herds, holds undisturbed domivion over
the wide heathery forest, until the sportsman, fatigued and unstrung by the busy
life of the bustling town, invades the moor, to regain health and vigonr by measur-
ing his streogth with that of the antlered monarch of the hill. But, notwithstauding
all his efforts to overcome an antigonist possessed of such superiority of power,
swiftaess, eaution, and keennegs of all the senses, the sportsman would find himself
bafled, had not science supplied him with the telescope, and those tervible wea-
pons which seem daily to progress in the precision with which they carry the dead-
1y bullet, mocking distance, to the mark.

In return for the help which science has afforded him, the sportsmean can supply
the naturalist with many facts which he alone has opportunity of observing, and
which may assist the solution of some interesting problems suggested by the life

of the deer. Man also, the highest object of our study, is found in vigorous
bealthy deveiopeme it, presenting a happy mixture of the Celf, Goth, Saxou, and
Dane, acquiriog his strength on the hills on the sea. The Aberdeen whaler braves
the icy regions of the Polar Sea, to seek and do battle with the great monster of
the deep: he bas materially assisted in opening these icebound regions to the
researches of Science; he fearlessly aided in the search after Sir John Franklin
and his gallant companions, whom their country sent forth ou this mission, but to
whom Providence, alas! has denied the reward of their labours, the return to their
homes, to the affectionate embrace of their families and friends, and the acknow-
ledgments of a gmtefnl nation. The City of Aberdeen itself is rich ininterest
for the philosopher. Itstwo lalely united Universities make it a seaf. of Learning
and Science. The Collection of Antiquities, formed for the present occasion,
enables him to dive into olden times, and, by contact with the remains of the bandi-
work of the ancient iuhabitants of Scotland, to enter into the spirit of that peculiar
and interesting people, which has attracted the attention and touched the hearts of
men accessible to the influence of heroic poetry. The Spalding Club, founded in
this city for the preservation of the historical and literary remains of the north-
eastern counties of Scotland, is honourably known by its important publications.

Gentlemen !—This is the 29th Aniversary of the foundation of this Association ;
and well may we look back with satisfaction fo its operation and achxevements
throughout the time of its esistence. Whea, on the 27th September, 1881, the
Meeting of the Torkshire Philosophical Society took place at York, in the theatre
of the Yorkshire Museum, under the presidency of thelate Earl Fitzwilliam, then

Vor. V. F
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Viscount, Milton, and the Rev: ‘W, Vernon Harcourt eloguently set forth the plan
for the formation of a British Association for the promotion of Science, which he
showed to have become a want for his country, the most ardent supporter of this
resolution could not have anticipated thatit would start into life full-grown.as it
were, enter at once upon its.career of usefuluess, and pursue it without deviation
from the original desigp, triumphing over the oppositions which he had to encoun-
ter in comamon with everything that is new and claims to be useful. Gentlemen,
this proved that the want was a veal, and not an imaginary one, and that the
mode in which it was intended to supply that want was based upon a just appre-
ciation of unalterable truths. Mr, Vernou Harcourt summed up the desiderata
in graphic words, which have alimost identically been refained as the exposition of
the objects of the Society, printed at the head of the annually-appearing volume of
its Transactiong:~—* to give a stronger impulse and more systematic direction to
seientific inquiry—to prowmote the intercourse of those who cultivate Seience in
different parts of the Empire, with one another and with foreign Philosophers—and
to obtain a more geneval attentiou to the objects of Science, and a removal of any
disadvantages of a public kind which impede its progres.”

To define the nature of Science, to give an exact and complete definition of what
that Science, to whose service the Association is devoted, is and means, has as it
naturally must, at all times octupied the Metaphysician. He has answered the
question in various ways, more or less satisfactorily to himself or others. To me,
Science, in its most general and comprehensive acceptation, means the knowledge
of what I know, the consciousness of human knowledge. Hence, to know, is the
object of all Science; and all special knowledge, if brought to our consciousness
in its separate distiuctiveness from, and yet inits recognised relation to the totality
of our knowledge, is scieatific knowledge. We require, then, for Science—that
is to say, for the acquisition of scientific knowledge—those two activities of our
mind which are necessary for the acquisition of eny knowledge—analysis and
synthesis; the first, to dissect and reduce into its component parts the objects to be
jnvestigated, and to render an nccurate account to ourselves of the nature and
qualities of these parts by observation ; the second to recompose the observed and
understood parts into a unity in our consciousncss, exactly answering to the object
of our investigation. The labours of the man of Science are therefore at once the
most humble and the loftiest which man can undertake. He only does what every
little cbild does from ifs first awakening into life, and must do every moment of
its existence; and yet he aims ab the gradual approximation to divine truth itself
If then, there exists no difference between the work of the man of Science and that
of the merest child, what constitutes the distinction ? Merely the conscious self-
determination. The child observes what aceident brings before it, and uncon-
sciously forms its notion of it; the so-called practical man observes what his
special work forces upon him, and he forms his notions upon it with reference to
this peculiar work. The man of Science observes what he intends to observe, and
knows why he intends it. The value which the peculiar object has in his-eyes is
not determined by accident, nor by an external cause, such as the mere connexion

with work to be performed, but by the place which he knows this object to hold
in the geueral universe of knowledge, by the relation which it bears to otherparis
of that general knowledge.
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To arrange and classify that universe of knowledge becomes therefore the first
and perhaps the most itaportant, object and duty of Science. It is only when
brought into a system, by separating the incongruous and combining those elements
in which we have been enable to discover the internal connexion which the
Almighty has implanted in them, that we can hope to grapple with the boundless-
ness of His creation, and with the laws which govern both mind and matter. The
operation of Science then has been, systematically to divide human kuowledge, and
raise, as it were, the separate groups of subjects for ccientific consideration, into
different and distinct sciences. Thbe tendency to create new sciences is peculiarly
apparent in our present.age, and is perbaps inseparable from so rapid a progress
as we have seen in our days; for theacquaintance with and mastering of distinet
branches of knowledge enables the eye, from the newly-gained poiuts of sight, to
see the new ramifications into which they divide themselves in striet consecutive
pess and with logical pecessity. But inthus gaining new centres of light, from
which to direct our researches, and new and powerful means of adding to its ever-
increasing treasures, science approaches no unearer to the limits of its range.
although travelling furtber and further from its original point of departure. For
God’s world is infinite; and the boundlessness of the universe, whose confines ap~
pear ever to retreat before our finite minds, strikes us no less with awe when,
prying into the starry crowd of heaven, we find new worlds revealed to usby every
increase in the power of the telescope, than when the mieroscope discloses to us
in a drop of water, or an atom of dust, new worlds of life aud animination, or the.
remains of such as have passed away.

‘Whilst the tendency to push systematic investigation in every direction enables.
the individual mind of map to bsing.all the power of which he is capable to bear-
on the specialities of his study, 2nd enables a greater number of labourers to
take part in the universal work, it may be feared that that consciousuoess of its
unity which must pervade the whole of science. if it is not to lose its last and
highest point of sight, may suffer. Tt has occasionally been given to rare intel~
lects and the highest genius, to follow the various sciences in their divergent
roads, and yet to preserve that point.of sight from which.alone their totality can
be contemplated and directed. Yet how rare is the appearance of such gifted
intellects ! And if they be found at intervals, they remain still single.individusis,
with all the imperfeetions of humap pature.

The.only mode of supplying with any certainty this want, is to be sought in the
.combivation.of men of science representing all the specialitics, and working to-
gether for the common abject of preserving that unity and presiding over that
.general direction. This has beer, to some extent, done in many countries by the
-establishment of academies embracing the whole range of the sciences, whether
physieal or metaphysical, historical or political. In the absence of such an iusti-
tution in this.country, all lovers of science must rejoice at the existence and ac.
livity of this Asgociation, which embraces in its sphere of action, if not the whole
range of the sciences, yet a very large and important section of them, those
known as the inductive sciences, excludipg all that are.not approached by the in-
ductive method of investigation. Itkhas, for instance (and, considering its peculiar
organisation and xaode of action, perhaps not uowisely), eliminated from its con.
sideration and discussions those which come under the description of moral and
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political sciences. This has ot been done from undervaluing their importance
and denying their sancerved right to the special attention of mankind, but from a
desire to deal with those subjects only which can be reduced to positive proof,
and do not vest on opinion or faith. The subjects of the moral and political
sciences involve not only opinions but feelings; and their discussion frequently
rouses passions. For feelings are “subjective,” as the German metaphysician has
it—they arc insepavable from the individual being—an attack upoun them is felt
as one upon the person itself; whilst fucts are “objective,” and belong to every-
body—they remain the same facts at all times and under gl civeurstances : they
can be proved ; they bave to be proved ; and when proved, are finally settled. It
is with facts ouly that the Association deals. Theve may, for a timne, exist differ~
ences of opiniou on these also, but the process of removing them and resolving
them into agreement isa different oue from that in the moral and politiceal sciences.
These ave generally appronched by the deductive process; but if the reasoning be
ever so acute and logically covrect, and the point of departure, whieh may be
arbitravily seleeted, is disputed, no agreement is possible; whilst we proceed here
by the inductive process, taking nothing on trust, nothing for granted, bu rea-
soning upwards from the meane-t fact established, and making every step sure
before going one beyomd it, like the engineer in his approaches to a fortress. We
thus gain ultimately a roadway,—a ladder by which even a child may, almost
without knowing it, ascend to the summit of truth, and obtain that immensely
wide and extensive view which is spread below the feet of ihe astonished be-
holder. This rond bas been shown us by the great Bacon; and who can coutem

plate the prospects which it opens, without alinost falling into a trance similar to
that in which be allowed his imagination to wander over future ages of discovery|

From amongst the political sciences it has been attempted in modern times to
detach one which admits of being severed from individual political opinions, and
-of being reduced to abstract iaws derived from well-authenticated facts. I mean
political economy, based on general statistics. A new Association hag recently
been formed, imitating our perambulating habits, and striving to comprehend in
its investigations and discussions even & still more extended range of subjects, in
~what is called *sucial science.” These efforts deserve our warmest approbation

and good-will. May they succeed in obtaining a purely and strictly scientific
.character! Our own Association has, siuce its meeting in Dublin, recoguized the
growing claims of political economy to scientific brotherhood, and admitted it into
its statistical section. It could not have done so under abler guidance and bhap-
pier auspices than the Presidency of the Archbishop of Dublin, Dr. Whately,
whose efforts in this direction are so universally appreciated. But even in this
section, and twhilst statistics alone were treated in i, the Association, as far back
as 1833, made is a rale that, in order to ensure positive results, only those classes

® of facts should be admitted which were capable of being expresscd by numbers,
and which promised, when sufficiently multiplied, to indicate general luws.

If, then, the main object of science—and 1 beg to be understo od, henceforth, as
speaking only of that scction which the Association has under its special care
viz., inductive science—if I say, the object of science is the discovery of the laws
which govera natural phenomena, the primary condition for its success ig:—Ac-
curate observation and collection of facts in such coraprebiensiveness and coue
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pleteness as to furnieh the philosopher with the necessary material from which to
draw safe conclusions.

Seience is not of yesterday. We stand on the shoulders of past ages, -and the
amount of observations made, and facts ascertaine.d, has been transmitted to us,
and carefully preserved in the various storchoases of seience; other crops bave
been reaped, but still lie seattered on the field; many a rich havvest ia ripe for
cutting, but waits for the reaper. Economy of labour is the essence of good
hugbandry, and no less so in the field of science. Our Association has felt the
importance of this truth, and may well elaim, as one of its privcipu! merits, the
constant endeavour to secure that economy. One of the latest undertakings of
the Association has been, in conjunction with the Royal Society, to attempt the
compilation of a classified catalogne of scientific memoirs, which, by combining
under one bead the titles of all memoirs written on a certain subject, will, when
completed, ennble the student who wishes to gain information on that subject to
do 8o with the greatest ease. It gives him, as it were, the plan of the house, and
the key to the different apartments in which the treasures relating to his subject
are stored, saving him at once a paioful aud laborious search, and affording him
at the same time an assurance that what is here offered contains the whole of the
treasures yet acquired.

While this has been one of the latest attempts, the Association has from its
very beginning kept in view that its main sphere of usefulness lay in that concen-
trated attention to all scientific operations which a general gives to the move-
ments of his army, watching and regulating the progress of his impetuous sol-
diers in the different directions to which their ardour may have led them, carefully
poting the gaps which may arise from their independent and eccentric action, and
attentively observing what impediments may have stopped, or may threaten to
stop, the progress of certuin columns. Thus it attempts to fix and record the po-
sition and progress of the different labours, by its reports on the state of sciences
published annually in its transactions ;—thus it divects the attention of the la-
bourers to those gaps which require to be filled up, if the progress i2 to be a safe
and steady ope —thus it comes forward with a helping band, in striving to re-
move those impegdimente which the unaided efforts of the individual Iabouver have
been or may be unable to overcome.

Let us follow the activity of the Association in thege three different divections.
The Reports on the state of Science originate in the conviction of the necessity
for fixing, at given inter-als, with accuracy and completeness, the position at
which it has arrived. For this object, the General Com mittee of the Association
entrusts to distinguished individuals in the different branches of science the charge
of becoming, as it were, the biographeis of the period. There are special points
iu different sciences in which it sometimes appears desirable to the different sec-
tions to have special reports elaborated; in such cases the General Committee,
in its capacity of the representative assembly of all the sciences, reserves to itself
the right of judging what may be of sufficient importance to be thus recorded

The special subjects which the Association points out for investigation, in order
to supply the gaps which it may have observed, are—either such as the philoso-
pher alone ean successfully investigate, beeause they reguire the close attention
of a practised observer, aud a thorough knowledge of the particular subject; or
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thoy are such as requive the greatest possible number of facts to be obtained.
Here science often.stands in need of the assistnuce of the genernl publie, and grate-
fally necepts any contribution offered, provided the facts be accurately observed.
In cither case the Association points out what is to observed. and how it is to be
observed. Thie first is the result of the same ecareful sifiing process which the -
Associntion employs in directing the issue of special reports. Tlie investigations
are entrusted to specinlly-appointed committees or selected individuals. They
dre in most edses not unattended with considerable expense, nnd the Association,
Hot cohtent with merely suggesting and dirécting, furnishes by special grants the
pecuniaty meaus for defraying the outlay cdused by the nature and the extént of
the inquiry. If wo consider that the income of the Association is-solely derived
from the contributions of its members, the fact that no less-a sum than £14,000
has, sinco its commencement, been thus granted for scientifie purposes, is certainly
most gratifying. The gquestion kow to observe, resolves itself into two,—that of
thie scientific method which is to be employed in approaching a problem or making
an observation, aud that of the philosophical instruments used in the observation
or experiment. ‘The Association brings to bear the combived knowledge and ex-
perience of the scientific men not oaly of this but other countries, on- the discovery
of that method which, while it economises time and labour, promiges the most
accurate'results. The method to which, after caveful examination, the palm has
been gwarded, is then placed at the free disposal dnd use of all scientific investi-
gators, The Associttion also issues, where practicable, printed forms, merely
Yequiring the different hends to be filled up, which, by their uniformity, become an
important means for assisting the subsequent reduction of the observations for
the abstraction of the laws which they may indicate. At the same time most
searching teste and inquiries’are constantly carried on irr the Observatory at Kew,
given to the Association by Her Majesty, the object of which is practically to
test the relative valoe of different methods and igstruments, and to guide the
conitantly progressive improvements in the construction of the latter. The es-
tablishment 4t Kew has undertaken the further important service of verifving and
dorrecting to a fixed standard the instruments of any maker, to cunble obserda-
fions made with thém to be reduced to tlie same numerical expression. I need
hardly remind the inhabitnts of Aberdeen that the Association, in one of the
first years of its existence, unidertook the comparative measurement of the Aber-
deeni standard scale with that of Greenwich—a research ably carried out by the
late Mx, Baily. .

‘The impedinients to the general progress of science, the removal of which I
have indicated as one of the tasks which the Association has set for itself, are of
various kinds. If they were only such as direction, advice, and encouragement
wonld enable the individual, or even comnbined efforts of philosophers, to over-
come, the exertions of the Association which I have just alluded to might be suf-
ficient for the purpose. But they arc often such as can only be successfully dealt
with by the powerful arm of the State, or tlie long purse of the nation. These
impediments may be caused either by the social eondition of the country itself,
by restrictions avising out of peculiar laws, by the political separation of different
countries, or by the magnitude of the undertakings being out of all proportion to
the means and power of single individuals of the Assccintion, or even the volun-
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tacy efforts of the public. In these cases the Association, together with its
sister Society,  the Royal Society,” becomes the spokesman of Science with the
Crown, the Government, or Parliament—sometimes, even, through the Home
Government, with Foreign Governments. Thus it obliined the establishment, by
the British Government, of magoetic and meteorological observatories in six dif-
fercnt parts of the globe, the beginning of a network of stations which we must
hope will be so far extended as to compass, by their geographical distribution,
the whole of the phenomena which throw light on this important point in our
tellurian and even cosmical existence. The Institute of France, at the recommens
dation of M, Arago, whose loss the scientific world must long deplore, cheerfully
co-operated with our Council on this oceasion, It was our Association which, in
conjunction with the Royal Society, suggested the Antarctic Expedition, witk a
view to further the discovery of the laws of torrestrial magnetism, and thus led
to the discovery of the southern polar continent. It urged on the Admiralty the
prosecution of the tidal observations, which that Department has since fully car-
ried out. Tt recommanded the establishment, iu the British Museuis, of the con-
chological collection, exhibiting present and extinet speeies, which has now be-
come an object of the greatest interest.

I will not weary you by further examples, with which most of you are better
acquainted than T am myself, but werely express my satisfaction that there should
exist bodies of men who will bring the well-considered and understood wauts of
acience before the public and the Government, who will even haod round the
begging-box, and expose themselves to refusals and rebuffs to which all beggars
are liable, with the certainty besides, of being considered great boress Please to
recollect that this species of bore is a most usefal animal, well adapted for the
ends for which nature intended bim. He alone, by constantly returning to the
charge, and repeating the same truths and the same requests, succeeds in awak-
ening attention to the cause which he advocates, and obtaing that hearing which
fs granted him at last for self-protection, as the minor evil compared to his im-
portunity, but which is requisite to make his cause understood. This is more par-
ticularly the case in a iree, active, enterprising, and self-determining people like
ours, where every interest works for itself, considers itself the allimportant one,
and makes its way in the world by its own efforts. Is it, then, to be wondered
at, that the interests of science, abstract as science appears, and not immediately
showing a return in pounds, shillings, and pence, should be postponed, at least,
to others which promise immediate tangible results? Is it to be wondered at,
that even our public men require an effort to wean themselves from other sub-
jects, in order to give their attention to science and men of science, when it is
_remembered that science, with the exception of mathematics, was, until of late,
almost systematically excluded from our school and university education;—that
the traditions of early life are those which make and leave the sirongest impres-
sion on the human mind, and that the subjects with which we become acquainted,
and to which orr energies are devoted in youth, ave those for which we retain the
liveliest interest in after years, and that for these reasons the effort required must
be both a mental and a moralone? A deep debt of gratitude is therefore due to
bodies like this Asgociation, which not only urges the wants of scieuce on the
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Government, but furnishes it at once with well-matured plans how to supply them
with the greatest certainty and to the greatest public advantage.

We may be justified in hoping, however, that by the gradual diffusion of
science, and its increasing recognition as a prineipal part of our uational education,
the public in general, no less than the Legislature und the State, will more and
more recoghise the claims of science to their attention; so that it may no longer
reguire the begging-box, but speak to the State, like a favoured child to its parent,
sure of his parental solicitude for its welfare; that the State will recognise in
science one of its elements of strength and prosperity, to foster which the cleavest
dictates of self-interest demand.’

If the activity of this Association, such as I have endeavoured to describe it,
ever found or could find its personification in one individual—its incarnation, as it
were~—this had been found in that distinguished and revered philosopher who has
been removed from amongst us, in his ninetieth yeay, withiu these last few months.
Alexander von Humboldt inzessantly strove afier dominion over that universality
of human koowledge which stands in need of thoughtful government and direc-
tion to presecve its integrity ; he strove to tie up the fasces of scientific know-
ledge, to give them strength in unity, He treated all scientific men as members
of one family, enthusiastically directing, fostering, and encouraging inquiry, where
he saw either the want of, or the willingoess for, it. His protection of the young
and ardent student led many to success in their pursuit. His personal influence
with the Courts and Governments of most couutries in Europe, evabled him to
plead the canse of science in a manner which made it more difficult for them to
refuse than to grant what he xequested All Tovers of seience deeply mourn for
the loss of such « man. Gentlemen, if is a singular coincidence, that this very day
on which we are here assembled, aud are thus giving expression to our admiration
of him, should be the anniversary of his birth.

To return to ourselves, however. One part of the functions of the Association
can receive no personal representation—no incarnation. I mean, the very fact of
meetings like that which we are at present inaugurating. This is not the thought-
*ful direction of one mind over acquired knowledge, but the production of new
thought by the contact of many minds, as the spark is produced by the friction of
flint and steel ; it is not the action of the monarchy or a paternal government,
but the republican activity of the Roman Forum. These meetings draw forth the
philosopher from the hidden recesses of bis study, call in the wanderer over the
"field of science to meet his brethren, to lay before them the results of his labours,
to set forth the deductions at which he bas arrived, to ask for their examination,
to maiatzin in the combat of debate the truth of his position and the accuracy of
bis observations. These raeetings, unlike those of any other society, throw open
the arena to the cultivators of all sciences, to their mutual advantage: the
Geologist learns from the Chemist that there are problemas for which he had
po clue. but which that science can solve for him; the Geographer receives
Light frc e Naturalist, the Astronomer from tbe Physicist and Engineer, and
soon. Aud all find a ficld upon which to meet the public at large, invite them
to listen to their repoerts, and even to take part in their discussions; show to them
that philosophers ave not vain theorists, but essentinlly men of practice—not con-
ceited pedants, meped up in their own mysterious importance, but humble in-
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quirers after truth, proud only of what they may have achieved or won for the
general use of man, Neitherare they daring and presumptuous unbelievers—a
character which ignorance has sometimes affixed to them—who would, .like the
Titans. storm heaven, by placing mountain upon mounntain, till hurled down from
the height attained by the tervible thunders of outraged Jove; but rather the
pious pilgrims to the Holy Laud, who toil on in search of the sacred shrine, in
search of truth—@God's truth-—@od’s laws as mauifested in His works, in His
creation.

A very interesting communication, 1aid before the Geological Section, by Sir
Charles Lyell, *“ On the Results of some Observations in Fraunce, in reference to
the Antiquity of the Human Race,” appeared in the last number of the
Canadian Journal, Vol.IV. p 497. In the present Number we give two ad-
ditional papers: one of great value, “On Fossil and Recent Reptilia,” by
Professor Owen; and a communication of much general interest, ¢ On Japan;”
by Lawrence Oliphant, E-q.]

ON THE ORDERS OF FOSSIL AND RECENT REPTILIA, AND THEIR DISTRIBUTION
IN TIME* BY PROF. UWEN, F.R.S,, ETC,

Professor Owen began by remarking that, with the exception of Geology, no
collaternl science had profited so largely from the study of organic remains ag
Zoology. The catalogues of animal species had received immense accessions
from the determination of the nature and affinities of those which had become
extinet, and much deeper and clearer insight had been gained into the natural ar-
rangement and subdivision of the classes of animals since Paleontology had ex.
panded our survey of them., Of this the class Reptilia, or cold-blooded air-
breathing Vertebrates, afforded a strikiog example. Tn the latest edition of the
‘Régne Aunimal, of Cuvier, 1829, as in the ¢ Elémens de Zoologie’ of M. Edwards,
1834-317, and the still more recent monograph on American Testudinats, by
Agassiz, 4to, 1857, the quadruple division of the class, proposed by Brongaiart in
1802, was adhered to, viz., Chelonia (tovtoises, turtles), Sauria (crocodiles, lizards),
Ophidia (serpents), Batrachia (frogs, newts); only the last group is made a dis-
tinet class by the distinguished Professor of the United States:—* After this
separation of the Batrachians from the true Reptiles we have only three
orders left in the class of Reptiles proper,—the Ophidians, the Saurians,
and the Chelonians,” 1. ¢. p. 289. In Prof. Owen's Reports on British Fossil

" Reptiles, to the British Association, in 1839 and 1841, it was proposed to
divide the class into eight orders, viz, Enaliosauria, Crocodilia, Dinosauria, Lacer-
tilia, Pterosauria, Chelonia, Ophidia, and Batrachia, which were severally charac-
terized. Subsequent researches had brought to light additional forms and struc-
tural wodifications of cold-blooded air-breathing animals now extinet, which had
suggested corresponding modifications of their distribution into ordinal groups,
Another result of such deeper insight into the forms that have passed away, has
been the clearer recognition of the artificiality of the boundary betweea the classes
Pisces and Reptilia of modern zoological systems, The conformity of pattern in
the arrangement of the bones of the outwardly well-ossified skull in certain

* From The dtheneum of October 1, 1859,



74 SCIENTIFIC AND LITERARY NOTES.

fishes with well developed lung-like nir-bladders{Polypterus, Lepidosteus, Sturig),
and in the extinet reptiles, Archegosaurus and Labyrinthodon: the persistence of
the notochord (chorda dorsalis) in Archegosaurus as in Sturio : the persistence
of the notochord and branchial arches in Archegosaurus and Lepidosiren: the
absence of occipital condyle or condyles in Archegosaurus as in Lepidosiren: the
presence of teeth with the labyrinthic wterbleading of dental tissues in Dendrodus,
Lepidostens, and Archegosnurus, as in Labyrinthodon: the large median and
Interal throat-plates in Archegosaurus as in Megalichthys, and in the modern fishes
Arapaima and Lepidosteus :—all these characters, as the author had urged in his
Lectures st the Government School of Mines (March, 1858), pointed to one great
natural group, remarkable for the extensive gradations of development, linking
and blending together fishes and reptiles within the limits of such group. The
salamandroid (or so-called ¢ sauroid ") Ganoids—~Lepidosteus and Polypterus—
are the most ichthyoid, the Labyrinthodonts the most sauroid, of the great group ¢
the Lepidosiren and Archegosaurus are intermediate gradations, one having more
of the piscine, the other more of the reptilian, character. Archegosaurus con-
ducts the march of development from the fish proper to the Labyrinthodont type;
Lepidosiren conducts it to the perennibranchiate, or modern batrachiau, type.
Both forms expose the artificiality of the ordinary elass-distinction between Pisces
and Reptilia, and illustrate the nafterality of the cold-blooded Vertebrates, or
“ Hmmatoerya” (atpa, blood, kpvos, frost: the correlative group is the “hemato-
therma,”) Reptiles are defined as * cold-blooded, air-breathing Vertebrates;”
but the Siren and Proteus chiefly breathe by gills, as did most probably the Arche-
gosaurus. The modern naked Batrachin aonually mature, at once, a large num-
ber of small ova. The embryo is developed with but a small allantoic appen-
dage, and is hatched with external gills. These are retained throughout life by a
few species ; the rest undergo a more or less degree of metamorphosis. Other
existing reptiles have comparatively few and large eggs; and the embryo is in-
closed in @ free amnios, and is more or less enveloped by a large allantois. It
undergoes no marked transformation after being hatched. On this difference the
Batrachia have been by some naturalists separated as a distinct elass from the
Reptilia. But the number of ova simultaneously developed in the viviparous land
salamanders is much less than in the siren, and not more than in the turtle; and,
save in respect of the external gills, which disappear before or soon after birth,
the salamender does not underge a more marked transformation, after being
hatched, than does the turtle or crocodile.* It depends, therefore, upon the value
assigned to the different propurtions of the allantois in the embryo of the sala-
mander and lizard, whether they be prononnced to belong or not to distinet
classes of animals. This embryenic, or developmental, character, is unascertain-
able in the extinct Archegosaurus and Labyrinthodon. The affinity of Laby-
rinthodon to Tehthyosaurus, and those structures which have led the ablest Ger-
mans palzontologists to pronounce the Labyrinthodonts to be true Saurians,
under the names of Mastodonsaurus, Trematosaurus, Capitosaurus, &¢., may well
support the copjecture that modifieations more “reptilian” than those in Sala-
mandra may have attended the development of their young. Characters derived

* The Cwecilia may probably depart still further from the type-batrachian mode of
development, and agpmach wmore to the type-reptilian mode,
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from the vature of the cutaneous coverings equally fail to determine the class-
characters of Batrachia as contra-distinguished from Reptilia. It is true that all
existing Batrachin have a scaleless skin, or very miuute seales (Ceecilin), but not
all existing reptiles have horny seales, The erocodiles and certain lizavds show a
development of dermal boues similar to that in certain placoid aud ganoid fishes.
This development is greater, and the resemblance is closer, in those ancient forms
of Reptilia which exhibit in their endo-skeleton unmistakeable signs of their
affinity to ganoid fishes and Batrachia. In a survey, therefore, of the present
Inown forms of cold-blooded, air-breathing Vertebrates, recent and fossil, Prof.
Owen could not define any real and adequate boundaryfor dividing them primarily
into two distinet clusses of Batvachians and Reptiles. As little was he able to
point out & character dividing the air-breathing from the water-breathing Homa-
tocrya—the reptiles from the fishes. In the present communication the author
drew an avbitrary line between Lepidosiren and Archegosanrus, and proposed to
begin his review of the ordinal groups of Reptilia, or air-breathing Hamatocrya,
with that of which the Avchegosaurus was the trro.

Order 1. Ganocephala.—For this group or o Jer he proposed the name of
@znocephala (yavos, lustre, keparn, head), in reference to the sculptured nnd ex-
ternally-polished or gaunoid bony plates with which the entire head was defended.
These plates include the “postorbital” aud “supertemporal” ones, which wof
over the temporal fossee. No oceipital condyles. The teeth have converging in-
flected folds of cement at their basal half. The notochord is persistent; the ver-
tebral arches and peripheral elements are ossified ; the pleurapophyses ave short
and straight ; pectoral and pelvie limbs, which are natatory and very small;
large median and lateral ¢throat-plates;” scales small, carinate, sub-ganoid ;
traces of branchial arches. The above combination of characters gives the value
of an ordinal group in the cold-blooded Vertebrata. The extinet animals which
manifest it were first indicated by certain fossils discovered in the spherosideritic
clay=slate forming the upper member of the Bavaritn coal-measures, and also in
splittiog spheroidal enneretions from the coal-field of Saarsbruck, near Treves;
these fossils were originally referred to the class of fishes (Pygopterus Laucius,
Agassiz.) But a specimen from the « Brandschiefer® of Mitaster-Appel presented
characters which were recognised by Dr. Gergens to be those of & Salamandroid
reptile* Dr. Gergens placed his supposed “Salamander” in the hands of i,
Hermann von Meyer for description ; who communicated the result of his exami-
nation in a later number of the under-cited joursal} In this notice the author
states that the Salamander-affinities of the fossil in question, for which he pro-
poses the name of Apateon pedestris, “ are by no means demonstrated™) <« Its
bead miglit be that of a fish, as well agof a lizard, or of o butrachino.” * There
is no wace of bones of limbs® M. von Meyer concludes by stating that, *in order

* ““Mainz, Oktober, 1843.~In dem Brandschiefer von Minster-Appel, in Rhoin-Baiern,
habe ich in vorigen Jahre einen Salamauder aufgefunden. Gehort dieser Schiefer der
Kohlen-formation? iz Qiesene falle wire der Fund auch in anderen Hinsicht interressant.”
Leonhart und Bronu, Neues Jahrbuch fiv Mineralogie, Sc., 1844, p. 49.

¥ Ibid. 1844, p. 336.

1“0b das—Apateon pedestris—cin Salamander-artiges Geschdpf war, ist keineswegs
ausgemacht”
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to test the hypothesis of the Apateon being 2 fossil fish, he has sent to Agassiz a-
drawing, with a description of it.” Three yeavs later, better preserved and more
instructive specimens of the problematical fissil were obtained by Prof. von
Dechen from the Bavarian coal-fielde, and were submitied to the examination of
Prof. Goldfuss, of Bonn; he published a quarto memoir on them, with good
figures, referring them to o Saurian genus, which he calls Archegosaurus, or
¢ primeval lizard,”—deeming it to be a transitional type between the fish-like Ba-
trachia and the lizards and crocodiles.* The estimable author, on the oecasion of
publisbing the above memoir, transmitted to Prof. Owen excellent casts of the
originals thevein described and figured These casts were presented by the Pro-
fessor to the Museum of the Royal College of Surgeons, London, and were
deseribed by him in his * Catalogue of the Fossil Reptiles,’ in that Museum, (4to.
1854). The conclusions which Prof. Owen formed thereupon, as to the position
and affinities of the Archegosaurus in the reptilian class, are published in that
Catalogue, and were communicated to and discussed at the Geologieal Society of
Loudon (sce the ‘Quarterly Journal of the Geological Society,” Vol. iv., 1848).
One of the specimens appeared to present evidence of persistent branchial arches.
The osseous structure of the skull, especially of the orbits, through the completed
zygouwsatic arches, indicsted an affinity to the Labyrinthodonts; but the vertebrae
and numerous very short ribs, with the indications of stunted swimming limbs,
impressed the writer with the conviction of the near alliance of the Archegosaurus
with the Proteus and other perennibranchiate reptiles. This conclusion of the
affinity of Archegosaurus to existing types of the reptilian class is confinmed by
the subsequently discovered specimens described aund fizured by M. von Meyer, in
his * Palmontographica’ (Bd. vi,, 2te Hef. 1857).~inore especially by bis discovery
of the embryonal condition of the vertebral columni—i. e., of the persistence of
the notochord, and the restrietion of ossification to the arches and peripheral
vertebral Jlements. In thisstructure the old carboriferous Reptiie resembled the
existing Lepidosiren, and afforded further ground for regarding that remarkable
existing aoimal as « ~2 which obliterates the line of demarcation between the fishes
and the reptiles. Coincident with this nor-ossified siete of the basis of the verte-
brate bodies of the trunk is the absence of the ossified oceipital condyles, which
condyles characterize the skull in better duveloped Batrachia. The fore part of
the notochord has extended into the basi-sphenoid region, and its eapsule has con-
nected it, by ligament, to the broad, flat ossifications of expansions of the same
capsule, forming the basi-occipital or basi-sphenoid plate. The vertebre of the
trunk in the fully developed fullsized animal present the following stages of
ossification. The neurapophyses corlesce at the top to form the arch, from the
summit of which was developed a compressed, subquadrate, moderately bigh
spine, with the truneate, or slightly convex, summit, expanded in the fore and afy
direction. so as to touch the contiguous spines in the back : the spines are distinct
in the tail. The sides of the base of the neurai arch are thickened and extended
outwards into diapophyses, having a convex articular surface for the attachment

* ¢ Archegosaurus: Fossile Sanrier anus dem Steinkohlengebirze die den Ucbergaug des
Ieh hyeden zu den Lacerter und Krokodilen bilden,” p. 3. ‘Beitrage zur vorweltlichen
TFauna des Steinkohlengcbirges,’ 4to. 1847,

1* Reptilien ansder Steinkohlen Formation in Dentschland,’ Sechster Band, p. 61.
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of the rib: the fore part is slightly produced at cach angle into a zygapophysis
looking upward and a little forward; the hinder part was much produced back-
wards, supporting two-thirds of the neural spine, and each angle developed into
a zygapophysis, with a surface of opposite aspects to the anterior one. In the
capsule of the notochord three bony plates were developed, one on the ventral
surface, and one on each side, at or near the back part of the diapophysis. These
bony plates may be termed * cortical parts” of the centrum, in the same sense in
which that term is applied to the clement which is called ** body of the atlas™ in
man and Mammalia, and **sub-vertebral wedge-bone” at the fore part of the neck
in Enaliosauria.  As such ventral or inferior cortical elements co-exist with seem-
ingly complete centrums in the Ichthyosaurus, thus affording ground for deeming
them essentially distinct from a true centrum, the term ““hypapophyses ” had been
proposed by Prof. Q@ . en for such independent iuferior ossifications in and from the
notochordal capsule, and by this term may be signified the sub-notochordal plates
in Archegosaurus, which co-exist with proper “@mapophyses,” in the tail. In
the trunk they ave flut, subguadrate, oblong bodies, with the angles rounded off;
in the tail they bend upwards by the extension of the ossification from the under
to the side parts of the notochordal capsule; sometimes touching the lateral
cortical prites. These serve to strengthen the notochord and support the inter-
vertebral nerve in its outward passage. The ribs are short, almost straight,
expanded and flattened at the e Js, round and slender at the middle. They are
developed throughout the trunk and along part of the tail, co-existivg there with
the hemal arches, as i the menopome.* The hemal arches, which are at first
open at their base, become closed by extension of ossification inwards from each
produced angle, converting the noteh into a foramen. This forn..a wide oval, the
apex being produced into a long spine ; but towards the end of the tail the spine
becomes shortened, and the heaen 2l arch is redeced to o mere flatiened ring.  The
gize of the canal for the protection of the caudal blood-vessels indicates the
powerful musenlar actions of that part ; as the produced spines from both neural
ana hzmal arches bespeak the provision made for musenlar attachments, and the
vertical development of the caadal swinming organ.  sll these modifications of
the verwebral colunn demonstrate the aquatic habits of the Archegosaurus; the
limbs being in like mauner modified a3 fivs, but so small and feeble, as to leave
the main part of the function of swimming to be performed, as in fishes and
perennibranchiate batrachia, by the tail. The skull of the Arcl:. zosaurus appears
to have retained much of its primary cartilage internully, and ossification to have
been chiefly active at the surface; where, asin the combined dermo-neural ossifi-
cations of the skull in the sturgeons and salamandrcid fishes, e. g., Polypterus,
Amia, Lepidosteus, these ossifications have started from centres more numerous,
than those of the true vertebral sy.tews in the skall of Saurian reptiles. The
teetb are usually shed alternately. They consist of osteo-dentine, dentine, and
cement. The first substance occupies the centre, the last covers the superficies of
the tooth, but is introduced into its substauce by many concentric folds extending
along the basal half.  These folds are indicated by fine longitudinal straight strie
along that half of the crown. The section of the tooth at that part gives the

** Principal Forms of tho Skeleton,” Orr’s * Circie of the Sciences,’ p. 187, fig. 11.




78 SCIENTIFIC AND LITERARY NOTES.

same structure which is shown by alike sectioa of a tooth of the Lepidosteus .
oxyurus.® The same principle of dental composition is exemplified in the teeth
of most of the ganoid fishes of the Carboniferous and Devonian systems, and is
carried out to a great and beautifr” Jegree of complication iu the old red Deadro-
donts. The repetition of the same principle of deutal structure in one of the
earliest yenera of Reptilia, associated with the defect of ossification of the ende-
skeleton and the excess of ossification in the exa-skeleton of the head, decisively
illustrate the true affinities and low position in the Reptilinn class of the so-ealled
Archegosauri. For other details of the peculiar and interesting structure of the
apimals representing the earliest or oldest known order of Reptiles, Prof. Qwen
referred to the article * Palmontology * in the ¢ Encyclopedia Britannica.' This
order is * carboniferous.”

Order I1.—Lalyrinthodontin.—Head defended, as in the Ganocephals, by a
continuous casque of externally sculptured and unusually hard aund polished osse-
ous plates, including the supplementary « postorbital™ and ¢ supertemporal” bones,
but leaving a “foramen parietale.’t Two occipital condyles. Vomer divided and
dentigerous. Two nostrils. Vertebral centra, as well as arches, ossified, bicon~
cave. Pleurapophyses of the trunk, long and bent. Teeth rendered complex by
undulation and side branches of the converging folds of cement, wheace the name
of the order. Osseous seutes in some. The reptiles presenting the above charac-
ters bave been divided, according to minor modifications exemplified by the form
and proportions of the skull, by the relative position and size of orbital, nasal
and temporal cavities, &e., into the several gevera; ase.g. Mastodousnurus.
Trematosaurus, Metopias, Capitosaurus, Zygosaurus, Xestorrhytins. The relation
of these remarkible repiiles to the Saurian order has been advocated as being one
of close and true affinity, chiefly on the character of the extent of ossification of
the skull and of the outward sculpturing of the cranial bones. But the truae nature
of some of these bones appears to have been overlooked, and the gaze of research
for annlogous structures has been too exclusively upward. If directed downward
from the Labyrinthodontia to the Ganocephali, and to certain ganoid fishes, it sug-
gests other conclusions, which had been worked out by Prof. Owen, in his article
on  Paleecntology,” above veferred to. There is pothing in the known structure
of the so-named Archegosaurus or Mastodonsaurus that truly indicates 2 belonging
to the Saurian or Crocodilian-order of reptiles. The exterior ossifications of the
skull and the canine-shaped labyrinthic teeth are both examples of the Salaman-
droid modification of the gauoid type of fishes. The small proportion of the fore-
limb of the Mystriosaurus in nowise illustrates-this alleged saurian affinity ; for
though it be as short as in Archegosaurus, it is as perfectly constructed as in the
Crocodile, whereas the short fore-limb of Archegosaurus is constructed after the
simple type of that of the Proteus and Siren. Bui the futility of this argument
of the sauroid affinities is made manifest by the proportions of the hind-limb of
Archegosaurus ; it is as stunted as the fore-limb. In the Labyrinthodonts it pre-
sented larger proportions, which, however, may be ilustrated as naturally by
these proportions of the limbsin certain Batrachia, as in the Teicosaurus.

& \Fyman, ¢ American Journal of the Natural Sciences,’ October, 1843,
1 The corresponding vacuity is larger in some ganoid fishes.
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Order 1I1.—Jehthyopterygia.—The bones of the head still include the supple-
mentary “ post-orbitals” and “ supra-temporals,” but there are small temporal and
other vacuities between the cranial bones : a ¢ foramen parietale,” a single convex
occipital condyle, and one vomer which is cdentulous. Two antorbital nostrils.
Vertebral esntra, ossified, biconcave, Pleurapophyses of the trunk long and bent
the anterior ones with bifurcate heads. Teeth with converging folds of cement at
their base; implanted in a common alvesler groove, and confived to the maxillary,
premaxillary, and premandibular bones. Premaxillacies much exceeding the
mnxillavies in size. Orbit very large: a circle of sclerotic plates. Limbs nata-
tory; with more than five multi-articulate digits ; no saerum, With the retention
of characters which indieate, as in the preceding orders, an affinity to the higher
Ganoides, the present exclusively marine Reptilia more directly exemplify the
Ichthyic type in the proportions of the premaxillary and maxillary bones; in the
shortness and great number of the biconcave vertebrze; in the length of the pleur-
apophyses of the vertebre near the head; in the iarge proportionsl size of the
eyeball, and its well-ossified seler?tic coat, and especially in the structure of the
pectoral and ventral fins, The skio is naked. The order ranges from the lias to
the chalk.

Order IV.—Sauropterygia.—No post-orbital and supra-temporal bone:t large
temporal and other vacuitics between certain eranial bones ; 2 foramen parietale;
two antorbital nostrils ; teeth simple, in distinet sockets of premaxillary, maxillary,
and premandibular bones. rarely on the palatine or pterygoid bones; maxillaries
Jarger than premaxillavies. Timbs natatory; not more than five digits. A
sacrum of one or two vertebree for the attachment of the pelvic arch in sume,
numerous cervical vertebre in most. Pleurapophyses with simple heads; those
of the trunk long and bent. T the Pliosaurus the neck vertebrm ave enmparas
tively few in number, short and flat. The sauropterygiaun type seems to havs
attained its maximum dimensions ia this genus: the species of which are peculiar
to the Oxfordian and Kimmeridgian divisions of the Upper Oolitic system. M,
von Meyer regards the number of cervical vertebrs and the length of neck as
characters of prime importance in the classification of Reptilia, and founds thercon
hig Order called Macrotrachelen, in which he includes Simosaurus, Pistosaurus
and Nothosaurue, with Plesiosaurus. No doubt the number of vertebrs in the
same skeleton bears a certain relation to ordinal groups ; the Ophidia find a com-
mon character therein; yet it is not their essential character; for the snake-like
form, dependent on multiplied vertebrwe, characterizes equally certain Batrachians
(Cecilin) and fishes (Murena). Certain regions of the vertebral column are tho
seats of great varieties in the same natural group of Reptilia. We have long-
tailed and short-tailed lizards : but do not, therefore, separate those with numerous
caudai vertebr as  Macrourvaw,” from those with few ar none. The extinct
Dolichosaurus v. the Kentish chalk, with its procalian vertebrze, ennnot be ordin-
ally separated, by reason -of its more nuinerous cervical vertebra, from other
shorter-necked -proccelian lizards. As little can we separate the short-necked and,
the big-beaded .ampbiceelian Pliosaur from the Macrotrachelians of Von Meyer-

* This character is retained throughout therest of the class, save in Batrachia, and will
not afterwards be expressed in their characters.
+These bones o not reappear in the snbsequent orders.
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with whieh it has its most intimate and true affinities. There is much reason,-
indeed, to suspect that some of the Muschelkalk Saurians, which ave as closely
allied to Nothosaurus as Pliosaurns is to Plesiosaurus, may have presented analo-
gous modifications in the number and proportions of the cervical vertebre. It is
hardly possible to contemplate the broad and short-snouted skull of the Simosau-
rus, with its proportionably large tecth, without inferring that such a head must
have been supported by a shorter and more powerful neck than that which bore
the long and slender head of the Nothosaurus or Pistosaurus. The like inference
is more strongly impressed upon the mind by the skull of the Placodus, still shorter
and broader than that of Simosaurus, and with vastly larger tceeh, of a shape
indicative of their adaptation to crusbing molluscous or crustaceous shells.
Neither the proportions and armature of the skull of Placodus, nor the mode of
obtaining the food indicated by its cranial and dental characters, permit the sup-
position that the head was supported by other than a comparatively short and
strong neck. Yet the composition of the skull, ils proportions, eavities and other
light-giving anatomienl characters, all bespeak the close essential relationship of
Placodus to Simosaurus and other so-called Macrotrachelian reptiles of the Musch-
elkalk beds. Prof. Owen continued, therefore, as in his Report of 1841, to regard
he fin-like modification of the limbs as & better ordinal character than the number,
of vertebree in any particular regoin of the spine. Yet this limb-character is
subordinate to the characters derived from the structure of the skull and of the
teeth. If, therefore, the general term Enaliosauria muy be sometimes found con-
venient in its application to the natatory group of Saurian Reptiles, the essentinl
distinetness of the orders Sauropterygii and Ichthyopterygii, typified by the
Ichthyosaurus and Plesiosaurus respectively, should be borne in mind. The
Plesiosaurus, with its very numerous cervical vertebrae, sometimes thirty in number
may be regarded as the type of the Sauropterygii, or pentadactyls sea-lizards. Of
all existing voptiles, the lizards, and, amongst these, the Old World monitors,
( Varanus, Fitz), by reason of the cranial vacuitics in front of the orbits, most
resemble the Plesiosaur in the structure of the skull; as in the division of the
nostrils, the vacuitiesin the occipital region between the exoccipitals and tympa .ics,
the pavietal foramen, the zygomatic extension of the post-frontal, the palato.
maxillary, and pterygo-sphenoid vacuities in the bony palate; and all these are
lacertian characters as contradistinguicshbed from crocodilian ones. But the antor-
bital vacuities, between the nasal; prefrontal, and maxillary bones, are the sole
external nostrils in the Plesiosnurs. The zygomatic arch abuts against the fore
part of the tympanie and fixes it: a much greater extent of the roof of the mouth
is ossified than in lizards, and the palato-maxillary and pterygo-sphenoid fissures
are reduced to small size. The teeth, finally, are implanted in distivet sockets.
That the Plesiosaur bad the “head of a lizard ™ is an emphatic mode of expressing
the amount of resemblance in their cranial conformation. The crocodilian affinities,
however, are not confined to the teeth, but are exemplified in some particulers of
the strueture of the skull itself. o the simple mode of articulation of the ribs
the lacertian affinity is again strongly manifested ; but to this vertebral ckaracter
such affiuity is limited. All the others exemplify the ordinal distinction of the
Plesiosaurs from known existing reptiles. The shape of the joints of the centra
the number of vertebra between the head and tail, especially of those of the neck;
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the slight indication of the sacral vertebra; the non-confluence of the caudal
hemapophyses with each other, are all “ plesiosaurcid.” In the size and number
of abdominal ribs and sternum may perbaps be diseerned a firat step in that series
of devel:pment of the heemapophyses of the trunk, which reaches its maximum in
the plastron of the Chelonia. The connexion of the clavicle with the scapula is
common to the Chelonia with the Plesiosauri; the expaunsion of the coracoids—
extreme in Plesiosnuri—is greater in Chelonia than in Crocodilia ; but is still
greater in some Lacertia. The form and proportions of the pubis and ischium, ag
compared with the ilium, in the pelvic arch of the Plesiosauri, find their nearest
approach in the pelvis of mavive Chelonia; and no other existing reptile now
offers so-near, although it be so remote, a resemblance to the structure of the pad-
dles of the Plesiosaur. Both Nothosaurusand Pistosaurus had many neck-vertebre,
and the transition from these to the dorsal series was effected, as in Plesiosaurus,
by the ascent of the ribsurface from the centrum to the neurapophysis ; but the
surface, when divided betwee the two elements, projected further ou /ards than
in most Plesiosauri. Iv both Nothosaurus aud Pistosaurus the pelvie vertebra,
developes a combined process (par- and di-apophysis). but of relatively larger,
vertically longer size, standing well out, and from near the fore part of the side
of the vertebra. This process with the coalesced riblet indicates a stronger ilium,
and o firmer base of attachment of the hind limb to the trunk than in Plesiosanrus.
Both this structure and the greater length of the bones of the fore-arm and leg
show that the Muschelkalk predecessors of the liassic Plesiosauri were better
organized for-oceasional progression on dry land. The Sauropterygii extend from
the Trias to the chalk inclusive.

Order V.— d-omodontia (aropos, lawless, odous, tooth).—This order is represent-
ed by three families, all the species of which are extinet, und appear to have been
restricted to the triassic period. Tecth wanting, or confluent with tusk-shaped
premaxillaries, or confined to a single pair in the upper jaw, which bave the form
and proportions of canine tusks. A foramen parietale and twe nostrils, tympanic
pedicle fixed. Vertebra biconcave; pleurapophysisof the trunk long aund curved
the anterior ones with bifurcate heads; a saerum of four or five vertebrae forming
with broad iliac and pubic bones, & large pelvis. Limbs ambulatory,——Family
Dicynodontia. A long ever-growing tusk in each maxillary bone ; premaxillaries
connate, and forming with the lower jaw r beak-shaped mouth, probably sheathed
with horn, This includes two genera—Dicynodon and Ptychognathus--all the
known species of which are founded on fossils from rocks of probably triassic age
in South Atrica.~—Family Cryptodontia. Upper as well ax lower jaw edeutulous,
The-genus Oudenodon closely conforms to the dicynodont type, .and the species are
from the same rocks and localities.——Family Gnathodontia. Two curved tusk-
shaped bodies holding the place of the premsxillaries, and-consisting of confluent,
dentinal and osseous substance, descending in front of the symphysis-mandibulee,
These bodies are homologous with the pair of confluent premaxillary teeth and
bones in the existing New Zealand amphiccelian lizard Rhynchocepbalus; they are
apalogous to the tusks in the Dicyuodonts, and must bave served a similar purpose
in the extinet roptiles of the New Red (Trins) Sandstone of Shropshire.(Rhyncho-
saurus), in which alone thig structure, with an otherwise edentulous.beak-shaped

Vor. V. G
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mouth, has hitherto been met with, To this order belongs the Rynchosauroid .
roptile, from the Elgin sandstone, with palatal teeth, called Hyperodapedon, by
Prof. Huxley.

Order V1. Pterosauria.~~Although some members of the preceding Urder re-
sembled birds in the shape or the edentulous state of the mouth, the reptiles of
the present order make a closer approach to the feathered class in the texture and
and pueumatic character of most of the bones, and in the modification of the pec-
toral limbs for the function of flight, This is due to the elongation of the ante-
brachial bones, and more eapecially to the still greater lenglh of the metacarpal
and phalavgial bones of the fifth or outermost digit, the last phalanx of which
terminates in a point. The other fingers were of more ovdinary length and size,
and were terminated by claws, the number of their phalanges progressively
increasing to the fourth, which had four joints. The whole osseous system is
modified in accordance with the possession of wings: the bones are light, hollow,
most of them permeated by sir-cells, with thin, compact outer walls. The scapula
and coronoid are long and narrow, but strong. The vertebra of the neck ave few
but large and strong,—for the support of a large head with long jaws, armed with
sherp-pointed teeth.  ‘The skull was lightened by large vacuities, of which one was
interposed between the nostril and the orbit. The vertebra of the back are small
ag ave those of the sacrum, which were from two to five in pumber, but combined
with & small pelvis and weak hind-limbs, bespeaking a creature unable to stand
and walk like a bird ; the body must have been dragged along the ground like that
of n bat. The vertebral budies were united by ball-and-socket joints, the cup being
auterior, and jn them we have the earliest manifestation of the * procelian” type
of vertebra. The Pterosauria are distributed into genera accordmg to modifica-
tions of the jaws aud teeth, In the oldest known species, from the lias, the teeth
are of two kinds : a few, at the fore part of the jaws, are long, lurge, sharp-pointed,
with a full elliptical base, in distinet and separated sockets; behind them isa
close-set row of short, compressed, very small, lancet-shaped teeth. 1hese form
the genus Dimorphoden, Ow. Iu the genus Ramphorynchus, V. M., the fore par-
of each jaw is without teeth, and may have been incased by a borny beak; but
behind the edentulous production there are four or five large and loug teeth fol-
Jowed by several smaller ones. The tail is long, stiff, and slender. In the genus
Pterodactylus, Cuv., the jaws are provided with teeth to their extremities; all the
teeth are long, slender, sharp-pointed, set well apart. The t»ilis very short. P,
longirosiris, Ok., about ten inches in length. From lithographic slate at Pappen-
heim, P. crassirostris. Goldf., about one foot long, P. Sedqwickii, Ow., from the
grecnsand, with an expanse of wing of twenty feet, exemplify the Prerodactyles
proper. The oldest well-known Pterodactyle is the Dimorphodon macronyz of
the lower lias; but bones of Pterodactyie have been discovered iu coeval lias of
Wirtemberg. The next in point of age is the Dimorplhodon Banthensis, from the
¢ Pogidenomyen-Schiefer ” of Banz in Buvaria, auswering to the alum shale of the
Whitby lias. Then follows the P. Bucklandi, from the Stonesfield oolite. Above
this come the first-defined and numerous species of Ptevodactyle from the litho-
graphic slates of the middle oolitic system in Germany, and from Cirin on the
Rhone. The Ptevodnetyles of the Wealden are, as yet, known to us by only a few
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bones and bone frg:;ents. The largest known species are the P. Sedgwickii and
P. Fittoni, from the upper greensand of Cambridgeshire. Finally, the Pterodac-
tyles of the middle chalk of Kent, almost as remarkable for their great size consti-
tute the last forms of flyinggreptile known in the history of the erust of this earth,

Order VII. Thecodontia.—V ertebral bodies biconcave : ribs of the trunk long
and bent, the anterior ones with a bifurcate head : sacrum of three vertebrs: limbs
ambulatory, femur with a third trochaoter. Teeth with the crown more of less
compressed, pointed, with trenchant and finely serrate margins : implanted in dis»
tinct gockets. This order is represented by the extinct genera Thecodontosaurus
aud Palposaurus of Riley and Stutchbury, from probably triassic strata, near
Bristol : by the Cladyodon of the New Red Sandstone of Warwickshire, with
which, probably, the Belodon of the Eeuper Sandstone of Wirtemberg is generi-
cally synonymous., The Bathygnathus, Leidy, from New Red Sandstone of Prince
Edward’s Island, North Ameries, i probably, a member of the present order:
which seems to have been the forerunner of the next.

Order VIII. Dinosauria.—Cervical and anterior dorsal vertebree, with par- and
di-apophyses, articulating with bifurcate ribs: dorsal vertebrm with a neural plat-
form; sacral vertebrae from four to six in number. Articular ends of the free ver-
tebree, more or less flat ; but in the cervical becoming convex in front and concave
behind, in some species. Limbgambulatory, strong, long and unguiculate, Femur
with a third trochauter in some. The species of this order were of large bulk,
and were eminently adapted for terrestrial life; some, e. g., Iguanodon and, proba-
bly, Hylaosaurus, were more or less vegetable feeders; others, ¢.g., Megalosar,
were carnivorous. The Dinosauria ranged, in time, from the lias (Scelidosaurus
Ow., from Charmouth) to the upper greensand (Iguanodon). The Megalosanrus
occurs in the lower oolite to the Wealden inclusive. The Jatter formation is that
in which the Dinosauria appear to have flowrished in greatest numbers and of
hugest dimensions.

Order I1X. Crocodilia.—Teeth in 2 single row, implanted in distinet sockets,
external nostril single and terminal or subterminal. Aaterior trunk; vertebraz
with par- and di-apophyses, and bifurcate ribs; sacral vertebr two, each support-
ing its own neural arch. Skin protected by bony, usually pitted, plates.

Sub-Order Amphicelia (augr, both ; koros, hollow; the vertebre being bollow
ed at both ends).—Crocodiles, closely resembling in geoeral form the long ~nd
slender-jawed kind of the Ganges, called Gavial, existed from the time of the
deposition of the lower lias. The teeth of the liassic forms were similarly long
slender, and sharp, adapted for the prebension of fishes, and their skeleton was
modified for more efficient progress in water, by both the terminal vertebral sur
faces being slightly concave, by the hind liml 3 being relatively larger and
stronger, and by the orbits formivg no prominent obstruction to progress through
water. From the nature of the deposits containing the remains of the so-modified
crocodiles they were marine, The fossil crocodiie from the Whitby lias, deseribe
ed aud figured in the Philosophical Transactions, 1768, p. 638, is the type of the: s
Amphiccelian species, They have been grouped under the following genecie
heada:—Teleosaurus, Mystriosaurus, Macrospondylus, Massospondylus, Pelagosau-
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rus, Acolodon, Suchosaurus, Goniopholis, Pecilopleuron, Stagonolepis, () &c.*
Species of the above genera range from the lias to he chalk inclusive.

Sub-Order Opisthocalia (omafos, behind, ko:dos, hollow: vertebraz concave
behind, convex in front).—The small group of Crocodilia, so-called, is an artificial
one based upon more or less of the anterior trunk vertebrae being united by ball
and-socket joints, but having the ball in front, instead of, as in modern crocodiles,
behind. Cuvier first pointed out this peculiarity} in a crocodilian from the
Oxfordian beds at Harfleur and the Kimmeridgian at Havre. Prof. Owen had
deseribed similar Opisthoceelian vertebrae fron: the Great Oolite at Chipping Nor-
ton, from the Upper Lias of Whitby, and, but of much larger size, from the Weal-
den formations of Sussex and the Isle of Wight. These specimens probably
belonged, as suggested by him in 1841,1 to the fore part of the same vertebral
column as the vertebre, flat at the fore part, and slightly hollow behiad, on which
he founded the genus Cetivsaurus, The smaller Opisthoccelian vertebre described
by Cuvier have been referred by Von Meyer to a genus called Streptospondylus,
In une species from the Wealden, dorgal vertebree, measuring eight inches across,
are ouly fuur inches in length, and caudal vertebrae nearly seven inches across are
less than four inches in length. These characterize the species called Cetéosaurus
brevis. Caudal vertebra, meusuring seven inches deep and five and a balf inches
in length, from the Lower Qulite at Chippiug Norton, and the Great Qolite at
Enstone, represent the species called Cetiosaurus medius. Caudal vertebra from
the Portland Stone at Garsington, Oxfordshire, measuring seven inches nine lines
across and seven inches in length, were referred by the author to the Cetiosaurus
longus. The latter, he rematked, must have been the most gigantic of erocodilians.

Sub-Order Prelia (wpos, front, koihos, hollow ; vertebrae with the cup at the
fore part and the ball behind). Crocodilians with cup-and-ball vertebre, like those
of living species, first make their appearance in the greensand of N. America
(Croc. basifissus and Q. basitruncatus, Ow.)| In Europe their remains are first
found in the tertiary strata. Such remains from the plastic clay of Meudon have
been referred to Crocodilus isorhynchus, C. celorhyncus, C. Becquereli. In the
¢ Caleaire Grossier’ of Argenton and Castelnaudry have been found the C. Rallin-
ats, and C. Dodanii, In the coeval cocene London clay, at Sheppy Islaund, the
entire skull and charaeteristic parts of the skeleton of C. toliapicus and C. champ-
soides occur. In the somnewhat later eocene beds at Bracklesham occur the remains
of the Gavialllike (. Dixoni. In the Hordle beds have been found the C.

*This was referred to the present order by the author, after inspection of thp specimens
brought to the British Association Meeting, at Leeds, by Sir R. Murchison, “ut with a nr te
ou the greater relaiive breadth of the coracoid, as shown by the part of the bone then
exposed.—(Encyclo. Brit. Art. * Palecontology’). Prof. Husley, to whom the specimens were
subsequently consigned for description, together with others directly transmitted to him,
confirms the geueral crocodilian character of Stagonolepis. I regerd the-modifications of
the limb-bones as indications of aflinity with the Thecodontia; but the structure of the
cranium -must be ascertained to determine this point. The associated fossils, especielly those
allied 10 Rynchosaurus, in the Elgin sandstones, have a triassic character.

+ ¢Annt es du Muséum,’ tow. xii, p. 83, pl. x. xi.

1 ¢ Report on British Fossil Reptiles,” Trans. British Association, for1841, p. 96.

Quarterly Journal of the Geological Society.
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Hustingsie, with short and broad jaws ; and also a true alligator (C Hantoniensis),
Itis remarkable that forms of procwlian Crocodilia, now geographically restricted,
the gavial to Asia and the alligator to America, should have been associated with
true crocodiles, and represented by species which lived, during vearly the same
geological pariod, in rivers flowing over what now forms the south cuast of Eng
land. Many species of proceelinn Crocodilia have been founded on fossils from
miocene and pliocene tertiavies. One of these, of the gavial sub-genus (C.
crassidens), from the Sewalil tertiary, was of gigantic dimensions.

Order X. Lacertilia,.—Vertebree, in most, procoelian, with a single transverse
process on each side, and with single-headed ribs ; sacral vertebree, not exceeding
two. Small vertebrae of this type have been found in the Wealden of Sussex.
They are more abundant, and are associated with other and more characteristic
parts of the species in the cretaceous strata. Ou such evidence have been based
the Rhapiosaurus subulidens, the Coniasaurus crassidens, and the Dolichosaurus
longicollis, But the most remarkable and extreme modifications of the lacertian
type, in che cretaceous period, is that manifested by the huge species of which a
cranium, five feet long, was discovered in the upper chalk of St. Peter’s Mount.
near Maestricht, in 1780. This species, under the name Mosasaurus, is well known
by the descriptions of Cuvier. Allie. species have been found in the eretaceous
strata of England and North America. The Lewodon anceps of the Norfolk chalk
was a nearly-allied marine Lacertian. The structure of the limbs is not yet well-
understood ; it may lead to a sub-ordinal separation of the Mosasauroids from the
land lizards, most of which are represented by existing species, in which a cloge
transition is manifested to the next order.

Order X1. Ophidia—Vertebrae very numerous, proceelian, with a single trans-
verse process on each side, no sacrum; no visible limbs. The earliest evidence,
at present, of this order is given by the fossil vertebre of the large serpent
{Palzophis, Ow.) from the London clay of Sheppyand Bracklesham. Rewains
of a poisonous serper*, apparently a Vipera, bave been found in miocene deposits
at Sansans, south of }rance. Ophidiolites, from (Eningen, have been referred to
the genus Colube..

Order X1, Qkelonia.—The characters of this order, including the extremely
and:peculiarly-modified forms of torloises, terrapenes and tucties, are sufficiently
well known., The chief modifications in oolitic Chelonia known to Prof. Owen
were the additional pair of boaes, interposed between the hyosternals -and hypos-
ternals of the plastron, in the genus Pleurosternon from the Upper Oolite at
Purbeck, It would -be very hazardous to infer the-existence of reptiles, with the
chavacteristic structure of the restricted genus Testudo, from the.foot-prints in the
triassic sandstone of Dumfries-shire. But Prof. Owen concurred in the general
contlusions based upon the admirable figures and descriptions in the splendid
monograph by Sir Wm. Jardine, Bart,, F.R.S.,, that some of those foot-prints most
probably ‘belonged fo species of the Chelonian order. As enormous species of
true turtle (ckelone gigas), the skull of which measurnd one foot across the back
part, had left its remains in the eocene clay at Sheppy. The terrestrial type of
the order had been exemplified on a still more gigantic scale by the Colossochelys
of the Sewalik tertiaries,
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Order XIII Batrachia.—Vertebree biconeave (Siren), proccelian (Ranay, or
opisthoceelian (Pipa) : pleurapophyses short, straight. Two oceipital condyles and
two vomerine bones, in most dentigerous: po scales or scutes, Larve with gills,
in most deciduous. Representatives of existing families or genera of true Batrachia
have been found fossil, chiefly in tertiary and post-tertiary strata, Indications of

a perennibrapchiate batrachian had recently been detected by Prof. Owen, in a
collection of minute Purbeck fossils. Auvourous genera (Palwophrynus), allied to

the toad, occurred in the Eniugen tertiaries, and here also the remains of the
gigantic Salamander (Andrias Schewzeri) were discovered.

Summary of the above defined Orders.

Province—VERTEBRATA.
Cless—H EMATOCRYA.
Sub-Class—REPTILIA.

Orders.
1. Ganocephala,
I1. Labyrinthodontia.
UL Ichthyopterygia.
1V, Sauropterygia.
V. Anomodontia.
V1. Pterosauria,
VII. Thecodontia.
VIII Dinosauria,
IX. Crocodilia.
X. Lacertilia.
XI. Ophidia.
XII. Chelonia.
XIII Batrachia.

NOTES ON JAPAN., BY LAWRENCE OLIPZANT, F.R.G.S.

The following Notes are the results of personal observation during the recent
mission of Lord Elgin to the Empire of Japan.
*  The three ports of the Empire visited by the mission, and which fell more
immediately uader our observation, were Nagasaki, situated in the Island
of Kinsin; Simioda, a port opened by Commodore Perry on the Promontory
of Idsa; and Yeddo, the capital city of the Empire. Of these Nagasakiis the
one with which we have been for the longest period familiar. In former times it
was o fishing village situated in the Principality of Omura. It is now an imperial
demesue, and the most flourishio, port in the Empire. It owes its origin to the
establishment, at this advantageous point, of a Portuguese seftlement in the year
1669 ; and its prosperity, to the enlightened policy pursued by the Christian Prince
of Omura, in whose territory it was situated. Its transfereuce to the Orown property
was the result of political intrigues on the part of the Portuguese settlers, in conse~
quence of which the celebrated Tageo Sama incluced it among the lands apper~
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taining to the Crown. Situated almost at the westernmost extremity of the Em-
pire, at the head of & deep land-locked harbour, and in convenient proximity to
some of the wealthiest and most productive Principalities, Nagasaki possesses
grent local advantages, and will doubtless continue an important commercial
emporium, even when the trade of the Empire at large {s more fully developed,
and has found an outlet through other ports. The town is pleasantly situated on
a belt of level ground which intervene- between the water and the swelling hills.
These, with their slopes terraced with rice fields; their wooded valleys and gush-
ing streams ; and their projecting points crowned with temples or frowning with
batteries. form an amphaithentre of great scenic beauty ; and the whole aspect of
the place produces a most favourable impression on the mind of the stranger
visiting Japan for the first time,

The Empire of Japan is stated, according to native authority, to consist of up-
wards of three thousand islands. The majority of these, however, are uniuhabited
rocks. The principal island is known to the natives as Dai Nipon. The word
Nipon is, doubtless, the origin of the term Japan, now applied to the whole gro 3.
The Chinese have called Nipon, “Jipun, the Empire proceeding from the sun’
Marco Polo calls it Jypanger, but all these words have clearly a common origin,
Yesso, Kinsin, and Sikok complete the group of larger islands, which contain
a territorial superficies, roughly estimated at 160,000 square miles. To these
must be added the Japanese settlements in the neighbouring island of Tarakai,
where the boundary which divides them from Russia, and marks the limit of that
spreading Empire in this direction, remains yet undecided.

The city itself contains a population of about fifty thousand, and consists of
between cighty and ninety streets, ruuning at right avgles to each other—broad
enough to admit of the passage of wheeled vehieles, were any to be seen in them
—and kept scrupulously clean. A eanal intersects the city, spauned by thirty-five
bridges, of which fifteen are handsomely constructed of stone. The Dutch factory
is placed upon u small fan-shaped island about two hundred yards in length, and
connected with the mainland by a bridge. Until recently, the members of the
factory were confined exclusively to thiz limited area, and kept under a strict and
rigid surveillance. The old regimeis now however,rapidly passing away; and the his
tory of their imprisonment, of the indignities to which they were exposed, and the
insults they suffered, has already become a matter of tradition.

Kinsin, or “the Island of Nine,” in which Nagasaki is situated, is 8o called be-
cause it isdivided into nine proviuces. It cortains an area of about sixteen thou-
sand miles, being in extent nearly equal to Sardinia. 'The provinces of whichit is
composed ave—Fizen, Tsikuzen, Tsikugo, Buzen, Bungo, Figo, Oosom, Fingo, and
Satsuma. I have enumerated these by nane, not so much for the purpose of
information as to convey some idea of the words and names io the Japanese lan-
guage. Al these provinces are divided among many princes, who are vassals of
the empire. The supremacy, however, in cach is generally vested in a single
family. whose hereditary position among the aristocracy of the country confers
upon it a recognized ascendnney.

Ir Kinsin, the most important of these Principalities, are Fizen and Satsuma.
The largest city in the island, Sagn, is the capital of Fizen aud residence of its
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Prince. Attached to this province there are no fewer than 1016 islands. One of
these, Firando, is interesting to us, from the fact that, in the year 1613, an English
factory was established there, which however, after a brief existence, failed, in con-
sequonce of o combiuation of adverse: circumstances to which it is not pecesary
here to allude, more especially as we have no reason tu anticipate that they will
again asise to nip in the bud the commerce thatis rapidly growing in those regious-
Simabarra is another port of this province possessing historical interest. Its
siege forms a celebrated but melancholy episode in the history of Christianity in
Japan. Thirty-five thousand Roman Catholic Christians, who had taken refuge
within its waters were bombarded by the Dutch at the behest of the Japanese
Government, and utterly exterminated.

In former days Nagasaki was comprised within the limits of Fisen, and even now
the deferice of the city, in time of war, devolves upon the prince. The revenue
of: this high diguitary is stated to amount to about £360,000 a-year. His territory
is one of the most productive in the empire, which will accouunt for ‘this-enormous
revenue. Besides rice, and various descriptions of grain, it produces tea, tobacco,
and cotton, with fruit of divers sorts. Among the most important of its pro-
dutts, however, should be mentioned the vegetable tallow, one cargo of which has
already reached this country, and been disposed of at a large profit. Among its
mineral productions are iron, sulphur, cinnabar, and marble. There is a coal mine
at Wukumote ‘which scme of the Dutch Mission have descended. They describe
the'mine as being well and judicionsly worked, and the coal as being bituminousinits
nature, and madeinto coke for use. Old Reinipfer tells a story (by way of illustrat-
ing the volcanic nature of the country) of a coal mine in this province which,
through the carelessness of the miners, teok fire, and has been burning ever since.
The nearest coal mine s not more than seven miles from Nangasaki. Another very
extensive one is situated in Tsekugen, about one bundred miles distant. A very
exceltent description of porcelain elay is also found here, and the European demand
for eggshell Chinu, which issold in greac quantities at Nagasaki, is chiefly sup-
plied by the subjects of the princes of Ligon and Satsuma. The ruler of Ligon
is, so far as we could learn from our Dutch informants at Nagasaki, a man of toler-
ably advanced views, and favourably disposed towards foreigners. He has
already-adopted many of our wisest inventions, but has not sueceeded in thoroughiy
divesting himself of old prejudices. This was jllustraled a short time prior to-our
visit, by his refusal {o allow the Dutch to enter his territory to put up asteam engine
which be himself had ordered out from Europe, to pump water out of one of hig
coal'mines. But the Prince who has distinguished himself most notably by his
progressive views is his Highuess of Satsumz. Unfortusately, since our return to
this country, we have received intelligence of the denth of this most enlightened
pobleman. A man of the highest rauk, of enormous wealth, of great nelitical
influence, the Prince of Satsuma was ever ready to advaunce the interests of for-
eigners, and to introduce into his own State their arts and inventions. I wasin-
formed by a Dutch gentiemen who bad visited bim that he bad established an
electric telegraph between his castle and Hagosima, the chief city of his provinee,
a distauce of about three miles. He has also extensive glass factories, and eannon
foundries, in which 800 workmen ave employed.
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Some ider. may be formed of the scale upon which his establishment was con-
ducted, from the fact that he possessed nine town houses in Yedo, and always
travelled to that city with an escort of several thousand men. He was nearly
connected with the Royal Family, his daughter being married to the late Tycoon,
or Temporal Emperor, whose demise took place about the period of our arrival at
Yedo.

A former Prince of Satsuma, was the conquevor of the Lewehew Islands. The
Province of Satsuma contains great quaantities of sulphur, which may form an
mportant item in our trade with Japan. At its southern extremity is sitvated
the Island of Loogasiog, or Sulphur Island, which is said to burn incessantly.
We did not pass within sight cf it however. The mines of the island yield the
Prince of Satsuma an annual revenue of 200 chests of silver.

The whole of the Island of Kinsio is eminently volcanic, notwithstanding its
general fertility and varied products. Parts of it are wild.and barren ; the aspect
of its shores and general character of its mountains would betray its origin, even
did not incessant volcanic action exist to put the matter beyond a doubt. There
are uo less than five volcamoes active in this island—they are, Mitake, in the Pro-
vinee of Satsuma ; Kirisima Yamma, in Fingo; Asoyammo, in Figo; Wunzler, in
Fizen ; nnd Tsurminyanma, in Bungo.

The most celebrated of these are the Kirisma Yamma and Wunzler, or the “High
Mountain of Warm Springs.” I find, on referring to the Chinese Repository, that
in 1793 the summit of the mountain sunk entirely down ; torrents of boiling water
issued from all parts of the deep cavity which was thus formed, and the vapour
aroselike thi & smoke. In one of its eruptiows, it is recorded to have desiroyed
the ill-fated city of Simabara, when 35,000 persons are said to have perished
There are also many hot and sulphurous springs, which are used as baths, and
accounted to have great medical qualitics. To some of these, curious superstitions
are attached. They are considered departments for punishment in the infercal
regions. To one which is covered at the top with a white cream like froth, are
consigned pastry-cooks and confectioners who practised adulteration while in life ;
while deceitful brewers pass a miserable existence iu a spring as thick and muddy
as the beer and sakee they sold their customers. The Island of Kinsin is well
watered; & hardy and industrious population inhabits its fartile valleys; its lofty
mountain ranges coniain scenes of great grandeur and sublimity, while its shores,
indented with deep aud secure harbours and feathered with wood, owe much of
their picturesque beauty to the numerous islands which stud those inland waters,

It is separated from the Island of Nipon by the parrow Straits of Vander
Capellen or Simonerki, which conneet the Straits of.the Corea with the Purvonadel
Sea. It was originally the intention of Lord Elgin to.have explored on his retarn
voyage this most remarkable sheet of waler, never yet traversed by foreign keel,
and which must afford & most interesting field for surveys of scientific character,
as also for general observation. Unfortunately, however, our time did not admit
of his putting this design into execution. The South sea is thickly covered with
islauds, and was reported to-us by the Japanese as navigable for ships of large
draught. The Lirge and important island of Sikok intervenes between it and the
North Pacific Ocean with which this sea is connected, by the Straits-of Bangon on
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the west, and the narrow Channel of Kind on the east. Sikok is, as its name im-
plies, divided-into four provinces ; as, however, we did not even sight its shores we
had vo opportunity of obtaining any information about it. It is about 150 miles
long, with an average breadth of 70’ miles, and is computed to contain about
10,000 square miles.

With the Suwonda Ses, however we are more closely interested, for upon its
margin is the Port of Hiogo, opened by the late treaty to the commerce of the
west.

This port is situated in the Bay of Othosaka, opposite to the celebrated city of
that name, from which it is ten or twelve miles distant. The Japanese Govern:
ment have expended vast sutos in their engineeriug efforts to improve its once
dangerous anchorage. A breakwater, which was erected at a prodigions expense,
‘and which cost the lives of numbers of workmen, has proved sufficient for the
object for which it was designed. There is a tradition that a superstition existed
“in connection with this dyke, to the effect that it would never be finished, unless
" an individual could be found sufficieutly patriotic to suffer bimself to be buried in
it. A Japannese Curtius was not long in forthcoming, to whom a debt of grati-
tude will be due in all time to come, from every British ship that rides securely at
her aochor behind the breakwater.

Hiogo has nov become the port of Ghosaken and Miaco, and will in all probabil-
ity, be the principal port of Euvopean trade in the empive. The city is described
as equal in size to Nagasaki. When Kainipfer visited it, he found 300 junks at
apchor in its bay.

The Dutch deseribe Ohosaka as a wmore attractive resort even than Yedo.
While this Intter city may be regarded as the London of Japan, Ohosake seems
to be its Paris. Here are the most oelebrated theatres, the most sumptuous tea-
houses, the most extensive pleasure-gardens. It is the abode of luxury and
wealth, the favourite resort of fashionnble Japanese, who eome here to spend
their time in gaiety and pleasure. Ohosaka is one of the five Imperial cities, and
coptains a vast population. [t is sitnated on the left bank of the Jedogaws, a
stream which rises in the Lake of Qity, situated a day and a-half’s journey in
the intevior. Itis navigable for boats of large tonnage as far as Miaco, and is
spanned by numerous handsome bridges.

The port of Hiago and the city of Osaca will not be opened to Europeauns until
the 1st of January, 1868. The foreign residents will then be allowed to explore
the country in any direction, for a distauce of tweuty-five miles, except towards
Miaco, or, as it is more properly called, Kioto. They will not be allowed to
approach nearer than twenty-five miles to this far famed city.

As the Dutch have constantly been in the babit of passivg through Kioto, it is
probable that before very long this restriction will be removed. aud Europeans will
be permitted to visit, what is, without question, the most iateresting spot in the
Empire. If Yedo is the London, and Othosaka the Paris, Kioto is certainly the
Rowe of Japan.  Itishere that the spiritual Emperor resides, 2ad that enormous
ecclesiastical Court by which he is surrounded, aud which is called the Dairie,
ig permanently fixed. It is here that the celebrated tomb of the Great Sayco
Sena, the most funous of Japancese temporal Emperors is situated ; and here are
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to be seen the most magnificient and imposing temples of which the Empire can
boast. The population of Kioto iesaid to be half a million, and it has had the
reputation of being the principal manufacturing town in the Empire. It is situat-
ed as nearly as possible in the centre of Dai Nipon, the largest and most importans
island in the Japanese group, and which now demands a brief descriptive notice.
According to Kainipfer, its length measured along the middle of the ialand exceeds
900 miles, and its average width may be estimated at more than 100 miles~its
surface may, therefore cover anarea of about 100,000 square miles, It is traversed
in itg whole length by a chain almost of uniform elevation, and in many places.
crowned with peaks covered with perpetual snow. This chain divides the streams
which flow to the south and esst, and which fall into the Pacific Ocean, from those
which pursue a northerly course to the sea of Japan. Very many of its peaks are
volcanic—among the most important of these is the Fusyanuner, the highest
mountain in Japan. Its elevation is estimated at about 11,000 feet above the
gea level. It hag been quiescent for upwards of & ceatury ; its summit was sheathed
with snow when we saw it at midsummer. The volcanoe of Pries, situated on an
island under which we passed, was in action. Nipon is divided into upwards of
50 separate provinces, and contains the capital city of the Empire: Yedo. The
first point in it at which we touched was the port of Simoda, situated on the
promontory of Idsu, and opened to foreign trade by Commodore Perry in 1852.

As this port is under the new treaty to be closed to foreigners, it is scarcely
necessary to allude to it. At no time favourably situated for trade, and under all
circumstances a dangerous harbour, the anchorage was totally destroyed by an
earthquake, which took place in December, 1854, Placed at the extreme end of a
mountainous promontory, to pass from which into the interior of the island it is
necessary to cross & mountzin range 6000 feet high, and inhabited by & poor
population of fishermen, Simoda can never offer atiractions to the merchant, or
give uscause to regret that it is no longer available for commercial purposes. The
promontory of Idsu forms the eastern shore of the Bay of Yedo. The distance
from Simoda to that city is about eighty miles. At Uraga the opposite shores
approach to within ten miles of each other, and the straits which are thus
formed afford scenery of much picturesque beauty. Eighteen miles from Yedo,
and situated in a curvature of the western shore, lies the new port of Kanagaws,
affording secure anchoraze within balf-a-mile of the land. Connected with
Yedo by an excellent road, practicable for wheeled vehicles, and containing a
considerable popuiation already, Kanagawa possesses many advautages asa focus
of trade. As, however, we did not land here, I do not venture to describe it
further, the more especially as it has pow been open to Europeans for upwards
of two months, and we shall doubtless ere long have » full account of it from some
of the pioneers of commercial enterprise who have already gone to establish them-
sclves there. Foreigners are permitted by treaty to go into the interior for a
distance of twenty-five miles, except toward Yedo. The Logos river, distant
about ten miles from this city, is theic limit in that direction.

Fortunately, no such restriction applied to us, and we were enabled, during a
residence of ten days in that most interesting capital, 1o acquire some informs.-
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tion with reference to the manners und customs of the singular race who inhabit
it, of their-mode of government, and of the resources of the country generally.

Situated atthe hend of a bay, or rather gulf, so extensive that the opposite
shores are not visible to ench other, Yedo spreads itself in a continuous line of
houses along its partinlly undulating, partiallylevel margin, for a distaunce of
about ten miles. Including suburbs, at its greatest width it is probably about
weven miles across, hut for a portion of the distance it narrows to a mere strip of
houses. Any rough calculation of the population of 0 vast a city must necessaril-
1y be very vague and uncertrin ; but, after some experience of Chinese cities, two
millions does not seem too high an estimate at which to place Yedo.

In consequence of the great extent of the aren otcupied by the residences of
the Princes, there are guarters of the townin which the inbabitants are very
scarce. The citadel, or residence of the temporal Emperor, connot be less than
five or six miles in circumference, and yet it only contains about 40,000 souls. On
the other hand, there are parts of the city in which the inhabitants seem almost
as closely packed as they are in Chinese towns.

The streets are broad and admirably drained, some of them are lined with
peach and plum trees, and when these' are -in blossom must present a gay and
lively appearance. These which traverse the Prince’s quarter.are for the most
part as quiet aud deserted as eristeeratic thoroughfares generally are. Those
which pass through the commercial and :manufacturing quarters are densely
crowded with passengers on foot, in chairs, and on horseback, while occasionally
but not often, an ox waggon rumbles and creaks along, The houses are only of.
two stories, sometimes built of freestone, sometimes of sunburnt brick, and some-
times of wood; the roofs are either tiles or shingles. The shops are completely
open to the street ; some of them are very extensive, the show rooms for the more
expensive fabrics being up stairs as with us, The eastern part of the eity is built
upon a level plain, watered by the Toda Gaws, which flows.through this section
of the town, and supplies with water the large moats which surround the citadel.
It is spanned by the Nipon; has a wooden bridge of enormous length, celebrated
ag the Hyde Park Corner of Japan, as from it all distances throughout the empire
are mensured. Towards the western quarter of the city the country becomes.
more broken, swelling hills rise above the housetops, richly clothed with foliage,
from out the waving masses of which appear the upturned gables.of a temple, or
the many roofs of a Pagoda.

It will be some satisfaction to foreigners to know that they are not to:be.
excluded for ever from this most interesting city, By the treaty concluded in it
by Lord Elgin, on the.first of January, 1862, British subjects will be allowed to.
reside there, and it is not improbable that a great port'sn of the irade may
be transferred fo it from Kanagawa. Thore is plenty of water and a good
anchorage at a distance of about a mile and a half from the western suburb of
Linagawa.

The only other por$ which has been opened by the late Treaty in the Tsland of
Nipon is the Port of Nee-e-gata, situated upon its western const. As this port
bes never yet been visited by Europeans, it is stipulated that if it be found
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inconvenient a8 a harbour, another shall be substituted for it, to be opened on the
first of January, 1860.

Tt will thus be seen that we have one port in Kinsin, Nagasaki; three in Nipon,
Hiogo, Kavagawa, and Nee-e-gata. In the remaining large Island. of the Jupanese
group—viz., Yessa, we bave secured Hakodadi. It was- opened to foreign trade
on the Ist of last July. Our ships of war have recently visited Hakodadi
frequently. It is deseribed as a beautiful spot, situated in a country resembling:
England in its climate, productions, and natural features,

The limits of this paper will not, unfortunately, admit of my adverting, at any
langth, to the singular politieal aud social institutions of this most remarkable
people—otherwise, it might have been interesting to have deseribed the spiritual
Emperor passlng o sub-celestial existence at Miaco, reminded only of his
humanity by twelve wives, who are not spiritual; and the temporal Emperor,
confined within the massive walls of his handsome palace, litile better than o
State prisoner, We cannot now speculate tpon the power aud influence wielded
by the Council of State, composed of five fendal nobles ; or discuss the share which
an ancient and powerful aristoeiacy possess in the administration of public affairs,
That most striking feature in the social government of Japan, which eonsists of an
elaborate system of espionnge, exorcised alike upon prince and beggar, and
retaining all within the thraldrom of its iron grasp, would be a fertile theme for a
paper in iiself; while the celebrated Hara Kivi, or happy despatch, already so
familiar to all, that it is scarcely necessary to allude to it as the resource alike of
the ubsuecessful politician, the detected criminal, and the injured member of
society. It may not, however, be so well known that the old practice of ripping
open the abdomen has been extinguished in favour of a less disgusting method of
immolation, by which the duty of terminating the existence of the victim falls
not upon. himself but upon his friend, who decapitates him in the presence of his
family and relations.

Still less can we now venture upon a discussion of the various creeds which obtain
in Japan, of the old vational r2ligions of the Empire, known as the Sinsyn religion or
faith of the gods, or of the e:.tent to.which it has become modified by those more
recently introduced dogmas of Bhuddism (now a faith widely diffused throughout
the Empire,) or “of the influence exercised upon both by the more Confucian
tenets practised by those who follow Suitoo, or the way of the philosaphers,

Having, thus. enumerated and briefly discussed, so far as our limited information
will admit, the five ports of Japan recently opened by treaty.to the commerce and
enterprise of the West, it may not be uninteresting to glance at the probable
nature and extent of that commerce. which is likely to spring up at them.

From the-little: we know-of the internal resources of Japun,. it}is:probable that
we- shall find a more profitable source of trade iw its mineral than its vegetable
productions. Unless we have been totally misinformed, these former are of vast
extent and great, value.

We know that the principal profits of the early Portuguese settlers were
derived from the export of gold and silver. So lucrative®{was it that Kainipfer
remarks—* It igbelieved that, had the.Portuguese enjoyed the trade of Japan.but
twenty years longer, upon the same footing as they did for some time, much richea
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would have been transported out of this Ophir to Macao, and there would have
been such a plenty and flow of gold and silver in that town, as sacred writ
mentions there was at Jerusalem in ifie time of Solomon. At a later period, the
Dutch carried on this same traffic “to so great an extent that a native political
economist, writing in 1708 on the subjeoct, computes the annual exportation of
gold at about 150,000 cobaugs, so that in ten years the empire was drained of
1,500,000 cobaugs, or about two millions and a half sterling.

The gold is found in various localities. That procured from Sado has the
reputation of being the fivest, and it is stated that the ore will yield from one to
two oz. of fine metal per 1} 1b. The copper mines in Garonga are stated to be
very rich, the copper ore raised also being impregnated with gold. The ore from
Satsuma yields from 4 to 6 oz. per 1% Ib. These are the principal mines. Gold
dust is found in some of the streams. Copper is superabundant, as is evident
from the lavish use made of it for ornamental purposes.

For a long period the Duteh received at Nagasaki (in exchange for their merchan-
dize) Japan copper. This however, as well as the sale of gold, has been stopped
for many years. The Government allows no more copper to be produced now
than is absolutely necessary for home gonsumption, which is comparatively very
small. It will be for us to develope more fully oue of the most unportant elements
in the wealth of this vast empire.

By the treaty recenily concluded, gold and silver coins may be exported from
Japan, but not, as cargo; the exportation of copper coir, as well as copper in bars,
is prohibited, but the governnent engages to sell from time to tinte at public
auction, any surplus quaatity of copper that may be produced.

Iron ahounds in various parts of Japan. The mines of iron are extensively
‘worked, much more 8o at present than those of copper. Judging from articles of cast-
ing of their own construction, the ores must be of excellent quanlity. Specimens
of wrought iron, cast and blister steel, have been examined with very satisfactory
results, The wrought iron is usually hammered, and in smallfflat bars varying
from 12 to 20 lbs. each. This is probably to be attributed to a want of proper
vachinery for heavier bars, and its being snited to their purpuses. The steel of
which the swords were composed which we procured at Yedo, was of admirable
temper and quality.

I have already alluded to the coal mines which exist in the Island of Kinsiu—
one of them is distant only seven miles from Nagasaki. They are a Government
monopoly. Hitherto the coal brought for sale since the opening of trade at Nag-
asaki has been surface ¢oal, and consequently inferior in quality; it is described
as small. It buras slaty, leaving considerable ash, and is very Jight. There can
be little doubt that good coalis to be found in the island, when the minea begin to
be properly worked. By the treaty of Yedo, coals, zinc, lead, and tin, are to be
exported, at a duty of five per cent.

The vegetable productions of Japan, which are most probably destined to be-
come articles of commerce, are camphor, vegetable tallow, rice, wheat, drugs,
seaweed, &e. Among manufactured articles we may mention lacquer ware
and poreelain, bub it is almost impossible at this early stage of our commercial re-
lations to predict either their character or extent. Immediately on our return
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from Japan, some merchant ships went out to Nagasaki—not altogether strictly in
accordance with international law—to open trade at that port. Since November
last we have an actual experience to refer to ; but we must beware of drawing con-
clusions rashly from it. That the result has not equalled the anticipations formed
at the commencement is due to the fact that trade has not been catried on under
.ae provisions of the treaty concluded at Yeddo, but under that now obsolete sys-
tem formerly pursued by the Ducch, in which the foreign merchant was competled
to deal with and through Governmeunt alone. The consequence was, that
after the first few Government contracts were completed, the trade ceuld only
be carried on under those restrictions and disadvantages which have readered it so
little profitable to the Dutch throughout this long course of years. Now, however
that those restrictions are rev.aoved, and a currency established, which will once
more enable merchants to enter upon extensive commercial transactions under
favorable conditions, instead of confining them to a paltry barter trade, carried out
under Governmen! regulations, I have no doubt that we shall receive very differ-
ent accounts of our mercantile progpects in this quarter. When we hear that be-
tween November, 1858, and March, 1859, no less than 15,000 tons of British and
American shipping have left Shanghae for Nagasaki, a port the annual trude of
which had been carried on by two Dutch ships, and that upwards of 11,000
tons bave returned thence, many of the vessels being announced to go back
again, we are driven to suppose either that the British merchant is more than
usually blind to his own interest, or that there really is a trade worth engaging
in, About fourteen hundred bales of silk in all have been procured and exported
at Nagasaki, since the trade began last November, It is expected that the supply
of this article will increase materially, the climate being suitable for the growth
of the mulberry, aud the habits of the people well adapted to the manipulation
of silk.

Among the imports into Japan, produce from the Straits and China paturally
forms o large proportion. This is for the most part con:posed of drugs and what
is technically termed Chow-chow cargo—viz., spices and condiments of various
sorts; also Sandal and Sapan wood. We have contributed damasks, cottons,
muslins, velvets, woollens, &c; while American piece goads have found a ready
market. As yet, however, our merchants are only feeling their way, and some
time must elapse before it will be possible for us to predict with auy certainty
ether $he nature or extent of that trade which is capable of being created in this
most interesting quarter of the globe. Meantime, a heavy responsibility will rest
alike upon the merchants engaged in developing commerial relations in this coun-
try, and on our own official agents employed in supporting them and at the same
time in protecting the Government to which they are aceredited in due exercise
of their treaty rights.

We are ignorant of the political considerations which induced the Japanese Gov-
ernment to relinguish that syslem of exclusiveness which had for many years dis-
tinguished it among the natious of the East. We do know, however, that this
result was not arrived at without much angry discussion and violent opposition
on the part of some of the most influential members of the aristocracy; and we
can have little douhs that a strong feeling adverse to intercourse with foreigners
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or the establishment of commercial relations with them, exists throughout a lnrge
important class in Japan.

At present, this party is in the minority, but whether it will remain so or not, must
depend upon the skill and tact with which our political relations are conducted, and
upon the impression which the foreign mereantile community will create upon the
people geneml)y Of a haughby and independent spirit, the Japanese are
aleo suspicious and vindictive, and it is possible that, unacustomed to contact with
Europenus, they may grow restive under the aunoyances and evils which follow in
the wake of civilization, and manifest a temper calculated to irritate the nation
with which they have so recently entered into a friendly compact. It will be at
this juncture that we shall be called upon to exercise that forbearance and moder-
ation which it is ever becoming in the strong to display towards the weak

It would be well to remember that while we bave achieved a great result in
thus opening to the world this prosperous and happy community, we bave aleo
ineurred serious obligations towards them, and are bound not to take advantage
of their ignorance and inexperience in their dealings with western nations, We
can only hope to commend our civilization to them by maintaining & high moyal
standard, both in our commercial and.political intercourse. They are sufficiently
enlightened to appreciate & policy inflienced by higher considerations than those
involved in the accumulation of wealth. Unless we follow such a policy, it
ig not too much to predict that we shall lose alike their confidence and respect,
and involve ourselves in complications disastrous to our commerce, and discredit-
able to our national character. Of all the nations of the east, the Japanese are
the most susceptible to civilizing influences, and I quote the words of an eminent
Chinese and Japanese scholar in saying that, in one respect, they are far in ad-
vance of their ancient neighbours the Chinese, in that their attention is divected
to obtain a knowledge of other pations. Their own efforts in this way will form
their greatest security. Their soldiers once formed the bodyguard of the King
of Siam, their Consuls once examined Spanish ships in Acapuleo, their snilors
once took a Dutch Governor out of his house in Formosn, and carried him prisoner
to their rulers, their princes once sent an embassy to the Pupe, their Emperor once
defied the vengeance of Portugal, by executing ber Ambassadors. The know-
ledge of these historical events remains among them. We may reasonably hope
for a great preponderance of good results from an extension of an intercourse
which has recommenced pencefully. Let us indulge in the expectation that the
Iand of the rising sun may not only soon be fitted to take her place among
nations, but also among Christian nations, with all the institutions, and liberty, and
purity, of the best of these.

ERRATUM.
Vol. IV, page 442, lite- 10, for “procis,? read * proboscis,”
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REMARKS ON THE ST. MARTIN, ISLE JESUS, METEOROLOGICAL REGISTER
FOR AUGUST, 1859.

owest, the ny .- R
Baromoter........ { Monthly Mean Y e 20.760
Monthly Range......... 0.530
i

[ - owest, tho 30th day arorres S
Thermometer... { Monthly Mean ... Y £8%72
. Monthly Range ... 54°7
Greatest intensity of the Sun’s Rays 110°8
Lowest point of Terrestrial Radiation ...... oo 2592
Amount of evaporation 3.17 inches,
Mean of Humidity 742

Rain fell on 10 days amounting to 6.666 inches; it was raining 42 hours 55 minutes, and was
accompanied by thunder and lightning on 2 days.

Most prevalent wind, S. W,

Least prevalent wind, N.

Most windy day the 29th day; mean miles per hour 17.23, -

Least windy day the 10th day; mean miles per hour 0.12.

Frost occurred on the 80th day,

Aurora Borealis visible on 4 nights,

The electrical staie of the atmosphere has indicated high intensity.

Ozone was present in rather large quantity.

REMARKS ON THE ST. MARTIN, ISLE JESUS, METEOROLOGICAL REGISTER
FOR SFPTEMBER, 1859.

Eihe e pa
owest, the 12th day ........ .
Barometer ... Monthly Mean y 29771
Monthly Range, 1.063
Highest, the 9th day. 78%4
Lowest, the 16th day 29°2
Thermometer... { Monthly Mean RS 54°31
Monthiy Rauge . 4992
Greatest intensity of tho Sun’s Rays . 10196
Lowest point of Terkestrial Radiation 18°2
Mean of Humidity 799
Amnount of evaporation . 1.42 inches

Rain fell on 14 days, amounting to 11.310 inches; it was raining 112 hours 17 minutes, and
was accompanied by thunder on 1 day.

Most prevalent wing, N. E. b E.

Lieast prevalent wind, N.

Bost windy day, the 14th day; mean miles per hour, 16.04.

Least windy day, the19th day; mean miles per hour, 0.10.

Aurora Borealis visible on 5 nights.

The electrical state of the atmosphere has indicated rather feeble intensity.

Ozone was present in rather large quantity.

Vou. V. 1
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REMARKS ON THE ST. MARTIN, ISLE JESUS, METEOROLOGICAL REGISTER
FOR OCTOBER, 1839.

i{ighe%t,t {:hcg}l%%hdday ....... . 38;(5}2
owest, the 27th da; .
Barometer “""{Monthly Do . 201779
Monthly Range 0.909
st e, 0 oy 2
owest, the 25th day
Thermomotcr...{Montmy Mean 42°43
Monthly Range 83°7
Greatest Intensity of the Sun’s Rays 105°8
Lowest point of Terrestrial Radiation rereseees 1492
Mean of Humidity ......... 754

Awmount of evaporation 1.27

Rain fell on 6 days, amounting to 1.629 inches; it was raining 20 hours and 15 minutes, and
was accompanied by thunder on 1 day.

Snow fell on 3 days, amountiug to 2.30 inches ; it was snowing 24 hours.

First snow of the season fell on the 20th day.

Most prevalent wind, the W, N. W,

Least prevalent wind, E.

Most windy day, tho 19th day; mean miles per hour, 21.81.

Least windy day, the 17th day; mean miles per hour, 0.29.

Aurora Borealis visiblo on 4 nights.

Lunar Haloes visible on 2 nights.

The electrical state of the atmosphere has indicated high andjconstaut teusion.

Ozone was present in moderate quantity.

REMARKS ON THE ST. MARTIN, ISLE JESUS, METEQOROLOGICAL REGISTER
FOR NOVEMBER, 1859.

B ety B
oOwest, the 13th da; B
Baromoter ...... {M‘onm]y Mean v P 26.940
Monthly Range...... 1.259
{’Iighcgt,t fhe;%{:lhdday ......... Bzgg
owest, the 25 ay
Thermometer ... Momthly DLCR vovesoeere 29°38
Monthly Range 4300
Greatest intensity of the Suw's rays 987
Lowest; point of terrestrial radiation ..........eceeerererinees . 501
Mean of Humidity . .819

Raiu fll »m 10 days, amounting to 7.936 inches; it was raining 76 hours 55 minutes.
Snow fell 112 days, amounting to 17.83 inches ; it was snowing 76 hours 20 miuutes.
3Most prev :ent wind, N. E. by E.

Least pre \lent wind, E.

Most wind, day, the 8rd day; mean miles por hour, 23.08.

Least windy day, the 27th day ; mean miles per hour, 1.72.

Aurora Borealis visible on — nights.

Snow Birds (“ Phlectorphanes nivalis,”) first seen on $rd day.

Lunar Halo visible on 7 night.

The Electrical state of the atmosphere has indicated moderate intensity.

Ozone was present in large quantities.

v



