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CANADIAN NATURALIST

Quarterly Jowvnal of Srienee,

THE THEQRY OF ATOMS IN THE GENERAL
CONCEPTION OF THE UNIVERSE.

Opening Addreas by the President, M. Wenrz, af the Meeting of the
French Association.

Fraveis Bacon conceived the idex of a society of men de-
voted to the eulture of science.  In his ¢ New Atlantis,” in which
he describes the organisation of this society and its influence
upon the destinies of a wisely governed people, he shows it rising
to the dignity of a State institution. The progress of civilisa-
iion by the search for truth, and truth discovered in the order of
nature by experiment and observation—such are the ends pro-
posed and the means made use of. Thus, in an age when the
syllogism was still supreme, and which was firmly held beneath
the scholastic yoke, the English Chancellor assigned to science
at once its true method and its mission in the world.

The plan of Bacon embraced all branches of human krowledge.
The land was overrun by a multitude of observers, cngaged, some
in studying the monuments of the past, the language, the mau-
ners, the history of the nations; others in observing the confi-
guration and the productions of the soil, noting the superficial
structure of the globe and the traces of its revolutions, collect-
ing all the data concerning nature, the organisation and distribu-
tion of plants and animals. Other men, located in various re-
gions, cultivated the exact scicnces.  Towers were constructed for
the observation of stars and meteors; vast edifices, arranged for
the study of physical and mechanical laws, contained machines
which supplied the deficienoy of our forces, and instruments
Vo, VIL, z No. 7.
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which added to the precision of the senscs and rendered abstract
demonstrations sensible. This immense labour was uninterrupted,
co-ordinated, controlled ; it had its origin in sclf-abnegation, it
was regulated by precision, and had time for its sanction. Thus
was it fruitful. .

Such was the idea of Francis Bacon. To observe all things;
by the rational comparison of these obscrvations to disclose the
hidden conneetions of phenomena, and to rise by induction to
the discovery of their real nature and their causes, all with the
view “of extending the empire of man over entire nature, and of
exceuting everything possible for him to do;” such is the object
which he has pointed out to us; such is the function of science.

This great exploration of the earth which he desired to insti-
tute, this patient and exact research of the laws of the universe,
this deliberate intervention of science in the affairs of life and of
the universe,—could all this be the work of his own time? He
knew it too well to venture to hope it himself, and it is on this
account, doubtless, that he placed the fortunate country which
enjoyed so uoble an institution in the solitude of the great ocean.

T'wo centuries and a half ago the conception of Bacon was
regarded as a noble utopia; to day it is a reality. Tha® magni-
ficent programme which he then drew out, is ours, gentlemen ;
ours, not in the narrow sense of the word, for I extend this pro-
gramme to all who, in modern times and in all countries, give
themselves to the search for truth, to all workers in science,
humble or great, obscure or famous, who form in reality, in all
parts of the globe and without distinction of nationality, that vast
association which was the dream of Francis Bacon. Yes, science
is now a neutral field, a commonwealth, placed in a serene region,
far above the political arena, inaccessible, I wish I could say, to
the strifes of parties and of peoples; in a word, this property is
the patrimony of humanity. It is, too, the principal conquest
of this century, which my illustrious predecessor characterised,
with so much justice, as the century of science.

Modern generations are spectators, indeed, of a magnificent
spectacle.  For a century past the human mind has directed an
immense effort to the study of the phenomena and the Jaws of
the physical universe. Hence an astonishing development of all
the sciences founded on observation and esperiment. New ideas
which have arisen in our days in the correlation and conservation
of forces have been like 2 revelation to some of these sciences.
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Mechanies, physies, chemistry, physiology itsclf, have found at
once a point d'apput and a bond of connection.  Aud this power-
ful flight of ideas has been sustained by the progress of the me-
thods, T should say by the mor2 careful exactness of observations,
the perfect delicacy of esperiments, the more rigorous severity
of deductions. These are the springs of this movement which
hurry along the sciences, and of which we are the astonished and
moved witnesses. It is to propagate it broadeast over our country
that we hold, each year, this parliament, to which are invited all
who take part or are interested in the war against the uoknown.
Science is indeed a war against the unknown ; for, if in literature
it is enough to give expression, and in art a body, to coneepticns
or beauties deposited cither in the human miod or in nature, it
is not so in science, where truth is deeply hidder. She must be
conquered, she must be stolen, like the Promethean fire.

Tt is of some of these conquests that I wish to speak to-day,
full of doubt and apprehension in presence of so great a task. To
respond to the demands of his position and to follow noble exam-
ples, your president ought, at the beginning of this session and
of the ceremonies which -inaugurate our young association, to
trace the progress accomplished in the sciences, mark by a few
bold lines the various routes over which it has recently run, and
the culminating points which it has attained. I shrink from such
a programme: if it does not exceed the powers of some of my
colleagues, and doubnless of some among you, it greatly surpasses
mine. Less justified and less daring than was Condorcet at the
end of last eentury, I only perceive the outlines and some bright
patches of the sketeh which he attempted to draw; and to see it
accomplished, I shall eall to-my assistance those who wili follow

. me in the honourable and perilous post I now oceupy.

I shall confine myself, then, gentlemen, to speaking to you of
what I know, or of what I think I know, by directing your at-
tention to the science to which I have devoted my life.

Chemistry has not merely growa, it has been regenerated since
Lavoisier. You know the work of that immortal master. His
labours in conuection with combustion gave to our’science an
immovable basis by fixing at ounce the notion of simple bodies
and the essential character of chemical combinations. In these
latter we find in weight all that is ponderable in their elements.
These, in uniting to form compound bodies, do not lose any of
their proper substance; they lose only an imponderable thing,
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the heat disengaged at the moment of combination. Hence that
conception of Lavoisier that a simple body such as oxygen is con-
stituted, properly speaking, by the intimate union of the ponder-
able matter oxygen with the.imponderable fluid which constitutes
the principle of heat, and which he named caloric—a profound
conception, which modern science has adopted, giving it a differ-
ent form. It is, then, unjust that, in recent times, Lavoisier
should be accused of having misconceived what is physical in
the phenomenon of combustion, and that an attempt should be -
made to rehabilitate the doctrine of Phlogiston which he had the
honour of overturning. It is true that in burning bodies lose
something : “It is the combustible principle,” said the partisans
of Phlogiston; “It is caloric,” said Lavoisicr; and he adds, an
essential thing, that they gain in oxygen.

Thus Lavoisier perceived completely the phenomenon, of which
the great author of the phlogiston theory, G. E. Stahl, had only
a glimpse of the external appehrances, and of which he miscon-
ceived the characteristic feature. Such is, gentlemen, I maintain,
the foundation and the origin of modern chemistry. Is that
to say that the monument raised upon these bases by Lavoisier
and his contemporaries subsists in all its parts, and that it was
accomplished at the end of last century? It would net be from
want of materials, and even in its outlines we may notice lines
which have in time disappeared. It has then been added to and
in part transformed ; but it still rests upon the same foundations.
Such has been in ail sciences and in all times the lot of theoretical
conceptions; the best of them ¢ontain obscurities and gaps which,
on disappearing, become the oceasion of important developments
or of a new generalisation.

That of Lavoisier embraced especially the bodies best known
in his time, . e., the compounds of oxygen, the true nature of
which was discovered by him in his rescarches on combustion.
All these bodies are formed of two clements; their constitution
is binary, but it is more or less complicated. Some, oxides or
acids, contain a simple body united to oxygen; others, more
comples,” are formed by the combination of acids and oxides
among themselves, a combination which gives rise to salts, These
last then are formed of two constituent parts, each of which con-
tains oxygen united to a simple body. Such is the formula of
Lavoisier on the constitution of salts; it is in harmony with the
fundamental-idea which he enounced on chemical combination,
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an idea according to which all compound bodies are formed of
two immediate elements, which are cither simple bodies or them-
selves compound bodies.

This dualistic hypothesis was embodied, in his time and wmh
his consent, in French nomenclature, the work of Guyton de
Morveau, the principle of which 1ay be thus summarised: two
words to designate each compound, one to mark the genus, the
other the species. Thus, one of the fundamental conceptions of
the system of Lavoisier—dualism in combinations—found a
striking expression in the binary structure of the names, and is,
as it were, insinuated into the mind by the very terms of chemi-
cal language ; and we know what is, in such a case, the power
of words. o

The great successor of Lavoisier, Berzelius, extended to the
whole of chemistry the dualistic hypothesis of Lavoisier on the
constitution of salts. Wishing to give it a solid support, he
added to it the electro-chemical hypothesis. All bodies are for-
med of two constituent parts, each of which possesses, and is,
43 it were, animated by, two electric fluids. And as the electro-
positive fluid attracts the eleetro-negative, it is natural, it is
necessary that in every chemical compound the two elements
" should reciprocally attract each other. Is not the one carried
towards the other by electric fluids of opposite kinds? We see
that the hypothesis] of Berzelius gives at once a striking inter-
pretation of the dualism in combinations and 2 simple and pro-
found theory of chemical affinity. This elective attraction which
the final particles of matter exercise upon each other was refer-
red to eleetric attraction.

Another theoretic conception gave a body to the electro-chemi-
cal hypothesis, and has given since a solid basis to chemistry as
a whole. We speuk of the atomic theory, revived from the
Greeks, but which took, at the commencement of this century,
a uew form and a precise expression. It is due to the penetra-
tion of an English thinker, a teacher of chemistry in Manchester
in the beginning of the century. It was less a pure speculation
of the mind, as were the ideas of the ancient atomists and of the
philosophers of the Castesian school, than a theoretical repre-
sentation of well-established facts, viz., the parity of the pro-
portions according to which bodies combine, and the simplicity
of the relations which express the multiple combinations between
two bodies.
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Dalton found, in fact, that, in eases where two substances com-
bine in several proportions, if the quantity of one of them remaing
coustant, the quantitics of the other vary according to very simple
relations.  The discovery of this fact was the starting-point of
the atomic theory, IHere is the substance of this theory :—That
which fills space, viz. matter, is not iofinitely divisible, but is
composed of a universe of invisible, imperceptible particles, which,
nevertheless, possess a real extension and a defivite weight,
These are atoms.  In their infinitely attenuated dimensions, they
offer points of application to the physical and chemical forees.
They are not all like each other, and the diversity of matter is
- owing to iuherent differences in their nature.  Perfectly ideatical
for the same simple body, they differ from one clenient to another
in their relative weights, and perhaps by their form.  Affinity
sets them in motion, and when two bodics combine with each
other, the atoms of the oue are drawn towards the atoms of the
other.  As this approach always takes place in the same manner
between a determinate number of atoms, which are in juxtaposi-
tion one to onc, or onc to two, or ouc to three, or two to three—
in other words, according to very simple proportions, but invari-
able for a given combination—it results therefrom that the small-
est particles of this combination present a fixed composition

rigorously similar to that of the cotire mass.

Thus the most important fact of chemistry, the unmutabxlny
of the proportions according to which bodies combine, appears
as a consequence of the fundamental hypothesis that chemical
combinations result from the coming together of atoms possessing
invariable weights. Berzelius compared these atoms to minute
magnets. He imagined them to have two poles where the two
electric fluids are separated but unequally distributed, so that one
of them is in excess at one of the poles. '+ There exist, ”” he said
“atoms with excess of positive fluid and others with cxcess of
negative fluid”’; the first attract the second, and this attraction,
the source of chemical affinity, preserves the atoms under all com-
binations. At the moment that these last are formed they are
set in motion; in the completely formed compound they are at
rest, and are divided as if into two camps, at once kept together
and maintained in opposition by the two eleetric fluids of oppo-
site kinds. . )

Thus the clectro-chemical theory, ingeuiously adapted to the
hypothesis of atoms, raised the dualism of Lavoisier to the dig-
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nity of a system, which appeared solidly established during the
first half of this century. The facts then known were included
iu it without difficulty, and the rich materials which the patience
or the genius of experimenters amassed without ceasing were
very soon co-ordinated.,

Without attempting to enunierate the older works relating to
the decomposition of alkalis; to the nature of chlorine recognised
as a simple body, to various newly-discovered clements, such as
sclenium, tellurium, jodine, we shall mention in a special manner
among so many discoveries, that of eyanogen, which we owe to
our own Gay-Lussac. The demonstration of the chemical fune-
tions of this compound gas, which behaves like a simple body, -
which is capable of forming the most varicd combinations with
true elements, which finally, when it is engaged in such combina-
tions lends itself to double decompositions, as docs chlorine in
the chlorides, was a great step in the progressive march of seience.
Hence the definition: eyanogen is a compound radical, and the
triumphant appearance of the doctrine of radicals. It had been
vaguely intimated by Lavoisier; it really dates from the dis-
covery of eyanogen, and will make a rapid advance. Up to that
time great efforts had been directed to the side of inorganic
chemistry, and great ideas had arisen in this domain.  The appli-
cation of these ideas to organic chemistry, upon which attention
then began to be directed, presented some difficultics.

We kuow that the innumerable bodies which nature has dis-
tributed in the organs of plunts and animals contain a small
uumber of elements—carbon, hydrogen, oxygen, and often nitro-
wen. It is then ot in their geveral composition that they differ,
but by the number and arrangement of the atoms which enter
Anto their composition. By increasing more or less and grouping
themselves in various manners, these atoms give rise to an im-
mense multitude of distinct compounds which are true chemical
species. But what is the arrangement of these atoms? What
is the structure of these organic molecules, so much alike in the
vature of their clements, so wonderful in the infinite diversity of
their propertics ? Berzclius solved this question without hesita-
tion. Comparing organic compounds to the bodies of inorganic
chemistry, he divided both classes of atoms into two lots, group-
ing on one side carbon and hydrogen, clectropositives, and on the
other, oxygen, electro-negative. And when, at a later time,
chlorine was artificially introduced into organic compounds, the
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atoms of this powerful element were ranged on the side of oxygen,
both being invariably found in binary combinations of which
they formed the clectro-negative element, the atoms of carbon
and hydrogen constituting the electro-positive radical.

Thus the great promoter of inorganic chemistry attempted to
fashion organic molecules according to the image of those mole-
cules of dead matter which he had studied so thoroughly. The
paths which Lavoisier traced in this domain he wished to extend
to the world of products formed under the influence of life; they
resulted in a dead-lock. In proportion as the riches of science
increased it was necessary, in order to uphold the system, to
accumulate hypotheses, to invent radicals, to construet, with in-
sufficient or imaginary data, formulee more and move complicated
—a thankless task, in which the feeling of experimental realities
and sober appreciation of facts often gave place to outrageous
reasonings and vague subtleties. These barren efforts of a great
nind inaugurated the decline dr marked the termination of the
dualistie ideas which were at the foundation of what has been
called, improperly perhaps, the old chemistry. The new began
at that point. Great discoveries, cleverly and boldly iuterpreted,
gave it an impulse which still endures.

There were then—1I speak of forty yewrs ago—a number of
young men, with Dumas and Licbig at their head, in the oppo-
gite camp, who cultivated with ardour the investigation of organic
compounds. Convinced that the coustitution of these compounds
could only be deduced from the attentive investigation of their
-properties and metamorphoses, they undertook to investigate
these bodies themselves, to transform them, to torment them in
some sort by the action of the most diverse reagents, in the hope
of discovering their intimate structure. And this is, gentlemen,

the true method in chemistry; to determine the composition of

hodies, und by careful anulysis of their properties to fix, as far
ag possible, the grouping of their ultimate particles. This, then,
is the glory of our science, and the single but precious contribu-
tion which it is able to Iaranish for the solution of that eternal
problem, the constituticn of matter. ‘

From the researches which were made at this cpoch and in
this spirit, an all-important fact issued; it relates to the action
of chlorine on organie compounds. This simple body deprives
them of hydrogen and may he substituted for that element, atom
for atom, without affceting the molecular equilibrium and with-

[y
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out, adds Dumas, wodifying the fundamental properties. This
proposition encountered at first the most violent contradiction.
How could chlorine take the place of hydrogen and play its purt
in combinations? These two elements, said Berzelius, are en-
dowed with opposite properties, and if the one is lacking the
other cannot supply its place; for, in short, they are two inimical
brothers, little disposed and by no means fit to be kept in the sume
house. These critics and many others have not prevailed against
facts. The theory of substitutions has come triumphantly out
of this great discussion, which marks a date in the history of our
science. Its natural development has gradually introduced into
it new ideas on the constitution of chemical compounds, on the
mode of combination of the elements which they contain. .-
These ideas have come to light by va.~us ingenious compari-
sons. Laurent considered organic compounds as formed of nuclei
with appendages, both the one and the other admitting into their
structures atoms grouped with a certain symmetry. Dumas com-
pared them to edifices of which the atoms constitute, in a manner,
the materials, Hence the graphic but frequently correct ex-
pression, of meolecular edifices capable of being modified, in
certain cases, by the substitution of one part for another, and
which, in other-cases, the shock of powerful reagents may shatter
to pieces. In both conceptions the chemical molecules were
regarded as forming a whole. A little later Dumas compared
them to planetary systems; and here he veritably shot ahead
of his time in giving us a glimpse of groups of atoms maintained
in equilibrium by affinity, but carried aivug by movements, as
the planets of a solar system are acted upon by gravitation and
carried into space. It is in these movements of atoms and mole-
cules that at a later period the source of the physical and chemi-
cal forces must be sought for; but I must not anticipate. I
have attempted to show how the ideas on chemical combinations
have been gradually modified under the double influence of the
atomic hypotheses and of facts brought to light by the French
aschool concerning their reciprocal replacement in combinations.
Forming a whole, more or less complex, the molecules of organic
substances may be modified by substitution and give rise to a
multitude of derivatives which naturally attach themselves to the
mother substance. The latter serves them as a model or type.
The typical idea thus introduced into scicnce very soon ocoupied
a large place. It first brought to it important elemeats of classi-
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fieation.  All the compounds derived by substitution from the
same body were ranged iu the same fumily, of which the latter
wag, so to speak, the chief.  Iewnee arvse groups of bodies per-
fuctly distinet from cach other, and the number of which were
being constautly inercased by daily discoveries. It was neeessary
uot only to introduee order into ull these tribes, but to connect
them with each other by a common bond. The honour of hav-
ing discovered the superior priveiple of classification helongs to
Laurent and Gerhardt, valiunt champious of Frewon science, from
whom premature death has snatched, if not victory, at least the
gratification of vietury. Laurent was the first to say that a certain
uunmber of mineral und urganic compounds possessed the constitu-
tion of water, aud this idea, brilliavtly developed by Williamson.
was generalised by Gerhardt.  According to the last named, all
tnurganic and organic cumpounds may be connected with a small
nuwber of ty pes, of which by droehlorie acid, water, and ammonia,
are the chict.  In these compuunds, relatively simple, one ele-
menut may be replaced by avotler element, ur by a group of atoms
puforming the function of a 1adical, so that this substitation
sives rise to a multifude of various compounds bound together
by the analogy of their structure, if not by the harmony of thelr
properties.

This lust puint was nuvel and importaut.  Bodies belonging
v one type aud similar in their molecular structure may differ
wuch in their propertics: these depend not only on the arrang.-
‘ment of the atoms, but alwo on their nature. Thus the inorgante
and organic bodies ranged under the type water, are, according
to the nature of their dements or their radicals, powerful bases,
cuergetic acids, or indifferent substauces—a great and bold ide,
which has estallished a’ connection between the miost diverse
Ludies, and which has definitely overturned the barriers which
wse had raised, aud which the weakness of theory had maintained,
Letween inorganic and organic chemistry. And yet this was
vnly a stage in the warch of ideas. By what right and by what
pivilege, it was said, may the rdatively simple compounds we
have named serve as types for all others, and why should nature
be restiicted to make all bodies on the mudel of hydrochloric
acid, nater, and ammonia?  This was a serious difficulty, but it
s buoen 1emonved ;) it became the occasion of a profound discus-
sion and the germ of a real progress.

Tlese tapica cumpounds represent at butiom various forms
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of combination, the diversity of which it is necessary to refer to
the nature of the elements themselves. The latter impress on
each of these compound types a particular character and a special
form.  The atoms of chlorine are so formed that to one of them
only a single atom of hydrogen needs to be added to form hydro-
chlorie acid; then that an atom of oxygen takes two atoms of
hydrogen to form water; that an atom of nitrogen requires three
to constitute ammonium, and that an atom of carbon demands four
to become marsh-gas.  What a difference in the power of com-
bination of thes¢ clements, and, so to spzauk, in their appetites
for hydrogen! And will this difference not be connceted with
some peculiaritics in their mode of existence, to some property
inherent in matter itself, and which will impress on cach of these
hydrogenic compounds a special form?  Such is the ease.

It is now admitted that atoms arc not motionless, even iu
bodies apparently the most fixed and in cumpletely formed com-
binations, At the moment when these are being formed the
atoms come into violent collision with cach other. In this con-
flict a disengagement of heut is ordinarily observed, resulting
from the expenditure of active energy which the atoms have lost
in the mélée, and the intensity of this heat-phenomenon gives the
measare of the energy of the affinities which have presided at
the combination. But there is another thing in chemical pheno-
mena besides the intensity of the forces at work, and which are
more or less exhausted by a disengagement of heat; I refer to
their mode; it was of this elective attractien that Bergman spoke
a century ago, and which goveras the form of the combinations.
The atoms of the various simple bodics are not endowed with the
same aptitude for combivation with cach other; they are not
cquivaleut to cach other. This is what is called atomicity, and
the fuodamental property of atows is without doubt connected
with the various modes of motion by which they are animated.
When these atoms combine with cach other, their movements
require to be reciprocally co-ordinated, and this co-ordination
determines the form of the new systems of equilibrium which
will be formed ; that is, the new combinations.

It is with atoms thus cndowed that chemists now construct
molecular edifices. Resting at once upon the data of analysis
and on the investigation of reactions, they express the composi-
tion of bodies by formulee which mark the nature, the number, -
und the arrangement of the atoms which each molecule of these
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bodies contains, But what! is this merely an ingenious exercise
of the mind ? and the construction of formule by means of these
symbolic materials which are selected, which are arranged so as
to give to the molecular edifice a determined form,—is thisa
mere matter of curiosity? By no means. These formule, by
whose aid are expressed the composition of bodies and the cou-
stitution of their molecules, offer also a valuable aid for the
interpretation of their properties, for the study of their metamor-
phoses, for the discovery of their reciprocal relations,—all things
which are intimately connected in each body with the nature
und arrangement of the atoms. Now, the investigation and com-
parison of these formulee furnish to the inquiring spirit the cle-
wents of a powerful syothesis. What treasures have been
acquived by science by this process, which consists in deducing
the transformations of bodies from their molecular structure, and
in creating, by @ sort of intuition, new molecules by means of
those already known! The artificial formation of a number of
cumbinations, the syntheses of as many organic compounds as
nature alune secmed to have the privilege of forming—in a word,
the greater part of chemical discoveries which have enriched
science and the world for twenty years—are founded on this
inductive method, the only efficacious and the only rational one
in the scicnces. I shall cite only one example among many
others.

A happy chance led to the discovery of that brilliant substauce,
of a bright purple, which is known under the name of fuchsine
or rosaniline. Analysis determines its composition, skilled inves-
tigations find its molecular structure. Soon it is known how to
modify it, to multiply the number of its derivatives, to vary the
svurees of their production, and from attentive study of all these
reactions, issue @ pleiad of analogous substances whose diverse
colours rival in brilliancy the richest tints of the rainbow. A
uew and powerful industry has already resulted from all these
investigatiuns, which theory has followed step by step and guided
the fertile evolution. In this order of investigation, science has
recently gained one of her most striking triumphs. She has
succceded in forming at once the colouring matter of madder
(alizarin). By an ingenious combination of reactions, and by
theoretic reasonings still more ingenious, MJM. Graebe and
Licbermann have succeeded in obtaining this bedy synthetically,
by means of anthracene, one of the numerous bodies which is
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now obtained from eoaltar, the impure source of so mauy won-
ders. Such is a discovery which has issued from the womb of
science, and of science the most abstract; confirming precon-
ceived ideas on the relations of composition and of atomic strue-
ture between anthracene, alizarin, and the intermediate terms.
And this will not be the last product of this beautiful develop-
ment of chemistry. Future conceptions on the intimate structure
of complex organie compounds will b2 so many landmarks for
new syntheses, and hypotheses rigorvusly deduced from acquired
principles will be fruitful in the happiest applications.

Saccharine matters, alkaloids, other complex bodies whose
properties and diverse transformativns are actively investigated
with a view of dedueing their molecular constitution—all these
substances may be artificially reproduced, as soon as this pre-
paratory work, so difficult and often seemingly so uscless, will
have sufficiently advanced. So fine a programme justifies the
great cfforts which have heen made, in our days, in this diree-
tion. To discover, to analyse, to study, to classify, reproduce
artificially so many diverse substances, to study their internal
structure, to indicate their uscful applications; to surprise, in a -
word, the secrets of Nature and to imitate her, if not in her pro-
cesses, at least in some of her productions—such is the noble aim
of contemporary science. She can only reach it by the sure but
slow paths we have indicated; experiment guided by theory. In
chemistry, at least, empiricism has had its day; probleins, clearly
stated, must be boldly faced, and henceforth the rational con-
quests of experiment will only leave 2 place more and more
circumseribed for fortunate finds and the surprises of the crucible.
Away, then, with the detractors of theory, who go in quest of dis-
coveries which they can ncither foresee nor prepare; they reap
where they have not sown. But you, courageous workers, who
trace methodically your furrows, I congratulate you. You may
be sometimes deceived, but your work will be fruitful, and the
gnods which you amass will be the true treasure of science.

Will not this science be one day embarrassed and as if encum-
bered with so much riches, and will the strongest memory be
able to support all the weight 2 I1 the danger exists, there is no
need to fear it.  The classification of all these materials will free
us from embarrassment. In a well-arranged edifice, each stone
requires to be prepared before taking its place; but the con-
struction accomplished, all do not strike the eye equally, though
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each has its use; ouly the strong conrses, the eorncr-stunes and
the salient parts, are noticed. It will be thus with the monument
of scienee.  The details which have for their end to ill up gaps
will disappear in the great whole, of which we only need consider
the foundation, the principal lines. and the crowning of the
edifice.

Gentlemen, chemistry thus constituied. and physies, have be-
tween them neeessary conncetions. Both the one and the othor
investigate the propertics of hodies. aud it is evident that, so
far as the ponderable bodies ave coneerned, these properties must
be intima.:ly conneeted with the eonstitution of matter. Ilence
the atomic hypothesix which suffices for the interpretation of
chemical phenomena ought also to be adapted to physical theor-
ies. Thisis the case. It ixin the movements of atoms and of
molecules that we now seck, not only the source of the chemical
forces, but the cause of the physical modifieations of matter,
changes of condition whieh it can undergo, phenomena of light,
of heat, of clectricity, of which it is the support.

Two French seeans, Dulong and Petit, discovered some time
ago a very simple law which connects the weights of atoms with
their specific heats. It is known that the guantities of heat
neeessary to change by one degree the temperature of the wunit,
of weight of bodies are very unequal. This is what we eall
specific heat; but the quantities of heat which bring about in
simple bodies, taken under conditions in which they are rigorously
comparable, the same variations of temperatures, are equal, if
we apply these quantities of heat not to the unit of weight but
to the atomic weight; in other words, the atoms of these element-
ary bodies possess the same specifie heats, thongh their relative
weights are very unequal.

But as to this heat which is thus communicated to them, and
which raises their temperature equally, what is in reality its mode
of action ? It augments the intensity of their vibratory move-
ments.  Physicists recognise heat as a mode of motion, and that
it comes under the coznisance of our perceptions by the vibra-
tions of atomic matter or cther; of ether, that fluid material
perfectly elastie, incoercible, imponderable, which fills all the
immensity of space and the depth of all bodies. Tt isin this
fluid that, the stars deseribe their orbits; in this fluid atoms
perform their movements and deseribe their trajectories. Thus
the ether, the radiant messcnger of heat and light, conveys and
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distribules their radiations through «ll the universe; and that
which it loses in vibratory energy when 3t penctrates a cold body.
which it warms, it communicates to the atums of this body and
angments the intensity of their movements; and that which it
gains in energy by contact with a warm body, which it cools, it
withdraws from this body and diminishes the intensity of their
vibratory movements. And this kind of light and heat which
comes from material bodies is transmitted across space to other
material bodies. You will remember in refirence to this the
words which Goethe put into the mouth of the Prince of Dark-
ness in cursing the light—¢ It i> born of hodies, it is brought
forth and maintained by bodies, and it will perish with them.”

But this exchange of forces which circulate from ether to.atoms
and from atoms to ether, must it manifest itself always in the
phenomena of light or heat? This vibratory force which is
transmitted by ether, can it not be preserved and stored up by
matter, or appear under other forms?

It can be preserved as affinity, liberated as eleetricity, trans.
formed into dynamic movements. It is this which is stored
up in the innumerable compounds claburated by the vegetable
kingdom it is this which provokes the dccomposition of earbonic
acid and of the vapour of water by the most delicate organs of
plants which blossom in the sunlight. Originating with the sun,
luminous radiation becomes affinity in the immediate organic
prineiples which are formed and accumulated in vegetable cellules.
That mode of motion of ether which was “light™ is become an-
other mode of motion which is “aflinity,” and sways the atoms
of an organic compound. In its turn this force thus stored np
is expended again when the organic compounds are destroyed in
the phenomena of combustion. Aflinity, satisfied and as it were
lost by the combination of combustible elements with oxygen,
again becomes heat or electricity.  Wood in hurning, and carbon
in becoming oxidised, produce spurks or flames: a metal which
exhausts its affinities in decomyposing an acid warms the liquid
or, under other conditions, produces an clectvic eurrent, warming
it less when the cumrrent is extcrior.  And in another order of
pl enomena, heat which distributes or propagates itself unegually
between two surfaces, rubbing one against the other, or in =
erystal that is warmed, or in two metals united by solder, dis-
appears partially as sueh and manifests itself as static clectricity
or as an eleetric current. Thus all these forces are equivalent
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to one another and appear under diverse forms, whether they are
passing from atoms to ether or from cther to atoms; but we
never see them disappear or lose their force—only transform
themselves and perpetually renew their youth.

And this is not all. These vibratory movements which sway
atoms and which whirl about in ether can cause movements of
the mass, displacement either of the bodies or of the molecules.
Warm a bar of iron, it will dilate with a force almost irresistible ;
a part of the heat will be employed in producing a certain pull-
asunder of the moleeunles.  Warm a gas, it will in like way dilate,
and a part of the heat disappearing as such, will produce a sepa-
ration very considesable in this case between the gaseous mole-
cules; and the proof of the consumption of heat in work of dila-
tion is not difficult to give, for if you warm the same gas to the
same degree, but prevent it frim dilating, less heat need be given
to it thau in the former case. The differance between the two
quantities of heat corresponds ‘exactly to the mechanical work
performed by the molecules in dilatation. That is one of the
most simple considerations, on which is founded the principle
of the mechanical equivalent of heat so often now referred to in
mechanies, in physies, and in physiology.

In physies it explains the mystery of latent heat, of fusion,
and of volatilisation. But how is it that heat supplied con-
tinuously to a boiling liquid to maintain ebullition does not ever
raise the temperature of the liquid above a point which under
similar pressure remains fixed ? The reason is that this heat is
continually absorbed, and diappears as such to produce the
mechanical work of driving apart the molecules. And so in the
phenomena of fusion, the constaney of the temperature indicates
the absorption of the heat consumed in molecular work. These
conceptions have modified and thrown much light on the defini-
tions which physicists have applied to diferent states of matter,
and it is seen that they are in harmony with chemieal theories
of the constitution of bodies. These are formed of molecules
which represent systems of atoms animated by harmonic move-
ments, and whose equilibrium is exactly maintained and strength-
ened by these movements.

Applied to molecules thus constituied, heat can produce three
different effects, In the first place, an elevation of temperature
by the inerease of vibratory energy ; in thesecond place, an increase
of volume by the driving apart of atoms and molecules, and this
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augmentation becoming very considerable, a change of condition,
rolid beeoming ligquid, and liquid becoming gas; in the last, the
driving apart of the molecules is beecome immense in relation to
their dimensions. Thus acting on the atoms which compose
the molecule and amplifying their trajectories, heat can disturb
the equilibriim which exists in the system, causing a conflict of
these atoms with those of another molecule in such a way that
this disturbance or this conflict leads to fresh systems of equili-
brium, thatis to new molecules. There commence the phenomena
of decomposition and dissociation, or, inversely, of combination,
whieh is the main spring of chemistry, and it is seen they are
but the continuation or consequence of the physical phenomena
we have just analysed, the same hypothesis, that of atoms, applied
to one 'and the other with an equal simplieity.

I ask, will it not be easy to conceive that the physical and
chemical forees whieh act on ponderable bodies are applied also
to diffuse continuons matter in some way, and is it not natural
to suppose that there are limited and definite particles which re-
present the points of application of all these forces?  And this
view ought to apply to the two sorts of matter which form the
universe, cther and atomic matter, the one -infinitely rarefied
but homogencous, filling all space, and in consequence enormous
in its mass, both uuseizable and iwmponderable; the other non-
continuous, heterogencous, and only occupying a very limited
portion of space, although it forms all worlds.

Yes, it forms all worlds, and the elements of ours have been
discovered in the sun and in the stars. Yes, the radiations given off
by incandescent atomic matter which forms these stars are also,
for the most part, those which are produccd by the simple bodies
of our planet.  Marvellous conquest of physics which reveals at
once to us the abundance of forces which environ the sun and the
simplicity of the constitution of the universe!

A solar ray falls upon a prism and is turned aside in its path
and decomposed into an infinity of different radiations.  These
take each a particular direction, and all range themselves in
bands in juxtaposition, and spread themselves out in the spectrum
if the light thus received and decomposed is thrown on to a’
screen.  The visible part of this spectrum shines with all the
colours of the rainbow ; but besides this, beyond both ends of the
coloured bands the radiations are not absent. The heatrays can
he made to reveal themselves beyond the red; the chemieal rays,
Vor. VIIL. IS XNo. 7.
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more powerful than the others to make and destroy the chemical
combinations, are known beyond the violet. Al the forces
which manifest themselves on the swrface of our globe, as
heat, light, and chemical energy, are sent to us in a ray of white
light.

Bat this brilliant speetrum is not continuous. Fraunhofer has
discovered in it an infinity of black lines cutting the shining band ;
these are the ““ dark lines ” of the spectrum, and Kirchhoff has
found that a certain number of them occupy the same position
as the “bright lines’” which occur in the spectra of metallic sub-
stances when in a stete of incandescence.  This last physicist,
generalising an observation of Foucault, has seen further that
under given circumstances these bright lines can be obscured
and “reversed,” coinciding then with the dark lines of the solar
spectrum.

We have been able to conclude that these have an identical
origin and are due to radiations given off by metallic substances
gpread in vapour over the solar globe, radiations which are obscured
by these same vapours in the atmosphere of the sun. Thus the
star which gives us heat, light, and life, is formed of elements
like those which form our globe. These elements are hydrogen
and metals in a state of vapour.  They are not distributed
equally in the mass of the sun and in his rarefied envelopes; the
hydrogen and most volatile metals are raised to a greater height
on the surface of the sun than are the other metals. They are
never in repose; this ocean of incandeseent gas is continually
agitated by tremendous tempests. The trombes throw themselves
out in immense columus to the height of 50,000 leagues above
the gaseous sphere; these are the ““protuberances,” and they
shine with a rose light peculiar to themselves; and they are
formed, according to Jansen and Lockyer, by hydrogen, very
rarefied, and also by an unknown substance—¢“ helium.”  The
luminous globe itself, the photosphere, gives the spe~tra of
our ordinary metals, except gold, silver, platinum, and mercury;
the precious metals, those which have little affinity for oxygen,
being wanting. But, on thecontrary,in the solar spectrum there
are “lines” different from those which the metals of our earth
give, but which are like them.  The lives ot “he metalloids are
wanting, ag are the lines which are characteristic of' compound
bodies. The gascous mass has such an incandescence that no
chemical combination could withstand it.
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The lines of Fraunhofer are dark, only the lines of the protu-
beraneces and those seen a moment after the disappearance of the
sun in an eclispe, and a moment before its reappearance, are
bright, like those which characterise the spectra of incandescent
metallic vapours. Iere we have a curious relationship which
has furnished most important and precise indications on the
physical constitution of the sun,

I have spoken of the chemistry of the sun, but the spectro-
scope has explored all the far-off space of heaven. The light of
hundreds of stars has been analysed, and nebulee, searcely visible,
have had the quality of their radiations revealed by its aid.
‘The light, in some cases very feeble, with which a number of
stars shine, gives a spectrum with dark lines like the solar
spectrum, and this fact proves to us that the constitution of
these stars is like that of our sun. Aldebaran sends us records
of hydrogen, magnesium, and caleium, which abound in solar
light, but also those of metals which are rarc or absent, a3
telluriun, antimony, and mercury. .

Ncbulee, twenty thousand times less brilliant than 2 candle at
a distance of 400 metres, have still given a spectrum, for their
light, although feeble, is very simple in its constitution, and the
spectrum which it gives consists only of two or three bright
bands, one of hydrogen, the other of nitrogen. These nebula
which give a spectrum of bright lines, are those which the most
powerful telescopes cannot resolve: there is an “abyss” between
them and resolveable nebule, which, like ordinary stars, give a
speetrum with dark lines.

What an effort of the human mind! To discover the consti-
tution of stars of which the distances even are unkaown; of
nebule which are not yet worlds; to establish a classification of
all the stars, and still more to guess their ages—ah, tcllme, is not
this a triumph forscicnce ?  Yes, we have classed then: aceording
to their ages. Stars coloured, stars yellow, stars white; the
white are the hottest and the youngest; their spectrum is
composed of a few lines only, and these lines are dark.
Hydrogen predominates. Traces of magnesium are also met
with, of. iron, and perhaps of sodium, and if it is true that
Sirius was a red star in the time of the ancieats, it owed per-
haps its tint to the greater abundance of hydrogen at thatepoch.
Our sun, Aldcbaran, Arcturus, are among the yellow stars. In
their spectra the hydrogen lines are less developed, but the
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metallic lines are fine and numerous. The coloured stars are nob
so hot, and arc older. In consequence of their age they emit less
vivid light. In them there is little or no hydrogen. Metallic
lines abound, but one also finds channelled spaces like the lines
of compounds, The temperature being lower, these latter can
exist whether they consist of atoms joined to others of the same
kind, or whether they contain groups of heterogencous atoms.
In referring recently to this classification of Father Seechi and
the distribution of simple bodies in distant stars, Lockyer has
observed that the clements the atoms of which are lightest, are to
be found in the hottest stars, and that the metals with high
atomic weights are, on the contrary, met with in the colder stars;
and he adds this—Are not the first elements the result of a de-
composition brought about by the extreine temperatures to which
the latter are exposed, and taking them altogether, are they not
the product of a condensation of very light atoms of an unknown
primordial matter, which is perhaps ether ?

Thus is brought forward afresh, from considerations taken
from the constitution of the universe, this question of the
wnity of matter which chemistry has before raised from a con-
sideration of the relative weight of atoms. It is not solved, and
it is probable that it never will he in the sense here indicated.
Lverything leads to the belief in the diversity of matter, and the
indestructible, irreducible nature of atoms. Does it not require
as M. Berthelot has pointed out, the same quantity of heat to put
them in motion, whether they are heavy or light, and ought not
the Jaw of Petit and Dulong to prevail in its simplicity against
the opposite hypothesis, however ingenious it may be ?

X have endeavoured, gentlemen, to trace out for you the most
recent progress accomplished in chemistry, in physics, and in
physical astronomy, sciences so diverse in their object, but which
have a basis in common—matter—and one supreme object—a
knowledge of its constitution and of its properties aud of its dis-
tribution in the universe. They teach us that the worlds which
people infinite space are made like our own system, and that
this great universe is all movement, co-ordinated movement. But
new and marvellous fact, this harmony of the celestial spheres of
which Pythagoras spoke, and which a modern poet has cele-
brated in immortal verse, is met with in the world of the in-
finitely little. There also all is co-ordinated movement, and

" these atoms, whose accumulation forms matter, have never any

s
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repose ; a grain of dust is full of innumerable multitudes of mate-
rial unities each of which is agitated by movements. All
vibrates in the little world, and this universal restlessness of
matter, this “atomic music” to continue the metaphor of the

ancient philosopher, is like the harmony of worlds; and is it not
true that the imagination is equally bewildered and the spirit
equally troubled by the speetacle of the illimitable immensity of
the universe and by the consideration of the millions of atoms
which people a drop of water. IIcar the words of Pascal: I

wish to picture not only the visible universe, but the immensity

of pature that one can conceive within the limits of an atom ;

one may picture there an infinity of worlds, where each has its

firmament, as in the visible universe.”

As to matter, it is everywhere the same, and the hydrogen of
water we meet with in our sun, in Sirius, and in the ncbule,
everywhere it moves, everywhere it vibrates, and these movements
which appear to us inseparable from atoms, are also the origin
of all physical and chemieal force.

Sueh is the order of nature, and as science penetrates it fur-
ther, she brings to light both the simplicity of the means set at .
work aud the infinite variety of the results. Thus, through the
corner of the veil we have been permitted to raise, she cnables
us to sce both the harmony and the profundity of the plan of the
universe. Then we enter on another domain which the human
spirit will be always impelled to enter and explore. It is thus,
and you cannot change it. It isin vain that science has reveled
to it the structure of the world and the order of all the pheno-
mena; it wishes to mount higher, and in the conviction that
things have not in themselves their own #wison ’étre, their
support and their origin, it is led to subject them to a firse
cause—unique, universal God.—Nuture.
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ON A COLLECTION OF HIMALAYAN BIRDS

Liccently presented to the Natural History Society by Major G.
I, Bulger,
By J. F. Wmreaves.

The collection to whieh these notes refer, is only a small por-
tion of one of the largest donations the Socicty has ever received,
As an act of simple justice to the donor it is thought desirable
to give a short account of previous contributions from the samo
liberal hand before considering that most recently reecived. In
1867 Major Bulger presented to the Society no less than 200 skins
of Himalayan birds. This collection must have taken no little
time, trouble and pecuniary expenditure, to get together. All
the specimens were correctly and carefully labelled, not only with
the scientific and English name of each speeics, but also with the
local Indian appellations, with exact localities, and often with the
‘name of the colleetor. The packing was very carefully attended to :
the specimens were first put in a strong tin case, which was soldered
up so as to be perfectly air tight. A stout wooden box was then
made, into which the tin case was fitted; and after the lid had
been nailed down, a covering of stout canvass wag glued round
the package, and over the canvass a thick coat of some water-
proof composition was painted.  Unfortunately the very care
with which the bux was packed proved almost fatal to the speci-
mens. The journey was a long and circuitous one, from India
round the Cape to England and then to Canada vin New York.
The package was received in Montreal early in 1868, and it was
found that at least twe-thirds of the specimens were hopelessly
rotten, and that all were badly injured. Perhaps some of the
skins were not perfectly dry when they were putin, and it scems
probable that if the box had nct been air tight, but had allowed
tolerable free ventilation to the specimens, they would have
arrived in better condition.  Be this as it may, the late Mr.
Hunter, who was then the Socicty's tazidermist, and whose abi-
lities in that vapacity will Le 1emembered by many of its mem-
bers, exerted himsclf tv the utmost to save as many as possible,
The result was that about 6 specimens were mounted in more og

Jess good order.
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Not discouraged by the mishaps which had befallen his first
consignment, in 1869 Major Bulger gave the Society a large and
interesting series of woods and various other specimens collected
in British India, and in the following ycara still larger collection
of miscellancous objects, botanical specimens, and seven species of
birds from India and Africa. A paper deseriptive of a portion
of this Jatter collection will be found on pages 66-75 of Vol. 5
(New Series) of this Journal. The Socicty is also indebted to
this gentleman for the donation of several scientific works, among
which are copies of Hooker’s ITimaluyun Journals, and Goald's
cluborately illustrated Monograph va the Qduntophorine or Par-
tridges of America.

"The beautiful collection of the Lirds of the Nuilgherrics and
Decean of which these notes are illustrative, was reccived early
in 1873. Thespeeimens, 60 in number, were reccived in a good
state of preservation, and have been mounted by Mr. S. W, Pass
more. ’ : )
The remarks which folluw have no claims to originality, their
object being simply to call attention to the salient points of in-
terest in the various speeiesin the eulleetion.  The general strue-
tural peculiarities of the well- kuown order Raptores or Birds of
Prey arve too well known cven to the general reader to call for
any special comment here.  To this group belong the Vultures,
Buzzards, Eagles, Faleons, Huwks, and Owls, besides other
smaller and more critical groups.

In the Buzzards, the beak is straight fiom the apes to the cere
and the mandibles are untoothed.  The birds of this section may
be recognized also by their uswally heavy build, and by their
broad, thick, and flat heads.

The Eagles are characierized not only by their Jarge size and
powerful frame, but also by the characters of their beaks. In
these birds, as in the Buzzards, the beak is straight for a con-
siderable distance from the base, and terminates in a curve or
hook. The upper mandible is without tecth but is slightly
waved at the side.

In the true Faleons the hexd is of medium size, the neck is
short, as is the bill, which is curved immediately from the base
and has its upper mundible conspicuously toothed. The tarsi are
short and there is a naked ring round the eye. The wings are
very long and pointed.

The Hawks proper have a small head and a long neck, their
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wings arc short and rounded, the tail is long, the tarsi high,
and the bare circle round the eye is wanting. The beak is eurved
directly from the base, but the mandibles are rarely toothed.

There are four species of raptorial birds in the collection under
consideration. The first of these, though not labelled, is obviously
the Pondicherry fish eagle, the Faleo Pontecerianus of Shaw, the
Haliastur Indus of recent systematists. As its latest generic
name imports, it has affinities with the sea eagles, and, as it seems
to the writer, very remote ones indeed with the goshawk. Its
systematic place seems to be between the eagles and the buzzards
The Pondicherry Eagle, called the Brahminy Kite by Euaropean
residents in India, feeds to a certain extent on fishes, which 1t
svatehes from the surface of the water; but it also preys upon
swall birds and other animals, including erabs and insects, aud
will not, so some say, refuse carrion. It is regarded by the Hin-
doos as sacred to Vishnu. Pearson says among the Mohammedans
there is a prevalent notion that when two armiesare about to cu-
gage the appearance of one of these birds over either party prog-
nosticates victory to that side. Colonel Sykes, who has closely
studied the habits of this species, denies that it ever lives on car-
rion, and says its food is almost always fish, but exeeptionally
crustacea.

The Kestrel, although in some respeets a true falcon, is more
slender, fragile, and less powerful than the noble fulcons, such as
the Gyr and Peregrine. The Kestrels indeed, for there are at
least four species, have becen separated from the true falcons and
have been formed into a separate Sub-genus, characterised by
a lax and streaming plumage, the comparative weakness of the
quills that form the wings, the length of the tail, the strong and
short toed feet and lastly by the difference in the colour of the
feathers, which varies with thesex.  The Common Kestrel is by
far the most abundaut hawk in Great Britain. It feeds prinei
pally upon fiekl mice and shrews, occasionally on small birds,
and not unfrequently on carthworms and insects.  Selby states
that kestrels have been seen, lute in the swmmer evenings, hunting
for cockchafers: one was scen to dash among the inseets, seize
onc in cach foot and then devour both on the wing. Another
writer remarks : ** The flight of the kestrel, when searching for its
favourite food is very peculiar. It flies gently aloug at some 30
or 40 feet from the ground, but stops every now and then and
remaing perfeetly stationary, hovering in the air and minutely
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inspecting the ground beneath it.  Should no motion in the grass
betray the presence of its prey, it moves on a little farther and
again repeats its manccuvres: but as soon as its quarry comes
into view, the wings and tail are closed in an instant, and the bird
falls like a stone on its victim. Just as it reaches the ground
however, the wings and tail are again espanded, the kestrel
clutches its prey, and usually goes off with it at once to some
place where it can devour it without fear of interruption.” This
habit of hovering in the air, which, although it is common to many
other hawks, is pussessed in the greatest perfeetion by the kestrel,
has obtained for it in some parts of England, the name of the
Windhover. I'he bird is common in almost all parts of the East-
crn emisphere, but has never been found in America. The
so-called Sparrow Iawk of this country, however, belongs to the
same subgenus. Lo show in how little estimation kestrels were
held for hawking purposes, a portion of a table enumerating the
kinds of hawks proper to be used by persons of various titles,
professions, or callings, is taken from an antique volume on fal-
conry quoted in Cassell’s Book of Birds:

The Bagle, Merlin, and Vulture, - for an Emperor.

The Jer Faleon, - - - - fora King.

The Rock Falcon, - - - for a Duke.

The Peregrine, - - - - - for an Earl.

The Lamner, - - - - - for an Esquire.

The Goshawk, - - - - - fora Ycoman.

The Sparrow Hawk, - - . for a Priest.

The Kestrel, - - - - - fora Rnave, or Servant.

The next raptorial bird in this collection is an example of
Swainsons or the Pule Chested Harrier. While the Caracara
Iagles of Tropical Ameriea are considered to be the connecting
link between the Buzzards and the Vultures, of all the Hawk
tribe the Harriers approach most closcly to the Owls.  Not only
are the eyes of the Harriers unusually large and the plumage soft
and downy, asin the owls, but the face is also partially encircled
by a ring or ruff of short projecting feathers. The Harriers, it
may be observed, avenot nocturnal in their habits. While on
the onc hand the Harriers undoubtedly present strong resemb-
lances to the Owls they have another striking peculiarity in the
unusual length of their tarsi. In this respect they are nearly
allied_to the singular Secrctary bird of the dry plains of South
Africa.  These Secretary birds are snake-cating faleons, with legs
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as long as those of a heron or crane.  They have curious erectile
crests, which hang from the back of the head. "These, when scen
in repose and in profile, resemble a pen stuck behind the ear,
hence the name Seeretary bird. The Harriers, in general feed
upon small quadrupeds such as young hares, rabbits, rats, &e-
They alro greedily devour birds, sometimes reptiles, but rarely
inscets and fishes. The specimen exhibited had 2 lizard in
its stomach. When searching for their prey, they fly gently along,
at a small elevation, and appear to beat over every part of the
ground like a dog hunting for game; to this habit no doubt they
are indebted for their name of Harriers. The Marsh Harrier,
which from its destructiveness In poultry yards, is ealled the Hen
ITawk in Canada, is common to Xurope, Asia and America.

The only Owl in the collection is a small species received with-
out any name, and which has ot yet been identified. It seems
to belong to that section in which the facial disks are nearly com-
plete, and in which the head is almost destitute of ear tufts.

The birds of prey, the waders, and the swimming birds, have
for the most part a very wide geographical range, but the climbing
and perching specics seem to be confined within comparatively
narrow limits. In high northern and in temperate latitudes not
a few of the birds of prey are circumpolar in their range but the
nearer we geb to the equator the less is thisthe case.  Thus, the
Peregrine faleon, the Goshawk, Rough-legged Buzzard, Osprey,
Golden and White tailed Eagles, and Marsh Harrier, as well as
some Owls, are common to the continents of Europe and North
America. With the exception of the Marsh Harrier, and per-
haps the Goshawk, none of the East Indian birds of prey are
to be met with in America, and very few in either Xurope or
Africa. In warm or semi tropical countrics, the birds of prey
are restricted to a very small area. Tropical America, Southern
Burope and Asia, Africa and Australia have each their own
characteristic genera and species.  And lastly, as regards these
birds of prey, although there scems to be a northern circum-
polar fauna, there does not appear to be the slightest approach
to any corresponding antarctic one.

The large order of the Perching Birds, which have three toes
in front and onc behind, has been variously subdivided. Through-
out this paper the classification followed is that adopted at the
British Museum. The first division of this order is the Fissi-
rostres, or Gapers, a section characterized by the depth to which
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the beak is cleft. Themost typical representatives of this group
are the Goatsuckers and the Swallows.

The Burmese Roller belongs to the typical genus Coracias,
in which the bill is flattencd sideways. The Rollers are con-
fined exclusively to the Eastern Ilemisphere. In tropical
Ameriea they are represented by the Motmots, Red breasted
Crows aud Trogons. The Rollers are arboreal in their habits
and feed on insects and fruits. They breed sometimes in trees
and often in holes in the ground. The Buropcan species is
called the Birch Jay by the Germans, and the Ultramarine Jay

- by the Italians.  The Rollers are essentially tropical birds.

The Bengal Kingfisher of Indix and the Crested Kingfisher
of the Cape of Good Hope, arc fluviatile in their habits,
and feed on fish. Like the common British specics, which
they resemble very closely in colour, both breed in holes
in river banks. The Ruddy and the White breasted Haleyons
are Tree Kingfishers and mostly inhabit woodland districts often
far from water. Their beaks are much broader than those of
the true kingfishers, and they have more powerful feet. They
live upon inscets, such as beetles and grasshoppers, and breed in
holes in trees generally at some distance from any water.

The Green Bee Eater of India belongs also to an exclusively Old
World group, of singularly clegant and swallow-like form. This
speeies often sclects a perch in some prominent position from
which it dashes off in pursuit of any insect that comes within
sight, returning again to its perch in the sume manuer as the
fly-catchers do.  On coming back to their station, Mr. Layard
has observed them beating their prey against the perch to bruise
it before swallowing it. This mode of capturing food is prinei-
pally resorted to in the middle of the day, for in the mornings
and evenings these same species may be seen hawking about in
company with swallows. The habits of the Iuropean species
were known to Aristotle, who deseribes it as a great cnemy to
bees, and as building in holes in the ground. Montague says
that in the South of Russia, where the Common Bee Eater is
very numerous, the clayey banks of the Don and Wolga are ex-
cavated by them to such an extent as to have the appearance of
honeycomb.  In the Island of Crete the Common Bee Eater is
often taken by boys in a singular manner. A Cicada is fastened
to a bent pin, or fish hook, which is attached to a long slender
line. The inscet is then allowed to fly, and as soon as a Bee-
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Kater catches sight of it he dashes at it, and swallowing the
baited hook is readily captured. In South America and the
West Indies, the Bec-Baters are represented by the Jacamars.

In India the Slender Billed Birds arc mostly Sunbirds, which
there take the place of the Humming birds of Central Amerier,
and the Honey-Eaters of the Australian Continent.

In the third section of the Insessores, the Dentirostres have the
mandibles more or less toothed. Among the typical warbling
birds in the present collection is a specimen of the Magpic Robin,
which in structure is allied to the Redbreast of Great Britain,
and in colour ouly to the European Magpie. In Indiathe Magpic
Robin is constantly caged, both for the sake of its song and for its
pugnacity. According to Mr. Hodgson, fighting the tame birds
is a favowrite amusement in India, and he adds that no game
cocks can contend with more encrgy and perseverance than these
Jittle birds. The same author states that the professional bird
keepers take advantage of this pugnacious disposition in their
pets to make them instrumental in the capture of their wild
brethren.  During the spring it appears the male birds are con-
tinually challenging each other, and as soon as one has uttered
his note of defiance it is answered by another, and these alterca-
tions usually end in a batile. The bird keeper accordingly car-
rics a tame male on his hand to the nearest garden or grove,
when the bird at his bidding utters its challenge, and if this is
answered by a wild bird, the tame one is immediately slipped,
and a desperate combat commences, in the course of which the
man eagily secures the wild bird, the tame one actually assisting
in the act, by holdiug its opponcnt with its bill and claws.

Another warbler in this collection is the Ceylon or Short-tailed
Yora, which is allied to the Hedge Accenter of Kurope. From
the Warblers proper we pass on to the true Thrushes. The
Malabar Whistling Thrush belongs to the Formicarinz or Ant
Thrushes. In this group the wings and tail are much shorter
than in the typical Thrushes; they feed upon insects and devour
large quantities of ants, hence their popular name. The Blue
Rock Thrush is the only typical thrush in the collection ; it is
also, though rarely, found in southern Europe.

The 0ld World Orioles are very closely allied to the Thrushes,
while the American species belong to the Starling family. The
Indian Golden Oriole (Oriolus Kundoo) is often called the Mango
bird by British residents. It is said (by Jerdon) to have a loud
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mellow, plaintive ery, something resembling pec ho. - The Ceylon
or Southern Black Headed Oriole, which is very common in Ben-
gal, has, according to Pearson, a monotonous low note resem-
bling one lengthenced full toned note on the flute, which is =o
constantly repeated as to become a positive nuisance. One spe-
cies of Qriole is not uncommon in Southern Europe. In Italy,
its appearance is said to indicate the time of the ripening of
the figs, and indeed the country people fancy they can recognize
the words Contadino e maturo lo fico (the peasant of the fig
ripening) in its notes. Tne Orioles live upon insects and fruit,
and build in trees.

The Bulbuls are related to the Thrushes on the one hand and
to the Flycatchers on the other. They are very sprightly, fine
songsters, easily tamed, and very pugnacious. Henee, like the
Magpie Robin, they are kept for fighting purposes, and are often
exposed for sale in the bazaars of India. They inhabit woods,
jungles and gardens, and feed principally upon fruit and seeds,
but occasionally alsc on insects, which they capture on the
ground. Allusions to these birds are frequent in the pages of
Lallah Rookh. There are 6 representatives of this family in
the specimens exhibited. These are
The Red-whiskered Bulbul - Otocompsa rufiventris. Typical.
The Malabar Green Bulbul - Phyllornis Malabaricus.

The Common Green Bulbul - Phyllornis Jerdoni.

The Small Mionivet - - DPericrocotus peregrinus.
.The Short-billed Minnivet - ¢ brevivostris.
The Orange Minnivet - f Sammeus.

The last sub-family of the Dentirostres is that of the Shrikes.
The Ashy Swallow Shrike belongs to a group sometimes called
wood swallows, which are peculiar to India and Australia. By
several writers these birds are classed with the true swallows,
which in some respects they much resemble. By Gray they are
placed between the Drongo or Fly-Catching Shrikes (a purely
Asiatic group) and the Chatterers. In their powers of flight,
the Swallow Shrikes are said to be equal to the swallows and
the birds of prey. The fancy of this particular species for
certain trees is said to be so strong that where these grow it is
often found living at an altitude of 4000 feet above the level of
the sca. These birds appear to take their prey, which consists
of insccts, almost exclusively in the air, and rarely descend to
the ground, as their progress on foot is attended with much diff-
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culty. The true Shrikes are the most typical of the Dentiros-
tres, and in them the toothing of the mandibles is best seen. In
their strongly hooked bill and curved claws, a close resemblance
may be traced to the birds of prey.  The Shrikes are eminently
carnivorous in their habits, and net only prey upon insects,
worms and molluses; but also on small birds and mammals.
From the habit which these birds have of impaling their prey
upon sharp thorns before eating it, they are commonly known as
buteher birds, and the generic name Lanius applied to them
also means a butcher.  The Rufous Backed and Hardwicke’s
Shrike, in the present collection, belong to the type genus Lanius,
and are more nearly allied to the Red backed Shrike of Kng-
land than to the Great Novthern or Loggerhead Shrikes of
Canada. .

The last sub-order of the perching birds is that of the Coni-
rostres, which feed to a large extent on fruit and sceds. The
large sub-family of the Starlings is more largely represenied in
America than in any other part of the world. The Meadow
Larks, Grakles, and all the Orioles of tropical Ameriea, as well
as the Crow Blackbird and Red-Winged Starling, are members of
this fumily. The Mina bird of India is the only specimen of
this group in the present collection. A well-known XKast Indian
naturalist thus writes: “ The Minas are among the commonest
birds in India, Assam and Burmah, where they frequent the
neighbourhood of towns and villages in preference to more
wooded districts. A tree is usually selected as their sleeping
place; and from this point they fly over the country in small
parties in scarch of food, stealing occasionally even into the huts
of the natives, in order to obtain cooked rice, of which they are
very fond; some follow the flocks and herds, and seize the
grasshoppers as they rise from the grass when disturbed by the
cattle, others seek subsistence by plundering the gardens and
orchards in their vicinity. When upon the ground the Mina
walks with case, constantly bowing its head as it goes, and occa-
sionally springing to a considerable distance ; its flight is heavy,
direct, and tolerably rapid, and its notes rich and varied. So
little fear is exhibited by these birds, that they build almost
exclusively in the vicinity of houses, or even in temporary cages
that are hung out for their accommodation. In Mosuri, where
this species is only a summer visitor, it usually prefers making
its nest within a hollow tree. ~Like the common Sterling, it
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casily acquires the art of speaking, and of imitating a variety of
sounds. ‘The Mina has been dedieated by the Indians to their
God Ram, and is usually represented as perched upon his hand."
Major Norgate says of this species. Regular pitched battles are
of constant occurrence amongst these pugnacious little creatures;
the two combatants, who usually belong to different flocks,
coming to the ground, in order the better o carry on their
struggle, which is maintained, by clawing, beating with the
wings, and rolling round each other, screaming loudly as the
combat waxes hot : only for a very brief space, however, is the
fight confined to these two champions of the rival parties; one
after another the rest come down and mingle in the fray, which
often rages so fiercely that broken wings or other injuries at last
compel the untiring combatants to cease their strife. The same
writer describes the Mina’s manner of singing as very amusing :
¢ it inflates its chest as though about to make a most tremendous
effort, and then gives voice to such a variety of crowing, grunt-
ing and squeaking sounds as cannot fail to astonish its hearer.
When in flight the notes of these birds are by no means un-
pleasing ; but if alarmed their ery rises to a loud, hoarse shriek,
the rest of the party usually joining chorus, till the uproar be-
comes general. The nest is constructed with the utmost care-
lessness, and is, in fact, a mere heap of straw, twigs, rags, or
even shreds of paper; but in spite of the discomfort of the home
thus provided for the young, the latter are tended by both
parents with great affection.” This bird is said to be a special
cuemy to locusts of all kinds, so much so that the species has
been exported from the Philippines to the Isle of France, to
rid that island of the locusts with which it was overrun. Under
the protection of the Mauritius government, the Minas have
increased so rapidly that (according to Bory St. Vincent) they
have completely ruined the entomology of the Island.

The Scansores, or climbing birds, which have two toes directed
forward and two backwards, are fairly represented in this part
of Mr. Bulger's collection. The Rose-ringed and Blossom-headed
Parrakeets belong to a long-tailed group of parrots, for the most
part characteristic of the Kast Indies and Australia. The Ales
andrine Parrakeet, of the same country, is by many looked upon
as 1dentical with the first of these. This is generally belicved -
to be the first parrot known to the ancients, a species having been
brought to Europe after the Indian expeditions of Alexander the
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Great.  In the Reign of Nero, the Romans beeame acquainted
with other kind from Afrviea. Pliny deseribes the present
birds with suflicient aceuracy to identify it. It is, he says,
entirely green, with a red collar on the neek.  The Romans kept
parrots in cages of silver, fortvise shell and ivory, and had tutors
who particularly taught them to utter the name of Cresar; in
these days the price of a parrot that could speak exceeded that
of a slave. Ovid is well known te have sung their praises, and
Heliogabaius thought he could not set anything more delicate
than parrots heads before his guests, ¢ Qh unhappy Rome,” wrote
Cato the eensor, “ have we lived to sce the day when our women
nurse dogs upon their laps, and our men go about with parrots
on their hands 2 The Indian Lorikeet, of which the specimen
exhibited was ~hot at an elevation of more than 2000 feet above
the sea level in the Neilgherries, has been classed by some writers
among the true Parrots. The Parrots proper have short square
tails, and their heads are without crests. The Lories and Lori-
keets, which inhabit India and the J8astern Archipelago, are by
some naturalists, however, regarded as a peculiar group, distinet
from any other, and characterized by having the tongue termin-
ated with a tuft of glutinous filaments or threads. The Barbets
are a small group of climbing birds, so called from the base of
the beak being surrounded with stiff hairs or bristles instead of
feathers. There are three specimens of the Crimson Breasted or
Golden Barbet in the present collection. Respecting this bird
Jerdon writes as follows: ¢ This species of barbet is found
throughout all India, extending into the Burmese countries,
Malayana, Ceylon and the Isles; according to Adams, it is not
met with on the Himalayas or in the Punjaub. This bird is
very common where there is a sufficiency of trees, inhabiting
open spaces in the jungles, groves of trees, avenues and gardens, -
being very familiar, and approaching close to houses, and not
unfrequently perching on the housetop.  As far as I have ob-
served, it does not climb like the woodpecker, but hops about
the branches like other perching birds. The Rev. Mr. Phillips,
however, states that it runs up and down the trees like a wood-
pecker, and other obscrvers have asserted that it climbs to its
hole; but I confess I have never seen this, and Mr. Blyth is
most decidedly of opinion that barbets never climb.  The latter
naturalist found that one of these birds which he kept alive
would take insects into its mouth and munch them, but swallowed

.
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noze, and forsook them immediately when fruit was offered. It
has a remarkably loud note which sounds like ¢took-took-took,’
and this it generally utters when rested at the top of some tree,
putting its head at cach call first on one side and then on the
other. Sundevall states that the call is like a low note on the
flute, from the lower G to the second T. This sound, and the
motion of the head accompanying it, have given origin to the
name “ coppersmith,”’ by which this species is known by both
natives and Europeans. The sound often appears to come from
a different direction to that from which it does really proceed ;
this appears to me to depend on the direction of the bird's head.
Mr. Phillips accounts for it by saying that it alters the intensity
of its call. Sundevall remarks that the same individual always
utters the same note, but that two of these birds are seldom
heard to make it alike. When, therefore, two or more individuals
are sitting near each other, a not unpleasing musie arises from
the alternation of the note, each sounding like the tone of a
series of bells.  The Crimson-Breasted Barbet breeds in holes of
trees, laying two or more white cggs, A pair bred in my garden
at Sangor on the cross beam of a vinery. The perfectly eircular
entrance was on the underside of the beam. This nest appeared
to me to have been used for several years, and the bird had gone
on lengthening the cavity year by year, till the distance from the
original entrance was four or five fect; another entrance had
then been made also from below about two feet and a half from
the nest. Quite recently T discovered a nest built by this bird
in a hole of a deeayed tree hraneh, closc to a house in a large
thoroughfare in Caleutta.”

The typical genus Capito, which embraces the Puff birds, is
confined to South Ameriea, all the other genera are to he met
with only in the eastern hemisphere.  The two beautiful speeies
of Woodpecker belong to a group usually known as the Ground
or Cuckoo Woodpeckers. These are usually less arboreal in their
habits than the ordinary kinds, and are somewhat closcly allied
to the Golden-winged Woodpecker of Canada. They often feed
on the ground, in ants’ nests and amongst the dung of animals.
They are said to be fond of green corn and of fruits, but like
the rest of the group sometimes feed on trees and always nidi-
ficate in them. Generally speaking, the beaks of the ground
Woodpeckers are less robust and strong than are those of the
exclusively tree hunting speeies.

Vou. VIL. BB No, 7.
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The Cuckoos are the most aberrant members of this family,
and indeed they have less the habit of climbing than of perching
birds. The Golden Cuckoos are ground Cuckoos, confined to
the Kastern 1lemisphere, and casily vecognized by their tints of
golden green and lemon yellow.

By some writers the Pigeons are elassed as perching birds, by
others among the game birds (Rasores) ; but Mr. Gray and other
writers make a separate ovder of them. While the beautiful
Indian Bronze-Winged Dove is a good example of the ground-
loving specics, the no less clegant Pin-Tailed Green Pigeon is
typical of the Treronidae or Tree Turtles. Lastly, the gallina-
ccous birds in this collection are represented by the Common
African Quail from the Cape of Good -Hope, a species presenting
few salient peculiarities or habits ealling for special comment.
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ON FLUCTUATIONS OF LEVEL IN LAKE ERIE.
3y Con. Cnaunes WinrrLesky, CLEVELAND, Onio

In this paper I present very little in reference to fluctuations
of the surface of Lake Erie, which I have not published
heretofore. My principal object is to place on record a
résumé of those publications, for future reference. The
subjeet was taken up simultaneously in 1838, by the Geological
Survey, Ohio, in charge of Professor W. W. Mather, avd of
Michigan under Dr. Douglass Houghton. When the Survey of
Ohio was dishanded in 1839, I continued to muke oceasional obser-
vations, and to collect those made by others, until 1859 ; when
the Lake Surveys of the Government, being then in charge of the
late General Meade, adopted a general system of water registers.
There have been on each Lake since that time two Metcorolo-
gical Stations, where readings are taken each day of the height
of the water, and all phenomena connected with its fluctuations.
These readings will in due time cuable the officers of the Survey
to discuss the subject, on the basis of reliable facts; from which
alone philosophical conclusions ean be reached.

But prior to 1859 cnough had been determined to show, that
there is an annual rise and fall of the waters of the Takes, ana-
logous to the high and low water of large rivers, and due to

preeisely the same cause.
From the head of Lake Superiov to the mouth of the St.

Lawrence, the channel must he regarded as one great river with
expansions, which is raised by the surplus water of the rainy
season, and depressed by the dry scason. It is simply the dalance
between rain full and evaporation over the cutire valley of the
Lakes; embracing 300,000 square miles. When these iwo
opposite factors shall be obtained by chscrvation, the stage of
water can be predicted with as much certainty as the probabi-
lities of thé scasons, can be deduced from observations on general
meteorology. Both follow a law and are nearly parallel to cach
other. Both run through eycles of change, returning in periods
that are closely similar but which are not regular.

In regard to what I have designated as the geucral or secular
changes-of level, as distinguished from the annual, the former
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resualts form the yearly badanees. I the annual fall of water
equalised for the entive Lake Comntry is above the average,
there must Le an accumulation,  If it is less, there will be a
depression. When several years are on the side of wet, the rise
continues cach year showing an inerease of height, as it was
from 1819 to 1838; amounting to a little more than five fret.
Thea a rapid change of the seasons oceurred, on the side of drier
and more evaporative weather,  From 1838 to 1841 inclusive,
taking the mean water ol each year as a plane of comparison,
the water fell 4.15 feet.

Since 1819 the water has not been permancntly aslow; but in
184G it reached a point 477 bhelow 1838, or within five inches
of extreme low water; as at present known. There are, however,
causes in uperation that inerease the suddenness of the discharge
of water frum the Lake tributaries into the Lakes and thus tend
to inerease the height of water. If these excessive discharges
should oceur when other circumstances arve in favor of high water,
the lakes will reach a higher stage than has been yet known,
Thus it it may oceur, that the range between high and low water
may he greater than five feet, and the mean level be somewhat
different from what we now put it. Tor the present it is fixed
at. two and a-half feet below the flood of 1838 ; which is five
hiundred and sixty-four feet above mean tide water at Albany,
New York. The city directrix or zecro of city surveys, was
lixed by an ordinance in 1854 at high water mark of June,
1838, which is also made the zero of most of the railway surveys
in Qhio. Tn anote there will be found some of the hench marks
established by the City Eogineers.

These two clisses of fluetuations, the annual and the gencral
or seculitr, must not he confounded with those which are tem-
porally due to storms, variation of atmospherie pressure, and
aerial movements or undulations; not yet fully understood, and
which I have called « (ransient oscillations.”

Prior to 1859, there were daily registers kept at Cleveland for
ouly two short periods.  The first was by George C. Davies,
under the direction of the Government Harbor Agent, Ashbel '
W. Walworth, Esq., from August to December 1838. Colonel
T. B.W. Stockton, who was in charge of the Harbor improve-
ments in 1845-6, cansed a full meteorological and water register,
to be kept from August 15th, 1845, to September, 1846, A

lurge number of irregular readings were made by the late General

t
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Ahaz Merchant, I. N, Pillsbury, late Cily Engincer, Captain
B. Stanard and mysclf; extending from 1834 to 1839, but notat
regular hours, nor ou consceutive days. The labor is tvo great
for any person to undertake who is not employed for that purpusc.
In addition to the observations made at Detroit, by the first
Geological Survey and by A. E. Hatban, City Engincer, and
Jacob Houghton &s Engincer of the Water Works, there have
been a large number of readings at Black Rock, and at Buffulo,
New York, by the Engincers of the Eric Canal. Al these can
be brought together and thus made to supplement cach other.
On the supposition that the Lake in calm weather is approsi-
mately level, readings made here and at cither ol the vther places
at the swme time, may be regarded as representing one plane sur-
face. The Detroit gauge is higher than the vthers by the dus-
cent of the river from there to Luke Erie; but the fluctuations
are in conspuance with those in the Take, and thercfore may be
used. After the water tables at Detroit, Cleyelund and Buflaly
were made out, it appeared that they had some perivds of time
in common, and thus they could be brought tugether as oue
series of observations, good for the entire Lake.

For instance, Mr. Joha Lothrop, an intelligeut cngineer in
the employ of the State off New York, and myself; made obser-
vations for the month of July 1851. The average for that month
at Cleveland was 1.96 feet, and at Buffulo 9.46 fect above the
metre sill of the guard lock.

This gives for the Cleveland zero 11.42 feet above the Buffalo
zero. At Detroit Mr. Hathan used the base of the tuwer of
Water Works, and measured downwards from that as zero. By
comparing his tables with ours and disregarding the descent of
the river, I find his zero to be 3.43 feet above vurs, or 14.83
above bottom of Canal at Bufialo.

Iu this manner, T have combired ull the reliable monthly
averages from 1838 to 1853, at the three ports of' Buffalo, Cle-
veland and Detroit, into one expression in the form of curves, as
shown in the eugraviug on the next page,
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These results and those which may follow fiom the Goven-
ment observations are of great importance to the ecommereinl
interests of this Luke. arbors, piers and channels to be per-
manent must be constructed with reference to low water. Prior
to 1854 the chief of the Topographical Corps, under whose
direction the surveys of the Lakes were conducted, paid no atten-
tion to these fluctuations.

One of the consequences of this oversight has heen the recon-
struetion of the Canal at the Sault Ste. Marie. Tocks that were
bailt to pass vesscls of twelve feet draft, would at times allow of
ouly nine feet. Soundings were veferred to no fixed planc.
There may be a difference of five fect, between the carly sound-
ings on the lakes and the true depth of water.  Private docks
and warchouses are also affected.

The proper planc of reference is that of mean water loved.
Below this, arrangements should be made for a depression of two
feet six inches for extreme low water, which may temporvarily
reach three feet.

There is another cause of depression which is having itseffect
continually ; but is so small as to be impereeptible during the
life of' a generation.  T'his is the perpetual wearing away of the
channel at the outlet.  On the Upper Takes there ave evidences
of'a pereeptible lowering of the outlets, since they assumed theix
present general level ; but on Lake Erieitis not yet pereeptible.
1t docs not probably exceed an inch in a century.

According to tradition among the Freneh residents of Detroit,
which was settled in 1707, there has not been since that time as
high water as that of 1838

A conjunction of cn‘(‘ll]ll.\‘[zlm‘.('s such as 10 cause a siate of
extreme depression, or extreme high water. will vecur only at
long intervals, owing to the extent of country drained hy the
lakes.  The tables show that there is no period of secen years, or
a multiple of seven.  This is a popular beliel derived from
Indiang, by the carly setilers. which has not yet entirely died
away, but which never had the support of observations.

Mean annual finetuation, result of sixteen yews' observis

tions" ool Ll ceemeeneanns P | M RS 11
Difterence of highest and lowe st months within the ) car,
Cleveland, 4 yearsobs, ooooic oo enen e ces LM 2w
Greatest lemporary difference not due to visible storms,
Clevelnd . oo oo i i e e e Swdow
Greatest peraanent diffevence, 1819 10 1828 L. ..o ... 58 3 &
[HR 11 k24

Greatest trypmrary diference between 1819 and 1858, ..
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Bench mearks in the city of Clevelund, veferring to city zero,

which is the line of high water of Lake Erice in Junc, ] 338
566.50 feet above mean tide water at Albany, N. York :

1. Surface of stone work, East Pier, 490 ft. from the
south end (mow lost)...... .. B
3. Capt. Meade's UL 8, Top. Engineers, 1859, on & pile

cast OFNOL T Lo Ll e e, 282
3. N.E. corner of base water table, Hotel cornet of
Main and River streets; west side, City Eugincer
RYETUHTLA E i PP« 3 1135 B
4. N. E, corner Myers’ Stove Works, River \'(l‘(‘('t west
side, Asste Engineer Wheeler, U, 8. Survey,
INTd i v Ceeate metateeaeaaaa e. BA2T woowm
N l)(ml' silly 8. west corner of Engine House, C. C. &
R Road, Front strecet. 1. No Pillsbury, City
I ngineer, IS Lo i i i e ceee . D20 8K
G, Coping of west wing wall of canal lock al the
Cupsthoza viver. K. E. Howe, State Engineer,
L [P e veeenn G300 o
7. First course of masonry, base of Light House, 3 i
above ground, Water strecl:s projection of 0,200
L over the course below, Asst, Wheeler, Lake
Rurvey, 18T Lol Ceetitetiiacesnnees. 7713 oW
K. NLFLcorner of base of Perry Monmuent,  C.
Foree, Asst, City Engineer 18T ooos il 86333« «
9. Mitre sill of guard lock, Frie canal, Buitido State
Engineer, Johm Lothvop, 183400000 0oL, ceee 11020 81
10, Base of water works tower, Detroit, AL E Hathay,
City Engiueer, ISM oo voiies ciiaen s 3030 w0\,
Dlane of ,\'uluu[hl_:/.\' at Cleveland »
U. Stades Assistant l'Iu-.:inccr, GeoPell—=fall of Stage of water
IST3...ae. etieeres ceiaee eeeee s 2500 feet B
City Engineey; Chas, Strone, Feb, 18750000000 ... L2020 0w
Col P B. W, Stockion, ll.ulmr Agent, April, 1846..., Jd40n 8w«
Joowest water, monthly mean, March, 1545, Stockton's
daily register...o.o oL, e A R s
Average low water at Clevehiad, Detroit and Bufiido,
L PR PEPINNAN 4620 =«
Extreme low wiater—by monthly average—Isis. . ... 5.1op « &

2,00 feet A,

* M Jdos 'Ll Gardaer, Geanapher, Washington, D.C,,

has in con-

nection with the UL S Const Survey revised the clevations of the
Lake region and the Mississippi valley, by whom mean tide at Albany

is 4.8 feet above mean tide at New York.
4
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Lleration of the Great Lades abuee the Qeeun

1t is not practicable to fix the clevation of the surfaces of
these Jakes, until their mean fluctuation is known.  The resalts
I propose to give, are thercfore only approximate.

Ou Lake Superior the greatest known range of level is three
feet, with indications of & much greater range. Lake Ountario
has a variation of four feet, nine inches, well determined by
water registers, since the year 1812,

The surveys of the Upper Lakes, by the Uuited States Gov-
cernment, now in progress, will eventually fix the mean level of
all the lakes, by observations which are made twice each day.

For present use, I give the mean results of instrumental sur-
veys between tide water and the lakes, and between the different
lakes.

Before doing this T must remark, that in none of them is the
stage of water noted, at the date of the Survey, whether above
or below the mean.  There is therefore room for a plus or minus
error of two or three feet, when referred to a plane, which shall
be fixed upon, as the mean level of cach lake. There is also
another ground of error. The lukes are not strietly level but
have an inclination or deseent towards their outlets; though this
may be small, and in part corrected by the action of winds.

To fix the elevation of the lakes, I begin at those nearest the
seq, to which instrumental surveys have been made.  The Upper
Lakes are not thus connected by direet lines, but their height
above tide is determined by rerereuce to those below.

There is quite a discrepaney in the results, which can be ac-
counted for as I have ubove stated.

LAKE ONTARIO.

By lockage m the St Lawrence canals, above mean tide, 2341 fect.
Y o s H ]

By canal surveys of New York, above mean tide, ..o, 232 @
Mean clevation, ... oLl veel 205 geet

« In aletier to the Iditor, Ctol. Whittlesey stales that this portion
of his paper was & inserted in 1566 in @ Report on a part of Minnesota,”
and that the estimates differ somewhat trom those which have heen
vecently made by the Ul S, Coast Survey, The imporianee of a
“revision of the deseent from Lake Ontario to Quebed®? is also ursed,
—Fd.
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LAKE ERLIE.

By canal surveys in New York, I817,...... ceeieeeeee. D61,20 feet,
By Capt. Willinms veport of 1834, Ningara Ship Canal, 563.00  «
By surveys Caatskill & Portland Railway, 1828, ..., . 56533«
By Tocks of New York Camatd,o oo ooi oo cnnn.a 50700 ©
v — 131

Memnoooiiin i o R L1 1 1 14 I (T

LAKE HURON.

S0 WL Higgins, Geological Report of Michigan, 1833,...... 377 leet.

AL Maurray, Geological Report of Canada, 1840 ... RN -
Ml oo e . BTTY feet.

Lake St Clair, Geological Report. Michaygan, oo oL, ... BT0 o«

.

LAKE MICHIGAN.

Southern Michizan Railway, J. H, Sacgent Engineer, survey
of 1856, somth end. ool e o0 583 fect.

LAKE SUPERIOR.

By Cayt. Bayficld’s bamometical measurement in 1824, 627

feet, evidently too great.
AL Mureay's determination, Geological Survey of Canada,

1S40, S0 feet, =ay ool oo e vt 60O fect,
Survey of Bay D'Enoch & Marquette Rail Road, 1839, ... (10«

Y e e G605 fect.
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GHOLOGICAL SURVEY OF CANADA.
Leport of Progress for 1873-14.

The Canadian Geological Survey may in ene sense be said to
he the most extensive in the world.  Its territory ranges from
the Pacific to the Atlantic and from about the latitude of 45°
to the North pole.  Tn another sense it is extremely small, nay
almost microscopie, for it scems to have only seven or cight
explorers to cultivate all this vast field; and its annual revenue
is very small even for this limited corps, especially when we
consider the great expense attending expeditions into the more
remote parts of the territories of the Dominion.  But Canada
ix hegiuning to wake up to the importance of scienee, and the
Survey has probubly by no means reached its full development.
Is resources are indeed {o some extent yeb based merely on the
calewlations reguired for the limited Canada of bygone years,
and our public men are only beginning to reaiise the demands
of their present extended territory.

The present report of’ 2G6 closely filled pages, vanges over the
whole vast field of the Survey from west to east.  Beginning
at the Pacilie, Mr. Richardson writes of British Columbia.
The Dircetor himself’ and Prof. Bell veport the results of explo-
rations pushed across the great plains on the lines of the North
and South Raskatchewan.  Mr. Vemnor explored the apatite
and plumbago regions of' Ontario and Quebee.  Mr. MeQuat,
Mr. Barlow, and Mr. Robb report on the coalficlds of Nova
Seotia and Cape Breton; and Dr. ITarrington contributes a re-
port on iron, which is realty a detailed and almost exhaustive
treatise on our resourees in that important metal. My, Whit-
caves conciudes the volume with notes on the Cretaceous fossils
of British Columbia.  Some other departments of work which
do not appear in the detatled yeport, are thuz neticed in the
introductory remarks of the Dircetor :

< In the Museum the re-arranging, relabelling, numbering
and catiloguing the collections is muking satisfuctory progress.
When completed it is proposed Lo issue a desceriptive catalogue
which it i thought will tend materially to enhanee the value of
the colleetions hoth for educational purposes and for the general
information of the public. Considering the size and population
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of Montreal, the comparatively fow persons who visit the Museum,
only 1000 during the past twelve months) is certainly somewhat
remarkable. I believe this arises, however, in a great measure,
from the fact that the chavacter and interest of the collection is
not generally known,  The doors ave now open gratuitously to
the public every day in the week, Sundays exeepted, from 10
asn. to-f pan.; and there are in the cases upwards of geven
thousand named specimens of Canadian fossils, minerals and
rocks, Mustrative of the cconomic aud scientific geology of the
Dominion.”

“Tun the library, which already contains upwards of 2000
volumes, comprising standard works of refercuee on Geology,
Mineralozy, Metallurgy, Chemistry and Natural History, im-
portant additions are annually made bath by purchase and pre-
sentation.  The latter compristug valuable reports and maps
issued by State Geological Surveys in America, Buvope, India
and Australia, as well as copie of the transactions of various
scientific socicties sent in retwrn for the publications of the
Canadian Survey.  Like the Museum, the library is available to
the public for purposes of reference and study.  Want of space,
however, at present is a serious drawhack to the realization of
its full value, and alvo prevents the proper arrangement of the
books, the numbering and cataloguing of which is now in pro-
gress.”

< Mr. K. Billines, who has charge of the Paluoutological
branch of the Survey and Museum, reports that in addition to
his duties as Curator he has been engaged in studying and des-
ceribing fossils from Gaspé and {rom varlous localities in Nova
Scotiz and in Ontario.  Some of the results of these investiga-
tions are viven in Part 1, Vol. I1, of the Palacozoic fossils of
Canada, which is now in the press and will be issued shortly. It
will contain about fifty wood cuts and six lithographed plates of
fossils with 125 pages of descriptive text.”

< Mr. A. 11 Foord, the artist to the Survey, has done a large
amount of very excellent work in the preparation of’ drawings and
lithographs of fossils to illustrate the geological reports, and for
the second volumne of the Pakeozoie fossils of Canada.”

** During the month of August and a part of September, Mr.
TFoord was engaged collecting fossils from the Devonian rocks at
Pereé, Gult of St. Luwrence, required by Mr. Billings, to enable
him to complete his duseription of the fossils of the formation.”
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“In the carly part of the summer Mr. Weston devoted some
time, and with considerable success, to a carefulsearch for fossils
in the dark carthy limestones associated with the dolomites and
serpentines in the Kastern Townships. 1le also seeured there,
and subsequently at Arisaig in Nova Seotia, & number of inter-
esting and instruetive photographs illustrating the geological
structure of these districts. IHe has likewise during the year
made a very large number of sections, mounted for microscopie
examination, of rocks and fossils, as well s of recent and fossil
woods from various parts of the Dominion.”

¢ The chemical and mineralogical branches of the Survey, are
now unaer the charge of Dr. B.J. Harrington, ably assisted by
Mr. Christian Floffman. Respeeting the/investigations during the
past year in these departments, Dr. Harrington reports as fol-
lows: .

“The work in the laboratory, as in the previous year, has con-
sisted largely in the examination of economie minerals; although
a few rocks and minerals, more especially of scientific interest,
have been analysed.”

Details as to these analyses which are hoth numerous and im-
portant are given in this Report.

In a scientific point of view the Report adds considerably to
our knowledge of the Pacific coast and of the great plaing
stretehing westward from Manitoba to the Rocky Mountains.
Tn the former the fossils collected by Mr. Richardson confirm
fully the Cretaceous age of the remarkable coal-field of Nanaimo
in Vancouver's Island, and shew also the existence of rocks
probably of Jurassic age, underlying these, and appearing in
Queen Charlotte’s Islands.  Fossils have also been found in a
still lower series of altered rocks, whieh are recognized by Mr.
Billings as prohably of Carboniferous age.  Thus in this strange
country, the old metamorphic roeks, in aspect like our oldest
formations in Eastern Ameriea, prove to he Carboniferous, while
the workable coals exist in the Cretaceons rocks. In the country
east of the Rocky Mountaing, Mr. Selwyn and Prof. Bell have
accertained the limits and general relations of Cretaceous and
Tertiary beds holding productive lignites and coals over a large
region of the plains.  They have not, it is true, cleared up all
the problems as to the geological age of these beds, which have
perplexed the geologists who have laboured in the continuation
of these formations further to the south, but they have settled
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the Cretaceous age of some heds associnted with the coals and
lignites or immediately underlying them; and whether the lig-
nite beds themselves are to be placed in the Miocene, as New-
berry and Heer decide from their fossil plants, or as others hold
from their animal forms in the Lower IBocene, or even Upper
Cretaccous, it is clear that no decided break cither in life or
physical conditions separates shem from the upper Mesozoie.

In another field, Dr. IHarrington’s Report, though chiefly
practical, is not without features of seientific interest, move
espeeially as to the made of origin and metamorphism of iron
ores. The following extract may serve as an illustration :

¢« Concerning the origin of our sedimentary magnetites, the
question arises as to whether they were originally deposited as
such, ov in some other form, and afterwardsaltered to magnetite.
It scems possible that, in some cases, beds may have been
formed by the accumulation of iton sands, just as they are form-
ing in the Gulf of St. Lawrence to-day. the material being
derived from the disintegration of pre-existing erystalline rocks,
Such beds we should expect to contain not only magnetite, bus
ilmenite, and it is well known that in many cases ores on being
pulverised may be more or less completely separated into a mag-
netie portion coutaining little or no titanic acid, and a non-
magnetic portion consisting essentially of ilmenite. It scems,
however, probable that in general their orvigin has been similar
to that of the modern bog and lake ores.  Deposits of magnetite,
asa rule, donotcontinuc of uniform thickness for any great distance
like the coclosing rocks, and thisis just what might be expected
if we suppose them to have originally oceurred as bog or lake
ores which accumnulated in local hollews or depressions. No orve,
morcover, would be more readily converted into magnetite than
bog ore, on account of the considerahle proportion of organic
matter which the Jatter contains.”

« In this connection may be described a very simple but inter-
esting experiment tried with a speeimen of bog ore from L'Islet,
containing about 22 per cent. of water and organic matter. The
pulverized ore was placed in a platinum crucible, and heated for
an hour at a temperature of 190° I, At the end of that time
it bad parted with its combined water, or at any 1ate with sufli-
cient to cause the colowr to change from brown to bright red.
Tt still, however, retained organic matter, and on heating for a
few minutes in a tightly closed erucible, and at a temperature con-

4
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siderably below reduness, a reduction of the peroxide ensued, and
a black, strongly maguetie powder was obtained, apparently con-
sisting of magnetic oxide, and not of metallic ivon, as it ocen-
sioned no precipitation of metallic copper in a solution of the
sulphate.  The cover was now removed from the crucible and a
red heat given, when in a short time the powder again became
red, or rather purplish-red, and non-magnetic. Finally, the heat
was raised a little higher (to bright redness), and soon the
powder became black and strongly magnetic, having apparently
parted with a portion of its oxygen. These changes are instrue-
tive, for while brought about in the laboratory they might take
place in nature. They shew, too, that in some cases magnetites
may have been formed from such ores as bog ore at compara-
tively low temperatures, the reduction being due to the organic
matter of the ore.”

The Report is rich in information on coal and iron, the two
great staples of our mineral wealth. Though the two provinees
of old Canada might truly be said to be destitute of coul,
this can no longer be affirmed of the Dominion of Canada.
In addition to our 18,000 square miles, or thercabout, of coal-
formation in the Lower Provinees, we now find at least
100,000 square miles of the western plains underlaid by coal, or
lignite which will serve for coal; and beside this there is the
valuable, if, less extensive Cretaccous coal-area of Vancouver’s
Island, with others of unknown cxtent on the mainland of
British Columbia. With regard to the district explored by
him, Mr. Selwyn writes:

“ Dr. Heetor has separated the Edmonton coal rocks from
those io the vieinity of the Mountain IHouse by an intervening
area which he considered to be occupied by a somewhat higher
section or division of the Cretaceous serics.  Ie did not appar-
ently see the thick seam of coal which I found, as above stated,
below the Brazeau River, about cighty-six miles from Rocky
Mountain Iouse; and another seam of five fect six inches thick,
which I found at a point some fifteen miles higher up the river,
as well as the numerous indications of seams whieh occur between
the ont-crop of the cighteen feet seam and Bdmonton, probahlyalso
eseaped his notice, as he travelled partly during the night, and
in the winter, on the ice, when many of the exposures along the
bauks must have been concealed by snow. The observations
which I was able to make deseending the river do not enable me
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to say whether the scams vetain their thicknesses or are connected
for long distances, or whether the very numerous exposures and
indications seen in the cliff seetions represent only more or less
lenticular shaped and isolated patches, repeated at different
horizons and over large areas.  Dr. Heetor appears to ineline to
the latter idea, and, in a note referring to the scams at Rocky
Mountain House, he states,  The coal beds are not continuous
for long distances.” Whether this is actually the case or not,
there can be no (uestion that in the region west of Jodmonton,
bounded on the north by the Arthabaska River and on the south
by the Red Deer River, there exists a vast coal field covering an
area of not less than 23,000 square miles: and beneath a large
portion of this area we mny expect to find workable sc2ms of
coal at depths scldom exceeding 300 feet, and often, as in the
case of the thick seams above deseribed, very favourably situated
for working by levels from the, suriace.”

Mr. Richardson contributes additional facts tending to prove
the value of the coal-fields of British Columbia, in which province
there appear also to exist important developments of silver ores.
The coal-fields of Nova Scotia and Cape Breton are better koown ;
but important additional facts are stated with respect to them,
and the progress which has been made toward the unravelling
of the complexities of the disturded coal-strata in the central
part of the Cumberland coal-field, is very ereditable to the gen-
tlemen engaged in the work.

Tron is next to coal the greatest souree of national wealth, and
it is only necessary to glance ai this part of the Report to
see how largely and liberally Canada is endowed with the richest
ores of this metal. It is true that in the large Lawrentian and
Huronian arveas, where the most valuable oves of this kind
abound, they are remote from mineral fuel, and their value is
therehy lessened ; but this does not apply to the equally rich
and almost equally extensive deposits of Nova Secotia, which are
in the immediate vicinity of coal, and which afford the means
of making the best ivon perhaps more cheaply than any other
region in the world.  More especially is this trae of the deposits
in the Cobequid mountains in the vicinity of the coal-field of
Cumberland, and of those of Pictou, elosz to the great collievies
of that district. The former have the advantage of having been
alveady partially opened and worked, but the coal-field in their
neighbourhood is less developed.  The latter are not yet fully

’
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opened up in so far as the iron deposits are concerned, but the
coal is fully opened, and its adaptation to iron-emeiting ascer-
tained. Both have now attracted the attention of ecapitalists,
and unless mismanagement or abnormal political or commereial
conditions prevent, will ere long become great and important
sources of wealth and centres of manufacturing industry, and
will render Canada independent of the rest of the world in .o
far as its supplies of iron are cuncerned. Tt would be impossible
to convey any idea of Dr. Harrington's Report by extracts, and
te quote references to particular districts might appear invidious.
All interested in the development of our mineral resources
should study it for themselves. J. W. D,

ON THE CONDITIONS WHICH DETERMINE THE
PRESENCE OR ABSENCE OF ANIMAL LIFE
ON THE DEEP-SEA BOTTOM.*
By Dr. W. B. Canrexter, F,R.S,

The foundation of Geological Science must be based upoii @
study of the changes at present going on upon the surface of the
carth, including the depths of the sea. This is the distinetive:
feature of modern Geology. Until recently nothing was really
known of the depths of the ocean; but, owing to improved
methods of sounding, the bottom of ithe sca has heen reached
in so many plies, that we may feel tolerably sure that its depth.
seldom execeds four miles. Recent statements regarding am
extraordinary depth off the coast of Japan, are most probably due
to an error similar to that which formerly represented the Straits
of Gibraltar as unfathomable—an error caused by the carrying
out of the sounding-line in a strong surface-current. The general
depth of the Atlantic does not excced three miles, though, as an
exception, the “Challenger’ has recently attained 3800 fathoms
in a hole 100 miles north of St. Thomas. As an additional proof
that this was a true sounding, both the protected thermometers
came up erushed.

The temperature of deep water has only lately been ascertained
with accuracy, the earlier attempts having been vitiated by the
error arising from pressure.  Of the older attempts to ascertain
the temperature of the deep strata, that devised by Lenz in the

* Geological Magazine.—The substance of a lectwre delivered be-
fore the Geologists’ Association, on December 4th, 1874,

Vor. VII, cc No, 7.
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seeand voyage of Kotzebue, though fearfully laborious, gave
resultx that correspond most closely wich the *“Challenger's’”;
a fact in scientific annals which has been lately dug out by Prof.
Prestwich, and by him brought to the notice of the lecturer, who
found his own conclusions—made in entire ignorance of those of
Lenz-—thus singul vly confirmed.  The conclusions to be drawn
{rom a study of' these temperatures point towards a deep flow of
polar water towards the liquator, unrestricted, as regards the
Atlantie, towards the south, but limited in the direction of the
North Polar area, where there are two principal chanucls: the
one between Greenland and Ieeland, the other between the Faroe
Islands and the 100-fathom line of North-west urope, on which
platform the British Islands repose. This latter is the “Light-
ning” channel, the seene of the lecturer’s first explorations, the
study of which led to his view of the existence of two opposite
flows in the great occanie area, guite irrespective of any one
current. 1n this chaunel it ¥vas found that there was a super-
ficial warm stream and a deep cold stream; aund that within a
vertical space of 50 fathoms a most marked difference of tem-
perature is suddenly encountered; whilst, as regards horizontal
distance, temperatures of 291° F. aud 43° I, have been ob-
tained at the same depth in places not 20 miles apart. These
facts mean that there are two distinet movements of water, just
as a striking differenee in the temperature of the atmosphere in-
dieates a change of wind. Hence, speaking with reference to
the “Lightning” channel, it is clear that water much colder than
the mean winter temperature of the latitude must have a nor-
therly, whilst water that is warmer must have a southerly source.
Tu accordance with this we find that most of the animals of the
cold area, such as the beautiful Comatule Eschrichitii, belong
to the boreal fauna; whilst British species, such as the common
Solaster pappos«, which is dwarfed from the size of a plate to
that of a crown-piece, are much stunted. Yet the fauna is abun-
dant, as no temperature secems to prevent life, so long as sea-
water is liquid. Pressure, though enormous, will not affect vital
functions; since an animal, whose cavities contain air in aqueous
solution only, can contract and expand just as well with a pres-
suve of three tons to the square inch as it can on the surface.
Not but what change of pressure, brought on by sudden removal,
might produce some derangement. Neither temperature nor
pressure, then, being directly of supreme importance, it is the
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supply of oxygen which has most influence on Animal Life in -
the deep seas,  This is regulated by the general flow of water
near the sea-bottom,—a flow not confined to any particular pass-
age or area, hut maintiined by difference of specific gravity,
produced by difference of temperature. As sea-water, in this
respeet differing from fresh-water, continues to increase in density
down to its freczing-point, which is 27¢ F. if agitated, and 25°
FLAf still, the Polar columm will outweigh the Xquatorial column,
and there will be a lateral outflow at the bottom towards the
-equatorial aren. This will cause a lowering of water in the
polar area, and produce a surface-flow of water from the ILqua-
tor towards the Poles.  The two bottom-flows from cither pole
will thus meet near the Equator, and rising, will bring cold
water nearer to the surface there than anywhere else, exeept
‘where the surface itself is subjected to cold. In this way the
bottom-temperature of the South Atlantic would be lower than
that of the North Atlantie, by reason of the less restricted body
of the polar flow in the former. The tables given in the “Chal-
lenger’s” report confirm the conclusions thus arrived at. From
these we find that the general temperature of the North Atlantic
bottom is about 853° or 36° F., decreasing to 34° F. near St.
Thomas, and under the Equator itself to 32:4° F., the lowest
temperature of all.  This scetion proves that the South Atlantic
under-flow extends north of the Equator, as had been previously
surmised by the leeturer. Only oue section was made in the
South Atlantic, and no temperatures lower than 333° T, were
there obtained, the expedition not happening to hit upon the
channel which brought in the water at 32-4¢ I. found under the
Equator.  Most remarkable of all is the line of 35° F. which
«can be traced across the South Atlantic and then gmdu'ally
-slopes down in the North Atlantic till it is lost. The tempera-
ture of the North Atlantic depths is probably about 3¢ F. higher
than in the South Atlantic. Off the coast of Lisbon, in lat. 382
N., the line of 40° ¥. is found at 700 to 800 fathoms; in lat.
22° N. at 700 fathoms; and on the Xquator at 300 fathoms
only, descending from a surface temperature of 75° ¥. The
reason for this has been already shown to be the continual rise
-of the Polar under-flow towards the surface in the Equatorial
belt. A further confirmation of these views is obtained from a
-comparison of specific gravitics. The deunsity (due to salinity)
-of surface-water inereases from the poles to the tropies, while
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‘that of bottom-water in the tropics is nearly the same as in the
polar arca. Why then does the bottom-water of the tropics,
being of lower sulinity, underlie the more saline strata?  Because
the density it lacks from its lower salinity is more than compens-
ated by the lowness of its temperature. Passing, however, from
either tropic towards the Ilquator, the salinity of surface-water
iz found to diminish, until its specific gravity is reduced from
10273 to 10264 or 1026-3, which is that of the polar under-flow.
Tienz adduced the low salinity of the surface-water under the
Equator as evidence of the rise of polar water from the bottom,
and showed that there is 2 band of water at the Equator colder
than any to the north or south of it.

The Oceanie Circulation thus produced bmws every drop of
water in turn to the surface, enabling it to part with carbonic
acid and to absorh oxygen; this, then, is its importance to Ani-
mal Life. ¥rom the analysis ofigases dissolved in the water of the
oceanic arex, it was found that, for 45 per cent. of carbonic acid
there was usually from 16 to 20 per cent. of oxygen—this being
the result of a series of observations taken off Ircland and Scot-
land at various depths down to 2000 fathoms. This amount
of osygen is sufficient to support a large quantity of Animal
Life, in spite of the, to air-breathers, fatal proportion of carbonic
acid—if indeed the carbonic acid be not in a liquefied, and thus
perhaps more innocuous form.

In the Mediterranean totally different conditions prevail. It
was expected that a Tertiary fauna would be found at great
depths, analogous to the Cretaceous-like fuuna of the ocean out-
side. Tnstead of that, only a viseid mud, almost devoid of life,
was brought up.  The western basiu has a depth of 1600 fathoms,
the eastern basin one of 2000 futhoms; the bottom temperature
is nearly uniform at about 55° I, a great difference in thermal
condition from the Atlantic. The reason is that the Mediter-
ranean is cut off entirely from the polar under-flow, which, off
Lisbon, produces a temperature of 40° I'. at a depth of 700
fathoms, and 363° at 1500 fathows. In the Mediterranean, on
the other hand, we have a surface temperature from 60° to 70°
T., which, in the first 100 fithoms, falls to 54° or 55° K., below
which to the bottom, no matter at what depth, there is no change
at all, but a slight variation according to latitude, due in part
to the meau winter temperature of the locality. The whole of
the lower portion, therofore, below the influence of the Gibraltar
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surrent, is a mere stagnant pool; and this is the explanation of
the absence of Animal Life except in the shallows. The im-
palpable mud, which is slowly settling to the bottom, may also
not be without its effect. T'his is the result of the attrition of
soft Lertinry shores, and of the clay brought down by the Rhone
into the western basin, and by the Nile into the eastern, the finer
particles pervading the entire sea. Corals and Bivalves suffer
from it especially. The per-centage of carbonic acid was fouud
to be as high as 60, whilst that of oxygen was only 5; this is
believed to be due to the organic matter, brought down by the
rivers, using up the oxygen. These unfavourable conditions are
primarily due to deprivation of the general occanic circulation,
which maintains life at such great depths.

There scems, however, to be a limit, in respeet of depth, to
the preservation of animal remains; due possibly, as conjectured
by Prof. Thomson, to the solvent power of sea-water at pressures
below 2200 fathoms. ‘This may serve to explain the passage of
true Globigerina ooze, first into grey coze, poorer in calcareous
matter, and finally at great depths into red ooze devoid of lime.
Morecover, this dissolving of calcareous skeletons at great depths
may serve to explain the production of Greensands, such as is
now going on along the line of the Agulhas current.  These con-
sist largely of the internal casts of foraminifera, the sarcode of
which has heen replaced by glanconite.  The importance of such
facts to geologists is immense. It was the examination of a
series of casts of similar bodics in a green sillicate, that, years
ago, formed the foundation for the lecturer’s interpretation of
the structure of Tozoon, where there is a replacement of its
sareodic body by @ green silicate, viz. serpentine.  1f the sea-
water, under this tremendous pressure, has dissolved away the
shells of Foraminifera, after their sarcode has undergone the sub-
stitution alluded to, » beautiful appiication of this kind of re-
search to geological phenomena has been brought forward.

Referring to Jid. Forbes’s limitation of marine life to 300
fathoms, the lecturer observed that the statement was true of the
Bgean,.as of the whole of the Mediterrancan, wheve there is
abundant life in the littoral zone, diminishing rapidly towards
250 fathoms, below which Animal Life is almost at zero.
Finally it is not a limit of pressure, of heat, or even ot foed, but
the limit of oxygenation, as determincd by the presence or ab-
sence of a thermal circulation, which affects the life of animals.
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So thut deposits forming in inland scas, excepting in the shal-
lower portions, we must expeet to be destitute of fossils. This
is well illustrated by the Miocene strata of Malta, where certain
coarsish beds, representing shallow water conditions, are full of
fossils in « fine state of preservation; whilst the very fine build-
ing stone, corresponding elosely with the finest calearcous deposit
of the Mediterranean, contains hardly any remains but such as
would fall in from above, c.g. the teeth of sharks. This may
explain the paucity of foscils in many strata, especially in the
Red Sandstoues of inland seas.  Muceh depends upon the depth
of the communication. supposing there to be one with the oceanic
cireulation; and the level of this may be often inferred from a
knowledge of the line of permanent temperature of such inland
sea. To the general paucity of animallife under such conditions
the Red Sea appears to be an exception, notwithstanding the
shallowness of the Straits of Babelmandel.  This is probably due
to the absence of the sediment ‘and oxidating matter of large
rivers, and to the rocky nature of its shores, conditions which
ingure a clear water: whilst a certain circulation, producing oxy-
genation, is kept up to supply the enormous evaporation, which,
if the Straits were closed, would desiceate the basin in three or
four hundred years.

MISCELLANEOQOUS.

New Coarn Freeps 18 Ressra.—The practical advantages
of Geology are well shown in the discovery of new coalfields in
Russia, and in'the extension of the known coul areas, far beyond
the limits previously assigned to them.  TIn the distriet of Tula,
south of Moscow, is 2 coul field covering 13.000 square miles,
with two seams of conl, one of three feet and the other of seven
feet in thickuess.  On the shores of the Seu of Azoff is another
ficld of 11,000 squarc miles, containing good senms of both an-
thracite and bituminous coul. It is reported thet sixty seams
have been discovered, forty-four of which ave workable, having
a total thickness of 114 fe:t.  Another small coal-ficld hus been
discovered at the base of the Ural Mouuntains, but this is unim-
portant. It does not appear that any of these deposits belong
to the true old coal formation. They are, nevertheless, of con-
siderable value, and will greatly aid in the development of the
mineral wealth of the Russinn Bmpire.—Athencum.

’
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New Veaeransre REMarns 1n FRANCE—A remarkable col-
lection of sillicified vegetable remains has been discovered by M.
Grand’Bury in two beds of conglomarate, oceurring in the coal-
field of St. Iitienne, in the south of Franee. T'hese remains eon-
sist of fossil fiuit, or rather of naked sceds resemblivg those of
the cycads or conifers. They have reeently rcceived careful
study by M. A. Brongniart, who has distinguished among them
no fewer than seventeen genera, represented by twenty.four
speeies.—10id.

WarwrekiTE—Professor J. Lawrenee Smith has recently
published in the American Journal of Science an analysis of this
very interesting mineral—the only borotitanate koown. IHis
results are as follows: ’

Boracicacid ..., ..o iiiaiiiias 27.80
Titanic acid .....oo vt eese. 2382
Magnesin ..o iiiie vinnn e..ee. 3680
Oxideof iron....c.oovieriiaianas 7.02
E ) 10 1.00
Alumina.. ... .o... s eneane 2.21

98.65

The formula for the mineral which Prof. Smith is disposed
to adopt is 5 Mg O 3 BO, + (Mg O, Fe 0) 2 Ti O,.

Peryvaxent IcE 18 A Ming 1v THE Rocky MoOUNTAINS;
by R. Weiser of Georgetown, Colorado.—Geologists have been
not a little perplexed with the frozen rocks found in some of our
silver mines in Clear Creck Co., Colorado. I will first give a
statement of the facts in the ease, and then a theory for their
explanation.

There is a silver mine high up on McClellan Mountain, ealled
the « Stevens Mine.”  The altitude of this mine is 12,500 feet.
At the depth of from 60 to 200 feet the erevice matter, covsist-
ing of silie, culcite, and ore, together with the surrounding
wall rocks, is feund to be in a <olid frozen wmass.  McClellan
Mountain is one of the highest extremo spurs of the Snowy
Range; it has the form of a horse-shoe, with a bold escarpment
of feldspathic rock near 2000 feet high, which in some places is
nearly perpendicular.  The Stevens Miuve is situated in the
south-western bed of the great horse-shoe; it opens from the
north-western. 2\ tunnel is driven into the mountain on the
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lode, where the rock is almost perpendicular.  Nothing unususl
occurred until a distance of some S0 or 90 feet was made, and
then the frozen territory was reached, and it has continned for
over 200 feet. There are no indications of a thaw, summer or
winter; the whole frozen territory is surrouwnded by hard mas-
sive rock ; and the lode itself'is as hard and solid as the rock.
The miners being unable to excavate the frozen material by pick
or drill to get out the ore ¢for it is a rich Jode, running avgen-
tiferous galena from 5 to 1200 ounces to the ton), found the
only way was to kindle a large wood fire at night against the
back end of the tununel, and thus thaw the frozen material, and
in the morning take out the disintegrated ore. 'This has beem
the mode of mining for more than two years. The tunnel is
over 200 feet deep, and there is no diminution of the frost; it
seems to be rather inereasing. There is, so fur as we can see,
no opening or channel through which the frost could possibly
have reached such a depth from the surface. There are other
mines in the vieinity in a like frozen state.

From what we know of the depth to which frost usually pene-
trates into the carth, it does not appear probable that it could
have reached the depth of 200 feet through the solid rock in the
Stevens Mine, nor even through the crevice matter of the lode,
which, as we have stated, is as hard as the rock itself. The
idea, then, of the frost reaching such a depth from the out-
side being utierly untenable, I con do no other way than fail
back upon the glacial era of the Quaternary. Evidences of the
glacial period are found all over the Rocky Mountains. Just
above the Stevens Mine there are the remains of a moraine
nearly a mile long and half’ 2 mile wide. The debris of this
moraine consists of small square and angular stones, clearly
showing that they have not come from any great distance ; and
just over the range, on the Pacific siope, there are the remains
of the largest moraine I have ever seen, consisting of feldspathic
boulders of immense size. I conclude, therefore, that it was
during that period of intense cold that the frost penctrated so
far down into these rocks; and that it has been there ever sinee,
and bids fair to remain for a long time to come.—:Amer, Jour,
Science.

Deer Borings.—The deepest boring on record is that exe-
cuted by the Prussian Government engineers at Sperenberg,
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about 25 miles south of Berlin. The following details concera-
ing it are from the Geological Maguazine:

*The boring for the first 956 feet (9833 English feet) was
made by manual labour, ai 2 cost o’ about £1600.

¢ Several accidents having happeuned, the borchole was then
lined for a depth of 85 fect (RTL Hoglish feet) with tubes of
15 inches diumeter; beyond that, to the depth of 100 feet (103
Huglish feet), with 14 inch tubes; and then to 363% feet (374
BEoglish feet) with tubes of 124 inches diameter.

“ The length of time ovcupied in the ubove-mentioned work was
Afteen months. comprised between May, 1867, and July, 1868,

“ From the depth of 956 feet (983F Euglish feet), for the
remaining distance, the boring was carvied on by means of a
steam engine. The length of time consumed in sinking this
additional 3993 feet (31843 fect Buglish), comprised between
-Junuary, 1869, and the 15th September, 1871, was about 31}
months, during which interval several accidents occurred.

“The totil expenditure upon the whole boring, 4051 feet
{4172} English feet), both by manual labour and by steam power,
was about £8717 I4s., making the average cost for every Prus-
sian foot in depth about two guineas, or about £3 1s. 9d. per
English foot.

“ The whole time spent on the work was 513 months; but as
there was an interval of 5 months, between July, 1868, and
January, 1871, during which period the boring operations were
suspeuded, the aetual number of working mouths beecomes re-
duced to 464

“The process of boring throughout was by percussion borers
worked by rods; and the rocks bored through belonged to the
Triassic series.

“The progress of the work would have heen much greater but
for the accidents which took place, and for the delays which
were caused by the observations that were made as to the increase
of the temperature of the curth in depth, &e.”

The nesg hole, as regards depth, is that executed under the
direction of Mr. Charles 1. Atkeson on the grounds of the St.
Louis Co. Insane Asylum in Missouri. It was begun in Mareh,
1866, and finished in August, 1869, the depth reached being
3843% feet. The last 40 feet of the hole was through granite,
but the beds above this were of the Lower Silurian and Carbon
iferous formations.

Vor, VLI, Y
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Fauxa o¥ THE MamyoTii CavE.—Interesting additions to
our knowledge of the fauna of the Mammoth Cave have recently
been made by Mr. T'. W. Putnam, of Salem, U.S., who, as a
special assistant on the Kentucky State Geological Survey, of
which Prof. N. 8. Shaler is the dircctor, had great fucilities ex-
tended by the proprictors of the cave, and he made a most
thorough examination of its fauna, ¢specially in relation to the
aquatic animls.  Mr. Putnam passed ten days in the cave, and
by various contrivances succeeded in obtaining large collections.
He was particularly fortunate in catching five specimens of a
fish of which only one small individual had herctofore been
known, and that was obtained several years ago from a well in
Lebanon, Tenuessee.  This fish, which Mr. Putnam had pre
viously described from the Lebanon speeimen under the name
of Chologaster Agussizi, is very different in its habits from the
blind fishes of the cave and other subterrancan streams, and is
of a dark colour. It lives principally on the bottom, and is ex-
ceedingly quick in its motions. It belongs to the same family
as the two specics of blind fishes found in the cave. He also
obtained fine specimens of four species of fishes that were in
every respect identical with those of the Green River, showing
that the river fish do at times enter the dark waters of the cave,
and when once there apparently thrive as well as the regular in-
habitants. A large number of the white blind fishes were also
procured from the Mammoth Cave, and from other subterrancan
streams. In one stream the blind fishes were found in such a
position as to show that they could go into duaylight if they
chose, while the fact of finding the Chologuster in the waters of
the Mammoth Cave, where all is utter darkness, shows that ani-
mals with eyes flourish there, and is another proof that colour
is not dependent on light. Mr. Putnam found the same array
of fucts in regard to the crawfish of the Cave, one species being
white and blind, while another species had large black eyes, and
was of various shades of a brown colour. A number of living
speeimens of all the above-mentioned inhabitants of the waters
of the Cave were successfully brought to Masschusetts after hav-
ing been kept in daylight for several wecks, proving that all the
blind Cave animals do not dic on being exposed to light as has
been stated.—Nature.
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OvysteRs IN GREAT SaLT Lake.—The cultivation of Oysters
has been attempted by the United States Commission of Fisher-
ies in the Great Salt Lake of Utah, where numbers of these bi-
valves from California have been placed with a view of testing:
the possibility of their thriving there. Some beds were choked
by mud brought down some small mill streams, but in other
parts the oysters prowmise to succeed.  Shad have also been placed
in the lake and have been seen in good health, and a lot of sul-
mon fry fromn the Sacramento, artificially hateched out, have been
placed in the Jordan and other rivers running into the Great
Salt Lake. So far in the fresh waters they have done well, and
at ten months old were from four to six inches long. It remains
to be seen whether they will thrive as well in the salt waters of
the lake ag in the sea itself. The experiment is 2 most iuter-
esting one, and opens up some curious questions in the natural
history of the salmon and the other fish under experiment.—
1id.

Bravers ABroap.—According to Nuture, the Marquis of
Bute has recently purchased eight Canadian Beavers, scven of
which have arrived safely in the Island of Bate, and have been
placed in the enclosure constructed for the four which died some
time ago on Drumreoch Moor. They are to be supplied with
food for some time to come, until they have learned to provide
for themselves in their new home.

OBITUARY NOTICE.*
THE LATE MR. BRYCE M. WRIGHT.

“We regret to have to announce the death of this Cumber-
land gentlemm, which took place a short time ago at his private
residence in Great Russell St. Bloomsbury, London.  Mr. Bryee
Wright was well known in the scientific world, having devoted
the whole of his life to the studies of Mineralogy and Geology,
more particularly as applied to hisnative home, the Lake district.
His first geological discovery was that of a curious bivalve erust-
acean, which, although very common in the Skiddaw slates, had
not been detected by other geologists.  Itisremarkable for being
the lowest form of crustacean known, and wasnamed by Professor
Salter in honour of its discoverer, Caryocaris Wrightit. Scorcs
of fossils, through the indefutigable perseverance of this gentle-
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man, have been brought to light, his last discovery being that of
the dentigerous bird’s head Odontopteryx toliapicus, Owen, a
notice of which at the time of its discovery appeared in our
columns. Tt was not only in palaontology that Mr. Bryce Wright
made important discoveries, for in Mineralogy his discoveries
were more numerous if not more important. In the Lake dis-
trict alove he brought to light more than a dozen new minerals,
the most important of which were Brochuntite (a hydrous oxide
of copper with sulphuric acid), Leadhillite (sulphato-tricarbonate
of lead), Lunurkite, Caledonite, &e. In other localities (particu-
larly Derbyshire) he was equally successful, and was the first
discoverer in England of the minerals Phosgenite (murio-carbon-
nate of lead), and Matluckite (an oxy-chloride of leud), as well
as many others too numecrous to mention. e seemed to posress
a peculiar instinctive capacity for the deteetion of uny new speci-
mens of naturul history, for not a single subjcct did he tuke in
hand but he left the mark of his originality upon it. In the
conchological world he was equully suecessful, and discovered
many new specimens, Which huve been of the greatest importanee
to malacologicalscience. The Tolute Ruckert from Australia, the
Bulimaus (pseuduchatina) Wrightit from Old Calsbar, Spondy-
lus Wrightiunus from Nichell's Bay, as well as many other
shells fiom all parts of the world, owe their discovery to his
keen power of detection. e was a native of Hesket-new-Mar-
ket, and by his rambles among the Cumberlund mount..ins gained
esperience through Nature itself, which assisted him greatly in
the discovery of 5o many spicimens of natural history. He was
a member of many learned bodics, and was clected a Commis-
stoncr for the Exhibition of 1862. His decease, so universally
regretted, will be fult in Hasket-new-Market and Caldbeck, hav-
ing been a supporter of all schools and sehiemes for the advance-
~ meut of knowledge in those districts.”

Mr. Wright was a corresponding Member of the Natural
History Suciety of Montreal, and presented many fine specimens
of minerals, fossils, shells, &e., to its Museum. Of late years he
devoted much time to the study of archacolozy (especially in its
conncetion with geology), and his praetical acquaintance with
the former science was by no means inconsiderable.

* From the Carlisle Patriot, Cumberland, England.
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