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PREFACE. 

In the evening of along and active life, I present the public 

with a work the indefinite outlines of w'hich have floated 

in my mind for almost half a century. I have, in many 

moods, regarded this work as impracticahle; and when 

I had abandoned it, have stiU, rashly perhaps, returned 

to it again.—lay it before my contemporaries with the 

diffidence wliioh a reasonable mistrust in the measure of 

my abilities inspires; I also endeavour to forget, that 

works long looked for are commonly less indulgently 

received. 

If circumstances, and an irresistible propensity to pur¬ 

sue science of various kinds, led me to devote myself for 

many years, and almost exclusively as it seemed, to parti¬ 

cular branches,—to descriptive botany, geology, chemistry, 

astronomical observation and terrestrial magnetism,—as 

preparatives for a journey on a great scale, the special 

purpose of my studies was always one still higher than 

this. My main object was to prepare myself to'compre- 
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lienJ the phenomena of coq)oreal things in their general 

connection; to embrace Nature as a whole, actuated, ani¬ 

mated by internal forces. Intercourse with men of rare 

ability, however, led me, at an early period in my career, 

to the conviction, that without serious devotion to the 

science of individual tilings, all great and general views 

of Nature could be nothing more than airy dreams. 

But pai-ticulars in physical science are endowed by their 

intimate nature with an nppropriative and dispensive 

power, whereby they arc reciprocally fructified. Descriptive 

botany, no longer circumscribed within the narrow circle 

of determining genera and species, leads the observer who 

visits distant countries, and ascends lofty mountains, to 

the. doctrine of the geographical distribution of plants 

over the surface of the earth, according to distance fi'om 

the equator, and perpendicular elevation above the level 

of the sea. And again : to iutcipret the complex causes 

of this distribution, the laws of climatic difierence in 

respect of temperature a'nd the meteorological processes 

of the atmosphere must be investigated. In this way is 

the observer athirst for knowledge carried from one class 

of phenomena to another, by which it is illustrated, nr 

on which it depends. 

It has been my fortune,—and few travellers have enjoyed 

this advantage in the same measure as myself,—that I have 
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seen not merely tlie coasts of islands and of conti¬ 

nents, as in -voyages round tlie -world, but that I hove 

-visited the interior of two great continents which present 

the most striking contrasts to one another—the Alpine 

landscapes of tropical America, and the dreary steppe- 

lands of Northern Asia. Such enteqn-ises, with the par¬ 

ticular direction of my studies, were felt as a stimulus to 

general views; they almost necessarily ai’oused and kept 

alive a purpose to treat the knowledge at present possessed 

of the sidereal and terrestrial phenomena of Cosmos in 

their empirical connection, in a sepai-ate work. Through 

larger views, and the comprehension of created things 

in celestial space as well as on earth — yielding to 

the suggestion of perhaps too bold a plan—the hitherto 

imperfectly seized idea of a Physical Geography thus 

gradually came to assume the shape of a Physical Cos¬ 

mography. 

The form of such a work, if it malce any pretensions 

to a literary character, becomes, •from tlie superabundance 

of material which the ordering mind must, oi-crrule, a 

matter of very difficult detenuination. Tlie dc.scriplions 

of nature must not he left without animation, and yet 

does the stringing together of mere general results pro¬ 

duce even as wearisome an impression, ns the lienping ii)) 

of too many minute details of observation. I do not 
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flatter myself with having fulfilled every varied requisite 

in the composition, with having always escaped the rocks 

which I am only competent to point out. A ftunt hope 

does, however, possess my mind, founded on the favourable 

reception by the public of the small work which I pub¬ 

lished soon after my return from Mexico, under the title of 

“ Views of Nature.” This work treats of several particular 

portions of the life of the earth—the physiognomy of plants, 

grassy plains and deserts—under general points of view. Ilr 

has had more influence tlu'ough what it has excited in sn.s- 

oeptible youthful minds, possessed of fancy, than througli 

aught that it has bestowed. In the Cosmos, upon which I am 

now engaged, as in the “Views of Nature,”! have sought 

to show that a certain completeness of treatment of the 

particular subjects was not incompatible with a certain 

liveliness of colouring in the representation. 

As public lectures afford an easy and decisive means of 

testing the excellence or indifference of arrangement in the 

particular parts of a docttvne, I made a point of delivering 

a Course of Lectures, of several months’ duration, on the 

Physical History of the World, as I had conceived this 

science, first at Paris, in the Trench language, and sub¬ 

sequently at Berlin, within the walls of the University, 

and in the great Singing Academy simultaneously, in my 

native tongue. Speaking without notes, I have no 



PREFACE. 

memoranda either of my French or German lectures. 

Even the notes that were made by some of my more 

diligent auditors have remained unknown to me, and 

have therefore not been used in tlie composition of the 

work which now appears.. With the exception of the 

first forty pages of the first volume, the whole was wTitten 

by myself, and for the first time, in the course of the years 

1843 and 1844. Where present states of observation and 

opinion (and increasing abundance in the former brings 

about irrevocable changes in the latter) are to be por¬ 

trayed, the representation gains, I imagine, in interest, 

in freshness, and in intimate life, when it is connected with 

a determinate epoch. The Lectures and Cosmos, con¬ 

sequently, have nothing more in common than the 

sequence in which the subjects they embrace are treated. 

I have only left the “Introduction’ with the form of the 

Discourse, in which the subjects it comprises were in part 

at least originally presented. 

It may perhaps he agreeable tb the numerous audience 

which, with so much kindness, followed my course 

delivered within the walls of the University of Berlin, 

(between the 3rd of November, 1887, and the 2Ctb of April, 

1888, in 61 lectures,) if I here add a note of its divisions, 

as a memorial of times now long gone by. They w'ere ns 

follows; Nature and Boundary of tbo Fhysical Descrip- 
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tioR of tlie Universe, and General Survey of Nature, five 

Lectures; History of the Contemplation of the Universe, 

three Lectures; Motives inciting to the Study of Nature, 

two Lectures; Celestial Space, sixteen Lectures ; Figure, 

Density, Internal Heat and Magnetism of the Earth, 

and the Northern Light, five Lectures; Nature of the 

Solid Crust of the Globe, Hot Springs, Volcanic Action, 

four Lectures; Eocks and Types of Eocky Formations, 

two Lectures; Figure of the Earth’s Surface, Divisions 

of Continents, and Elevation of Mountains along Fis¬ 

sures, two Lectures; The Liquid Envelope—the Ocean, 

three, and the Gaseous Envelope—the Atmosphere, in¬ 

cluding the distribution of heat, ten Lectures; the Geogra¬ 

phical Distribution of Organized Beings in general, one 

Lecture; the Geography of Plants, three; the Geography of 

Animals, three; and the Eaces of Man, two Lectmres. 

The first volume of my work comprises introductory 

considerations on the various sources of our enjoyment 

of nature, and the establishment of the laws of the uni¬ 

verse ; the circumscription and scientific treatment of 

Physical Cosmography; and a general picture of nature as 

a survey of the phenomena of Cosmos. The general survey 

of Nature, beginning with the farthest nehul®, and the 

revolving double stars of heaven, and coming down to the 

terrestrial phenomena of the geography of organic beings. 
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—plants, animals, and the races of mankind—contains the 

most important and essential portion of my whole nnder- 

taking; The intimate connection of the General with the 

Particular; the spirit pervading the treatment of the subjects 

of experience discussed; the form and style of the compo¬ 

sition. The two succeeding volumes will comprise the 

discussion of the means that incite to the study of nature 

(through animated accounts of natural scenery, landscape 

painting, the cultivation and grouping of exotic plants in 

the hot-house) ; the History of the contemplation of the 

universe, in other words, the gradual comprehension of the 

idea of the natural forces co-operating as a whole; and the 

Specialities of the several departments, whose reciprocal 

connections were indicated in the General Picture pre¬ 

sented in the first volume. 

I have always separated bibliographical references 

from the text, as well as evidences of the value of 

observations, where I have thought it necessary to adduce 

them, appending them at the end of the several sections. 

Of my own works, through which, as may he imagined, 

the facts are variously and widely scattered, I have always 

referred to the original editions, as it was of importance 

here to be very particular in tlie numerical indications, 

and I am full of mistrust of the accuracy of translators. 

Where, in rare instances, I borrow short passages or state • 
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ments from the writings of my friends, the quotation 

is always indicated by inverted commas. After tlic 

manner of the ancients, I prefer the repetition of die 

same words, to any arbitrary substitution of less appro¬ 

priate terms or round-about expressions. Of the history 

of discoveries, as also of rights of priority, in a work so 

opposite to controversy as this, there is seldom or never 

any mention made in the Notes. If I have occasionally 

referred to the times of classical antiquity, and to the 

brilliant transition period of the fifteenth and sixteenth 

centuries, distinguished by so many great geographical 

discoveries, it is only because, in the province of general 

views of nature, man feels the necessity of escajiing from 

time to time from the severe circle of modern dogmatic 

opinion, and of losing himself in the free and imaginative 

realm of old anticipations. 

It has often been held as by no means a very grati¬ 

fying consideration, that whilst purely literary productions 

take root and flourish'' in the depth of the feehngs 

and the fancy, every thing that appertains to empiri¬ 

cism, that is connected with the determination of natural 

phenomena and physical laws, through increasing power 

of instruments, and the gradual extension of the horizon 

of ohservation, acquires another shape in the course of a 

few decenniums; indeed, that antiquated works on natural 



PREFACE. 

science become, as it is said, unreadable, and are consigned 

to oblivion.. He who is inspired -witli a true love of the 

study of nature, and who deeply feels its exalted excellence, 

however, can be disheartened by nothing that reminds 

liim of a higher degree of future perfection for human 

science. Many and important parts of this science, in 

the phenomena of celestial space as in the terrestrial rela¬ 

tions, have abeady attained to a solidity of foundation 

which it will he difBouIt to shake. In other parts, general 

laws will take the place of particular and partial laws, 

new forces' will he discovered, the suhstanoes now held 

simple will he decompounded, or their number will he in¬ 

creased. An attempt, in glowing colours, to delineate 

nature in the,grandeur of her proportions, in-the wave¬ 

like recurrence of physical change to discover the 

constant, the unchanging, will not, I believe, remain 

uncared for even by remote posterity. 

Potsdam, 
November, 1844. 







TO THE READER. 

In presenting tlie English public with a version, in the 

vernacular tongue, of the world-renowned Alexander 

VON Humboldt’s Cosmos, the Translator begs to say, 

that he has striven to give a faithful transcript of the 

original, not less in matter than in manner: he has not 

taken away from the work, he has not added to it; and 

he has farther done what in him lay to preserve the lofty 

tone and imaginative style of the Author. 

The Introduction is composed in the manner of an 

oration or popular discourse, and scarcely admitted of so 

literal a transfusion into English as the Translator will 

feel it his duty, to secure in the body of the work. The 

second section, on the Limitation and Scientific Treatment 

of Physical Cosmogi-aphy, is extremely abstru.se, and cost 

the Translator no small pains to render it, he trusts 

intelligibly, into English. With the third section—The 

Picture of Nature, &c.—the Author enters fairly on his 

For the use of several compound w'ords, formed after 

the German originals, the Translator has to apologize to 

the classical English reader, and for raisl.nlies that may 

occur in the translation of technical or conventional 

scientific teiins, he must meantime crave the indulgence 

of the deeply versed in the severid discijjlincs where these 

occur. He can but refer to tbe singular difiicnllies of 

bis task, and solicit indulgence. 

J. P. T. 

JevK 28Hi, 1845. 
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COSMOS : 

SKETCH OF A PHYSICAL HISTORY OF THE 

UNIVERSE. 

INTRODUCTION. 

THE y.4EIOUS SOEECES OF OUE ENJOYMENT IN THE CON¬ 

TEMPLATION OF NATUEE.—THE SCIENTIFIC FOUNDATION 

OF THE LAWS THAT GOVEEN THE UNIVEESE *. 

In undertaking thus, after so long an absence from my 

native country, to discourse with j^ou freely on the general 

physical phenomena of our globe, and to develope the 

connection of the forces which actuate Uie universe, I feel 

myself'oppressed with a two-fold difficulty. On one hand, 

the subject I have to treat is so vast, and the time allowed 

me is so short, that I am fearful either of appearing super- 

.* A Discourse delivered on opening the Course of Lectures in the 
Great Hall of the Singing Academy, of Berlin.—Many interpolations 
belong to a later period. 
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.ficiftl, or elsBj generalizing over much, of proving tiresome 

to you through aphoristic brevity. On the other, the life 

of action I have led has prepared me indifierently for the 

duty of a public teacher; so that, in the emban-BSsed state 

of my mind, I fear I may not always succeed in expressing 

myself with the clearness and precision -which the vastness 

and the variety of my subject require. But the realm of 

nature is also the realm of freedomand to exhibit in 

lively characters the ideas and emotions "which a true love 

of nature inspires, the language must like-wise move in 

harmony "vith the dignity and freedom of the subject, 

and this it is only given to high mastery to impart. 

He -who regai'ds the influences of the study of nature 

in their relations not to particular gi-ades of civilization or 

the individual requirements of social life, but in their 

■wider bearings upon mankind at largo, promises himself, 

as the principal fruit of his researches, that the enjoyment 

of nature -will he increased and ennobled through insight 

into the oormeotioii of her phenomena. Such increase, 

such nobility, however, is the work of observation, of 

intelligence, and of time, in which all the efforts of the 

understanding of man are reflected. How the human 

kind have been striving for thousands of years, amidst 

eternally recurring changes in the forms of things, to 

discover that which is stable in the law, and so gradually, 

by the might of mind, to vanquish all -within the wide¬ 

spread orbit of the earth, is familiar to him who has 

traced the trunk of our knowledge through the thick 

strata of bygone ages to its root. To question these ages 

is to trace the mysterious course of the idea stamped with 

the same image as that which, in times of remote anti- 
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quity, presented itself to tlie inward sense in the guise of 

an liannoniously ordered whole, Cosmos, and which meets 

us at last as the prize of - long and carefully accumulated 

experience. 

In these two epochs in the contemplation of creation— 

the first dawTi of consciousness among men, and the ulti¬ 

mate and simultaneous evolution of every element of human 

science—two distinct kinds of enjoyment are reflected. 

The mere presence of unbounded nature, and an obsciu’e 

feeling of the harmony that reigns amid the ceaseless 

changes of her silent workings, are the source of the 

one. The other belongs to a higher stage of civiliza¬ 

tion of the species, and the reflection of this upon the 

individual; it springs from an insight into the order of the 

universe, and the co-ordination of the physical forces. 

Even ns man now contrives instruments by -which he may 

question nature more closely, and steps beyond the limited 

circle of liis fleeting existence; as he no longer observes 

only, but has learned to produce phenomena under de¬ 

terminate conditions; as, in fine, the pliilosophy of nature 

has doffed her ancient poetical garb, and assumed the 

earnest character of a thinking impersonation of things 

observed, positive knowledge mid definition have taken 

the pliice of obscure imagining.s and imperfect inductions. 

The dogmatical speculations of fonner ages only exist ai 

present in the prejutboes of the vulgar, or in oiituiusiaiKcs 

where, as if conscious of their weakness, they willingly 

keep themselves in the shade. They also niaiiitaiii iheiu- 

sttlvcs as a lieavy inheritance in Lnignage. which is- dis¬ 

figured by symbolical words and plirnses invunni'raldc. 

A small number only of the elegant creations oj’ the 



INTEODUCTION. 

imagination which have reached us, suiTounded as it 

were with the haze of antiquity, acquire a more definite 

outline and a renovated shape. 

Nature, to the eye of the reflecting observer, is unity in 

multiplicity; it is combination of the manifold in form 

and composition ; it is the conception of natural things 

and natural forces as a living whole. The most important 

consequences of physical researches are therefore these :nr— 

To acknowledge unity in multiplicity ; from the individual 

to embrace all; amidst "the discoveries of later ages to 

prove and separate the individuals, yet not to be over¬ 

whelmed with their mass; to keep the high destinies of 

man continually in view; and to comprehend the spirit of 

nature which lies hid beneath the covering of phenomena. 

In this way our aspirations extend beyond the narrow 

confines of the wwld of sense, and we may yet succeed, 

comprehending nature intimately, in mastering the 

Grade matter of empirical ohseiwation thi-oiigh the might 

of mind. 

When, in the fii-st place, we reflect on the different 

degrees of enjoyment which the contemplation of nature 

affords, we find that the first or lowest are independent of 

all insight into the operdtion of her forces, yea, almost of 

the special character of the objects that are surveyed. 

Wien, for instance, the eye rests upon the surface of some 

mighty plain, covered with a monotonous vegetation, or 

loses itself in the horizon of a boundless ocean, whose 

waves are rippling softly to the shore, and strewing the 

beach with sea-weed, tlie feeling of free nature penetrates 

the mind, and an obscure intimation of her “ endurance 

in conformity with inherent everlasting laws,” takes pos- 
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session of the soul. In such emotions there dwells, a 

mysterious power; they are exciting, yet composing; they 

strengthen and quicken the jaded intellect; they soothe 

the spirit, painfully commoved by the wild impulses of 

passion. All of earnest and of solemn tliat d-wells with 

ns, is derived from the almost unconscious sentiment of 

the exalted order and sublime regularity of nature; from 

the perception of unity of plan amidst eternally reoiuring 

variety of form—for in the most exceptional forms of orga¬ 

nization, the General is still faithfully reflected ; and from 

tlie contrast betwixt the sensuous infinite and the particular 

finite/from which we seek to escape. In every' chmate 

of the globe, wherever the varying forms of animal and 

vegetable life present themselves, in every grade of intel¬ 

lectual eminence are these beneficent influences vouch¬ 

safed to man. 

Another kind of enjoyment of nature, which is like¬ 

wise wholly and solely addressed to the feelings, is that 

wliich we experience, not from the simple presence of 

unbounded nature, hut from the individual characters of 

a covmtry, and for which -we have to thank the peculiar 

physiognomical attributes of the surface of onr planet. 

Impressions of this hind are mere lively, more definite, 

and tlierefore especially adapted to particular moods of 

the mind. Here, it is the magnitude of the masses, 

exposed amidst some wild conflict of the elementg, that 

arrests us; there, it is a picture of the immoveahly fixed tlint 

meets the eye, as in the waste and stiUness of the boundless 

prairies of the New World and of the steppes of Northern 

Asia; or it is a softer and more hospitable view tliat 

j^tracts us—a cultivated country, or the first hermitages 
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of man amidst the wilderness, surrounded by craggy 

peaks, on the margin of the leaping brook. For it is not 

so much the strength of the emotion that indicates the 

degree of the particular enjoyment of nature, as the de¬ 

terminate circle of ideas and feelings wliich induce and 

give it endurance. 

If I might here, for a moment, yield to my own recollec¬ 

tions of grand natural scenery, 1 would revert to the ocean, 

under the softness of a tropical night, with the vault of 

lieaven pouring down its®planetary aird steady, not twink¬ 

ling, starlight upon the lieaving surface of the world of 

■waters; or I would call to mind the wooded vallies of the 

Cordilleras, where, instinct with power, the lofty palm-trees 

break tlrrough the dark canopiy of foliage below, and 

rising like oohrmns, support “ another wood above the 

woods (1);” or, I transport myself to the Peake of Tepeiifte, 

and see the cone out off from the earth beneath by a 

dense mass of clouds, suddenly becoming visible through 

an opening pierced by an upward ouirent of air, and the 

edge of the crater looking clown upon the vine-clad Mils 

of Orotava, and the Hesperidinn gardens that line the 

shore. In scenes like these, it is no longer the still 

creative life of Nature, Iwr peaceful strivings and doings, 

that address ns; it is the individual character of the land¬ 

scape. a combination of tlie outhnes of cloud and sky, and 

sea an4 const, sleeping in the morning or the evening light: 

it is the beauty of the forms of the vegetable world, and 

their groupings, that appeal to us; for the immeasurable, 

mid even the awful in nature—all that surpasses our 

powers of comprehension—^becomes a source of enjoyment 

in a romantic country. Fancy brings into play her orea- 
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tivB powers upon all tliat cannot lie fully attained Ijy the 

senses, and her W'orkings taie a new direction with each 

varying emotion in the mind of the ohserver. Deceived, 

we imagine that we receive from the external world what 

we ourselves hestow. 

When, after a lengthened voyage, and far from home, 

tye for the first time set foot in a tropical land, we are 

pleased to recognize in the rocks and mountain masses, 

the same mineral species we have left hehiiid—clay slate, 

basaltic amygdaloid, and the hlfe, the universal distribu¬ 

tion of which seems to assure us, that the old crust of the 

earth has been formed independeutly of the external in¬ 

fluences of existing climates. But this V'cll-knowii crust 

is covered with the forms of a foreign flora.' Tet licre, 

sunmmded by unwonted vegetable forms, impressed with 

a sense of the overwiiehnuig amount of the tropical, orga¬ 

nizing force, in presence of an exotic nature in all things, 

the native of the 'northern hemisphere has revealed to 

him the wonderful- power of adaptation inherent in the 

human mind. We feel ourselves, in fact, akin to all that 

is organized; and though at first we may fancy that one 

of our native landscapes, with its appropriate features, 

like a native dialect, would pres&t itself to ns in 3nore 

attractive colours, and rejoice ns more than the foreign 

scene with its profusion of vegetable life, wc nevertheless 

soon begin to find that we are burghers, even uiidei' llic 

slrade of the palms of the tonid zone. In virtue of the 

nivsterious connection of all organic forms (and uncon¬ 

sciously the feeling of tlio necessity of this connection 

lies within us), these now exotic fomis present themselves to 

our fancy as exalted and ennobled out of those which sur- 
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rounded our childhood. Blind feeling, therefore, and the 

enchainment of the phenomena perceived by sense, in the 

same measure as reason and the combining faculty, lead 

us to the recognition which now penetrates every grade of 

humanity, that a common bond, according to determinate 

laws, and therefore eternal, embraces the whole of ani¬ 

mated nature. 

It is a hold undertaking to subject the magic of the 

world of sense to dissection, to a separation of its ele¬ 

ments ; for the character of grandeur in a landscape is 

especially determined by this, that the most impressive 

natural phenomena present themselves at once and toge¬ 

ther to the mind—that a host of ideas' and feelings are 

simultaneously excited. The extent of mastery over the 

feelings which is thus gained, is most intimately connected 

■with the unity of the impression. But if we would ex¬ 

plain the power of the entire impression hy the diversity 

of the phenomena, -we must descend into the realm of 

determinate natural fonns and active forces, and there 

discriminate and distinguish. The -nidcst and most varied 

scope for investigations of this kind is afforded by 

the landscapes of Southern Asia and of the New 

World; countries where stupendous mountain masses 

form the bottom and honndary of the atmospheric ocean, 

and where tlio same volcanic powers whicli once forced up 

the mighty ranipart of the Andes, through vast chasms in 

the earth, still continue to shake theii: -W'ork to the teiTor 

of its inhabitants. 

But natural pictures, arranged in succession and in 

harmony with some leading idea, are not calculated merely 

to engage the attention agreeably; in their sequence they 
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may farther be made to compose a kind of scale of natural 

impressions, ivhioh, in their gradually increasing intensity, 

may be followed from the waste without a blade of grass, 

to the luxuriant vegetation of the tonid zone ; from the 

monotonous level, to the grandest mountain chains. 

Were we, giving the rein to fancy, to suppose Mount 

Pilatua piled upon Shreekliom (2), or Schneekoppe set 

upon Mont Blanc, we should still fall short of one of the 

higher peaks of the Andes, Chimborazo, which has twice 

the height of Etna; and were we to throne the Eigi, on 

Mount Athos, on Chimborazo, we should only have an 

image of the highest summit of the Himalaya, Dhawalagiri. 

Although the Indian mountains, therefore, far exceed the 

Andes in colossal mossiness, a fact now made certain hy re¬ 

peated measurements, they still present nothing like the 

variety of feature which characterises the Cordilleras of 

South America. It is not elevation alone that gives Nature 

her power of impressing the iflind. The Himalaya range 

lies far beyond the limits of tropical climates; scarcely do 

we find a palm-tree straying into the heautifnl vallies of 

Nepaul and Kumaon(*). Between the 28th and S4th 

parallels of latitude, in the dependencies of the ancient 

Paropamisus, the vegetable kingdom no longer displays 

the same luxuriance of arborescent ferns and grasses, or 

of large-fiowered orchideous plants and bananas, as she 

does within the tropics, even to plateaus some thousands 

of feet above the level of the sea. Under the shadows of 

the cedar-like deodwara pines and large-leaved oaks, the 

vegetable forms of Europe and the north of Asia are 

found covering the granitic rooks that form the substrata 

to the soil of the Indian mountains. They are not the 
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same species, indeed, but they are similar forms; junipers, 

alpine birches, gentians, pamassias, and prickly species of 

Eibes (*). The Himalaya, too, is without the varying phe¬ 

nomena of active volcanos, which, among the islands of 

the Indian ocean, threateningly remind us of the internal 

life of the globe. And then, on its southern ridges at 

least, where the moister air of Hindostan deposits its bur¬ 

then, the line of eternal snow is mostly tnet with at an 

elevation of from eleven to twelve thousand feet, and so sets 

an earlier limit to the evolution of organic hfe, than in the 

equinoctial countries of South America, where organiza¬ 

tion extends almost two thousand six hundred feet 

higher (5). 

Mountainous countries near the equator have another 

peculiarity, not sufHciently regarded : they constitute the 

portion of the surface of our planet, where, within the 

narrowest limits, the multiplicity, or vaiiety, of natural 

impressions attains its maximum. In the deeply-cleft 

Andes of New Granada and Quito, mankind have the. pri¬ 

vilege of contemplating aU the varieties of vegetable form, 

and of seeing all the stars in the firmament at once. The 

same glance rests on heliconias, feathery palms of the 

loftiest growth, and hambusas; over these characteristic 

forms of the tropical world, are seen oak forests,, mes])ilu8 

kinds, and umbelliferous tribes, as in our European lati¬ 

tudes ; and turning from earth to heaven, the eye takes in the 

southern cross and Magellanic clouds, and the northern 

polar star. There, the fruitful bosom of the earth, and 

both hemispheres of the heavens, display at once the whole 

stores of their phenomena, their endless variety of forms 
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and features ; there are all the climates of the globe, and 

the vegetable zones they severally determine, superim¬ 

posed ; there axe the laws of declining temperature, clearly 

understood of the careful observer, written in everlasting 

characters on the precipitous slopes of the mountains.-s-I 

but lift a comer of tlie veil from my recollections of tro¬ 

pical landscapes here, that I may not weary this assembly 

with the repetition of ideas which I have endeavoured to 

represent in an illustrated work on the “ Geograpliical 

^ Distribution of Plants (®)What to the feelings melts into 

indefiniteness and indistinctness, like misty, mountain-air, 

is only to be comprehended by searching reason, when 

viewed in its causal connection with general phenomena, 

resolved into its constituent elements, and as the expression 

of an individual natural character. But in the circle of 

science, as in the brilliant circles of descriptive poetry and 

landscape painting, the representation still gains in clear¬ 

ness and objective animation, as the Individual is more 

clearly indicated and defined. 

If tropical countries be richer in means of impressing 

the feehngs, through the variety and luxuriance of Nature, 

they are also (and the point of view now taken is the most 

important in the train of ideas wliich I am at present pm- 

suing) especially fitted, in the uniform regularity of their 

meteorological phenomena, in their succession of organic 

developments, and the sharp separation of forms effected 

by the perpendicular rise of the surface, to present to the 

mind the order and harmony of the heaveiis, mirrored, as 

it wore, in the life of the globe. Let ub pause for a 

moment, and contemplate tliis picture of harmonious regu¬ 

larity, which is itself connected with numerical relations. 



ircriO?<. 

In the burning plains raised but little above the level of 

the southern ocean, we find, in their greatest luxurinnee, 

Bananas, Oyoadeas, and Palms; after them, shadwl by 

the lofty sides of the vallios, arborftscent Ferns; nc^ in 

succession, in full plenitude of growth, and ceaselessly 

bedewed by cool misty clouds, the Cinchonas, which yield 

the far-famed and precious febrifuge barks. Where lofty 

trees no longer grow, we meet with Aralias, Thibaudias-; 

and myrtle-leaved Andromeclas, associated and blooming 

in company. The Alpine rose of the Cordilleras, the 

Befaria, rich in resinous guiu, forms a purple belt about 

the mountains. In the stormy region of the Paramos, 

all the more lofty vegetables and large flowering herbs 

gradually disappear. Glumaceous monocotyledonous tribes 

now cover the surface without variety, and form tin- 

hounded meadows, looking yellow in the distance, where 

the Llama sheep is seen feeding in solitude, and the cattle 

introduced hy Europeans roam in herds. Epon the 

naked masses of traohytic rock, whicli here and there rise 

above the surface of the turf-clad soil, none hut plants of 

the lowest organization can thrive : the tribe of liverworts, 

which the atmosphere, now of greatly diminished density, 

and containing little caAonic acid, supports but sparingly : 

Parmelias, Lecideas, and Leprarias with their many- 

coloured sporules, form the flora of this inhospitable zone. 

Patches or islets of lately fallen snow now begin to cover 

the last efforts of vegetable life, and then, sharply 

defined, the. line of eternal ice begims. Through the 

white, and probably hollow, bell-sliaped summits of the 

mountains, the subterranean powers strive, but mostly in 

vain, to break through. Where they have succeeded in 
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establishing a communication with the atmosphere/ 

through cauldron-shaped fiery throats or far penetrating 

chasms, they rarely send forth lava, as in the Old World, 

hut carbonic acid, hydi'osulpliurets, and hot watery TOpoiir 

in abundance. 

So magnificent a .spectacle, in its first assault upon the 

rude natui-al feelings,, could excite nothing hut wonder and 

dull amazement in the mind of natives of the tropical 

world. The intimate connection of grand periodically 

recurring phenomena, and the simple laY% according to 

whioh^ these, phenomena are grouped' zonemse, present 

tliemselves there, above all other places, with signal clear¬ 

ness to the senses of mankind; hut fi.'om causes which, in 

many portions of this highly jfavoured quarter of the earth, 

oppose the local developineiit of high civihzation, all the 

advantages of this'Ihore ‘ fahile study of these laws have 

remained without effect,—so far, at least, as historical data 

enable us to conolude. The profound reseai-ches of recent 

times have made it more than doubtful that the peculiar 

seat of the Indian civilization—one of the fau’est flowers 

in the history of humanity, the south-eastern spread of 

which has been so ably investigated by William von 

Humboldt {^) — was within the’ limits of the tropics. 

Airyana Baedjo, the ancient Zend countiy, lay to the 

north-west of the upper Indus; and after tlie religious 

disunion or secession of the Iranians from the Bral)- 

minical institutes, and their separation from tlic .Hindoos, 

the original common language acquired its di.stinguisliing 

features, and the social institutions gained tlieir peculiar 

characters in Magadha(®), or Madhya Hesii, between the 

little Windhya and the Himalaya oliain. 
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A clcox insight into the operations of the physical 

agencies was first, although, indeed, at a much later 

period, acquired by the races that people tlie temperate 

zone of our northern hemisphere, and this, in spite of all 

the obstacles wliich, under higher latitudes, complicate 

the phenomena of the atmosphere, and render difficult 

the discoYery of general laws in the climatic distribution 

of organic beings. From, hence has a knowdedge of 

the character of tropical countries, and of countries 

situated near the tropics, been brought by larger move¬ 

ments of masses of mankind, or by individual ^preign 

settlers — a transplautatiou of . scientific culture which 

Las bad a like beneficial influence on the intellectual 

existence and industrial prosperity both of colonies and 

parent states, ibnd here we touch the point at ■which, in 

the commerce between mind and the world of sense, 

another form of enjoyment is associated to that which 

depends on excitement of the feelings—an enjoyment of 

nature, wdiicli springs from ideas; the point at which, in 

the war of the conflicting elements, the orderly, the 

legitimate, is not merely surmised or suspected, hut is 

positively known by force of reason ; the point at which - 

man, as the immortal poet has it,— 

Amidst fleeting phenomena, seeks the stable pole. (“) 

To follow, this variety of enjoyment, springing from 

ideas, to its source, we have only to cast otn eye back 

upon the rise and progress of the history of the 

philosophy of nature; in other words, of the ancient' 

doctrine of Cosmos. 
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An indefinite dread sense of tlie unity of tlie potvers 

of nature, of tlio mysterious lioncl rvMch comiects tlie 

sensuous tvifli the super-sensuous, is common even 

among savage communities ; my own travels have satisfied 

me that this is so. Tlie world wiiicli is revealed to man 

through the senses. Wends, often without his conscious¬ 

ness, with the world which, in obedience to his internal 

promptings, he creates in. the guise of a realm of wonders 

in his own inteiior. The latter, however, is nothing liJke 

, a true reflection of the former; for however impotent the 

External he to dissever itself from the Internal, still 

creative fancy, and the disposition to represent in concrete 

shapes the significant in phenomena, proceed incessantly 

in then’ worMngs, even among the rudest nations. That 

wliich presents itself to single more gifted individuals as 

the rudiments of a natural philosophy, as au induction 

under the guidance of reason, acquires existence as the 

product of instinctive susceptibilities among whole tribes 

of men. In this wuy, out of the depth and activity of blind 

feeling, is also eliminated the first impulse to adoration, 

the sanctification of the preserving as of the destroying 

powm.s of nature; and, if man, in passing tluough the 

different phases of his progxess,’ notv feels himself less 

fettered to the earth, and rising by degrees to mental 

freedom, he can be satisfied no longer tvith a mere in¬ 

definite feeling, an obscure suspicion of tbe unity of the 

natural forces. The faculty of thought, with its attributes 

of analysis and arrangement, now asserts its lights, and 

growing in the same measure as the human land improves, 

in presence of the plenitude of life that flow's tlirough- 

out creation, the eager desire to penetrate more deeply 
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into the causal conucction of phenomena is expe¬ 

rienced. 

It is extremcdy difficult to obtain speedy and, at the 

same time, certain satisfaction to such a desire. From 

imperfect observations, and still more imperfect inductions, 

erroneous views of the character of the natural forces 

arise ; views which, embodied and fixed in significant 

words and phrases, distribute themselves, a common inhe¬ 

ritance of fancy, through all classes of a nation. By the 

side of the scientific system of nature, another is then 

seen growing with an equal growth—a system of un¬ 

proven, and, in part, entirely mistaken empirical know¬ 

ledge. Embracing hut few particulars, this kind of 

empiricism is the more presuming, because of its utter 

ignorance of the facts by wdiich it is assailed. Shut up 

up within itself, it is unchanging iji its axioms, and 

arrogant, like evei7 tiling else that is restricted ; whilst en¬ 

lightened natural science, inquiriug, and therefore doubting, 

goes on separating the fimily established from the merely 

ju'ohahle, and perfects itself daily throirgh the extension 

and coiTection of its views. 

The crude heap of physical dogmas which one age 

transmits to and forces upon another, is not merely 

injiuious because it cherishes individual errors, because it 

obstinately presents indifferently observed facts for accep¬ 

tance ; it docs more than this, it opposes every thing like 

grand or comprehensive views of the fabric of the 

uuivei-se. Instead of investigating the medium point 

about which, despite the apparent unfettered aspect of 

nature, all phenomena oscillate within narrow limits, it 

takes cognizance of the exceptions only to the law; it 



ENJOYMENT OF NATUEE. 

seeks for other -wonders in phenomena and forms than 

those of regulated and progressive development. It is 

ever disposed to presume the train of natural sequence 

interrupted, to overlook in .the present all analogy -with 

the past, and,-trifling widi the subject, to discover the 

cause of some fancied distiubance now in the depths of 

the vault of heaven, now in the interior of the globe we 

inhabit. It leads away from that comparative geognosy 

which Eitter's great and masterly work has .shown can 

only acquire any thing like completeness when the whole 

mass of facts, which have been collected in all the cli¬ 

mates of the earth, comprehended at a glance, stands 

marshalled at the disposal of the combining intellect. 

It is one of the objects of these discourses upon nature, 

to correct a portion of the errors which have sprung from 

rude and imperfect empiricism, and continue to live 

on among the upper classes of society, associated fre¬ 

quently with distinguished literary tastes and acquirements, 

and thereby to increase the relish for nature by giving a 

clearer, a deeper, insight into her constitution. The 

want of such an ennobled relish for natme is generally 

felt; for a peculiar character of the age we live in, is 

proclaimed in the tendency among’all the educated classes 

to enhance the pleasures of existence by adding to the 

store of ideas. The lively interest which is taken in 

these prelections bears witness to the prevalence of sucli 

a disposition. 

I cannot, therefore, yield any qilnco in my mind to the 

solicitude to which either a certain narrowness of under¬ 

standing, or a kind of sentimental dulness, appears to lead 

—the soheitudo, namely, that nature loses aught of lier 
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magic, of her charms in respect of mysteriousness and gi'an- 

deur, hy inquiries into the intimate constitution of her forces. 

The forces of nature, indeed, only operate magically, in 

the legitimate sense of the word, shrouded, as it were, in the 

gloom of some mysterious power, when their workings lie 

beyond the boundaries of generally ascertained natural con¬ 

ditions. The observer wlio determines tbe diameters of the 

planets with a heliometer, or a pirism of double refracting 

spar('®), who mcastu'es the meridian altitudes of the same 

star for a series of yenr.s, who discovers telescopic comets 

amidst thickly aggregated nebulous spots, does not, pro¬ 

bably, feel his fancy more excited than the descriptive bota¬ 

nist, whilst be is counting the divisions in the calyx and 

corolla of a flower, or is ascertaining, in the stmcture of a 

moss, the state of clistiiiotnes,s or coalescence of the teeth 

that surround the seed capsule; but measurements of angles, 

and the development of nnmerical relations,—the careful 

observation of the Individual, prepares the mind for the 

loftier knowledge of nature as a whole, and lead.s to the dis¬ 

covery of the laws that rule the universe. To the natural 

philosopher, who, IdiC Young, and Arago, and Fresnel, 

measures the undulations of unequal length, the inter¬ 

ferences of which streiigtheu or weaken the rny of light; 

to the astronomer, who, by tbe space-piercing power of 

his telescope, studies the satellites of Uranus on the outer¬ 

most verge of our system, or, like Herschel, South, and 

Struve, detects glimmering points of brighter light in the 

coloured doable stars ; to the initiated eye of the botanist, 

who pei'oeives the chcular movements of the sap-globulcs 

so conspicuous in the Oharas, in almost all vegetable cells, 

and who finds unity of formation, in otlier words, 
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enchwnment of forms, in species and natural families ;•— 

these cultivated intellects surely look into the depths of 

heaven, as ■ they' sun'ey the flo-wer-clad surface of the 

earth, -with a grander, eye, than the ohserver whose intel¬ 

lectual vision is not yet sharpened hy any apprehension of 

the enchtiinment of phenomena. We camiot, therefore, 

assent to the proposition of tlie eloquent Burke, when he 

says, that “ out of the uncertainty of the nature of 

tilings alone, do admiration and the feeling of snhlimity 

Whilst vulgar sense conceives the stars inlaid in a crys¬ 

talline vault, the astronomer actually extends the hounds of 

space; for if he circumscribes the cluster of stars, of which 

our sun is one, it is only that he may show others and 

others, a countless multitude of groups of suns, the infinite 

depths of space, till vision fails, still studded with astral 

systems like our own. The feeling of the sublime, in so 

far as it seems to spring from the simple contemplation 

of infinite space, .is closely allied to that wrapt mood, of 

the'mind which, in the realm of the spiritual, - in abstract 

converse with our own consciousness, arises from the medi¬ 

tation of the endless and the free. Upon this affinity, 

this rehitionsliip of sensuous impressions, depends the 

magic, the feeling of infinitude, wffiioh we experience 

W'he'n we are gazing over the shoreless ocean, snrroimding 

some isolated mountain peak, or are pcnoiiv.i.ing- tlio 

depths of heavenly space with the telescope, mnl I'csolving 

nehuloms specks into their constituent stars ;■—notliing im¬ 

presses the cultivated imagination more powerfnlh- llian 

spectacles like tliese. 

One-sided treatment of llie pliysical scionceK, eiKlle'ss 
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accumulation of the raw material, might indeed appear to 

countenanoo the now almost superannuated objection, 

that scientific knowledge must of necessity chill the 

feelings, quench the creative light of fancy, and so inter¬ 

fere with the enjoyment of nature. But he who coimte- 

nances this idea, in the stirring times in which we live, 

very certainly misunderstands the joys of that higher 

intelligence which is the appanage of the general progress 

of human society,—of that tendency of the mind which 

resolves multiplicity into unity, and loves especially to 

dwell with the General and the Exalted. To taste, to enjoy 

this Exalted, it is imperative that the individualities which 

have been the prize of the carefully cultivated field of 

special natural forms and natural phenomena be, carefully 

kept in the background ; he who has himself most clearly 

seen their importance, and wliom they have most safely 

led to loftier view's, must more especially hold them 

in reserve. > 

To the groundless fears for the loss of an unfettered 

enjoyment of nature, under the influence of reflective sur¬ 

veys, or scientific scratinies of her domains, may he asso¬ 

ciated those w'hioh are derived from alarm lest a due mea¬ 

sure of this knowledge*, or an adequate conception of its 

hearings, prove unattainahle to the mass of mankind. In 

the wonderful tissues of organized beings, in the eternal 

tendencies and w'orkings of the living powers, each new' 

and deeper inquiry seems hut to lead to the entrance into 

a new labyrinth. But this very multiplicity of untrodden 

and intricate paths excites a kind of joyful amazement on 

each successive grade of science. Each natural law 

which reveals itself to the observer leads to the inference 
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of one yet higher and unknown; for Nature, as Cams 

well says (**), and as the word itself was understood by 

the ancient Greeks and Eomans, “ is the EYer-beooming, 

the Ever-engaged in fashioning and evolving.” The 

circle' of organic types extends the wider the more the 

earth is searched over, in travels by land and voyages by 

sea; the more li-ving organic forms are compared with the 

remains of those that are extinct, the more the microscope 

is improved, and adds to the empire of the eye. In the 

multiplicity and changes of organic forms, in consonance 

’with climatic influences, the prime mystery of aU forma¬ 

tion is incessantly reproduced ; it is the' problem of meta¬ 

morphosis, so happily developed hy Goethe, upon the 

grandest scale, and proclaims the necessity for an ideal 

reference of organic forms at lai'ge to certain elementary 

types. With an extension of knowledge, the feeling of 

the immeasuxeableness of the life of nature is still increased, 

and we perceive that, neither in the solid crast of the globe, 

nor in the aerial covering that invests the solid, neither in 

the depths of the ocean, nor in the depths of heaven, will the 

hold soientifio conqueror lack scope for his inquiries 

for thousands of years to come. 

General views of tlie Pashionedi he it matter aggregated 

into the farthest stars of heaven, he it the phenomena of 

earthly things at hand, are not merely more atti-active 

and elevating than the special studies which embrace par¬ 

ticular portions of natural science; they furtlier recom¬ 

mend themselves peculiarly to those who have little 

leisure to bestow on occupation of the latter kind. The 

descriptive natural sciences are mostly adapted to particular 

circumstances: tliey are not equally attractive at every 
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season of the year, in every country, or in every district 

wo inhaljit. Tlio immediate inspection of natural objects, 

ivhicli they require, we must c^ten fbrego, either for long 

years, or always in these northern latitudes'; and if our 

attention be limited to a deterpiihate class of tobjgcts, the 

most graphic accounts of the . travelhng natbrahst afford 

us little pleasure if the particular matters, which have been 

the special subjects of our studies, chance to he passed 

over without notice. 

As universal history,, when it .succeeds in exposing the 

true causal,connection of events, solves many enigmas in' 

the fate of nations, and explains the varying phases of 

their intellectual progress—why it was now impeded, ,now 

accelerated—so must a physical history of creation, hap¬ 

pily conceived, and executed with a due knowledge of thg 

state of discovery, remove a portion of the contradictions 

which the waning forces of nature present, at first sight, 

in their aggregate operations. General views raise our 

conceptions of the dignity and grandeur of nature; and 

have a pecuhaiiy enlightening and composing influence on 

the spirit; for they strive simultaneously to adjust the 

contentions of the elements by the discovery of universal 

laws, laws that reign in the most dehcate textures which 

meet us on earth, no less than in the Archipelagos of 

tliioldy clustered nebulae wliioh we see in heaven, and 

even in the awful depths of space,—those wastes without a 

world. General views accustom us to regard each organic 

form as n portion of a whole ; to see in the plant and 

in the animal less the individual or dissevered kind, than 

the natural form, inseparably linked with the aggregate of 

organic forms. General views give an irresistible cha.m 
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to the assurance we have from the late wyages of dis¬ 

covery undertake^ towards either pole, and- sent frord the 

stations now -fixed under almost mmxy parallel of datitude, 

of the ^olinost simultaneous occm-rence of magnetic 

disturbances or storms,- and ‘ which' fiunish us- ■ with 

a ready means of divining the connection in which the 

results of later obseiwation stand to plienomena recorded 

as having occurred iu bygone times; general views eii: 

large our spiritual existence, and bring us, even if w,e-live ' 

dn solitude and seclusion, into communion with -the whole 

circle of life and activity — 'svith the earth, vith the 

universe. 

Who—to select a particular instance from the realms of 

space—who, that has paid any attention to scientific events 

in the course of the last few years, can perceive, without a 

general knowledge of the ordinary orbits of comets, how 

pregnant with results is Encke’s discovery, that a comet, 

wMch, in its elliptical orbit, never leaves our planetary 

system, reveals the existence of a fluid controlling its 

centrifugal force ?, With the recent spread of a kind of 

half-education, wliich attracts scientific conclusions into 

the circle of social amusement and conversation, but so 

commonly distorts them, we have seen the old solicitude 

revived about a collision between the heavenly bodies;, 

threatening danger or destruction to all, and oosinic 

influences, in an altered and therefore more deceitful 

guise, quoted to account for presumed deteriorations 

of cliniates, and the like. Clear conceptions of nature, 

though they may not- he more than historical, preserve us 

from the presumptions of dogmatizing fancy. They assure 

us that Encke’s comet, which completes its revolution in 

VOL. I. 
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l ’2O0 il.iys, by reason of t]je fonn arid position of its orbit, 

ninst ever bo Ijiirinless to the iiibabitaiits of the earth—as 

liiDTiiless as Halley's comet, the great comet jof 1759 and 

1835, with its period of 70 years ; btit that another comet, 

of shorter period, Biela's, to wit, with its eonrse of six years, 

actually crosses the orbit of the earth, .tliough it can only 

approach us nearly when its perihelion falls at the time of 

onr winter solstice. 

The quantity of caloric which one of the planets 

receives, and the distiihution of which determines the^ 

grand meteorological processes of the atmosphere, is modi¬ 

fied by the light-evolving power of the sun,—the property 

of its surface, and the relative position of the sun and the 

planet; but the eyciic changes -which the form, of the 

earth’s orbit, and the obliquity of the ecliptic, undergo, in 

oonfonnity -with the general laws of gravitation, are so 

slow, and- confined within such narrow limits, that their 

influence will scarcely he perceptible to such instiiuments 

as we now possess for mensitring temperature in the course 

of several thousand years. Cosmic causes of diminished 

temperature, of lessened fall of rain, and of epidemic dis¬ 

eases, which w'ere much canvassed in the middle ages, and 

of which mention has again been lately made, are conse¬ 

quently seen to be entirely beyond the pale of actual ex¬ 

perience. 

If I wmuld quote other instances from physical astro¬ 

nomy, wdiicli could excite no interest without a general 

knowiedge of what has been already ohseiwed, I would refer 

to the numerous instances of differently coloured double 

stars which move in ellipses round one another, or rather 

around their common centre of gravity ; to the periodical 
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rarity - of spots in the sun ; to the regular 'appearance of 

innumerable falling stars, which have now been tlie sub¬ 

ject of observation for so many jrears, and which are in all 

probability planetary in their nature, circulating- round 

the sun, and crossing the earth s orhit, in their course on 

the 13th or 18th of Novemher, and also, .according to 

later obseiwation, on the 10th or 11th of August. 

In the same way, ■ general views of Cosmos will alone 

enable us to perceive the connection betwixt the theory 

of the pendulum s-^Inging in air,, and the internal density 

—I might say, the degree of congelation or solidifica¬ 

tion—of our globe, a theory happily completed by the 

acuteness of Bessel; betwixt the production of crystal¬ 

line rocks in stratified streams of lava upon the acclivities 

of still active volcanoes, and the endogenous granitic, 

porphyritic, and serpentine .rocky masses, which, forced 

up from the interior of the. earth, have hurst through 

the floetz formations, and produced various effects upon 

them — hardening or silicifying them, converting them 

into dolomite, producing drusy- cavities, filled with crys¬ 

tals, &c.; betwixt the elevation of islands and conical 

mountains, through elastic forces, and the uplifting of 

mountain chains and entire continents—a connection 

which has been* acknowledged by the greatest geologist 

of our age, Leopold von Buoh, and illustrated by a series 

of admii-able observations. Such upheavings of granular 

mountain ma«ses and floetz strata, as have even lately 

been witnessed over a vast extent of the coast of Oluli, 

in connection with an earthquake, shew us how possi¬ 

ble it is that the marine shells, which Bonpland and I 
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disenvcred on tlie slopes of tlie Andes, nt an elevation of 

14,000 feet above the level of the sea, were brought 

thitlio)', laised from the bed of the ocean by volcanic 

toi'ces, not by any general flood that overspread the sur¬ 

face as it now presents itself to us. 

By Plutonism, or Vulcanism, taking either word in its 

most general sense, and using it not only with reference 

to the earth, but also to its satellite, the moon, J mean the 

reaction which the interior of a planet exerts npon its 

crust. He who is unacquainted with the observations 

that have been made ot> the gi-ndual rise of temperature, 

as the crust of the earth is peuetrated more deeply, 

(observations which have led distinguished natiuralists to 

conclude that at the depth of five geographical miles 

below the surface, a temperature adequate to keep granite 

in a state of fusion previiilsi^), is not prepared to appreciate 

many recent obseiwations on the simultancousness of the 

erupitions of volcanoes, separated by vast extents of country’, 

on the limits of the circles within which earthquakes are 

likely to he, felt, on the permanence of the temperature, of 

hot mineral springs, and on the differeuce of temperature 

(vf the water in Artesian wells of different depths. And 

vet this knowledge of 'the internal temperature of the 

earth throws a feeble light upon the primal' liistofy ol our 

planet. It proclaims the possibility at a fonuer epoch of 

the general diffusion of a tropical climate over tlie surface 

of the globe, as n cousecjueiice of heat iuliei'em, and of clefts 

pouring forth heat, in the lately concreted and o.xidated cnist 

of the earth. It reminds us of a state of things in which 

tlie temperature of the atmosphere may have been more 



SCIENCE OF NATDRE. 29 

iiitimately connected witli the reaction of the interior upon 

the exterior, than with the position of the axis of revolution 

of our planet to the great central mass of our system, the sun. 

Numerous productions of the. tropics are now dug up 

.by eager geologists from their tombs in tlie temperate and 

colder regions of the earth : coniferous vegetables, trunks 

of palm trees, erect as when they grew, arborescent ferns, 

goniatites, and fishes with rhomboidal pearly scales, in the 

old coal formations ('*); skeletons of colossal crocodiles, 

»long-neoked plesiosaurians, the scales of plannlites, and the 

stems of eicade®, in the Jura limestone; polythalamians 

and bryozoa in chalk, in several instances identical vuth 

species still existing in our seas; vast agglomerations of 

infusory animalcules, as brought to light by Ehrenberg’s 

all-animating microscope, in beds of tripoli, semibpal 

and siliceous sinter (?) {Kieselguhr); bones of hyenas, 

lions, and elephantine pachydermatous animals, lying 

exposed in caverns, or covered merely with a layer of 

sand or mud. With a competent knowledge of other 

natural phenomena, these productions do not remaiii 

objects of mere idle cniiosity and wonder; they become 

more worthily the occasion of mncji varied and interesting 

.reflection. 

In the multiph'oity' of objects wliich I have thus cur¬ 

sorily enumerated, the question presents itself; wheilier 

general views of nature can be brought to any thing like 

precision without deep and earnest study of the several 

departments of natural science—natural history, natufiil 

philosophy, and physical astronomy ? Here it is proper to 

distinguish carefully^ betwixt the tenclici', w])o niiik(.'s 

selections and delivers an account of results, and the pupil, 



wl)u Kiocivns <,lio account ns sometliing present^'d to Lira 

not iuvcKi.igutod for Liinsclf. For the former, the most 

intimate Icnowletlge of specialities is indispensably neces¬ 

sary ; lie must Lave long familiarised Ms mind with the 

several sciences, lie must himself have taken the length 

and the breadth of things, observed and made experi¬ 

ments, before he can, with any confidence or propriety, 

venture on a picture of nature as a whole. The entire 

bearings of the problems whose investigation lends such 

attractions to the physical Mstory of the world are* 

perhaps scarcely to be comprehended in all their clearness 

where special preliminary knowledge is wanting ; although, 

without it, the greater mimher of the propositions can still 

be satisfactorily discussed. If the great picture of nature 

he not presented with its outlines eiptally clear and sharp 

in every part, it will still he found sufficiently true and 

attractive to enrich the mind with ideas, and to arouse 

and fructify the imagination. 

It has been made matter of reproach—and perhaps 

with some propriety—that the scientific works in our 

language do not sufficiently separate the General from the 

Particular—the review 9f actually established facts from 

the narrative of the means by wliich the results have 

been obtained. This imputation has led the greatest poet 

of our a,ge(“®) humorously to say, that “the Gentians 

possess the faculty of making the sciences inaccessible.” 

But the scaffold left standing, we are liindered from 

obtaining a clear view of tlie building. And who will 

doubt, that the physical law in the distribution of the con¬ 

tinental masses, which assume a pyramidal shape towards 

the south, whilst towards the north they spread out into 
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vast bases—a law by wliiob the division of climates, the 

prevalence of particular winds, the extension of tropical 

vegetable forms into the temperate northern zones, is 

explained in the most satisfactory manner—can be under¬ 

stood without reference to the trigonometrical surveys, and 

the astronomical determinations of precise geographical 

positions, by 'which the dimensions of the pyramids referred 

to have been ascertained ? In the same way, we learn from 

physical geography, that the equatorial axis of our planet is 

, greater than the polar axis by a certain number of miles, 

that the southern hemisphere is not flattened in a greater 

degree than the northern hemisphere, &o.. without its 

being necessaiy to narrate at length how, by m'easure- 

mertts of degrees of the meridian, and experiments with 

the pendulinn, the figure of the earth has been finally 

determined to he that of an irregular spheroid of revolii- 

tion in an ellipsis; and how this figure is reflected in the 

motions of our satellite, the moon. 

Our neighbours oh the other side of the Rhine possess 

an' immortal work, Laplace's “ Systeme du Monde,” in 

which the results of the most profound mathematico- 

astronomioal investigations of the phenomena of past 

centuries are .luminously presented, freed from the 

individualities of the demonstration. The structure of 

the heavens there presents itself as the simple solution of 

a great problem in mechanics. Yet no one has ventured 

to charge the “ Exposition dn Systeme du Monde” -witli 

want of depth, because of its form. The separation of 

the Dissimilar in ..views, of the General from the Special , 

is. not merely useful in facilitating the acquisition of know'-. 

ledge; it farther gives an' elevated and earnest character 
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to the treatment of natural science. As from a higher 

station we overlook larger masses at once, so are we 

pleased mentally to grasp what tlireatens to escape the 

powers of our senses. If the saecessfhl cultivation of 

every branch of natural science in recent times, appear 

especially calculated to extend the study of particular 

departments—the chemical, the physical, the physio¬ 

logical, &c.—the progress made in each wiU nevertheless 

contribute in an eminent degi’ee to abridge and render 

easy tlw way to the attainment of general principles. 

The more deeply we penetrate into tlie essence of the 

natural forces, the more do we perceive the connection of 

phenomena, which, severally and superficially regarded, 

seemed long to resist every attempt at co-ordination 'and 

aiTangement; the more do we see simplicity and hrevity 

possible. 

It is a certain indication of tlie extent and value 

of the discoveries which were to he looked fdr in 

any science, when the facts present them^lves as still 

unconnected, almost, as it seems, without any thing like 

mutual reference, and when several of them, the fruit of 

the same degree of careful observation, even appear contra¬ 

dictory or subversive. We stand at this time in a state 

of lively expectation in regard to meteorology, to some 

of the departments of optics, and especially, since 

Melloni and Faraday came upon the stage, to the 

radiation of heat and electro-magnetism. The field of 

brilliant discovery here, has certainly not yet been 

exhausted, although a very remaikahle connection of 

electrical, magnetieal, and chemical phenomena has un- 

doubtetUy been developed in tlie voltaic pile. And who 
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shall'guatant®8 us that the entire number of the vital 

forces efficient in the universe has been fathomed ? 

In my mode of considering the scientific treatment of 

a general description of creation,. I make no question of 

that tmity -wliich is anived at by induction from a few 

fundamental principles supphed by reason. What 1 

entitle a Physical History of Cue.\tion—in other 

words, a comparative natural history of the earth and 

heavens—consequently, makes no pretensions to the rank 

t)f a RitTiONAL SCIENCE OF NATURE; it is .a simple 

consideration of the phenomena that are known empiri¬ 

cally, or by experience, as a natural whole. With the 

entirely objective constitution of my mind, it is under 

such restrictions alone that the history of creation falls 

within the scope of the inquiries which have exclusively 

occupied me in the long course of my scientific life. 

I do not venture upon a field that is strange to me, and 

that will probably be cultivated to better purpose by 

another. The unity attainable in such' a history of 

creation as I propose to exhibit, is no more than that 

which historical representations in general can hope to 

achieve. Details, whether as to the,form or arrangement of 

natural things, no more than in reference to, the .struggles of 

man with the elements, or the wars of one nation against 

another—all, in short, that falls vithin the sphere of niut;i- 

hihty and true accident,—cannot he derived or built up from 

a priori conceptions. The natural history of the earfb, 

and universal history, consequently, stand on the same 

grade of the empirical ladder; but a luminous treatment, 

of either, a rational arrangement of natural phenomena 

c 2 
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and of liistorioal incidents, impresses us deeply with a 

belief in an old inherent necessity, which rules all the 

operations Loth of the spiritual and material forces 

within circles eteiiially reproduced and only periodically 

contracted or enlarged. This necessity, indeed, is the 

very essence of nature; it is nature herself, in the two 

■ spheres of her being—the material and the spiritnal— 

and it leads to clearness and simplicity of view, to the 

discovery of laws which, in experimental science, present 

themselves as the ultimate teim in human inquiries. ' 

The study of every new science, especially of one 

which embraces the infinite field of creation, the universe 

at large, may he conqiarecl to a journey into a foreign 

country. Before iiuclertakiug such an expedition in com¬ 

pany, we inquii'e as to its feasibility ; we measiu'c our own 

powers of endurance, and we look with a suspicious eye 

at the j)owers of our intended companions, with the per¬ 

chance unjust anxiety lest they prove impiediments in the 

way. But the times in which we live diminish the diffi¬ 

culties of the enterprise, and my confidence in ultimate 

success is based on the brilliant position noiv occupied by 

natural science itself, wjiose increasing stores may now be 

said to add less to the amount than to the enchainment 

of observation. The general results, which so power¬ 

fully inteTcst every cultivated mind, have been woiiderfiilly 

augmented since the end of the eighteenth centiu'v. 

Facts now stand less insulated; numerous gaps between dif¬ 

ferent orders of beings and phenomena have been filled 

up; points which had I'emmned inexplicable to the 

jnquii'iug spirit at home, within the narrower circle of 
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experience aocessilile to it, are frequently made clear by 

journeys undertaken into tlie remotest regions of the earth., 

Vegetable and animal forms that long appeared isolated, 

now appear connected by intermediate links or transition 

forms. A general concatenation, not in simple linear 

directions only, but in reticulate or more intricate modes, 

according to the higher development or the arrest of« 

certain organs, according to relative preponderance in tlie 

several parts or systems, now presents itself to the mind 

'of the enlightened naturalist. Appearances of stratifica¬ 

tion in trachytic syenite or porplmy, in green stone and 

serpentine, which are doubtful in Hungary, so rich iu 

gold and silver, in the platiha districts of the Ural chain, 

or deeper into Asia, in the south-western Altai, are 

unexpectedly cleared up hy geological ohseiwations in the 

lofty plateaus of Mexico and Antioquia, and in the vallies 

of Ohooo. The materials which universal geography 

employs are not indiscriminately accumulated. In the 

present times, in wtue of the tendency wliich their indi¬ 

vidual character impresses upon them, it is admitted that 

new facts are only pregnant with future good, when the 

traveller is familiar with the aotua^ state and requiremenis 

of the science whose boundary he pretends to widen; 

when ideas, in other words, insight into the spirit of 

nature, guide the taste for observation and collection. 

Through this direction of the study of nature, through 

the happy, but, at tbe same time, often too readily sa1i.sfied 

taste for general results, can a very considerable portion 

of natural science be made the common property ol' culti¬ 

vated humanity, and this with a full sense of tlie import 
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uiid form, of tbc grandeur and worth of Uie Bulgect, dto- 

gstlicr different from tliat popular scieneo which was held 

sullicient for the world at large up to the end of the last 

century. Let him, therefore, whom (ircumstaaees permit 

to escape from time to time from the narrow circle of his 

every-day occupations, lament that he has “ remained so 

Jong a stranger to nature, unconscious of her charms, ’ 

and learn, that in the contemplation of her grandeur and 

freedom, there dwells the purest delight which exalted 

intelligence can obtain for man. The study of general • 

natural science, indeed, awakens organs in our interior 

that have long slumbered. We enter upon a new and 

more intimate intercoui-se with the external world, and 'are 

brought to feel a larger sympathy with that wliich pi-oclaims 

at once the industrial progress, and the intellectual im¬ 

provement of mankind. 

The clearer the insight w^e obtain into the connection 

of phenomena, the more leaclily do we emancipate' our¬ 

selves from the error of believing that every department 

of natural knowledge is not equally important in the 

culture and welfare of mankind,—whether it he that depart¬ 

ment which measures and describes, or chemical inquiries, 

or the investigation of the generally diffused physical 

forces of matter. In the obsen-ation of a phenomenon 

wliioh seems at first .to stand isolated and alone, there 

frequently lies the germ of a great discovery. When 

Galvani stimulated the nerves of sensation hy the contact 

of two dissimilar metals, Ins most intimate friends and 

contemporaries could never have expected that the voltaic 

pile, with its electricity of contaction, would one day show 
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UB a biilliaQt metal in the alkalis, sUTOry in its appearance, 

readily inflammable, and so light as to float upon the 

surface of water; that the same arrangement would by' 

and by become the most powerful instrument in analytical 

chemistry, and prove at once a thermoscope and a magnet. 

When Huyghens began to investigate the optical proper¬ 

ties of double refracting spar, no one imagined that the- 

phenomena of coloured polarization would lead one of the 

singularly clear-sighted natural philosophers of our day (*®) 

* to discover in the fragment of a mineral a means of know¬ 

ing whether the light of the sun proceeded from a solid mass 

or from a gaseous canopy; wdi ether comets have the power 

of emitting light in themselves, or merely reflect the light 

they receive fi-om other sources. 

A hke respect for every department of the study of 

nature is, however, especially necessary in the present times, 

when- the material wealth and the increasing welfare of 

the nations is so closely connected with a more diligent 

use of natural produotiqjis and natural forces. The 

most superficial. glance at the condition of Europe in 

these days, assures us that with the struggle against 

serious odds, any relaxation of e,ffort would he followed, 

first by diminution, and then by annihilation of national 

prosperity; for in the destiny of nations it is as in 

nature, in which, as Goethe (^7) gays, finely, “ there is 

neither rest nor pause, hut ever movement and evolu¬ 

tion, a curse still cleaving to stoning still.” Notliing 

hut serious occupation with chemical, mathematical, and 

natural studies, will- defend any state from evils assailing 

it on this side. Man can produce no eflect upon'nature, 

can appropriate none of her powers, if he be not con- 
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vorsant with lier laws, with general relations according 

to measure and number. And here, to<j, lies the power 

of popular intelligence. It rises and falls with this. 

Science and information are the joy and the justih- 

oatiou of mankind ; they arc portions of the wealth 

of nations, sometimes a substitute for material wealth, 

which nature has in many cases distributed with so 

partial a hand. Those nations which have remained 

boliind in general manufacturing activity, in' the practical 

application of the mechanical arts, and technical chemistry, 

in the transmission, growth, or manufactm-e of raw mate¬ 

rials, nations among whom respect for such activity does 

not pervade all classes, must inevitably fall from any pros 

perity they may have attained; and thjs hy so much the 

more certainly and speedily, as neighbouring states, instinct 

with powers of youthful renovation, in which science and 

the arts of industry co-operate or lend each other assist¬ 

ance mutually, are seen j)ressing forward in the race. 

The taste for manufacUu'ing industry, and for those 

portions of natural science which hem upon it more im¬ 

mediately—a characteristic of the present age—can in 

nowise he prejudicial eifher as reganls philosophy, anti¬ 

quities, or history, nor quciicli the all-animating flame 

of fancy, in the direction of the hbcral arts. Where 

all the offshooi.s of civilization are permitted to exjiand 

in vigour, under the pi'oteotion of wise laws and free 

institutions, no effort of mind in any one direction will 

he found to interfere with its asjiirations in anothei 

quarter. Each presents its own peculiai- fruit to tlic com¬ 

monwealth : one, tlic means of maintenance and comfort 

to the citizen, anotlier, the product of creative faiicv, 
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which, more durable than material wealth, transmits the 

name and fame of the community to the latest posterity. 

The Spartiates, despite the austerity of the Doric mind, 

prayed “ the Gods to vouchsafe them the beautiful asso¬ 

ciated with the good” (i®). 

As in those higher circles of ideas and feehngs—in the 

study of history, of philosophy, and of oratory—so in all 

the departments of natural science, the first and highest 

aim of intellectual activity is ojie that is internal ; namely, 

the' discovery of natural laws, the. establishment of co¬ 

ordinate members in the images, the perception of neces¬ 

sary connection between all the changes that happen in 

the universe. So much of this science as flows over, and 

mingles with the industrial life of communities, elevating 

manufacturing industiy^ does so in virtue of the happy 

connection in human things; by which flie true, the exalted, 

and the beautiful, mix unintentionally, as it seems, but 

certainly, with the useful, and co-operate with it in bringing 

about results. The improvement of agriculture by the 

hands of freemen, and on lands of moderate extent; the 

flourishing condition of manufactures, emancipated from 

oppressive restrictions; the exteijsiou of commercial rela¬ 

tions, and the unimpeded progress of mankind in mental 

development as well as in their social institutions, are 

all iuseparahy connected, and severally and powerfully 

advance each other. The impressive pictiue of the lafo 

history of the world forces tliis faith upon the minds even 

of those that mo.st eagerly oppose it. 

Such an ki%ience of natural science upon the wolfure 

of the nations, and on tlie present condition of Europe, 

can receive nothing more than a pus,sij)g allusion in this 
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place. The course we have to complete is so vast in 

itself, that it would not become me to depart from the 

main object we have in view, namely, the survey of 

NATURE AS A WHOLE, and intentionally to widen the field of 

our inquiries. Accustomed to wanderings in distant lands, 

I have, perhaps, without this, indicated the path to my 

fellow travellers, as more distinctly traced and more at¬ 

tractive than they will find it in fact. This is evert' the 

way with those who take pleasure in guiding others to the 

tops of mountains: they praise the view, though perchance 

large tracts of the country lie hidden in mist. They 

know that even in this concealment there dwells a cer¬ 

tain mysterious charm; that the misty horizon calls lip 

the image of the sensuous infinite in the mind, a picture 

which, as I have already observed, is reflected in grave 

and grand tints in tltfe mind and afleotions. From the lofty 

stand, too, from which we propose to make our general 

survey of nature on the basis of science, all that is' re¬ 

quisite cannot be commanded. In natural science, much 

yet lies but ill defined, and much—and shall I not gladly 

own to this in entering on a field so vast ?—will appear 

indefinite and incomplete^ only because every thing like 

emban-assment becomes doubly detrimental to the speaker, 

who feels himself indiflferently at ease in his subject, when 

separated from its individuahties. 

The purpose of this Introduction was not to present a 

picture of the importance of natural science, a tiling 

universally admitted; it was rather to show how, without 

detriment to the deepest study of the seve^l special- de¬ 

partments of natural science, a higher position for physical 

scientific inquiry may be won, from which all the forms 
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and powers of things shall be seen to reveal themselves, 

in the guise of a natural whole, actuated by intrinsic 

aptitudes. Nature is no dead aggregate; she is, “ to 

the inspired inguirer," (as Schelling grandly expresses 

himself, in his admirable Discourse on the Fine Arts), 

“ the,holy, the eternally creative prime mos'er of the uni¬ 

verse, engendering and evolving all things out of her 

pregnant self.” The hitherto imperfectly seized idea of a 

PHYSICAL HISTORY OF THE EARTH expands, under more 

enlarged views and the comprehension of all created 

things in earth and heaven, into the idea of a phy¬ 

sical HISTORY OF THE UNIVERSE.. The latter of these 

titles is fashioned feom the fomer. But it is the history 

of the universe, of the doctrine of Cosmos, as I conceive 

it; by no means an encyelopseclic exposition of the most 

general and important results derived ftom particular 

natural historical, natural philosophical, and astronomical 

books. Such results will only he introduced incidentally 

into my description, and be used as materials only in so 

far as they illustrate the connection and co-operation of 

the forces of the universe, the production and limitation 

of natural phenomena. The study of tlie distribution of 

organic types according to soil and climate, the geography 

of plants and animals, is as dissimilar from descriptive 

botany and zoolog}', as geological knowledge of the crust 

■ of the Earth is different from or}'ctognosy. A pliysical 

history of the universe, consequently, must not be con¬ 

founded with an encyclopaedia of the natural sciences. Jn 

our survey of the Universe, the Individual will only be 

regarded in its relations to the General, and the higlicr 

the point of outlook now indicated is nssuniod, the more 
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will Iliis survey be mudo susceptible of especial treatment, 

and of iuterosliDg discussion. 

Thought and Language, however, stand in most inti¬ 

mate and old relationsliip to one another. Wlien speed) 

adds grace and clearness to ideas, when its picturesque¬ 

ness of derivatsiou and organic structure favour our efforts 

sharply to define natural iilienomena as a whole, it Bcarcely 

fails at the same time, and almost unconsciously to us, to 

infuse its animating power into the fulness of thought 

itself. The word is, therefore, more than the mere sign 

and form, and its mysterious iiifluenoe still reveals itself 

most strikingly where it springs iimong free-minded com¬ 

munities, and attains its growth upon native soils. Proud 

of our fatherland, wdiose intellectual unity is the prop and 

stay of every manifestation of mental power, we turn our 

eyes with joy upon this privilege of our native country. 

Highly-favoured, indeed, may we call him who draws, in 

his accounts of the phenomena of creation, ffotn the 

depths of a language, which, tlu'ongh die force and 

unfettered application of intellect, in die regions of 

creative fancy, no less than in those of searching reason, 

has for centuries influenced so powerfully aU that affects 

the destinies of man. 
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NOTES TO INTRODUCTION. 

^ (page 8.)—This expression is borrowed from a fine description of a 
forest in Bernardin de St.-Pierre’s Paul and Virginia. 

= (p. 10.)—Ih ( !y 11 t The more 
accurate elements (heights abore the sea-lexel) are for the Schnee- or 
Riesen-koppe, in Silesia, 824 toises, according to Hallaschka; for the 
Rigi, 9231., assuming the surface of the Lake of Lucerne to be 2231. 
(Eschmann’s Results of Trigonometrical Measurements in Switzerland in 
1840, p. 230) i for Mount Athos, 10601. (Capt. Gaultier) j for Mount 
PlUATOs, llSOt. s for Etna, l?00'4t., or 10,874 English feet, after 
Capt. Smyth. According to Sir John Herschel’s barometric measurements, 
communicated by him to me in 1825, it is 10,876 Eng. ft. = 1700-71.; 
and, according to Cacciatore, from angular measurements, and, assuming 
the terrestrial refraction to be = 0-076, it is 10,898 Eng. ft. or 1,7041. 
For the ScBBEdkaoRN, 2,0931.-, the Jungfuau, 2,1451. (Tralles); 
for Mont Blanc, according to the results ,discussed by Roger, 2,4671. 
{Bibl. Unin. May 1828, pp. 24—53) ; whilst Cai-liui determined it, from 
Mont Colombier, in 1821, at 2,4601.; and Austrian engineers, operating 
from Trelod and the Glacier d'Ambin, fixed it at 2,4631. The actual 
height of the Swiss snowy mountains varies, according to M. Eschmann, 
about 3jt., owing to the vapable thickness of the coating of snow. For 
Chimbokazo, my trigonometrical measurements give 3,3501. (Humboldt, 
Red. d’Ohs. tttir. vol. i. p. iin.); for Dhawalagiri, 4,3901. All 
these mountain-heights are given in toises, of six Paris feet each. As 
Blake and Webb’s determinations differ by 70 t., I must here remark that 
the measurements of Dhawalagiri (or White Mountain, from the Sanscrit 













»ur les Poissons fossiles,” 1834, vol. i. p. 38 j vol. ii. pp. 3, 28, 34, 
Addit. p. 6. The entire species Amblypterus, Agass. nearly related to 
Palteoniscos (Psdeeothrissum), is buried beneath the Jura, in the old coal 
formation. Scales, which, in single layers, are farmed like teeth, and 
are coTered with enamel, from the Lepidoid family (Order Ganoides), 
belong, after Placoides, to the oldest forms of fossil fishes, whose now 
living representatives are found in two species, Bichir (Nile and Senegal) 
and Lepidostens (Ohio). 

VOL. I. 
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(p. 30.)—Goethe’s “ Ap’noriemen uber NaturwiMenschift” (Works, 
sraall edit. 1833, toI. l. p. 155). 

(p. 37.)—Arago’s discovery in 1811 (Delambre, op. cit. p. 652). 
w (p. 37.)—Goethe’s “ Aphoristisches iiber die Natur” (op. cit. 

vol. L. p. 4). 
(p. 39.)—Pseudo-Plato, Alcib. ii.p. 148, ed. Steph.; Pint. Instituta 

laconica, p. 253, ed. Hutten. 



LIMITATION AND SCIENTIFIC TEEATMENT OF A PHYSICAL 

HISTOEY OF CEEATION. 

* In the gaperal views with which I have opened my pro¬ 

legomena to a suiwey of universal nature, I have sought 

to explain, and, by examples, to illustrate, how the enjoy¬ 

ment of nature, diverse in its intimate sources, may be 

enhanced through clear ideas of the connection of her 

phenomena, and of the harmony that reigns among her 

actuating forces. It will now be my endeavour to enun¬ 

ciate more particularly the spirit and leading idea of the 

following scientific intjuiry ; carefully to separate from, 

it all that is foreign; and with comprehensive brevity to 

convey the scope and contents of the doctrine of the 

Cosmos as I have apprehended and worked it out, after 

long years of study in various, climates of the globe. 

Let me flatter myself with the hope that such an expo¬ 

sition will bear me out in the bold title I have given my 

work, and free me from the charge of presumption. My 

prolegomena comprise, under four divisions, and in 

consonance with my introductory remarks on the founda¬ 

tion of the laws of the universe, 1st. The conception 

and limitation of physical cosmography, as a separate 

and distinct science. 
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2(1. The objective contents, the comprehensive empirical 

survey, of nature nt large, in the scientific Ibm of a 

general picture. 

3d. The reflex action of nature upon the imagination 

and feelings, as stimulating to its study, through animated 

descriptions of remote countries, landscape poetry (a 

branch of modem literature), beautiful landscape paint¬ 

ing, the cultivation and contrasted grouping of exotic 

plants, &o. 

4th. The history of creation,—in other words, an 

account of the gradual development and extei^on of the 

idea of the Cosmos as a natural whole. 

The higher the point of view from which the phenomena 

of nature are contemplated, the more distinctly must the 

science, the foundations of which are now to be laid, be 

bounded, and marked off from all allied departments of 

natm-al knowledge. Physical Cosmography embraces the 

description of all that is created, of aU that exists in 

space, both natural things and natural forces, as a simul¬ 

taneously existing co-ordinate whole. It divides itself 

for man, the inhabitant of the earth, into two principal 

divisions; one telluric, another sidereal or iiranological. 

To confirm the scientific independence of physical cosmo¬ 

graphy, and show its relations to other departments— 

to physics or natural philosophy, to natural history or the 

special description of natural objects, to geognosy and 

comparative geography, or the description the earth— 

we shall first pause over the telluric portion of our subject. 

Even as little as the history of philosophy consists in a 

crude arrangement side by side, or in sequence, of^the 

various philosopliical opinions tliat have been entertained, 
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SO little is the telluric portion of cosmography any 

encyclopsedic aggregate of the natural sciences enumerated 

above. The lines of demarcation between branches so 

intimately allied as these, are the more confused in con¬ 

sequence of the custom which has prevailed for centuries, 

of designating by specific titles certain groups of experi¬ 

mental knowledge, which are now too narrow, now too 

comprehensive for the matters comprised, and which, in 

times of classical antiquity, and in the languages from 

.which they were borrowed, had a totally different significa¬ 

tion from that now attached to them. The titles of par¬ 

ticular natural sciences, such as anthropology, physiology, 

natural philosophy, natural history, geognosy, and geo¬ 

graphy, arose and became universally current before 

mankind had attained to any clear conception of the 

diversity of objects embraced by these several sciences, 

and the precise Hue of demarcation between each — 

that is to say, of the grounds of separation themselves. 

In the language of one of the most polished nations of 

Europe, natural philosophy (physics) is scarcely dis¬ 

tinguished from medicine (physic); technical che¬ 

mistry, geology, and astronomy, treated in an entirely 

empirical manner, are jumbled together, and papers on all 

are published under the joint title of Philosophical 

Transactions, by a Society whose fame is justly as wide 

as the world. 

Alterations of old, often ill chosen, hut generally well 

understood names, for newer titles, have been repeatedly 

attqpipted, but always, as yet, with indifferent success, by 

those who have turned their attention to the classification 

of the several departments of human knowledge, from the 
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Margarita Philosophica (a great Encyclopcedia) of die 

Carthusian monk Gregory Eeisch (*), to BacoQ; from 

Bacon to d’Alembert, and, not to forget die very latest 

times, to the acute geometrician and natural philosopher, 

Ampere'(*). The unfelicitous choice of a fantastical 

nomenclature has perhaps been more prgudidal to every 

attempt of the kind, than the excessive number of divisions 

and subdivisions that have been introduced. 

Physical cosmography, whilst it embraces the'worid “ as 

an object of the external senses,” requires, it is true, the, 

association of general physics and natural history as 

auxiliary sciences; but the consideration of corporeal 

things, under the guise of a natural whole, moved and 

actuated by inherent forces, has an entirely special cha¬ 

racter as a distinct science. Physics occupies itself with 

the general properties of matter: it is an abstraction from 

the manifestations of force by matter; and in the very 

place where its first foundations, as a science, are laid, 

viz. in the eight books of the Physics of Aristode (®), 

all the phenomena of nature are represented as vital 

manifestations of a general cosmic force. The telluric 

portion of physical cosmography, to which I willingly 

concede the old tide, Pliysical History of the Globe, treats, 

among other matters, of the distribution of magnetism over 

our planet, with reference to intensity and direction ; nor. 

of the laws of magnetieal attraction and repulsion, nor of 

the means of exciting eloctm-magnetical effects, now of a 

more passing, now of a more permanent character. Physi¬ 

cal cosmography displays, in bold outlines, the partitiomngs 

of continents and the distribution of their masses in either 

hemisphere—points that influence climate and the more 
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important meteorological processes in the most remarkable 

manner; it goes farther—it indicates the prevailing charac- 

tsars of the several great mountain ranges, their extension 

in more continuous and even chains, or their comiections 

in the manner of a grating, and their association with the 

several epochs and systems of formation; it determines 

the mean height of continents above the present level of 

tlie sea; the points of tlie centres of gravity of their 

volumes ; the relations of the higher peaks of extensive 

^ chains to their acclivities, to neighbouiing seas, and to the 

mineral nature of their constituent rooks; it informs ns 

how these mountain masses, now active and moving, 

breaking tlnough a superimposed crust, now passive 

and moved, present tlieir sti'ata under every variety of 

inclination—level, sloping, perpendicular ; it considers 

the succession or isolation of volcanoes the indications 

of their manifestations of activity, the extent of the circles 

they severally shake, and which in the course of centuries 

enlarge or contract. It fartlier informs us, to select a few 

examples from the conflict of tlie fluid with the solid, of 

the points of resemblance between all mighty streams in 

one part or another of their course: how they are liable 

to bifurcate, either in their superior or inferior channels; 

how at one time they cut across colossal mountain chains at 

right angles, at another, run in lines parallel to them, 

whether tliis he near the declension of the chain, or at some 

considerable distance from it, as a consequence of the influ¬ 

ence which an elevated mountain system has exerted upon the 

sai^aee of entire districts of country, and on the saline bot ¬ 

toms of neighbouring plains.. Only the chief results of com¬ 

parative orography and hydrography belong to the science 
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which I here circumscribe, not mionte d^tniptiDns of 

mountain masses; of volcanoes that are now active; of 

the volume of waters of particular riveM, &c.: all this, 

according to my views, belongs to special or descriptive 

geography, and will be comprised in the notes which illus¬ 

trate my work. The enumeration of similar, or closely- 

allied, natural relations, the general survey of terrestrial phe¬ 

nomena with reference to their distribution in space, or their 

relations to particular zones of the Earth, is not to be con¬ 

founded with the consideration of the'individual things of 

Nature, to wit, terrestrial substances, animated organisms, 

physical phenomena; a consideration which would only lead 

to a systematic arrangement of objects, according to their 

intimate analogies. 

Special geographical descriptions are, it is true, the 

most available material for a general physical geography; 

but the most painstaking accumulation of such descrip¬ 

tions would as little convey to the mind the characteristic 

idea of terrestrial nature at large, as the mere co¬ 

ordination of all the individual floras of the earth would 

give a notion of the geography of plants. It is the business 

of the combining intellect, out of the individualities of 

organic forms (morphology, the doctrine of the external 

forms of plants and animals), to extract the common in 

chmatic distribution; to fix the numerical laws—the pro¬ 

portions in the number of certain forms of natural 

families, to the entire number of plants or animals of the 

more perfect types; to determine in what zone each of the 

principal forms attains its maximum in point of numbers 

of kinds and organic development, and even to show 

how the impression made upon the mind by a landscape 
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at different distances from the equator, in so fax as this is 

connected with the vegetable growths that cover the surface 

of our planet, is mainly dependent on the laws of vege¬ 

table geography. 

Those systematically arranged catalogues of organic 

forms, which in former times were designated by the some¬ 

what ostentatious titles of Systems of Natuke, present 

a wonderful enchainment in reference to similarity of form 

(structure), to the conception of a gradual unfolding or 

evolution of leaf and calyx into coloured blossom and 

init, but not any concatenation with reference to distribu¬ 

tion in space, that is to say, to chmate, elevation above 

the level of the sea, and to temperature, to which the whole 

surface of the globe is exposed. The highest aim of 

physical geogi-aphy, however, as already observed, is the 

recognition of unity in multiplicity, the investigation of 

the Common and Intimately-connected in all terrestrial 

phenomena. Where individuahties are- indicated, no 

more is done than may help to bring the laws of organic 

arrangement into unison with those of geographical 

distribution. The mass of living forms, in this point of 

view, appears to be arranged rather according to the zones 

of the earth, or to the course of isqthermal Hues, than in 

- conformity with internal relationsliip, or the principle 

of gradation and individualizing development of organs 

inherent in the whole of nature. The natural sequence 

of vegetable and animal forms ivill therefore be here 

assumed from our ordinary descripitive botany and zoology. 

It is the province of physical geography to investigate 

the mysterious genetical relations in wliich, with an ap¬ 

parent dispersion of families and species over the surface oi' 
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the earth, the most dissimilar forms still stand to one ano¬ 

ther ; to show how the varions M^anians constitute a natu¬ 

ral whole; how they modify the atmosphere by the slow 

processes of combustion and asaimilation that go on in 

their interior; and how, influenced by promethean light in 

their evolution, in their very being, despite their incon¬ 

siderable mass, they act upon the whole life of the globe. 

The mode of presenting the subject which I here 

propose as alone appropriate to physical cosmography, 

gains in simphcity when we apply it to the uranological 

portion of the Cosmos, to the physical history of heavenly 

space, and of the heavenly bodies. If we distinguish 

physics, or natural philosophy, as used formerly,to he 

done, but as deeper and clearer views of nature allow us 

no longer to do,—physics, or the general consideration of 

matter, of force, and of motion, ftom chemistiy, or the 

consideration of the difierent natures of matter, its com¬ 

binations and changes through admixture, not ,through 

affinities in virtue of the simple relations of mass, we 

then perceive, in the telluric region, physical and chemical 

processes existing together. Besides that fundamental 

property of all matter, attraction at a distance (gravita¬ 

tion), other forces affect us here upon earth, which come 

into operation at infinitely small distances, or upon 

immediate contact between material particles)*), forces 

which are designated chemical affinities, and which, called 

into action variously by elecUicity, caloric, and even 

simple contact, are incessantly efficient in inorganic nature, 

as well as in hving organisms. In the celestial spaces we 

have as yet no apprehension of any other than physi¬ 

cal processes, affections of matter which depend on 
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Hu»s alone, and wMcli are subjected to tlie dyna- 

inic laws of a pure doctrine of motion. Such affections 

are regarded as independent of all qualitative dif¬ 

ferences — of heterogeneousness or specific difference 

of matter. 

The inhabitants of the earth are brought into relation 

with the matter dispersed over space, only by the pheno¬ 

mena of light and the influence of general gravitation 

(attraction according to mass). The influences of the 

,sun and moon upon the periodical variations of ten’estrial 

magnetism, are still hurled in obscurity. We have no 

immediate knowledge or experience of the qualitative 

nature of the matter which circulates in, or perhaps fills, 

the universe, unless, perchance, it he tlirough the fall of 

aerolites, if these heated masses, involved in vapour, he 

assumed as constituting small planetary bodies which 

have come within the sphere of the earth's attrac¬ 

tion in their course throifgh space; an assumption which 

the direction and extraordinary centrifugal force of the 

bodies in question appears to render probable. The 

familiar aspect of their constituent elements, and the iden¬ 

tity in nature of these with such as we have in abundance 

among the mineral masses of the earth, are very striking. 

They may serve, on analogical grounds, to lead ns to 

conclusions in regard to the nature of such planets as 

belong to the same group, and have been fomed, under 

the dominion of one central body, by precipitation from 

revolving rings of vaporous matter. Bessel’s pendulum- 

experiments, which bear the impress of such acoumey as 

has never yet been attained, have given a renewed faith in 

the truth of the Newtonian axiom, that bodies of the 
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most dissimilar constitution—^water, gold, quartz, granular 

limestone, aerolites—experience a perfectly eimilax acce¬ 

leration of motion through the attraction of the earth. 

Many purely astronomical results, indeed, for example 

the almost equal mass of Jupiter, in consequence of the 

influence of the planet on his satellites, on Eneke’s’ 

comet, on the small planets Vesta, Juno, Ceres, and 

Pallas, assure us that every where it is the quantity of 

matter alone which influences its power of attraction (®). 

This exclusion of every appreciable circumstance re 

ferrible to diversity of material, simplifies the mechanism 

of the heavens in a remarkable manner; it brings the 

infinite realms of space under the sole dominion of the 

laws of motion; and the astrognostio portion of physical 

cosmography draws from established tlieoretical astronomy, 

in the same way as the terrestrial portion draws from 

physics, chemistry, and organic morphology. The depart¬ 

ments of science just mentioned, indeed, embrace phe¬ 

nomena so intricate, and at times so opposite to mathe¬ 

matical views, that the terrestrial portion of the doctrine 

of the Cosmos cannot boast of the same certainty and 

simplicity of treatment as the astronomical portion. In 

the distinction now indicated lies imdouhtedly the reason 

wherefore, in the eai'lier periods of the Greek cmlization, 

the Pythagorean philosophy of nature was rather directed 

to the heavens than to the earth; wherefore it became 

fruitful, with reference to our solar system, in a much 

liigher degree, through Philolaus, and, in later times, 

through Aristarchus of Samos, and Seleucus the Ery- 

tlu’ean, than the Ionic natural philosophy could prove in 

regard to the physics of our globe. More indifferent as 
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to lie specific nature of that -which filled space, as to 

qaaUtaliYe differences of matter, the forces of the Italic 

school were directed with Doric earnest upon regulated for¬ 

mations, on shape, on form and measure alone (®); whilst 

the Ionic physiologists occupied themselves especially with 

the consideration of species of matter, with their supposed 

transmutations and generic relations. It was reserved 

for the powerful, truly philosophic, and, at the same time, 

thoroughly practical mind of Aristotle, to plunge with 

equal dehght into the world of ahstraction, and into the 

measureless abundance of material diversity in organic 

forms. 

Several, and these very excellent works upon physical 

geography, comprise' an astronomical section in their intro¬ 

duction, in which the earth is first considered in its plane¬ 

tary dependence, or in its relations to the rest of the solar 

system. This plan is the very opposite of that which I 

ha-ve chalked out for myself. In a system of cosmography, 

the astronomical portion, which Kant entitled the Natural 

history of the heavens, must not appear as subordinate to 

the telluric portion. In the Cosmos, as the old Oopemican 

philosopher, Aristarchus of Samos, said, the sun -with 

his attendants is a star amongst, innumerable stars. A 

general survey of creation must consequently begin with 

the heavenly bodies that occupy space, witli a grapliic 

delineation, a kind of map of the celestial universe, such as 

the hold hand of the elder Herschel first ventured to 

design. If we see that, despite tlie, relative iusignificance 

of our planet, the terrestrial portion still occupies the 

largest space in the history of the universe, and is most 

fully handled, this only happens in respect of the uneqdal 
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mass of that which is Known to the inequality of that 

which is Empirically accessible. This sabordination of 

the uranological portion we already find in the great geo¬ 

grapher, Bernhard Varenius, in the middle of the 17tli 

century (^). He distinguishes with mnch acumen between 

the General and Special description of the eaxtli, and sub¬ 

divides the former, into the absolutely terrestrial and the 

planetary, according as the relations of the airface of tlie 

earth in different zones, or the sol-lunar life of the earth— 

the relations of our planet to the sim and-moon—are con¬ 

sidered. It is a great and enduring honour to Varenius, 

tliat the realization of this plan of a General and of a 

Comparative Geography attracted Newton’s attention in a 

very decided manner; hut owing to the imperfect state of 

the accessorj' sciences from which Varenius drew, the way 

in which the idea could be carried out was not in accord¬ 

ance with the grandeur of the conception. It was reserved 

for our own times to see comparative geography, in the 

widest sense of the expression, even in its reflex on the 

history of mankind—the influence which the figure of 

continents has had on the course of the great migrations 

of the human family, and the progress of civilization, 

worked out in the mostanasterly manner (®). 

The enumeration of the various rays which unite as in 

a focus in the natural sciences considered as a whole, 

may serve as an apology for the title of the work which I 

venture to produce in the late evening of my life. This 

title is perhaps even holder than the undertaking itself, 

considering the limits wliioh I have prescribed myself In 

the special departments, I had hitherto avoided as much as 

possible the use of new names for the indication of new' 
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conceptions. Where I attempted any ei^nsion of our 

nomenclature, it ■was always confined to in(OTidual objects 

in zoology and botany. The term, Physical Cosmo¬ 

graphy, which I here employ, is imitated from the phrase. 

Physical Geography, -which has long been famihar to all. 

The great extent of the subject embraced, the purpose 

erf surveying nature at large, from the remote nebulous 

specks in the heavens, to the climatic distribution of the 

organic tissues that colour the face of our rocks, make the 

introduction of a new term necessary. And however com¬ 

pletely our old and usual terms earth, and ■world, hlend . 

together, as we see them in the familiar phrases of, a 

voyage round tlie world, a map of the world,- the new 

world, &c., this is a mere consequence of the former more 

limited knowledge of mankind; the scientific distinction 

between the world, or universe at large, and the earth -we 

inhabit, is now felt to be a matter of common necessity. 

The grander and more correct expressions, universe, fabric 

OF THE CNH^EEBE, CREATION, and NATURE,* employed to 

designate the conception and origin of all matter, terrestrial 

as well as that of the fai'thest stars, seem to approve the pro¬ 

priety of this distinction. To make this more definite, I might 

say more solemn and impressive, and also to recur to the 

antique name, I have placed the word Cosmos (KOSMOS) 

at the head of my work; this term, in tlie Homeric times, 

having been used to indicate beauty aud order, but by 

and by employed as a philosopliical expression to indicate 

the hannony or airangement of the world, even of the 

* Weltgebuude, Weltkdrper, Weltschopfung, Weltraum, German; 
literally Woridfabric, WorldbodieE, Worldcreation, Workspace. 
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entire mass of matter filling space, of the umTerse at 

large. ^ 
The difficulty of distinguishing the normal—fhe regular 

and legitimate—amidst the ceaseless changes of earthly 

phenomena, appears at an early period to have directed 

the mind of man, in nn especial manner, to the uniform 

and harmonious movements of the heavenly bodies. Ac¬ 

cording to Philolaus, and the concurring testimony of the 

■whole of antiquity (®), Pythagoras was the first who em¬ 

ployed the word Cosmos as synonymous vrith creation, 

with the order and arrangement of the earth and heavenly 

bodies. From the Italic philosophical school, the word 

passed into the language of the poets of nature, Parme¬ 

nides and Empedocles; and by and by it was adopted by 

tdie prose writers. It is beyond my purpose to expatiate 

in this place on the vaiious particular applications of the 

term, according to Pythagorean views,—now to the planets 

that revolve around the focus of the world, now to groups 

of stars in the firmament; or to explain that Philolaus, on 

one occasion, distinguishes between Olympus, Kosmos, 

and Uranus. In my plan of a cosmography, as this was 

understood in times posterior to Pythagoras, and as the 

term is used by the unknown author of the book, De 

Mundo, which was so long ascribed to Aristotle, Cosmos 

is used to designate the conception of the heavens and 

earth,—of the whole of the material universe. The Eomans, 

in the spirit of imitation, and when they came to 

pay a tardy attention to philosophy, adopted the word 

Mundus, wliich originally signified ornament, never order, 

for the designation of the universe. The introduction of 

the technical term into the Latin tongue, the literal trans- 
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lation of the Greek Kosmo.?, used in a double sense, is 

probably to be ascribed to Ennius (’®), a c^oiple of the 

Italic school, and the translator of the Pythagorean philo- 

-tSopMcal speculations of Epicharmus, or of one of his 

imitators. 

4-S a physical history of the -world, in the -widest sense 

of the word, were the materials accessible for such an 

undertaking, .-would pass in review the changes which the 

Cosmos undergoes in the lapse of time, from the new stars 

which suddenly make their appearance in the heavens, and 

tfie nebulffi which either dissolve and disappear, or become 

condensed in their centres, to the most insignificant vege¬ 

table tissue tliat first covered the cold crust of the earth, 

or that gradually and progressively overspreads the coral 

reef which rises from the bosom of the ocean, so would 

a physical description of the world, on the other hand, 

portray the coexistent in space, the simultaneous agency of 

the natural forces, and of the concrete forms that are the , 

product of these forces. The Existing, however, in our 

conception of nature, is not to he absolutely distinguished 

or sepaa-ated from- the Coming into Existence; for it is not 

the organic alone that is to be conceived as ceaselessly in¬ 

volved in coming into being and ceasing to he; the whole 

life of the globe, in each stage of its existence, refers us 

to earlier conditions that have been successively passed 

through. The various superimposed strata, of which the 

outer crust of our earth consists in principal part, inclose 

the remains of a creation that has almost entirely disap¬ 

peared; they give ns to wit of a series of formations, 

wliich, in groups, have successively supplanted one another; 

they disclose to the eye of the observer the aggregate 
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faunas and floras of bygone miUenniums. In this sense, 

tlie Description nature, and the History of nature, are 

not entirely to be dissevered. The geologist cannot appre¬ 

hend the present without understanding the past. Each’ 

penetrates the other, and blends in a natural picture of the 

globe; just as in the vast domain of language, the etymelo- 

gist finds reflected in various states of grammatical forms, 

in their rise and progressive development, the whole of the 

present in the past. But this reflection of what has been, 

is by so much the clearer in the material world, as we now 

see several products forming themselves under our eyes. 

Among mountain masses, to choose an example from 

geolog)-, trachytio cones, basalt, layers of pumice and 

amygdaloidal scoriae, enliven the landscape in a remarkable, 

manner. They work upon our imagination like tales from 

antiquity; their form is their history. 

Existence in its whole extent and intimacy is first com¬ 

pletely known as a something that has become. To this 

original blending of conceptions, classic antiquity bears 

witness in the use of the word History, both by Greece 

and Kome. If not included in the definition which 

Verrius Flaccu8(”) gives of the term. History is used 

in the zoological writings of Aristotle to signify a nar¬ 

rative of things investigated, of matters recognized by the 

senses. The description of the World of tire elder Pliny 

bears the title Historia Naturalis; in the letters of the 

nephew, it is more worthily designated “ a History of 

Nature.” In the times of classical antiquity, tlie early 

historian makes little distinction between descriptions of 

countries and the narrative of events of which these 

countries were the theatre. Physical geography and his- 
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. tory continued long to present themselves pleasantly 

mingled together, until increasing political interests, and 

‘ deeper movements in civic existence, pushed aside the 

‘former-element, -which then took its place as a separate 

department of human science. 

To embrace the multiplicity of the phenomena of the 

Cosmos in unity of thought, in the form of a purely 

rational ‘ series, is not, as I conceive, possible in the 

present state of our empirical knowledge. The sciences of 

experiment are never complete; the realm of the impres¬ 

sions of senseis not to he exhausted; no generation of men 

' will ever have it in their power to boast, that they have 

surveyed the whole of the world of phenomena. It is only 

where phenomena can be grouped, and separated from one 

another, that we recognize indie individual groups the 

empire and a:gency of grand and simple natm-al laws. The 

more the physical sciences improve, the wider also does 

the boundary of this empire extend. Brilliant instances 

of the truth of this have been afforded by recent views of 

the processes going on in the solid crust of the globe, as 

Y^eU as iu the atmosphere, which depend on electro¬ 

magnetic forces, on radiant heat, and the propagation 

of pulses of light; brilliant• examples, too, are supplied 

by tJie late insight gained into the laws of organic 

evolution, where all that is to he, is indicated beforehand, 

where the continuous gro-wth and progressive develop¬ 

ment of ^lls give rise to aU die varied tissues of plants 

and animals. In this generalization of laws, which at 

first seemed only to comprise much narrower circles, mere 

isolated groups of phenomena, thei-e are numerous grades* 

The empire of recognized laws gains in extent, that 
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of ideal connection in clearness, so long as inquiries are 

pursued in wliat may be called analogons nad allied 

masses. But where our dynamic views, which are based 

on figurative atomic premises, no longer saffi<» us, be¬ 

cause the specific nature of matter, and its heterogeneous¬ 

ness come into play, we find ourselves strikii^ suddenly 

upon reefs that rise from fathomless de]^s, when we 

strive after unity of comprehension. Here the operation of 

a new kind of force is uhfolded. The law of definite pro¬ 

portions, or numerical relations, which the gfenius of 

modem chemistry has recognized, and has applied so 

happily, so brilliantly, hut still under an antique vesture, 

in the symbols of atomic representative expressions, has 

yet remained isolated, has not been brought under the 

dominion of the laws of pure dynamics. 

The individualities to which all the immediate percep¬ 

tions of the mind are limited, can he logically arranged 

into classes and famihes. >Such arrongementslead, asihave 

already had occasion to remark, in so far as Nature is 

concerned, to the high-sounding titles of Systems of 

Nature. They facilitate the study, it is true, of organic 

forms and their linear enchainment with one another; but 

ns catalogues, they present a mere formal enumeration; 

they introduce more of unity into the exposition than 

into the knowledge itself. As there are degrees in the 

generalization of natural laws, according as they comprise 

larger or smaller groups of phenomena, wider or narrower 

circles of organic forms and members, so are there also 

grades in empirical inquiry. It begins with isolated 

jiews, which are separated and ordered according to their 

kinds. From observation it goes on to experiment, to 
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evocation of phenomena under determinate conditions, 

according to guiding hj^potheses ; in other words, accord¬ 

ing to the presentiment of the intimate connection of 

natural things and natural forces. What is attained 

through observation and experiment, leads, on grounds 

of analogy and induction, to the knowledge of empirical 

laws. These are the phases through which observing 

intellect must pass, and wliich indicate, at the same time, 

particular epochs in the, history of natural science among 

men. ,, ^ 

” Two forms of abstraction dominate the entire mass of 

our knowledge: one, quantitative, indicative of rela- 

tionsliip according to number and volume ; the other, 

qualitative, relationship in reference to material consti¬ 

tution. The former, and more accessible form, belongs to 

the mathematical, the second to the chemical sciences. 

In order to subject phenomena to calculation, matter is 

assumed as composed of molecules, or atoms; the number, 

form, position, and polarity of which give occasion to 

phenomena. All myths about imponderable matters and 

special vital forces inherent in organised beings, only 

render views of nature perplexed and. indistinct. Under 

great variety of: conditions and form^ of apprehension, the 

heavy burthen of our accumulated, and still accumulating 

knowledge, is moved lazily and reluctantly.- Eeason, boldly 

and with increasing success, now seeks to break down the 

ancient forms, by means of which, as with mechanical 

contrivances and symbols, man has still been wont to strive 

to obtain mastery over rebellious matter. 

We are still far from the time when it will be possible to 

poncentrate all perceptions of sense, into unity of con 
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oeption of Nature. It may even be said to be problema¬ 

tical whether this time will ever come. The complicated 

character of the problem, and the infinity of the universe, 

seem almost to render vain the hope that it evCT will. But 

though the complete solution of the problem may remain 

unattainable, its partial solution may still be anticipated; 

the effort, indeed to understand the phenomena of the 

universe is stiU the highest, as it is the eternal goal of all 

natural investigation. Faithful to the character of my 

eaidy w'ritings, as t^the nature of my oqcupatioHe, which 

have still been devoted to experiments, to measuremenls, 

to the minute examination of facts, I limit myself in my 

present undertaking to the empirical, or experimental 

method. It supplies the only ground upon which I- feel 

that I can move with less of uncertainty. But this treat¬ 

ment of an empirical science, or rather of ap, aggregate of 

empirical knowledge, does not preclude arrangement of 

the conclusions come to, in harmony with leading ideas, 

the generalization of the special, the ceaseless search after 

empirical natmal laws. 

Knowledge acquired under the guidance of thought, the 

attainment of a rational comj 1 )f the universe, holds 

out yet a higher objqpt. I am far from blaming elForts in 

which I have myself made no trial of my strength, because 

their fruits still remain subject of doubt. Greatly misunder¬ 

stood, and much against the views and the counsel of the 

powerful thinkers whom these, the special matters that en¬ 

gaged antiquity, have again attracted, systems of what was 

called the Philosophy of Nature, tlireatened, for a time, to 

lead men away from the study of the mathematical and phy¬ 

sical sciences, so important in themselves, so intimately con- 
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nected with the material welfare of mankind. The in 

toxicatiug delirium of possession obtained by toil, a 

peculiarly adventurously symbolical language, a schematic 

discipline, narrower than ever the middle age of humanity 

forced itself into, have, in the youthful misapplication of 

noble powers, been the features that distinguished the 

biilhant, but short-lived Satumaha of this purely ideal 

natural science—I repeat the expression, misapplication of 

powers ; for the sober spirits dedicated at once to philo¬ 

sophy and to 'observation, oontiimeft strangers to these 

esicesses. The conception of Experimental Science in 

general, and of a Philosophy of Natm-e complete in all its , 

parts, if such perfection can ever be obtained, cannot 

stand in contradiction or opposition to one another, if 

the Philosophy of Nature, true to its promise, be the 

rational comprehension of the phenomena of the universe. 

Where contradiction shows itself, the blame lies in the 

hollowness of the speculation, or in the arrogance of em¬ 

piricism, which tliinks it gains more from experience than 

experience warrants. 

And here the realm of the Spiritual might be opposed 

to the Natural ; as if the spiritual, too, were not 

contained within the concept of natmu as a whole ! Or 

Art may be ojiposed to. Nature, by Art being implied 

something more than the idea of the sphltual faculty of 

producing which is inherent in man. Yet these opposites 

must not lead to such a separation of the physical from 

the intellectual as -wnuld make the physios of the universe 

sink down into a mere heap of empirically collected 

indi^udualities. Science begins at the point where mind 

dominates matter, where the attempt is made to subject tlie 
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moss of experience to the scrutiny of reason ; science is 

mind brought into connexion with nature. The external 

world exists to us only when we receive it into our 

interior, when it has fashioned itself within us into a 

natural perception. Mysteriously indivisible, as are 

mind and,language, as are thought and the fructifying 

WORD, even so and to us all consciously, does the exter¬ 

nal world blend with the interior in man, with thought 

and with emotion. “ External phenomena,” says Hegel, 

in his Philosophy of History, “ are thus translated into 

internal conceptions.” The external or objective world, 

conceived by us, reflected in us, is then subjected to the 

eternal, necessary, and all-influencing forms of our 

spiritual existence. Our intellectual activity then exer¬ 

cises itself upon the material that has been taken in 

through perceptions of sense. There is,^therefore, a 

tendency to philosophical ideas even in the infancy of 

human society, in the simplest views that can ever he 

taken of nature. This impulse is various, more qr less 

lively, according to the temper of the mind, to national 

peculiarity, and to the state of mtellectual culture among 

communities. The work of the mind begins so soon as 

thought, impelled by internal necessity, takes up the 

material of sensible impressions. 

History has preserved us records of the oft and va¬ 

riously repeated attempt to comprehend the world of physical 

phenomena in its multiplicity, to get at the knowledge of 

a peculiar penetrating, moving, compounding, and decom¬ 

pounding power pervading the universe. These attempts, in 

classical times, constituted the physiologies and doctrines of 

the primeval matter of the Ionic school, in which, by the 
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side of a poorly arranged empiricism, a scanty display of 

facts, ideal efforts, or efforts to explain nature upon grounds 

of pure reason, prevailed. But the more the material of 

certain empirical knowledge accumulated, under the in¬ 

fluence of a brilliant extension of all the natural sciences, 

the more did the impulse cool which led men to seek to 

comprehend the essence of phenomena, and to discover 

their unity as a natural whole, by the construction, of 

systems prompted hy pure reason. In times that have, but 

recently gone hy, the mathematical portion of natural 

ptiiiosophy has had to rejoice in a great and noble 

development. The methods and theinstruhient (Analysis), 

have advanced towards perfection simultaneously. And 

what was elicited in such a variety of ways—hy a judicious 

application of atomical premises, hy a more general and 

more immediate contact with nature, hy the invention and 

improvement of new instruments, is now, as of old, the 

common inheritance of mankind, and ought not to be 

lost to the freest operations of philosophy, however chang¬ 

ing in her forms. Hitherto, indeed, the inviolability of the 

material has run certain risks in the process of reconstruc¬ 

tion; and in the ceaseless change of idealistic views, it 

is little to he wondered at, if, as finely observed by 

Bruno (12), “ Many regard philosophy as susceptible of no 

more than a sort of meteoric existence, so tliat even the 

larger and more remarkable forms in w'hich she has revealed 

herself to mankind share the fate of comets, which are 

not regarded as belonging to the imperishable and eternal 

works of nature, hut are merely reckoned among the 

number of fiery vapours.” 

Misuse or misdirection of the mental energies, however, 

VOL. I. E 



7i definition of a scientific cosmogbaphy. 

must not lead to any conclusions tending to degrade 

intellect;—as if the world of thought were, from its very 

nature, the realm of phantasms and deceptions ; as if the 

precious stores of empirical knowledge, which have been 

accumulating for centuries, were threatened by philosophy 

as by some hostile power ! It beeomes not the spirit 

of these times to reject, as groundless hypothesis, every 

generalization of ideas, every attempt, based upon analogy 

and induction, to investigate the concatenation of the 

phenomena of nature; and, among.the noble faculties 

■ndtli which nature has so wonderfully fiirnished man, to, 

condemn at one time reason, inquiring, searching every 

where for causal connections; at another imagination, the 

active, the exciting, the uidispensable lo all invention, to 

all discovery. 
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connected him with many intelligent travellers. “ Generalis sive univer¬ 
salis Geographia dicitur, qure tellurem in genere considerat atque affec- 
tiones explicat, non habita particularium regionum ratione.” ,'Vareniu3's 
Universal Geography {Pars atsoluta, cap. i.—xxii.) is altogether a 
comparative one, although the author use^he term Geographia compa- 
rativa (cap. xxxiii.—xl.) in a much more restricted meaning. The 
remarkable parts are the enumeration of mountain-systems and reflections, 
or the relations of their directions with the whole continents (pp. 66—76, 
ed. Cantab. 1681) ; the list of the active and extinct volcanoes; the con¬ 
junction of results on the division of islands and island-groups (p. 220); 
on the depth of the ocean compared with the height of the coast (p. 103) ; 
on the equal levels of the surface of all open seas (p. 97) ; on the currents 
as dependent on the prevailing winds, the unequal saltness of the sea, and 
the configuration of the coasts (p. 139); the directions of the wind as 
resulting from differences of temperature, &c. Excellent likewise are the 



ble that this acute geographer was a German, and, moreover, of Liineburg. 
(Witten’s Mem. Theol. 1685, p. 2142; Zedler’s Universal Lexicon, 
1745, partxlvi. p. 187.) 

® (62.)—Charles Ritter’s G|ography in relation to Nature and the History 
of Man, or general comparative geography. 

® (64.)—K<f(riios, in its original and proper meaning, signified ornament 
(for men, women, and horses); figurativaly, order, for Evrajla, and 
ornament of speech. The ancients unanimously assure ns that Pythagoras 
was the first to employ this word in the sense ot order of the u-orld, or 
world itself. Not having written hiiftelf, the earliest proofs are in the frag¬ 
ments of Philolaus (Stob. Eclog. pp. 360, 460; Heeren’s Philolaos, by 
Bo«ckh,pp. 62, 90). We do not cite Timteus of Locrus, his authenticity 
being doubtful. Plutarch (de plac. phil. ii. 1) decidedly says that Pytha¬ 
goras was the first to call the whole universe Cosmos, by reason of the order 
(fijserved therein: (likewise Galen, hist. phil. p. 429). In its new mean¬ 
ing, the word passed from the philosophical school to the poets of nature 





meht, to express the world or tmiverse. Ennius appears to have been the 
first to venture on this innovation: he says, in a fragment preserved to 
ns by Macrobius (Sat. vi. 2), in his strife with Virgil, “ mundus cieli 

vocamus” (Timseus s. _de univ. cap. 10). The Sanscrit root moiul, 
whence Pott (Etym. Res. part i. p. 240) deduces the word munchis, 
unites both meanings of shining and adorning. Lika signifies world and 
men. in Sanscrit, like the French monde, and, according to Bopp, is 
derived from I6i, to see and Uhiminote ; similarly the Slavonian swjet 
(Grimm’s German Gramm, vol. iii. p. 394) is light and world. This word 
Well, which the Germans now use, old High German wiiralf, old Saxon 
worold, Anglo-Saxon niruld, originally denotes, according to Jacob 
Grimm, only “ the idea of time, sceoulum (age of man), not the special 
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his “ Gnmdlinien zur Geschichte des Vei&Ss rsiBfe^ea Staate- 
Eeligion,” 1837, pp. 41—45. Probably Ennins did not *!aw from the 
Epicharmic pieces, but from poems vchichwentbytitenomeof Epicharmos, 
and were written according to his system, 

“ (p. 66.)—GeUius, Noct. Att. v. 18. 
(p. 73.)—Schelling’s Bruno on the DhrinaEmd'NBtaial Principle of 

Things, p. 181. 
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PICTUEE OP NATUEE. 

GENERAL SURVEE OF NATURAL PHENOMENA. 

When the hiunan mind essays to dominate matter—in 

other words, to comprehend the world of physical pheno¬ 

mena—when we strive, in thoughtful contemplation of 

existing things, to penetrate the life of Nature in its 

ample fulness, and to unveil the empire of her various 

forces, we feel' oui'selves raised to an eminence, whence, 

in the wide-spread horizon around, individualities present 

themselves gathered into groups, and surrounded with a 

kind of vaporous haze. This figurative language is used 

to give some idea of the point of view f#m which we 

shall here attempt to survey the universe, and to present 

it for contemplation in both of its spheres—the celestial 

and the terrestrial. The boldness of such an attempt I 

do not conceal from myself. Of all the lands of repre¬ 

sentation to which these pages are dedicated, that of the 

General Picture of Nature is by far the most difficult. 

Here we do not condescend upon the minutite of individual 

forms; we only pause upon the grander, masses, wliether 

in the world of fact or of idea. By separation and sub¬ 

division of phenomena, by a kind of foreboding penetra¬ 

tion of the play of obscure forces, by liveliness of repre¬ 

sentation, in which the impression made on the senses is 

E 2 " ■ 
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reflected true to nature, may we hope to grasp and to 

describe tlio Infinite All (ro irop), in a way that shall 

become tlie grand word Cosmos, in its sense of Universe, 

Order of Creation, Beauty of Arrangement. May the 

infinite diversity of elements that crowd into a picture of 

Nature so vast, not disturb the harmonious impression of 

repose and unity, which it is the last purpose of every lite¬ 

rary and artistioal composition to convey! 

We begin with the depths of space, and the region of 

the farthest nebulae; we descend, step by step, through 

the stratum of stars to which our solar system belongs, 

and at length set foot on the air- and sea-surrounded 

spheroid we inliabit, discussing its form, its temperature, 

and its magnetical tension, till we reach the life, that, 

under the stimulus of light, is evolved upon its surface. 

A picture of the universe, tlierefore, worked with a few 

grand touches, comprehends the immeasurable depths of 

space, as well as the microscopic organisms of tlie vege¬ 

table and ani:ffial kingdom that live in our stagnant waters, 

and cling to the weatherworn faces of our rocks. All that 

the most careful study of nature, in its present direction, 

up to the passing hour, has discovered, constitutes the 

material in harmony with which the canvas is to be filled ; 

it includes witliin itself the««vidence of its truth and 

endurance. A descriptive natural picture, however, such 

as we would indicate it in these prolegomena, must not 

present all the individual, all the single; it needs not, to 

be complete, an enumeration of all the forms of life, of 

every natural thing and natural process. Striving against 

the tendency to endless subdivision of the Known and 

the Collected, the thinker who orders and an-anges must 
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rather seek to escape the danger of empirical overabund¬ 

ance. A considerable mass of the qualitative forces of 

matter, or, to speak in the language of the philosophers of 

nature, of its qualitative manifestations of force, is cer¬ 

tainly stiU unknown. The discovery of unity in totality 

must, therefore, and on tliis account, remain imperfect. 

Beside the joy, mixed as it were with woe, wliich we 

feel in knowledge possessed, there dwells in the eager 

spirit, unsatisfied with tlie present, the longing after yet 

^untrodden, yet unimagined, regions of knowledge. But 

such a longing only knits more firmly the bond which, in 

virtue of ancient laws, controlling the very core of tlie 

world of thought, binds the Sentient with the Super- 

sentient ; it vivifies the commerce between that “ which 

the mind , receives from the world without, and that whicli, 

from its own depths, it gives hack.” 

If nature, therefore, or the conception formed of natuiai 

things and natural phenomena, considered in its boundary 

and contents, be infinite, so is she also, with reference t(i 

the intellectual powers of man, an incomprehensible, mid. 

in the general causal co-operatiou of her forces, an unre- 

solvable problem. Such an avowal is proper where exist¬ 

ence and evolution (Being and to.Be) are only subjected 

to immediate scmtiny, in ..circumstances where the em])i- 

lical path, and the strictly inductive method, cauuot bo 

quitted for a moment. But if the ceaseless longing to 

comprehend nature in its totality remrun unsatisfied, ilie 

history of human progress in contemplating nature, which 

is reseiwed for another section of tlie prolegouicna, leuclics 

us, on the other hand, how, in the course of centuries, 

mankind have gradually attained to a partial insight into 
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the relative dependence of phenomena. It is my duty to 

pass in review the contemporaneously known, according 

to the measure and the boundaries of the present. In all 

that is mobile, changeable in space, mean numerical values 

are the ultimate object—they are the expression, indeed, 

of physical laws; they show us the stable in the change . 

and in the flight of phenomena. The progress of our 

modem measuring and weighing physics is particularly 

distinguished hy the attainment and correction of the 

mean values of certain quantities or masses; and here^. 

as dwelt on by the old Italic school, hut in a wider sense, 

we find those wide-spread, lueroglj’phic signs, numbers, 

coming into play as powers in Cosmos. 

The serious inquirer rejoices in the simplicity of nume¬ 

rical relations, hy which are indicated the dimensions of 

the celestial spaces, the magnitude of the bodies they 

enclose, and the periodic perturbations wliich these suffer; 

the tlueefold elements of terrestrial magnetism; the mean 

pressure of the atmosphere, and the quantity of heat 

which the sun dispenses in the course of every year, and 

iu each division of the year, over the several points of the 

solid or liquid surface of our planet. The poet of nature is 

less satisfied with auoh„results; the appetite for the mar¬ 

vellous, inherent in the many, is less appealed to by them. 

The poet complains that science has made a desert of 

nature; the vulgar find many questions returned to them 

with doubtful solutions, or declared unanswerable, which 

formerly were met without misgivings. In her graver 

foiTu, in her less ample garments, she is robbed of that 

seducing grace by which the dogmatic and symbolic 

physics of former times sought to deceive the reason, to 
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occupy the imagination. Long before the discovery of 

the New World, it was thought that land could he seen in 

the West from the Canaries and the Azores. These were 

phantasms, not produced by any extraordinai'y refraction of 

rays of light, but merely by a longing for the distant, for 

that which lies beyond the present. • The natural pliilosophy 

of the Greets, and the physios of the middle ages, and 

even of much later centuries, presented swarms of such 

fantastic forms to the imagination. The mental eye still 

essays to pass the horizon of limited knowledge, even as 

the, material eye endeavours to pierce the natural horizon 

from an island height or shore. Laith in the unusual 

and wonderful gives definite outlines to every product of 

imagination, and the reahn of fancy, a strange land of 

cosniological, geognostical, and magnetic dreams, is inces¬ 

santly blended with the woiid of reality. 

Nature, in the manifold significance of the term, now 

as implying entireness of that wliich is, and is becoming; 

now as an inherent actuating force; and again, as the 

mysterious prototype of all phenomena, reveals itself to 

the simple sense and feeling of mankind as sometMng 

more especially terrestrial, as something that is near akin 

to them. We seem a,t first to recegnize our proper home 

in the living circle of organic formation. Where the 

bosom of the earth is adorned with fruits and flowers, 

where it supports and nourishes innumerable kinds of 

animals, there does the image of nature come up in living 

tints before the soul. We are more immediately connected 

with the earth, with the terrestrial ; the canopy of heaven, 

inhud with shining stars, the boundless realms of space, 

belong to a picture, the magnitude of whose elements— 
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hosts of suns, glimmering nebulous specks, infinity of 

spiice—luouso our wonder and amazement, indeed, but 

still remain foreign to our mind and feelings, through 

a sense of desolation, and a total want of immediate 

impression tlu’ough the presence of organic life. To 

mankind at largo, therefore, the heaven and the earth 

have still remained distinct, as the above and the below in 

space, in consonance with the earliest notions entertained 

on the subject. Were a picture of nature at large, then, 

solely intended to meet the requirement8_ of sense, it would 

have to he begun with a representation of our proper home 

for a foundation. It would fimt portray the earth in its 

dimensions and configuration, in its increasing density and 

temperature as its centre was approached, in its solid and 

fluid superposed strata; it would exliibit the severance of 

sea and land; the life which in both is evolved as cellular 

tissue in plants and animals; and the atmospheric ocean, 

witli its waves and currents, from the bottom of which wood- 

crested mountain-chains emerge hke reefs and .shoals. 

After this exliihition of purely terrestrial relations, the eye 

would rise to the celestial spaces; the earth, the well- 

known seat of organic formative processes, would now be 

contemplated as a planet. It would faU into the series 

of bodies which circulate around one of the innumerable 

host of self-eifulgent stars. This sequence of ideas indi¬ 

cates the path pursued in the fii'st contemplation of nature 

by the senses ; it still reminds us of the “ sea-suiTOunded 

disc of earth,” which supported heaven; it sets out from 

the station of simple perception, from the known and the 

near, to the unknown and the far removed. It coiTesponds 

with the method observed in our elementary astronomical 
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woriks, which pass from the apparent to the true motions 

of the heavenly bodies. 

In a work, however, which undertakes to speak of the ac¬ 

tually kilown, of that which, in the present state of science, 

is held for certain, or which, in various degrees, is looked 

upon as probable, but which does not propose to give the 

details upon which results are founded, another course of 

procedure appears ad^dsable. Here we do not set out from 

the subjective point of view, from that which regards 

tuman interests. The terrestrial can only appear as a 

• part in the whole, and as subordinate to this. The 

view taken of nature must be general, it must be grand 

and free, not contracted by notions of vicinity, of affec¬ 

tion, of relative usefulness. A physical cosmography, or 

true picture of the universe, cannot, therefore, commence 

with the terrestrial; it must needs begin with the contents 

of heavenly space. But as the spheres of contemplation, 

in reference to space, contract, the amount of indi¬ 

vidual details, the variety of physical phenomena, know¬ 

ledge of the qualitative heterogeneousness, of matter, 

augment. From regions in which we can only distinguish 

the empire of the universal laws of gravitation, we descend 

to our planet, to the intricate play Df forces that constitute 

the life of the globe. The natural descriptive method 

now sketched out is opposed to tliat which establishes 

conclusions. The one enumerates what the other demon- 

,strates. 

Man assumes the external word into Ms interior by 

means of certain organs. The phenomena of hght make 

us aware of the existence of matter in the farthest depths 

of heaven. The eye is Oic organ by which the uuivci'se 
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is perceived, and the discovery of .telescopic vision 

some century and a half ago has conferred a power upon 

later generations whose limits have not yet been reached. 

The first and most general consideration in Cosmos is 

that of the contents of space,—the contemplation of 

division in matter, of Creation, as we are accustomed to 

designate all that is or is about to be. We perceive 

matter here aggregated into revolving and circulating 

masses of most dissimilar density and magnitude; there . 

diffused in the shape of self-luminous clouds or vapours. 

If we first turn onr attention to these NEBULA (woeld- 

MISTS, separating into determinate forms), we discover 

that they are in course of suffering change in their state 

of aggregation. They present themseh'es to our .eyes 

apparently of small dimensions, as rounded or elliptical 

discs, single or in pairs, occasionally connected by a lumi¬ 

nous streak; of larger size they are variohsly shaped,— 

elongated or sliooting out into several branches ; or they 

look fan-shaped; or they form sharply defined ringp with 

dark inoluded centres. These nebulae are believed to be 

in process of various and progressive changes, according as 

the star-dust or vapour composing them is becoming con¬ 

densed, in haimony with the laws of atti'action, around one or 

several nuclei. The number of these unresolvahle nebulae— 

nebulae in which the most powerful telescope does not enable 

ns to distinguish a single star—that have been reckoned, 

and their position in space determined, now amounts to 

about one thousand five hundred. 

The genetic evolution, the ceaseless, progressive fonna- 

tion that appears to be going on in these portions of 

infinite space, has led reflective minds to the analogy of 
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organic phenomena. As in our woods we observe the 

same kind of tree in eveiy stage of growth at the same 

tune, and from this view, this co-existence, derive the inj- 

pression of progres.sive vital development; so do we, in 

the mighty garden of the universe, recognise different 

stages in the progressive formation of stars. The process 

of condensation, indeed, which Anaximenes and the Ionic 

school once taught, seems here to proceed, as it were, 

under our eyes. Tins object of inquiry and conjecture is 

peculiarly attractive to the imagination. That which, in 

the circles of life, and in all the internal impulsive forces 

of the universe, fetters us so unspeakably, is less the 

recognition of Being, than of what is About to be; even 

though the latter be nothing more than a new condition 

of matter already extant; for of proper creation as an 

efficient act, of a protogenesis of matter, of entity succeed¬ 

ing nonentity, we have neither conception nor experience. 

It is not merely by a comparison of the various mo¬ 

ments of development which are exhibited by nebulse, in 

greater or less degrees of condensation of their interiors, 

that astronomers have inferred changes in their structure. 

We have now a series of observations made immediately 

upon particular nebulae, on the one m Andromeda, on that 

which occurs in the ship Argo, and also in the flooky 

portion of that which presents itself in Orion, which 

lead to the behef that actual changes in their form have 

been observed. Inequality of power of light in the instru¬ 

ments employed, however, different states of our atmos¬ 

phere, and other optical conditions, it must he admitted, 

render a portion of these results questionable as true his¬ 

torical data. 
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The peculiar multiform nebulae, the several parts of 

•which have different degrees of brightness, and •which, 

with a diminution of their areas, •will perhaps become 

concentrated into stars, and those nebulae that have been 

entitled planetary, the round or somewhat oviform discs 

of 'wliich shine in every part 'with a mild and equable 

light, are not to be confounded •with nebulous stars. 

Here there is no appearance of a star projected acci¬ 

dentally, as it -might seem, upon a remote nebulous 

ground; no, the vaporiform matter, the light-cloufl, 

forms a single mass -with the star which it surrounds. 

From the frequently very considerable magnitude of their 

apparent diameters, and the distances whence they glim¬ 

mer, both planetary nebulae and nebulous stars must possess 

enormous dimensions. New and acute considerations (’) on 

the very different influence of distance upon the intensity 

of the light of a disc of measurable diameter, or of a 

single self-luminous point, make it not improbable that 

planetary nehute are extremely remote nebulous ,stars, 

in which the distinction het'ween the central star and 

its hazy envelope has disappeared even to our telescopic 

vision. 

The brilliant zone«j of the southern celestial hemi¬ 

sphere, between the parallels of 60® and 80®, are particu¬ 

larly rich in nebulous stars, and concentrated but un- 

resolvahle nebulae. The Magellanic clouds which circulate 

round the starless, desolate south pole, (especially the larger 

of tlie two) , appear, according to tlie latest observations (2), 

“ as a wonderful mixture of groups of stars, of glo¬ 

bular clusters of nebulous stars of different magnitudes, 

and of uniesolvable nebulae, which, producing a general 
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brightness of the field of vision, form a kind of back¬ 

ground to the picture.” The aspect of these clouds, of the 

light-streaming ship Argo, of the milky way between tlie 

Scorpion, the Centam-, and the Cross—the whole of the 

charming landscape presented by the southern heavens, 

has left an indelible impression upon my mind. The 

zodiacal light, which rises like a pyramid from the sun, 

and in its gentle radiance proves another of the eternal 

ornaments of tlie tropical night, is either an immense 

npbulous ring rotating betwixt the earth and Mars, or 

.(but this is less probable) it is the outermost stratum of the 

sun’s atmosphere itself. Besides these luminous clouds and 

nebulae of determinate form, accurate and still coinciding 

observations seem to proclaim the existence and general 

diffusion of an infinitely rare, and apparently not self- 

luminous matter, which, offering resistance, reveals 

itself by lessening the eccentricity, and shortening the 

period of revolution of Encke’s, and perhaps also of Biela’s 

comet. This impeding eetherial and cosmic matter may 

be conceived as in motion, despite its original tenuity as 

gravitating, as condensed in the vicinity of the great body 

of the sun, and even as increased in the course of myriads 

of years, hy vapours throivn off from, the tails of comets. 

If we now pass on from the nebulous matter of the 

infinities of heavenly space (ounavoO x®pro£^), bore scat¬ 

tered witliout form or boundary, a cosmic woiid-ether, 

there condensed into nebulous specks, to the conglo¬ 

bated solid portions of the universe, ive approach a class 

of phenomena which are exclusively designated hy 

the title of stars, or fixed stars. And here, too, the 

degree of sohdity or density of the conglobated matter is 



PICTURE OF NATURE. 

(lifterijut. Our own solar system presents us with every 

griuloof moan ilonsity; in other terms, of difference betwixt 

tho l elations of volume and mass. When we compare the 

planets from Mercury to Mars, with the sun and with 

.lupitcr, and Mars and Jupiter, again, with Saturn, we 

proceed in a descending scale of density; selecting 

familiar objects as standards of comparison, from matter 

of the density of antimony, to matter of the density of 

honey, of water, and of pine timber. In Comets, which, 

numerically speaking, constitute the largest portion of the 

individualized physical forms of our solar system, the most 

concentrated part, which w'e call nucleus or head, still allows 

the light of the stars to pass through it unrefracted. The 

mass of comets, perhaps, never exceeds the five-thousandth 

part of the mass of the earth : so variously do the forma¬ 

tive processes meet us in original and perhaps progressive 

conglobations of matter. Setting out from what is most 

general, it was especially necessary to indicate tins diver¬ 

sity, not as ■ a thing possible, hut as a reality, — ps a 

datum in universal space. 

What Wright, Kant, and Lambert, have deduced 

from the conclusions of pure reason, in regard to the 

construction of the»universe, to the distribution of 

matter in space, has been established by Sir William 

Herschel upon the securer basis of observation and mea¬ 

surement. This great, inspired, and yet cautious observer, 

first cast the plum-line into tlie depths of heaven, to 

determine the boundaries and the form of the separate 

cluster of stars which we inhabit; and he was the first who 

ventured to offer an explanation of the relations in point 

of position and distance, of remote nebulous specks 
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to our own astral system. William Herschel, as the 

elegant insciiptioii oii liis monument, at Ujiton, says so 

happily, “ broke tlirough the barriers of the heavens 

{aehrum perrupit claustra).’’ Like Oolumbus, he forced 

his way into an unknown ocean, and caught a glimpse 

of coasts and groups of islands whose true position it is 

reserved for future centuries to determine. 

Considerations on the varying intensity of the light 

of the stars, and on their relative numbers,—in other 

words, tlieir numerical abundance or rarity in equal fields 

of the telescope,—have led to inferences concerning the 

unequal distances and distribution in space of the strata 

which they compose. Such inferences, considered as 

leading tcf circumscription of the several portions of the 

universe, do not, however, admit of the same degi:ee of 

mathematical certainty as is attained in all that concerns 

our own solar system, the revolutions of double stars, 

with unequal velocities, around a common centre of 

gravity, and the apparent or actual motions of the stars 

in general. We are almost disposed to compare the 

chapter in our physical cosmography which discusses the 

nebulous specks of heaven, with the mythological portion 

of general history. They both >begin alike—the one 

in the twiUglit of remote antiquity, the other in the depths 

of illimitable space ; and • where reality threatens to 

disappear, fancy is doubly excited to draw from her own 

abundance, and to give form and endurance to the Indefi¬ 

nite and the Changeable. 

If we compare the universe with one of the isle-studded 

oceans of our planet, we think that we can perceive matter 

distributed group-wise; now, collected into unresolvahle 
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nebulous specks of various age; now condensed around one, 

or several, nuclei, and again rounded into clusters of stars, 

or isolated sporades. The cluster of stara, the islet in 

the infinity of space, to which we belong, forms a lenticular, 

compressed, and everywhere distinct or separate layer, 

the longer axis of which has heen estimated at from 

seven to eight hundred, and the shorter axis at some one 

hundred and fifty, distances of Sirius. Presuming that 

the parallax of Sirius is not greater than that of the 

bright star in the Centaur, wliich has been accurately 

ascertained (viz. 0"-9128), light would pass through 

one distance of Sirius from the Earth in three years, 

wlfilst, from Bessel’s admirable earlier paper (■*) on the 

parallax (0"''3483) of the remarkable star Si Cygnus 

(the 61st), the very distinct proper motion of which 

must admit of a very close approximation, it follows, 

that the light of this star only reaches us after travelhng 

through space for some nine years and a quarter. Our 

stratum of stars, a disc of relatively moderate thickness, 

is divided, through one-third of its extent, into two 

arms ; and it is thought that w'e are placed some¬ 

what near to this division—nearer to Sirius than to the 

constellation of the Eagle, almost in the middle of the 

material extension of the layer, in the hue of its thickness, 

or lesser axis. 

This position of our solar system, and the formation 

of the whole lens, are deduced by means of a process of 

w'hat has heen aptly designated gauging the heavens; i. e. 

reckoning the number of stars included in the same field 

of the telescope turned on everj^ side around. The increas¬ 

ing, or decreasing, number of stars measure the depth or 
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thickness of the layer in different directions. Precisely 

as the point at which the plummet strikes the bottom 

determines the length of the line that it is cast 

ftom tlie hand, do these soundings of the heavens give 

the lengths of the visual ray, when the bottom of the 

starry depths, or rather,- and more correctly, as tliere 

is neither above nor below here, when the limits of 

starry space are attained. In the direction of the longer 

axis, and where the greatest numbers of stars lie 

one behind another, the eye perceives the farthest off 

tliickly crowded together, connected, as it seems, by a 

milky glimmer (light-mist), and projected, in perspective, 

upon the visible vault of heaven in the form of a belt or 

girdle. Tiis narrow belt of beautiful, hut unec[ual radiance, 

for its continuity is broken by less luminous spaces, divides 

into two branches, and, save where it is intemipted for a 

few degrees, forms a great circle upon the hollow sphere of 

the heavens. This is in consequence of the position of 

our system, near the middle of the great astral group to 

which it belongs, and almost in the plane of the miUcy way 

itself. Were our planetary sj'stem placed far witliout the 

cluster, the milky way would present itself to, the assisted 

eye as a complete ring, and, at a ^ still greater distance, 

as a resolvable disc-shaped nebula. 

Amongst the many self-luminous bodies, erroneously 

designated fixed stars, for they are all in motion, which 

constitute our island in the universe, our sim is the only 

one which we know, through actual observation, as a cen¬ 

tral body in reference to the conglobated masses of matter, in 

the shape of planets, comets, and aerolitic asteroids, wliich 

reTolve around, and immediately depend upon him. Among 
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tlieinnlti2)lo or double stars or suns, in so fas as theirnature 

lias yet been studied, there does not appear to reign the 

same planetary dependence, in respect of relative motion 

and illumination, -wldcli characterises our solar system. 

Two or more self-luminous stars, whose planets and moons 

—if any such exist—escape our present telescopic powers 

of vision, revolve unquestionably around a common centre 

of gravity; but this centre falls in a space that perchance 

is fiUed with unaggi’egated matter (world-mist), whilst 

with our sun it is always situated in the inner 

confines of a visible central body. When we con¬ 

sider our sun and earth, or our earth and moon, as 

double stars, and our whole planetary system as a 

multiple group of stars, the analogy with ^e proper 

multiple or double fixed stars, which such a designation 

presents to the mind, extends no farther than to motions 

connected with systems of attraction of different orders, 

quite independently of light evolving processes, and kinds 

of illumination. 

In this generalization of cosmic views, which befits the 

sketch of a Picture of Nature or the Universe, the solar 

System to which our earth belongs may he considered 

in a two-fold relationship ; immediately, to the several 

classes of individualized conglomerate mat^r,—to the 

magnitude, the fashion, the density, and the distance 

of die bodies of the system; and, next, in its relations to 

other parts of our astral system, to the sun's change of 

place within the same. 

The solar system, in other Avords, the very variously 

fashioned matter which circulates about the sun, consists, ac¬ 

cording to our present knowledge, of eleven principal planets. 



THE PLANETS. 97 

of eighteen moons or satellites, and of myriads of comets,, 

three of which, called planetary comets, never quit the 

limited spheres of the proper planets. We may further, 

witii no slight show of projiriety, reckon as falling within 

the empire of our sun, as included within the sphere of his 

central force ;— 1st, a ring of vaporous matter, revolving, 

in all probability, betwixt the orbits of Venus and Mars, 

certainly extending beyond the orbit of the earth, (®) 

which is visible to us in a pyramidal form, and is 

known under the name of the zodiacal light; 2d, a 

host of very small asteroids, whose orbits either inter¬ 

sect the orbit of the earth, or approach it very nearly, and 

give occasion to the phenomena of aerolites and falling 

stars. 1®ien we direct our attention to the complexity 

of formations which cuoulate about the sun in orbits more 

or less excentric, unless, with the immortal author of 

the “ M6ohanique Celeste,” we regard the greater number 

of comets as nebulous stars which sweep from one central 

system to another (®), we must confess, that the planetary’ 

system, strictly so called—the group of bodies which 

revolve, with their attendant satellites, in hut slightly 

excentric orbits round the sun,— constitutes hut a small 

portion of the entire system, when'the number, not the 

mass, of the^ndividuals is made the basis of consideration. 

The telescopic planets, Vesta, Juno, Ceres, and Pallas, 

with their mutually intersecting, much inclined, and 

more excentric orbits, have been viewed as constituting a 

kind of zone of separation between two divisions of 

our planetary system, and as forming in themselves a 

middle group. According to this view, the inner plane¬ 

tary group, comprising Mercury, Venus, the Earth, aird 

VOL. I. ' r 
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Mars, presents several remarkable points of contrast 

■with the outer group, consisting of Jupiter, Saturn, and 

Uranus (’). The inner planets, nearer ‘ to the sun, 

are of moderate dimensions, of greater density, turn 

more slowly upon their axes, and, very nearly in the 

same period of time (twenty-four hours), are flattened 

towards their poles in a less degree, mid, with one 

exception, are unaccompanied by moons. The outer, and, 

from the sun, more distant planets, eire vastly larger, of 

but one-fifth of the density, more than twice as rapid in 

their periods of rotation about their axes, flattened towards 

their poles in a much greater degree, and attended by a 

far larger number ^f moons; in the ratio of 17 to 1, if 

Uranus have actually so many as six'satellites.^ 

These general observations on certain characteristic 

peculiarities of the two great groups, ore not, however, 

precisely or in all respects applicable to the particular 

planets of each group ; for example, to the ratios of their 

absolute magnitudes, to their distances from the central 

body, to their densities, to the times of their rotations on 

their axes, to their excentricities, and to the inclinations of 

their orbits and of theiraxes. Weknowasyetofnointimate 

necessity, of no mechanical natural law, like the beautiful 

law which connects the squares of the times qf revolution 

with the cubes of the greater axes, which makes the six 

elements of the planets just indicated, and the form of 

their orbits, dependent on one anotlier, or on their mean 

distances. Mars, more remote from the sun, is smaller 

than the Earth or Venus; he approaches Mercury, 

—the nearest of all the known planets to the sun,— 

most closely in his diameter; Saturn, again, is smaller 
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than Jupiter, yet much larger tlmn Uranus.' The 

zone of tlie telescopic planets, so insignificant in point 

of volume, lies, in a series of distances setting out fi’om 

the Bun, immediately before Jupiter, the most consider¬ 

able of all the planetai-y bodies; and yet these asteroids, 

several of whoso discs can scarcely be measured, are 

barely one half more in their superficies than France, or 

Madagascar, or Borneo. Again, however remarkable tlic 

very small density of all the colossal planets that lie 

fwthest from the sun, there is stiU nothing like a regular 

sequence among them (®). Uranus appears to be more dense 

than Saturn, even when Lament's smaller mass, -rrh-> 

adopted ; and although the dilferences in point of density 

of the iAer group of planets (®), are insignificant, we 

StiU find Venus and Mars, on either side of the Earth, 

of less density than itself. The time of rotation de¬ 

creases, it is true, with the distance from the sun; but for 

Mars it is relatively greater than for the Karth, and for S aturn 

it is greater than for Jupiter. The greatest excentricities in 

the elliptical orbits of- any of the planets, occur in those of 

Juno, Pallas , and Mercury; the least in those of Venus and 

the Earth, the two planets which follow each other imme¬ 

diately. Mercuiy and Venus present the same contrast in 

the excentricity of their orbits which we observe in the four 

so closely allied asteroids. The excentricities of Juno and 

Pallas, which are very nearly alike, are tlnee times greater 

thanthoseof Ceres and Vesta. It is the same with reference 

to the iaclination of the planetary orbits to the plane of 

projection of the echptic, and to the position of the 

axes of rotation on their orbits, this position influencing 

climate, season, and length of day, still more than 
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excentricity. The planets which have the most elon¬ 

gated elliptical orbits, Juno, Pallas, and M^ury, are 

also inclined in the greatest degree, although not in ^ual 

measure, to the ecliptic. The orbit of Pallas is almost 

comet-like, and its inclination is nearly twenty-six times 

greater than that of Jupiter; while the orbit of the little 

Vesta, wliioh is so near to Pallas, scarcely exceeds the 

angle of inclination of the orbit of Jupiter six times. The 

positions of the axes of the four or five planets, whose 

axes of rotation are known with any degree of certainty, 

also offer nothing like regularity of series. Judging from 

the position of Uranus’s satelhtes, two of which (the 2d 

and 4th) have recently been certainly seen again, we 

should say, that the axis of Uranus, the outSfemost of 

all the planets, w'as scarcely inclined 11 “ to the plane of 

Ms orbit; but Saturn, whose axis of rotation almost coin¬ 

cides with the plane of his orbit, revolves between Jupiter, 

whose axis is nearly perpendicular, and Uranus, where, 

as we have seen, it is but little inclined, c- 

The world of planetary formations, in this brief enume¬ 

ration of the relations of these bodies in space, is assumed 

as a fact, as a thing that exists in nature, not as an object 

of intellectual intuition, of internal causally-founded con¬ 

catenation. The planetary system, in its relations of 

absolute magnitude and relative position of axjs, of 

density, time of rotation, and different degree of excentri¬ 

city of orbit, does not strike us as naturally more necessarj', 

than is the measure of separation between tlie land and 

the sea on the surface of our planet, than are the outlines of 

its continents, or the heights of its mountain-chains. In 

this respect there is no general law discoverable either in 



THE ElANETS. THE SATELLITES. lOl 

Celestial space, or in the inequalities of our earth's surface. 

The things that we meet with are facts in nature, which 

ha^ proceeded from the conflict of multifarious forces in 

operation under former and unknown conditions. But in 

formation of the planets, man sees as accidental what 

he is incapable of explaining genetically. If the planets 

.have been formed out of separate rings of vaporous 

'matter circulating round the sun, dilferenoes in the 

'density, the temperatoe, and the electro-magnetic ten- 

ifion of these rings, may have given rise to the most 

^ diverse fasluons of the ooriglohated matter ; in the same 

^ jway as the amount of the velocity of projection, and 

jtrifling abeiTations in the direction of the projection, may 

rt ‘have given rise to manifold forms and inclinations of 

^ the elliptical orbits. The attraction of masses, and the 

Jaws of gravitation, have undoubtedly been at work here, 

^ bs in the geognostio relations of continental upheavings; 

^ but we are not to draw conclusions from the present 

^ state of things^ as to the entire series of conditions which 

1 have been passed through from their commencement. 

, Even the law, as it has been styled, of the distances of 

■* the planets from the sun, the progression from the failing 

, member in wliich Kepler was led "to suspect the existence 

j of a planet betwixt Mai's and Jupiter, has been found 

. incorrect numerically for the distances between Mercury, 

' Venus, and the Earth, and because of a supposed first 

member, inappHcable to the idea of a regular series. 

The eleven principal planets which have been discovered 

iirculating round the sun, are accompanied by ni least 

fourteen, and veiy probably by eiglileecn, secondary 

planets (satellites or moons). The primary planets are 
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therefore, in their turn, central bodies with referaice to 

subordinate systems. And here, in the structure of the 

universe, we recognize the same formative process vi^ch 

the evolution of organic life so often exhibit to us in 

the extremely complex groups of animals and plants, 

in the typical repetition of forms of subordinate spheres. 

The secondary planets, or moons, occur in larger numbers 

in the outer region of the planetary sytem, in connection 

with the three great planets that lie withont the zone 

formed by the foiu’ telescopic planets. With the single 

exception of the earth, all the planets within this zone are 

moonless, and the satellite of the earth is relatively of 

very large dimensions, inasmuch as its diameter amounts 

to one-fourth of that of the earth; whilst the largest Qf 

all the secondaries known, the sixtli of Saturn, is 

not more perhaps than the -rVtb, and the largest of 

Jupiter’s moons, the tl;ird, is not above -jVth the diame¬ 

ter of its primaiy. The planets which have the gi'eatest 

number of moons are t|ie most remote, and they are,, at 

the same time, the Hrgest, the least dense, and the 

most flattened at the pWes. The late measurements of 

Miidler seem to indicate Uranus as the planet which 

is flattened towards the poles in the greatest degree, 

-j-.Vir- III the earth and her moon, whose mean dis¬ 

tance from one another amounts to 337,000 English 

miles, the differences in the masses and die diameters 

of the two bodies are much smaller than we are ac¬ 

customed to meet with them in primary and secondary 

planets, and bodies of a different order in the solar 

system (11). Wliilst the density of the earth’s satellite is 

-j-ths less than that of the ^orth itself, it would appear, 
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sapposifi^ we can depend on the determinations that have 

been oome to on the magnitudes and the masses of the 

sat^htes, that of the moons which attend upon Jupiter, 

the second , is denser than the primary planet. 

.Of the fourteen satellites the relations of which have 

been determined with something like accuracy, the system 

of Saturn presents instances of the most remarkable 

contrast in the absolute magnitudes and distances from 

the primary. The sixth satellite of Saturn is probably 

pot much smaller than Mars, whilst the earth’s moon is 

only one-half the diameter of this planet. Next in order, 

in point of volume, to the two outermost .satellites of 

Saturn (the sixth and the seventh), comes the third and 

brightest of the moons of Jupiter. ‘ On the other hand, 

the two innermost satellites of Sattum, which were dis¬ 

covered by Sir William Hersohel, in 1789, witli liis great 

40 foot telescope, and w'hioh have been again seen by Sir 

John Hersehel at the Okpe, by Vico at Rome, and by 

Lament at Mjinich, belong, in common with the satel¬ 

lites of Uranus, to the smallest of the visible bodies that 

pnter into the constitution of our solar system. These 

satellites, indeed, are only to he seen under peculiarly 

favourable circumstances, and vjtli the most powerful 

telescopes. All determinations of the true diameters of 

.satellites, deductions of these from measiu'ements of 

the apparent magnitudes of small discs, are exposed 

to many optical difficulties ; and physical asti'onomy, 

which calculates before-hand, and vith sue]) admii'able 

precision, the motions of the hoivculy bodies, as tliey 

are exhibited fr-om our place of obsen-ation, the 

earth, is more concerned about motion and mass, tluin 

volume. 
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Tlic ftljsolute distance of a satellite from its primary, 

is grealcsl in tiie case of the outermost or seventh satellite 

of Siiturn, which is half a million of geographical miles* 

remote, or ten times as far as the distance of our moon 

Jroni the earth. In reference to Jupiter, the outermost or 

fourth satellite is no more than 260,000 geographical 

miles* from the planet; the fifth satellite of Uranus, how¬ 

ever, if it actually exist, must be at the distance of 

340,000 miles. 

On comparing, in each of these subordinate systems, 

the volume of the piimaiy planet, with the distance of 

the farthest orbit in which a sateUite has been formed, we 

discover totally dissimilar numerical relations. Expressed 

in semidiameters of the principal planets, the distaneps of 

the farthest satelhtes of Uranus, Saturn, and Jupiter, 

are as 91, 64, and 27. Saturn’s outermost satellite, 

therefore, is but a very little (-rVth) more remote from 

the centre of the primary than our moon is from the 

the earth. • The satellite that approaches its primary most 

closely, is undoubtedly the first or innermost of Saturn, 

which, in addition, presents the only instance of a revolu¬ 

tion in less than 24 hours. The distance of this satellite 

from Saturn’s centre, , according to MSdler and Beer, 

expressed in semidiameters of the primary, is only 2'47, 

or 20,022 geographical miles*-. This satellite cannot, 

therefore, he distant from the surface of its primary 

more than 11,870 g. miles; and from the outer edge 

of the ring, only 1,229 g. miles. One who has been 

a traveller readily forms an idea of so short a distance, 

the more so -when he thinks of that bold seaman. Captain 

* The miles are always German geographical miles, 15 to a degree of 
the Equator.—Transi..4tor. 
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Beeohey, having sailed over 18,200 geograpliioal miles 

ia the course of three years. Kecurring to semidiameters 

of the primary as measures of distance, we find that the 

first or innermost satellite of Jupiter is no more than six 

semidiameters of the planet from his centre; our moon, 

on the contrary, is 60^ semidiameters of the eardi from 

its centre. The first satellite of Jupiter is, nevertheless, 

6,600 miles frnther from Ms centre, than our moon from 

the centre of the earth. 

In the subordinate systems of the satellites, in other 

respects, all the laws of gravitation are reflected that have 

been established in connection with the sun and the pri¬ 

maries which revolve around him. The twelve satellites 

of Saturn, Jupiter, and the Earth, all revolve, like the 

primary planets, fi:om west to east, and in elliptical orbits, 

wMch differ but little from oircles. It is only the 

moon, and probably the fii-st, or innermost satellite of 

Saturn {0'068), which have orbits, whose eccentricity sur¬ 

passes that of Jtipiter. Bessel’s very accurate observa¬ 

tions on the 6th satellite of Saturn show that tlie eccen¬ 

tricity here (0-029), exceeds that of the Earth. 

It is only in connection with the satellites of Uranus, 

on the extreme limit of the planetary system, at nineteen 

times the distance of the earth from the sun, and where 

Ms central /oroe must he notably diminished, that we 

find any thing like contrasts to admitted laws. Instead 

of moving, like all the other satellites, in orbits but little 

inclined to the ecliptic, and from west to east, (the ring 

of Saturn, a kind of fused or undivided satellite, not 

excelled), the moons of Uranus revolve in planes nearly 
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perpendicular to tlie ecliptic, and, as Sir John Hersohel 

has found, after many years of observation, in retrograde 

courses from east to west. If the primary and secondary 

planets of our system have actually been formed out 

of rotating rings of vapour, by condensaticms of former 

solar and 2danetary atmospheres, there must have been 

strange, and to us altogether inconceivable conditions of 

retardation or counteration among the vaporous rings 

that revolved around Uranus, to have brought about such, 

a singular opiposition to the motions of the central bod,y 

as we ohseive in his 2d and 8d satellites. 

It is highly pirobable, that the period of rotation of all 

the satellites is the same as their period of revolution, so 

that they still keep the same side turned towards .their 

primaries. Inequalities, as a consequence of slight varia¬ 

tions in the revolution, nevertheless, occasion oscillations 

of from 6 to 8 degrees—an apparent libration—both dn 

longitude and latitude. We therefore actually see, in suc¬ 

cession, more than one half of the surface of the mopn; at 

one time more of her eastern and northern, at another more 

of herwestern and southern limb. By the libration(”) the 

annular mountain Malapert, which the south pole of the 

moon covers at times, is made more visible to us, and then 

we obtain a better Aueiv of the ai-ctic landscape around the 

mountain-crater Gioja, as also of the extensive grey level 

near Endymion, winch sin-passos the Mare vaponim in 

superficial extent. In spite of all this, however, three- 

sevenths of the moon’s surface remain, and, unless some 

new and unexpected cause of pertiirhation interferes, will 

ever Tem,aiu withdrawn Irom our eyes. These cosmic 
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relations remind us, involuntarily, of a nearly similar 

position of tilings in the intellectual world, in the products 

of thought, where, in the deep investigation of the dark 

elahoratory of nature and the prime creative power, there 

are also regions turned from our ken, and that seem unat¬ 

tainable, though, in the course of thousands of years, man¬ 

kind have, fr’om time to time, caught a glimpse of some 

narrow stripe or margin, now in a true and steady, now in a 

more false and jSickering light. ^ 

We have hitherto regarded the principal planets, tlieir 

satellites, and the concentric ring that belongs to at least 

one of the outermost of them, as products of a projectile 

force, and as connected with one another by intimate bonds 

of mutual attractions; 

We have still to speak of Comets, an innumerable 

host, which revolve around the sun in definite orbits, and 

from him derive their light. When we estimate the rela¬ 

tive lengths of the orbits of these bodies, the boundaries 

of tlieir perihelia, and 'the great likelihood of their 

remaining- invisible to the- inhabitants of the earth, by the 

rule of probabilities, we find that they must amount to 

such myriads as makes the imagination pause amazed. 

Kepler, with the liveliness of expression that distinguished 

him, says, that there are more comets in the depths of 

space, than there are fishes in the bosom of the ocean •; 

and yet we have scarcely the accurately-computed orbits 

of some 150 of the six or seven hundred of these bodies, 

upon whose appearance and course through brown con¬ 

stellations we have indications more or less rude. WJiilst 

the classic nations of the west, the friicient Greeks and 

Romans, occasionally give the place in the hoavons where 
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a comet was first seen, but nev^ say a word of its appa¬ 

rent course, the ample literature of Uie Chinese, those 

accurate obseiwers of nature and of individual things, 

contains circumstantial notices of the constellations 

tlu’ougli wMcli each comet passed. Th^e notices extend 

to more than five hundred years before the commencement 

of the Christian era, and many of them are used by astro 

nomers at the present day ('2). , 

Of aU planetary bodies, comets are those which, 

with the smallest mass|s, occupy the largest fields of 

space. The particular obseiwations that have hitherto 

been made upon them, indicate masses much under the 

To'^tli of that of the earth; yet have these bodies tails, 

wdiich often extend over many millions of miles, both in 

length and breadth. . The light-reflecting tail, or cone of 

vaporous matter wliich comets emit, has occasionally been 

observed to be as long as is the distance of the earth from 

the sun, a line which intersects the orbits of two of the 

planets, those of Mercury and Venus. This was tjlie case 

with the remarkable comets of 1680 and 1811; and it is 

even probable that our atmosphere was mingled with the 

vapour of the comets’ tails of the year's 1819 and 18'3.3. 

Comets exhibit sucll variety of forma or appearances, 

often appertaining to the individual rather than to the 

kind, that a description of one of these travelling light- 

clouds—for so they were called by Xenophanes and 

Theon of Alexandria, the contemporaries of Pappus—can 

only be applied with certain precautions to another. The 

feeblest telescopic comets are generally without any 

visible tail, and resemble the nebulous stars of Herschel. 

They appear as rounded, palely-glimmering nebnl®. 
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with the light stronger or more concentrated towards the 

middle. This is the simplest type; hut it is even as little a 

rudimentary or nascent type on this account, as it is a type 

of a planetary body grown old, and become exhausted by 

exhalation. In larger comets we distinguish a head, or 

nucleus, as it is commonly called, and a simple or com¬ 

pound tail, which the Chinese astronomers entitle, very 

characteristically, the brush (sui). In general the nu¬ 

cleus has no definite outline, although, in some cases, it 

has the splendour of a star of first or second magni¬ 

tude; and in the great comets ofidOS, 1638, 1.577, f74,4, 

and 1843, it had such hiilliancy, that it could he seen in 

bright sunshine (J^). This last circumstance seems to 

testify to the existence, in some members of the family at 

least, of greater density and a highly reflective faculty in the 

mass. But no more than two comets have yet been seen, 

which, in Herschel’s great telescope, presented well-defined 

discs (*♦); these two are the one of 1807, discovered in 

Sicily, and the magnificent one of 1811. The disc of the 

former appeared-under an aiigle of 1", that of the latter 

under an angle of 0"’77, from which an actual diameter 

of 134 and 107 miles respectively is obtained. The less 

precisely defined nuclei of the conlets of 1798 and 1805, 

indicated diameters of no more than 6 or 7 miles. In 

several comets that have* been accurately observed, par- 

ticulMly in the one of 1811, mentioned above, and that 

was seen so long, the nucleus, and the misty envelope 

which surrounded it, were wholly separated from the tail 

by a dai'ker space. The intensity of the light of the 

nucleus does not go on increasing continuously towards 

the-centre; bright zones are repeatedly separated by con- 
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now single, now double; but rarely, although this was the 

oa.se in the comets of 1809 and 1843, of very different 

longth.s in the two branches; one comet, that of 1744, 

Inis appeared, which had six tails. The tail, again, is either 

straight or curved, now to both sides, now outwardly 

(1811), oi- convex to the side towards which the comet 

is tending (1618); occasionally the tail heis been waving 

or flame-shaped. The tails of comets are always turned 

from the sun in such wise that their axes produced wouhl 

pass'tlirough the centr^'of that luminary; a fact which 

Biot assures us was notified liy the Chinese astronomers 

so long ago as the year 837, but which was first distinctly 

mentioned in Europe by Fracastorius and Petrus Apianus 

in the 10th century. These efl'usions may be regarded as 

colloidal envelopes, having tlucker or tliinner walls,^—a view 

upon wdiioh sevei'al very remarkable optical appearances 

may readily be explained. 

The several comets, however, are not so characteris¬ 

tically distinguished by their mere foims or appeai-anoe— 

they are not in one case taiUess, in another provided with 

a tail of 104 degrees in length, as was the third of the 

year 1618; we further obseiwe them passing through 

a rapid succession of varying formative processes. This 

change of form was most acciirately and ably obsen^ed 

by Heinsius, of St. Petersbiu'gh, in the comet of 1744, 

and in Halley’s comet, on its last appearance in 1835, by 

Bessel, of Konigsberg, by whom it has been very carefully 

described. On the part of the nucleus which was turned 

towards the sun there was a kind of tufted emanation appa¬ 

rent. The rays of this that bent backwards went to form 
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part of the tail. “ The nucleus of Halley’s comet, with its 

emanations, presented the appeai'anoe of a burning rocket, 

the train of winch was deflected sideways by a current of air.” , 

The rays proceeding from the head were seen by Arago 

and myself from the Parisian observatory on successive ■ 
nights witli very different appearances (’®). . The great 

Kbnigsberg astronomer, from numerous measurements 

and theoretical considerations, concluded “ that the out- 

streaming cone of light departed . distinctly, both to the 

ijght and left, from the line of direction towards the sun; 

but always returned to this hrie again, to jrass over to the 

opposite side; that the outstreaming cone of light, there¬ 

fore, as well as the body of the comet itself, wliiob engen¬ 

ders and throws it out, has a rotatoi-y, or ratlier a vibra- ■ 

tory motion in , the plane of the orbit.” He found, 

furtlier, “ that the' ordinary attractive force of tire sun 

which is exerted upon hea^'y bodies^ is not adequate to 

account for these vibrationsand is of opinion “that 

they proclaim a power of polarity in the comet, which 

keeps one semi-diameter of the body turned tovrards, tire 

other semi-diameter turned fi'om, the sun; that the magnetic 

pi'opertypbssessedhytheearthmaypresent something of an 

analogous nature ; and should tlie.opposites of the telluric 

polarity inhere in the sun, the influence of this might 

showitself in the precession of the equinoxes.” ' This is 

not the place for a more pai-tioular development of the 

grounds upon which explanations that accord with the - 

phenomena have been built; hut observations so remark¬ 

able (**), views of such magnitude in reference to the 

most wonderful class of bodies diat belong to our solar 
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system, could not be passed by unnoticed in this sketch 

of a general picture of nature. 

Notwithstanding the rule according to which the tails of 

comets increase in size and brightness as the perihelion is 

approached, and are turned from the central body of our 

system, the comet of 1823 presented the remarkable 

example of two tails, which formed an angle of 160“ with 

each other, and of which one was turned from the sun, 

as usual, wdiilst the other was turned towards him.. 

Peculiar modifications of the polarity, and unequal distri¬ 

bution and conduction of this, may, in the rare instaiice 

just quoted, have occasioned a two-fold and uninterrupted 

effusion of nebulous matter (*''). 

In the natural philosophy of Aristotle, the phenornena 

of comets and the existence of the milky way may be 

found brought into a most strange juxtaposition or con¬ 

nection. The countless multitude of stars which compose 

tlie milky way give off a self-igniting or luminous mass ; 

and the nebulous streak that divides the vault of the 

heavens is therefore regarded by the Stagiiite as a mighty 

comet, which ceaselessly reproduces itself (‘®). 

Occultatious of the fixed stars by the head or nucleus 

of a comet, or its immediate vaporous envelope, might 

■ throw some light upon the physical constitution of these 

wonderful heavenly bodies but" we have no observations 

which give us unquestionable assurance that any occulta- 

tion has been observed which was completely central ; 

for, as we have above observed, there are alternate concen¬ 

tric scales of dense and very rare vapour in the parts lying 

near the nucleus. On the other hand, there is no question 
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of the,fact,thoiton the29tliofSeptember, 1835,the light of 

astaf of the 10th magnitude passed through an extremely 

dense vapour, at the distance of 7'"78 from the cen¬ 

tral point in the head of Halley’s comet, according to 

Bessel's very accurate measurements ; and that the light 

of this star suffered not the slightest deflection from its 

rectilinear course at any moment of the passage through this 

vapour (20). Such an absence of refractive Mwer, if it 

actually extends to the oenire of the nucleus/ renders it 

difficult to imagine that the matter of cornet^ at aU of the 

nature of a gasiform fluid. Or, is the absence of refrim 

gent power the mere result of an almost infinite rarity of 

a fluid of this description ? or does a comet consist of 

segregated particles, forming a cosmic cloud, which affects 

the ray of light passing-through it in no greater degree than 

the clouds of our atmosphere, wliich have no influence in 

altering the zenith distance of the fixed stars or the edges 

of the sun ? A greater or less diminution of the light of 

a fixed star has indeed been remarked during the passage 

of a comet over it, but this has been ascribed, with great 

propriety, to the lighter ground from which the star 

appears to stand out during the occultation. 

The most important , and decisive observations winch 

have yet been made upon the nature of the bght of 

comets, are those of Arago on its polarization. The 

polariscope of tliis distinguished philosopher gives, us 

information of the physical constitution of the sun as well 

as of that of comets; the instrument, in a word, in¬ 

forms us whether a ray of light that reaches us after 

travelling many millions of miles, is direct or reflected 

light, and whether, in the former case, the source of the 
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ray is a solid, a lir^uid, or a gaseous body. The light of 

C apel la, and tliat of the great comet of 1819, were examined 

by tdio same apparatus; the comet showed polarized and 

fclierefore reflected light; the biilliaut star, as was to have 

been anticipated, proclaimed itself a self-luminous sun j. 

The existence of polarized light in connection with the 

comet, however, tvas not merely made known by the in¬ 

equality of the images ; on the reappearance of Halley’s 

comet in the year 1835, it waS still more distinctly 

indicated hy the striking contrast of complementary 

colours, in accordance with the laws of chromatic polariza¬ 

tion discovered by Arago, in 1811. But it still remains un¬ 

determined, even hy the beautiful experiments just referred 

to, whether, besides the reflected sun-hght, comets have not 

also a light proper to themselves. In some, at least, of 

the true planets, Venus for example, it appears to he 

extremely probable that there is au inherent independent 

capacity to evolve light. 

The variable brightness of comets is not always to he ex¬ 

plained from their position in their orbit, and their distance 

from the sun. It certainly points, in particular indivi¬ 

duals, to internal processes of condensation, and of aug¬ 

mented or diminished, power of reflecting borrowed light. 

In the case of the comet of 1618, as also of the one with 

a period of tlu'ee years, Hevelius observed the nucleus to 

he lessened as the sun was approached, increased as he was 

quitted; and tliis remarkable phenomenon, so long ne¬ 

glected, has lately been again referred to and confirmed by 

Balz, the able astronomer of Nismes. The regularity in 

the alteration of volume according to the distance from 

the sun is particularly striking. The physical explanation 
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of the phenomenon cannot well he sought for in any 

increased density of the layers of the world-ether at 

distances progressively nearer the sun; for it is difficult 

to conceive the vaporous envelope of the comet’s nucleus 

as vesicular, and impenetrable to the ether that fills the 

universe (^2). 

The very dissimilar exoentrioities in the elliptical, orbits 

of comets has led in recent times (1819) to brilliant addi¬ 

tions to our knowledge of tlie solar system, Enoke 

m^de the discovery of a comet of so short a period that 

it always remains witliin the limits of our planetary 

orbits; he found that the place of its aphelion or greatest 

distance from the sun lay between the orbits of the teles¬ 

copic planets and that of , Jupiter. The exoentricity of 

this comet’s orbit -is 0'845, that of Juno, (the greatest 

exoentricity among all the planetary orbits) being 0'256, 

Enoke’s comet has repeatedly been seen vdth the.naked eye, 

although it is not easily discovered; it was seen, however, 

in Europe in 1819, and, according to Eiimker, in New 

Holland in 1822. The period of this comet is nearly 

8^ years; but from careful comparisons of the-times of 

its return to the perihelion, the remarkable fact has been di s- 

covered that its periods from 178fi to 1888 have been 

going on regularly contracting from revolution to revo¬ 

lution, viz. in the coui'se of -52 years, by one and T^ths 

of a day. So remarkable a circumstance has led to 

the admission of the very jDrohahle existence of a vnpori- 

fom matter diffused in planetary space, and capable of 

o23posing a certain resistance to bodies in motion through 

it. Something of the kind, indeed, seems necessary in 

order to bring the mo,st careful consideration of every 
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source of planetary perturbation into hannony with the 

results of observation and calculation. The tangential 

force is dimimshed, and with it the greater axis of the 

cometary orbit. The value of the constant of resis¬ 

tance appears, moreover, to be somewhat different 

before and after the passage of the perihelion, which 

is perhaps to be ascribed to the altered form of the small 

nucleus, and to the effect of. inequality in density of 

the layers of ether in the sun’s vicinity (*5). These facte, 

and their explanation, must be reckoned among the 

number of the most interesting results of modem astro¬ 

nomy. And then, if Encke’s comet led us at an earlier 

period to subject the mass of Jupiter—always so important 

in every reckoning of perturbation—to a closer scrutiny, 

its course has subsequently obtained for us the first, 

although merely approximative, determination of an 

inferior mass for Mercury. 

The first comet of short period, namely, Encke’s, of 

•3J years-, was followed, in 1826, by another planetary- 

one, the aphelion of which lies beyond the orbit of Jupiter, 

but much witlnn that of Saturn. This, or Biela’s comet, com¬ 

pletes its revolution in 6f years. Its light is still more 

feeble than that of Encke's comet. The motion of both 

these comets is direct, whilst that of Halley’s is retrograde 

—contrary to the motion of the planets properly so called. 

Biela’s comet presents the first certain instance of the 

orbit of a comet intersecting that of the Earth; its path 

is, therefore, one of possible danger—if we can regard as 

daugexous a phenomenon which has not been observed 

within the historical period, and of which the conse¬ 

quences are doubtful. Small masses, possessed of enormous 
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velocities, may certainly exercise a notable force; but, 

though Laplace demonstrated the mass of the comet 

of 1770 to be less than the 1-5000th of that of the Earth, 

he supposes, with a certain degree of jirobahility, that the 

average masses of the comets are much below the one hun 

dred thousandth part of the Earth's (about the l-1200th 

of the moon’s) mass (2*1). We must not confound the 

passage of Biela’s comet through mm earth’s orbit, with its 

proximity to, or absolute encounter with, the Earth itself. 

When tliis passage took place on October 29th, 18.32, the 

Earth was still a full month off from the point of inter¬ 

section of the two orbits. 

The orbits of these two comets of short period mu¬ 

tually intersect each other; and it has been correctly ob¬ 

served (2®), that owing to the numerous perturbations 

which such small celestial bodies suffer ffom the planets, 

it is not impossible for them to encounter, and that, should 

this occur about the middle of the month of October, the 

inhabitants of the Earth might behold the extraordinary 

spectacle of a cosmioal combat; in other words, of the 

mutual penetration of two comets, of their agglutina¬ 

tion, or of their destruction, in consequence of exliaustive 

emanations. The immense ethereal expanse may have 

witnessed during millions of years several events of this 

kind, consequences of deviations produced by perturbing, 

niasses, or of originally intersecting orbits.; still they are 

insulated phenomena, having as little general influence in 

modifying the form or state of the universe, as the 

appearance or extinction of a volcano in the limited 

sphere of the Earth. 

A third planetary comet of short period wms discovered 
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by Fnyc on November 2Sd, 1843, at the Paris Observatory. 

Its elliptical orbit approximates more newly to a circle 

than that of any other known comet, and is included 

between thepathsof Mars and Saturn. This comet (wluch 

Goldschmidt says stretches beyond the orbit of Jupiter), 

is therefore one of the few known which has its peri¬ 

helion beyond the orbit of Mars. It accomplishes its 

revolution in 7’29 years, and probably owes the present 

form of- its orbit to its great proximity to Jupiter at the 

close of 1839. 

When we consider comets in their closed elliptical 

orbits as members of our solar system, with reference to 

their major axes, their exoentricities, and their periods of 

revolution, it seems probable that in the last particular the 

three planetary comets (Encke's, Biela’s, and Faye's) are 

immediately succeeded by Messier’s of 1766 (supposed 

by Olansen to he identical with the third comet of 1819), 

and by the fourth of 1819, discovered by Blanpain, which 

Clausen considers identical with that of 1743, but which, 

as well as LexeU’s, has suffered great orbital changes from 

the proximity and attraction of Jupiter. These two 

comets a23pear to have a period of from five to six years, 

and their aphelia fjill in the neighbourhood of the 

orbit of Jupiter. From 70 to 76 years are occupied 

in their revolutions, by Halley’s comet (so important 

in a theoretical point of view, of which the last appear¬ 

ance, in 1835, was less brilliant than its former ones 

had led astronomers to expect it would prove), by Olbers’s 

comet of March 6, 1816, and by Pons’s comet of 1812, 

the elements of which were calculated by Enoke. Both 

of the latter were invisible to the naked eye. The great 
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comet of Halley has already greeted us for the ninth 

hnofwn time; Laugier’s computations (2®) having recently 

demonstrated that it is identical with the comet of 1378, 

recorded in Ed. Biot’s Chinese Catalogue of Comets. 

■ From 1378 to 1836 its period has varied between 74'91 

• and 77'68 years, the mean having been seventy-six years. 

Contrasted with the celestial bodies above mentioned, 

■we behold another series of bodies recjuiring millenniums 

for their barely determinable periods. Thus, Argelander 

s^s that the splendid comet of 1811 requires 8,066 years 

for its revolution, whilst Enoke fixes 8,800 years for the 

awfolly grand; one of 1680. - These bodies, therefore, 

recede respectively 21 and 44 times farther fiom the Sun 

than Uranus; that is, 8,400 and 17,600 millions of 

miles. The Sun’s attractive force extends therefore 

even to this enormous distance; hut then, wMlst the 

comet of 1680, at its perihelion, travels at the rate of 

53 miles (above 1,300,000 Enghsh feet) per second, or 

13 times faster than the Earth, its velocity hardly attains 

10‘8 E. feet per second at its aphelion. The last-mentioned 

rate is only thrice greater than the velocity of -water in' 

our most sluggish European rivers, and hut half the 

velocity which I ohsen-ed in the Cassiquiare, a branch of 

the Orinoko. Amongst the immense number of uncom¬ 

puted or undiscovered comets, there are most proha'bly many 

which have a major orbital axis far exceeding tliat of tlie 

comet of 1680. In order to give some idea, if not of the 

extent of the sphere of attraction, at least of the spacial 

distance of a fixed star, or other sun, horn the aphelion of 

the comet of 1680 (the most distant traveller of all the 

celestial bodies of our system, according to our present know- 
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ledge), I need oiily remind the reader that the most recent 

estimates of parallax still make the nearest fixed star 250 

times farther from the sun than the aphelion of this comet, 

which is only 44 times as remote as Uranus, whilst the 

star a Centauri is 11,000, and the star 61 Cygni (after 

Bessel’s very accurate observations) is 81,000 times more 

distant than the planet. 

After this consideration of the greatest elongations of 

comets from the central body of the solar system, let us 

glance at those which have approached it most nearly. The 

instance of the greatest known proximity of a comet to the 

earth occurred with that of Lexell and Burkhardt, cele¬ 

brated for the perturbations it suffered firom Jupiter; this 

comet was only six times the distance of the moon 

from us on June 28th, 1770. In 1767 and 1779, the same 

comet twice traversed the system of Jupiter’s satellites, 

without causing the slightest perceptible derangement in 

their orbits ; orbits which have been so thoroughly investi¬ 

gated by physical astronomers. But the great comet of 

1680, when at its perihelion, was from eight to nine times 

nearer to the-surface of the sun than Lexell's was to the 

earth. On December 17th, the sun and the comet of 

1680 were only one-sixth of the diameter of the former 

body apart; in other words, seven-tenths of the moon's 

distance from us. Owing to the feebleness of the light of 

distant comets, perihelia beyond the orbit of ■ Mars are 

rarely observable by man; the comet of 1729 is, in fact, 

the only one of those hitherto computed which has its 

perihelion between the orbits of Pallas and Jupiter, 

and which has been observed beyond the path of the 

latter planet. 



Since scientific acquirements, some solid,- by the side 

of much superficial learning, liaTe penetrated in wider 

circles into social life, the fears of the possible evils where¬ 

with ■ comets threaten us have increased in weight, and 

their direction has hecome more definite. The certainty 

. of there being several periodical comets within the known 

planetary orbits, visiting us at short intervals ; the con¬ 

siderable perturbations which Jupiter and Saturn cause in 

their paths, whereby appinently hanhless wanderers of the 

s^y may be .converted into peril-fraught bodies ; the orbit 

of Biela's comet passing tlirough that of the earth; the 

existence of a cosmioal ether, that resisting and retarding 

flui.d which tends to contract the orbits of all the planetary 

bodies; the individual diflerenoes in the bodies of comets 

whiob permit us to suspect considerable gradations in the 

quantity of the mass of the nucleus;—all these circum¬ 

stances amply replace, in mnltiplioity of grounds, the 

dread -which, in former centiuies, was entertained of 

flamiug s-words, and an universal conflagration to be 

hghted up by fiery stars. 

As the gi'ounds for confidence derivable from the doc- 

tiine of prohahilities only operate on the understanding, 

are only of avail among the reflecting, and produce 

no effect on gloomy apprehension and imagination, mo¬ 

dern science has been ohtu'ged, not altogether -without 

reason, with seeking to allay the fears which it luis itself 

created. It is a principle laid deeply in the desponding 

nature of man, in his inherent disposition to view fbi,ng.s 

on the dark rather than on the bright side, that the nne'.v- 

pected, the extraordinniy, excites feai', not liope or joy (*'). 

The strange aspect of a mighty comet, its pale nebulous 
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K'lentri, its snddon appearance in the heavens, have in all 

connlrics, and idmost at all times, been held as porten¬ 

tous indications of change or dissolniion of the old-esta¬ 

blished order ol’ things. And then, as the apparition is 

never more than short Uved, arises the belief that its 

significance must he reflected in contemporaneous or 

immediately succeeding events. And such is the enchain¬ 

ment of events, tliat some particular incident scarcely 

fails to turn up whiclr can he fixed upon as the calamity 

prognosticated. It is only in these times that a spirit of 

greater hopefalness, in connection with the ajapearance of 

comets, has shewn itself among the people. In the beau¬ 

tiful vallies of the Khitie and the Moselle, ever since the 

appearance of the brilliant comet of 1811, comets have 

been regarded as exerting a favourable influence on the 

ripening of the grape ; nor liave various years of indiffe¬ 

rent vintage, along with the aj?|penrance of other comets, 

instances of wdiich have not been wanting, been able to 

shake tlie faith of the wine-growers of the north of 

Germany in their henefioial influences. 

I now' pass from comets to another and yet more 

enigmatical class of agglomerated matter, to the smallest 

of all asteroids, wliich, in their fragmentary eonditiou, 

and wdien they have arrived in our atmosphere, we de¬ 

signate by the name of Aerolites, or Meteoric Stones. 

If I dilate at greater length on these bodies than I have 

done on comets, and accumulate those individual features 

•which should otherwise he excluded from a general suiwey 

of nature, it is done with a purpose. The very remarkable 

characteristic diversities of comets have been long knowui. 
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From the little that has yet been learned of their physical 

condition, it is difficult, in an exposition such as is here 

required, to seize the Common, and to separate the Neces¬ 

sary fiom the Accidental, in phenomena observed ivitli 

very different degrees of accui-acy. The mensiuing and 

. calculating astronomy of comets has alone made marvel¬ 

lous progress. In this state of our knowledge, a scientific 

consideration must he limited to physiognomical dif¬ 

ferences in the fnsdiion gf the nucleus and tail: to exam- 

pjes of closer approximations to other planetary bodies; 

to extremes in orbits with reference to space, and in 

periods of revolution to time. Natural truth in these, as 

in the phenomena that are immediately to he spoken of, is 

only to he attained by a delineation of the Individual, 

and by the animated and contemplative expression of 

reality. 

Shooting Stars, Fiee-^alis, and Meteoric Stones, 

are, with great appearance' of probability, regarded as 

small masses moving with planetary velocity in conic 

sections round the sun, in harmony with the laws of 

universal gravitation. When these masses encounter the 

Earth in their course, and, attracted by it, become lumi¬ 

nous OB the verge of our atmosphere, they frequently let 

fall stony fragments, heated in greater or less degree, and 

covered on their surface with a black and shining crust. 

By oarefuk analysis of aU that has been observed at diffe¬ 

rent epochs when great numbers of shooting stars have 

fallen, as at Cmnana in 1799, in North America in 1883 

and 1834, dso., it seems no longer proper to separate 

fire-halls from shooting, stars. Both phenomena are not 

only frequently contemporaneous and' intermingled, hut 
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they also pass into one another, and this whether we pay 

porticuhar attention to the dimensions of the discs, to 

tlie sparks or trains of fire which they emit, or to the 

■s-elocities of their respective motions. Whilst there are 

fire-balls that have the apparent diameter of the moon, that 

explode and emit smoke, and possess such brilliancy that 

they can he seen at noon-day (^s), there are, on the other 

hiy^l, shooting stars in oonntless multitudes, of such small 

dimensions that they only present themselves to the eye 

in the form of moving points or of phosphorescent 

lines (2fl). But vdiether or not among the many luminous 

bodies that shoot through the sky in the form of falling 

stars and meteors, there are not several of different natures, 

remains to he shovTi. Occupied, shortly after my return 

home, vdtii the impression which the phenomena of 

shooting stars had left upon my mind, and remembering 

that I had ohserved them in greater numbers, of brighter 

colours, and more commonly accompanied by long and 

brilliant trains, both on intertropical plains just raised 

above the level of the sea, and on mountains at the height 

of twelve and even fifteen thousand feet above its surface, 

than in the temperate and fiiigid zones, I soon perceived 

that the ground of thet more vivid impression lay in the 

glorious transparency of the tropical atmosphere itself (3“). 

There one sees deeper into" space. Sir Alexander 

Burnes, too, speaks of the magnificent and constantly 

recurring spectacle of coloured shooting stars, which he 

enjoyed in Bokhara, and which he attributes to the purity 

of the atmosphere. 

The connection of meteoric stones with the grander and 

more brilliant pihcnomena of fire-balls—that stones actually 



SHOOTING STARS AND AEROLITES. 185 

■fall from these fire-halls, and penetrate ten or fifteen feet 

into the ground, has been shown, among many other in¬ 

stances of the kind, by the well-known fall of aerolites at 

Barbotan, in the department Des Landes, on tlie 24th July, 

1790, at Lima bn the 10th of June, 1794, at IVeston, in 

Connecticut,onthelJthofDecember, 1807, andatJuvenas, 

in the department of Ardbohe, on the 16th of June, 1881. 

Other phenomena connected with the fall of aerohtesifoe 

those where the masses have descended, shaken, as it 

were, 'fr-om the bosom of a small dark cloud, which had 

. formed suddenly in the midst of a clear sky, accompanied 

with a noise that has been compared to the report of a single 

piece of artillery. Whole districts of country haye occa¬ 

sionally been covered with thousands of fi-agments of 

stones, of very dissimilar magnitudes, hut like con¬ 

stitution, which had been rained down from a pro¬ 

gressive .cloud of the kind described. In rarer instances, 

as in that -which occurred at Klein-wenden, not far from 

Muhlhausen, on the 16th of September, 1848, large 

aerolites have fallen amidst a noise like thunder, when 

the sky was clear and without the formation of any cloud. 

The close affinity between fire-balls and shooting stars is 

also shown by the fact of instances having occurred, of 

the former throwing down stones, though they had 

scarcely the diameter of tlie haUs that are projected from 

our fireworks called Eoman candles. This happened 

notably at Angers on the 9th of June, 1888. 

With regard to the foim-producing forces, the phy¬ 

sical and chemical processes in these phenomena, -we 

are stiU completely in the dark. Wc know not whether 

the particles Avhich fomi the compact mass of the aerolite 
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lay originally apart from one another, in the shape of 

vapoui’, as in comets, and first contracted and ran to- 

getliicr when they began to lighten within the gleaming 

ball; we know nothing of what takes place in the black 

cloud, where it sometimes continues to thunder for 

minutes before the stones descend; neither are we awai-e 

wdiether from the smaller shooting stars there be any 

precipitation of solid matter, or only an attenuated dry- 

haze, ora ferruginous and rdckeliferous meteoric dust (*'). 

We, however, know the immense, the wonderful and per¬ 

fectly planetary rapidity of shooting stars, fire-balls, and 

meteoric stones; we recognise the General in reference 

to them, and in this Generality perceive uniformity of 

phenomena only, nothing of genetieal cosmic process, 

the consequence of change. If meteoric stones revolve 

already consolidated into dense masses ^2 (less dense, 

however, than the mean density of the Earth), then must 

they form very insignificant nuclei to the fire-balls, sur¬ 

rounded hy inflammable vapours or gases, fi:om the interior 

of winch they shoot, and which, judging from their height 

and apparent diameters, must have actual diameters of 

fi’om 600 to 2600 feet. The largest meteoric masses of 

which we Lave inforrhation, those to wit of Bahia and 

Otumpa in Chaco, wdiich Eubi de Celis has described, are 

fi-om 7 to feet in length.' The meteoric stone of 

Aegos Potamos, so celebrated through the wdiole of anti¬ 

quity, and which is even mentioned in the Marble- 

chronicle of Paris, is described as having been of the 

magnitude of tAvo millstones, and of the weight of a 

waggon load. Despite the vaiil attempts of the African 

traveller, Browne, I have_^ not yet abandoned the hope that 
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this great Thracian meteoric stone, whioh must be so 

difEicult of destruction, though it fell more than 2300 

years ago, ■wiU again he discovered by one or other of the 

numerous Europeans who now perambulate the East in 

Safety. The enormous aerolite wliioh fell in the begiiming 

of the lOtli century in the river at Norni, projected a 

whole ell above the surface of the water, as we are assured 

by a document lately discovered by Pertz. It is' to be 

observed, however, that none of these aerolites, whetlier of 

nucient or^ modern times, can be regarded as more than 

principal fragments of the mass whioh was scattered by the 

explosion of the fire-ball or minky cloud whence they 

descended. 

When we duly consider the mathematically determined 

euoi-mous velocities with w'lrich meteoric stones fall from 

the outer confines of our atmosphere to the earth, or with 

winch, as fire-balls, they speed for long distances through 

even the denser fields of air, it seems to me more than 

improbable that the metalliferous mass, witli its internally 

disseminated and ver}^ perfect^crystals of olivine, labrador, 

and pyroxene, could have ran together in so short an inter¬ 

val into a solid nucleus from any state of gas or vapour. 

The mass that falls, besides, even ifi cases where the chemi¬ 

cal constitution varies, has aiwmys the particular characters 

of a fragment ; it is commbnly of a prismatoidal or irregu¬ 

lar pyramidal form, with somewhat arched surfaces and 

rounded edges. But whence this figure, first observed by 

Schreibers,. of a mass detached from a rotating planetary 

body ? Here, too. as in the circle of organic life, all that 

has reference to the history of evolution is hidden in oh- 

scurily. Meteors begin to lighten and to bra-u at elevntion.s 
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wliicli wo must look u25on as almost perfect vacuums, or that 

cannot contain 1-100,000th of oxygen. Biot’s new re¬ 

searches on the interesting crepuscular phenomenon {®*), 

]-educo the line very notably which, somewhat hardily 

perhaps, is frequently spoken of as the limits of our 

atmosphere; hut luminous phenomena take place inde¬ 

pendently of the presence of oxygen, and Poisson has 

admitted the combustion of aerolites, or meteors, as 

occurring far beyond the confines of our atmosphere. It 

is only in so far as calculation and geometrical admeasure¬ 

ment can be applied to meteoric stones, as to the greater 

bodies of the solar system, tliat we feel ourselves proceed¬ 

ing on surer grounds. Although Halley had already.pro¬ 

nounced the great fire-ball of 1080, the motion of which 

was in oi^position to that of the earth, a cosmic pheno¬ 

menon (®*), Ohladni was the first (1794) who, in the most 

general terms, and most clearly recognised the connection 

hetwixt fire-balls and the stones that fall from the at¬ 

mosphere, as well as the correspondence between the 

motions of these bodies and those of the planetary masses 

at large (®®). A brilliant confirmation of this -view of the 

cosmic origin of such phenomena has been supplied by 

Denison Olmsted, of Newdiaven, Massachusetts, in his 

observations on the showers of shooting stars and fire-balls 

which made their aj)j)earance in' the night from the 12th 

to the 13th of November, 1833. On this occasion, all 

these bodies jji'oceeded from the same quarter of the 

heavens—from a point, namely, near the star- y Leonis, 

firom which they did not deviate, although the star, in the 

course of the lengthened ohseiwation, changed both its ap¬ 

parent elevation and its azimuth. Such an independence of 
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the rotation of the earth proclaimed that the luminous 

bodies came from without—from outer space into our 

atmosphere. According to Encke’s calculations of the 

entire series of observations that were made in die United 

States of North America, between the parallels of 36o 

and 42®, the whole of the shooting stars came from tlie 

the point in space towards which the earth was moving at 

the same epoch (®®). In the subsequent American obser¬ 

vations on the shooting stars of November 1884 and 

-1,837, and the Bremen ones of 1838, the general paral¬ 

lelism of their courses, and the direction of the meteors 

from the constellation Leo, were perceived. As in the 

November periodical recurrence of shooting stars, a more 

decided pai'allel and particular direction has been noted 

than in the case of those that appear sporadically at other 

seasons, bo in the August phenomenon it has also been 

believed that the bodies came for the major part from a 

point between Perseus and Taurus, the point towards 

wliich the earth is tending about the middle of the 

month of August., Tliis was particularly remarked in 

tlie summer of 1839. Tliis peculiarity in the phenome¬ 

non of falling stars, the direction of. retrograde orbits in 

the months of November and August, is especially worthy 

of being either better confirmed or refuted by the most 

careful observations upon future occasions. 

, The altitudes at which shooting stars make their appear¬ 

ance, by which must be understood the periods between 

tlieir becoming visible and, their ceasing to be so, are 

extremely Various; in a general way, they may be stated 

as, varying between four and thiify-live geographical miles. 

This important result, as well as the extraordinary velocity 
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of till: problciTiiilical asteroids, was first arrived at by 

Tiruy,cij1ji. i g and ]3raiides, by raeaas of a series of contein- 

jioi iii.ciniH obseivutions and determinations of parallax, at 

cilLcr extremity of a base line 46,000 feet in length ('*'). 

Tlic relative velocity of the motion was from four and a 

quarter to nine miles per second; it was therefore equal 

to that of the planets (^®). Such a velocity of movement, 

as well as the frequently observed course of shooting stars 

and fire-balls in a direction the opposite of that of the 

earth, has been used as a principal element in combating 

that view of the origin of aerolites, in wMch they were 

presumed to he projected from still active volcanoes in 

the moon. The supposition of any volcanic power, of 

greater or less energy, inherent in a small planetary 

body sruTouiided by no atmosphere, is, indeed, in the 

nature of things, and, numerically considered, extremely 

arbitrary. It is not difficult, indeed, to conceive the re¬ 

action of the interior of a planet against its crust,' as ten 

or even a hundred times greater than tliat wliich we now 

ol)sei've in connection with the volcanoes of tlie earth. 

The direction of the masses, too, which could be projected 

from a satellite moving from west to east, might appear 

retrograde, in consequmoe of the earth, in its orbit, airiv- 

ing later at the point of its path where the masses fall. 

But, then, if the entire circle'of relations, which I felt 

myself compelled to specify, even in this general picture 

of nature, to escape the suspicion of making unfounded 

assertions, he surveyed, it will be found that the Inqiothesis 

of a lunar origin of meteoric stones (39) is dependent on a 

majority of conditions, the accidental association of which 

could alone give to the barely possible, tlie form and 
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substance of reality . The admission of the original exist¬ 

ence t>{ small planetary masses circulating in space, is 

simpler, and seems more in harmony ■with what ■^ve 

know or infer -with reference to the formation of the solar 

system. 

It is highly probable that a great proportipn of these 

cosmic bodies pass undestroyed in the vicinity of our 

atmosphere, and only suffer a certain deflection in the 

exceutrieity of their orbits by the attraction of the earth, 

•"'^e may conceive that the same bodies only become visible 

to lis again after the lapse of se'veral years, and ■when they 

have made many revolntions round their orbit. The 

ascent of some fire-halls and shooting stars (■which 

Chladni endeavoured to explain, not very happily, by a 

reflection produced by a body of greatly condensed air,) 

appears, at first sight, to he a consequence of a mysterious 

projectile force tlnowing off the meteors from the earth; 

but Bessel has sho^wn on theoretical grounds, and indeed 

proved, by means of Teldt’s very accurate calculations, 

that in the absence of perfect agreement in point of time, 

of the disappearances recorded, there is not one amongst 

the ■whole of tlie observations published which impresses 

the assumption of an ascent, with* a character of proba¬ 

bility, none whicli does not allow ns to regard it as 

an effect of observationWhether the explo.sion 

of shooting stars, and of the smoking and flaming fire¬ 

balls which do not always move in -stroight lines, nuty 

force the meteors upwards in the manner of rockets, oi: 

othenvise influence the direction of their path, in certain 

eases, as Olhors supposes, must remain matter for fiirtlicr 

ob.servation. 
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Sliooting stars fall either singly and rarely, and at all 

seasons indifferently, or in crowds of many thousands 

{Arabian writers compare them to swarms of locusts), in 

which case they are periodical, and move in streams gene¬ 

rally parallel in direction. Among the periodic showers, 

the most remarkable are those that occur from the 12th 

to the 14th of November, and on the 10th of August; 

the “ fiery tears” which then descend, are noticed in an 

ancient English church-calendar, and are traditionally 

indicated as a recun’ing meteorological incident (^’), In; 

dependently of this, however, precisely in the night from 

the 12th to the 13th of November, 1823, according to 

Kloden, there was seen at Potsdam, and in 1832, over the 

whole of Europe from Portsmouth to Orenburg, on the 

river Ural, and even in the southern hemisphere, in the 

Isle of France, a gi'eat mixtui'e of shooting star's and 

fire-balls of the most difierent magnitudes ; hut it appears 

to have been more especially the enormous fall of sboodug 

stars, which Olmsted and Palmer observed in North 

America between the 12th and 13th of November, 1833, 

when they appeared in one place as thick as flakes of snow, 

and 240,000 at least were calculated to have fallen in 

the course of nine hours, that led to the idea of the 

periodic nature of the phenomenon, of great flights of 

shooting stars being connectaff -with particular days. 

Palmer of Newhaven recollected the fall of meteors in 

1799, which Ellicot and I first described amj fj.Qm 

winch, by the juxtaposition of observations which I had 

given, it w^as discovered that the phenomenon had oc¬ 

curred simultaneously over the New-continent from the 

equator to New Heri-nhut in Greenland (N. Lat. 64° 14'), 
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betwixt 46® and 82“ of Longitude. The identity in 

point of time was perceived with amazement. The 

stream, which was seen over the whole vault of heaven 

between the 12th and 1.3th of November, 1883, from 

Jamaica to Boston (N. L. 40“ 21'), recurred in 18.34, 

in the night between tlio 13th and 14th of November, in 

the United States of North America, but with something 

less of intensity. In Europe, its periodicity since this 

epoch has been confirmed with great regularity. 

■ , A second, even as regularly recurring .shower of shoot¬ 

ing stars as the Novemhor-phenomcnon, is the one of the 

month of August—-the feast of St. Lawrenoe-phenome- 

uon—between the 9th and the 14th of the month. Mus- 

chenbroeck had already called attention in the middle 

of the preceding century to the frequency of meteors in the 

month of August; but their periodic and certain retiu’n 

about the time of the feast of St. Lawrence was finst pointed 

out by Quetelet, Gibers, and Benzenherg. In the course 

of time other periodically recurring showers of shooting 

stars will very certainly ho discovered,—.perhaps from 

the 22d to the 25th of April; from the Cth to tlie 12th 

of December, and, in consequence of the actual fall of 

aerolites described by Gapocci, from the 2rth to the 29th 

of November, or about the 17 th of July. 

However independent aH the phenomena of falling stars 

yet witnessed may have been of polar elevation, tempera¬ 

ture of the air, and other climatic relations, there is still 

one, although perhaps only accidental, aocompanjdng phe¬ 

nomenon which must not he passed by unnoticed. The 

Northern Lights showed themselves of great intensity 

during the most brilliant of all these natural incidents, that, 
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uaia(;ly,\v])icli Olmsted lias described (Nov. 12—13,1838). 

Tlic same thing was also observed in Bremen in 1838, 

where, however, the periodic fall of meteors was less rc- 

inai'kahle than at Eichmond, in the neighbourhood of 

London, I have also referred, in another work (^*), to 

the remarkable observation of Admiral Wrangel, which 

he has confirmed to me verbally oftener than once, 

that during the appearance of the Noi-tliern Lights, on 

the Siberian shores of the Icy Sea, certain regions of the 

heavens which were not illuminated, became inflamed 

and continued to glow whilst a shooting star passed 

through them. 

The different meteor-streams, each of them made up 

of myriads of little planets, probably intersect the orbit 

of our earth in the sn.me way as Biela’s comet does. 

Upon tlris view we may imagine these shoot-star asteroids 

as forming a closed ring, and pm'suing their course in 

the same 'particular orbit. The smaller telescopic .planets 

between Mars and Jupiter, with the exception of TaUas, 

present us, in their closely connected orbits, with a similar 

relatioriship. It is impossible as yet to decide whether 

alterations in the epochs at which the stream becomes 

visible to us, whether i\3tardations of the phenomenon, to 

which I long ago directed attention, indicate a regular 

recession or change of the nbdes (the points of inter- 

seotioii of the earth's orbit and the ring), or whether from 

unequal clustering or very dissimilar distances of the 

little bodies from each other, the zone is of such con¬ 

siderable breadth, that the earth only passes through it in 

the course of several days. The lunar system of Saturn 

likewise shows us a group of most intimately associated 
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planetary bodies of amazing breadth. In this group, the 

orbit of the 7th or outermost satellite, is of so considerable 

a diameter, that the earth, in her orbit round the sun, 

would take three days to pass over a space of like extent,^ 

Now, if we suppose that the asteroids are unequally dis¬ 

tributed in the course of one of the closed rings which we 

picture to ourselves as forming the orbits of the periodic 

currents, that there are but a few thickly congregated groups 

such as would give the idea of continuous streams, we can 

.understand wherefore such hrilhant phenomena as those of 

November 17Q9 and 1833 are extremely rare. The 

acute Olhers was inclined to announce the return of the 

grand spectacle, in which shooting stars mixed with fire- 

halls should fall like a shower of snow, for the 12th'—14th 

of November, 18C7. 

Hitherto the current of the November asteroids Las 

only been visible over hmited portions of the earth’s 

surface. It appeared, for example, with great splendour 

in England in the year 1837, as a meteoric shower; 

vvhilst an experienced and very attentive obseiwer at 

Braunsberg, in Prussia, saw nothing more tlian a few 

scattered shooting stars in the course of the same night, 

from .seven o’clock in the evening* till sun-rise, the sky 

having continued nuintcrruptedly clear the whole of the 

time. Bessel concluded fPom thi.s, “ that a group of the 

grejjt ring which is occupied by these bodies, of hut 

limited extent, had approached the earth over Englnml. 

whilst districts to the east passed through a rnlntively 

empty portion of the ring” Should flic idea of a 

regular precession or variation of tiio nodal lines, 

occasioned by perturbations, acquire greater likelihood. 
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tlie discovery of older observations of the phenomenon 

would become a matter of particular interest. The Cliinese 

annals, in which, beside the appearance of comets, there 

are also notices of great showers of shooting stars, 

go back beyond the time of Tyrtseus, or the second 

Messenio war. They describe two streams occurring in 

the month of March, one of which is 687 years older 

than the commencement of the Christian era. Edward 

Biot has already remarked, that among the fifty-two ap¬ 

pearances which he finds recorded in the Chinese annals, 

the most frequently recurring were those that fell near the 

date from the 20th to the 22d of July (old style), which 

may very possibly he the now advanced stream occurring 

about the time of the feast of St. Lawrence if tfig 

great fall of shooting stars which BogulaWski, jun. finds 

recorded in Beuessius de Horowic’s “ Chronicon Ecclesite 

Pragensis,” as having been seen in full day light on 

the 21st of October, 1866 (old style), corresponds -ndth 

our present November fall, the precession in the course of 

447 years informs us that tills shoot-star system (that 

is to say, its common point of gravity), describes a retro¬ 

grade course about the sun. It also follows, frbm the views 

now developed, that when seasons pass by in which 

neither of the streams as yet observed—tliat, namely, of 

November and that of August,—is seen in any part of 

the earth, the reason of this lies either in the interrup^on 

of the ring—in other words, in the occurrence of gaps or 

vacancies between the clusters of asteroids that follow each 

other, or, as Poisson will Ifave it, in the influence which 

the larger planets exercise upon the form and position of 

the ring (^®), 
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; The solid, heated, althougli not red-hot, masses which 

are seen to fall to die earth from fire-halls hy night, from 

^ small dark clouds hy day, accompanied with loud noises, 

tlie sky being ’ generally clear at the time, show, on the 

whole, a very obvious similarity, in point of external fonn, 

in the character of their crust and the chemical composition 

of their principal ingredients. This they have maintained 

through centuries, and in every region of the earth in 

which they have been collected. But so remarkable and 

: early asserted a physiognomical equality in these dense 

: meteoric masses is subject to many individual exceptions. 

I How different axe the readily forged masses of iron of 

|[ Hradschina, in the district of Agram, or that of the 

' hanks of the Sisim, in the government of Jerdseisk, which 

I have become celebrated tlu’ough Pallas, or those which I 

brought Avith me from Mexico (*9), all of which contain 

96 per cent, of iron, from the aerolites of Siena, which 

j scarcely contain 2 per cent, of this metal, from the earthy 

meteoric stone of Alais (Hep. du Gard), which crumbles 

when put into ivater, and fr’om those of Jonzao and 

Juvenas, which, without metallic iron, contain a mixture 

of oryctognostically distinguishable, crystalline and dis¬ 

tinct constituents! These diversities have led to the 

division of the cosmical masses into -two classes—nicke- 

liferous meteoric iron, andfine or coarse-grained meteoric 

stones. Highly characteristic is the crust, though it he 

hut a few tenths of a line in thickness, often shining like 

pitch, and occasionally veined (S'*), So fai’ as I know, it 

has only been found wanting in the meteoric stone of 

Ohantonnay, in La Vendee, which, on the other hand— 

and this is equally rare — exhibits pores and vesicular 
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ciivilios like the meteoric stone of Juvenas. In every 

instance the black crust is as sharply 8q)arated from the 

clear giey mass, ns is the dark-coloured emst or varnish 

of the white granite blocks which I brought from the 

cataracts of the Orinoko (5i), and which are also met with 

by the side of other cataracts in different quarters of the 

globe— those of the Nile, the Congo, &c. It is impossible 

to produce any thing in the strongest heat of the por¬ 

celain furnace which shall he so distinct from the un¬ 

altered matter heneatli, as is the enist of aerolites from 

their general mass. Some, indeed, will have it that here 

and there indications of penetration of fragments, as if 

by kneading, appear; hut in general the condition of tlie 

mass, the absence of flattening from the fall, and the not 

very remarkable heat of the meteoric stone, when touched 

immediately after its fall, indicate nothing like a state of 

fusion of the interior during the rapid passage from the 

limits of the atmosphere to the earth. , 

The chemical elements of which meteoric masses con¬ 

sist, upon which Berzelius has thrown so much light, ai’e 

the same as those whioh rve encounter scattered through 

the crust of the earth. They consist of eight metals 

(iron, nickel, cohalt, manganese, chrome, copper, arsenic, 

and tin) ; five earths; potash and soda ; sulphur, 

phosphorus, and carbon; in hll, one-third of the entire 

number of simple substances at present known. Despite 

tills similarity to the ultimate elements into which inor¬ 

ganic bodies are chemically decomposable, the appearance 

of meteoric masses has still something that i^ generally 

strange to us; the kind of combination of the elements is 

unlike all that oiu’ terrestrial mountain and rocky masses 
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exhibit. The Dative iron, which is met with in almost 

the whole of them, gives them a peculiar, but not there¬ 

fore a lunar character; for, in other regions of space, 

in other planetary bodies besides the moon, water maybe 

entirely wanting, and processes of osidatio.n may be rare. 

The cosmic gelatinous vesicles, the nostoo-lilie or¬ 

ganic masses, which have been attributed to shooting 

stars ever since the middle ages, and the pyrites of Sterli; 

tamak (westward from the Ural Mountains), which have 

baen- said to be composed of bail-stones in the interior, 

belong to tbe fables of meteorology (®2), It is only the 

finely granular texture, only the mixture of olivine, ■ 
augite, and labrador spar (®®), of some aerolites, of the 

doloritio-looking mass of Juvenas in Ai’decbe, for example, 

that gives them somewhat more of an indigenous character, 

as G. Eose has showm. These aerolites, indeed, contain 

crystalline substances exactly • similar to those of tbe 

crust of our Earth; and in Pallas’s Siberian mass of 

meteoric iron, the olivine is only distinguished by 

the absence of nickel, which is there replaced bj^ 

oxide of tin(®*). As meteoric olivine, like that of our 

basalt, contains from 47 to 49 per cent, of magnesia, 

and this earth, according to BerzSlius, generally consti¬ 

tutes one-balf of tbe earthy ingredients of aerolites, we 

must not be astonished at flie large quantity of silicate of 

magnesia which we find in these cosmic masses. If the 

aerolite of Juvenas contains sepai-able crystals of augite 

find labrador, it is at least probable, from tbe numerionl 

relation.s of the ingredients, that the meteoric mass of 

Cbateau-Benai'd is a diorite composed of hornblende and 

ftlbite, and those of Blansko and Cbantonnay of liorn- 
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blende and labrador. Tlie indications of a telluric or 

atmosplieric origin of aerolites, which have been derived 

firom the oryctognostio resemblances just mentioned, do 

not appear to me of any great weight. Wherefore should 

not—and here I might refer to a remarkable conversation 

between Newton and Conduit at Kensington (®®),—where¬ 

fore should not the matter belonging to a particular cluster 

of celestial bodies, to the same planetary system, be for 

the major part the same ? “Why should it not he so, 

when we feel at liberty to surmise thaf these planets, like 

all larger and smaller conglobated masses which revolve 

about the sun, have separated from particular and formerly 

much more widely-expanded sim-atmospheres, as^ from 

vaporous rings, and which originally held their courses 

round the central body ? We are not, I believe, more 

authorised to regard nickel and iron, olivine and ,py- 

roxene (augite), which we find in meteoric stones, as 

exclusively terrestrial, than I should have been had I in¬ 

dicated the German plants which I foundheyond the Ohi, as 

European species of the flora of northern Asia. If the 

elementary matters in a group of planetary bodies of 

various magnitudes he identical, why should they not also, 

in harmony with their several affinities, ran into deter¬ 

minate oomhinatious,—in tlie polar circle of Mars, into 

wMte and hrilHant snow and fee ; in other smaller cosmic 

masses into mineral species that contain crystalline, 

augite, olivine, and labrador ? Even in the region of the 

merely Conjectm'al, the unbridled caprice that despises 

all induction must not he suffered to control opinion. 

The extraordinary obscurations of the sun which have 

occasionally taken place, during which the stars became 
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!' visible at mid-day (as in the tliree days’ darkness of the year 

" 1547, about the time of the fateful battle near Miihlherg), 

and which are not explicable on the supposition of a cloud 

l-j of volcanic ashes, or of a dense dry-fog, were ascribed by 

'' ■ Eepler, at one time, to a materia cometica, at another to a 

!■ black cloud, the product of sooty exhalations from the 

' ■ sun’s body. .The observations of shorter periods of dark- 

, ness—of three and six hours, in the years 1090 and 1203 

'' —Chladni and Schnurrer have explained by the passage of 

meteoric masses. And since the stream of shooting stars 

from the direction of its orbit has been regarded as forming 

|i| a closed ring, the epochs of these mysterious celestial phe- 

|| . nomena have been brought into a remarkable connection 

ij|' with the regularly reouning showers of shooting stars. 

I Adolph Erman has, with great acuteness, and after a care 

ji: ful analysis of all the data collected up to the present' 

It time, directed the attention of philosophers to the coin- 

ill cidence of tlie conjunction with the sun, as well of the 

I August asteroids (7th of Eehruaiy) as of the November 

- asteroids (12tl:i of May), at the epoch which coincides with 

■r, the popular belief in the celebrated cold days of Mamer- 

tius, PancratiiLS, and Servatius (®®). 

The Greek natural philosophers, little disposed in 

general to observation, hut mcessantly, inexhaustibly 

addicted to .speculation on the manifold import of linK-seeu 

truths, have left views behind them on shooting stars and 

meteoric stories, several of whicli chime in most rcmtuk- 

ahly with those at present so commonly entertained of the 

cosmio nature of the phenomenon. " Sliooting stars,” 

says Plutarch (®^), in tlie Life of Lyfsnndor, “ according 

to tlie opinion of some naturalists, are not exorotious 



i 'la .SHOOTING STARS AND AEROLITES. 

and cifjaiiiitioDS of the ethereal -fire, quenched in the air 

immediately after their ignition; neither are they any 

kindling and combustion of the air, produced hy those 

T.’hicli hare become dissolved in quantities in the upper 

regions; they are rather a fall of celestial bodies, occa¬ 

sioned hy a certain abatement of the centrifugal force, and 

the impulse of an irregular motion, and are cast down, 

not only upon the inhabited earth, but also beyond it into 

the ocean, on which account they are not then found.” 

Diogenes of Apollonia (®®) speaks stUl more clearly on 

the subject. According to his view, “ along with the 

visible stars, others move that are invisible, and therefore 

are unnamed. These last frequently fall to the earth and, 

are extinguished, as w'as the case with the stony star which 

descended in fire at Aegos Potamos.” The Apollonian, who 

also regards all the other stars (the luminous ones) as 

pnmioe-like bodies, probably founded his opinions of tlie 

nature of shooting stars and meteoric masses upon the 

doctrines of Anaxagoras, of Clazomenee, who maintained 

that all the heavenly bodies were “ mineral masses, which 

the fiery ether, in the power of its revolution, had tom 

from the earth, had ignited and converted into stars.” In 

the Ionic school, according to the statement of Diogenes 

of Apollonia, and as it has come down to us, aerolites and 

the heavenly bodies were placed in one and the same class; 

both are alike terrestrial in their original production ; hut 

only in tlie sense that the earth, as the central hodjy had 

formerly (®9) fashioned all around her; in the same way as 

our present ideas lead us to conceive that the planets of a 

system arise from the extended atmosphere of another 

central body—namely, the sun. These views 3, coiise- 
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I" quenlly, are not to be confounded with that 'vvldch speaks 

j familiarly of meteoric stones, as of telluric or atmospheric 

origin,, nor yet with the extraordinary conjecture of 

Aristotle, to the effect that the enormous mu.ss of Aegos 

i IPotamos had been raised by a tempestuous wind. 

I The presumptuous scepticism which rejects facts with- 

[■ out caring to examine them, is, in many respects, even 

I more destractive than imcritical credulity. Both interfere 

■with rigoOT of investigation. Although, for fifteen hun- 

, dred yeoi's, the amials of various nations have told of the 

fall of stones from the sky—although several instances of 

the oiroumstanoe are placed beyond all question by the 

ij unimpeachable testimony of eye’-witnesss—although the 

jl; Baetyha formed an important part of the meteor-worship 

■ - of the ancients, and the companions of Cortes saw the 

aerolites in Cholula, which had fallen upon the neighbour¬ 

ing pyi'amid—although Caliphs and hlongolian princes 

; , have had sword blades forged from meteoric masses that 

^ had hut lately fallen, and men have even been killed by 

stones fr'om heaven (a certain monk at Crema, on the 4th 

, September, 1511: another monk in Milan, 1650 ; and 

two Swedish sailors on ship-hoard, 1674), .so remarkable 

a cosmical phenomenon remained almost unnoticed, and. 

in its intimate relationship with the rest of the jdanetary 

system, rmappreciated, unhl Chladni, who had already 

gained immortal honom- in physics by his discovery of 

phonic figures, directed attention to the subject.. But lie 

■who is penetrated with the belief of this- connection, if he 

lie susceptible of emotions of awe through nntuj'al impres¬ 

sions, will bo filled with solemn thoughts in jircsonce, not 

of the brilliant spectacles of the No^■cmbc).•' mid August- 
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jilu'jiomfinti oi/ly, but even on tlio appenranco of a solitary 

slioiiiin;4 star. Ileve is -a sudden cxliibition of move- 

nicnl ill tbe midst of the realm of nocturnal peace. Life 

and jijotion occur at intervals in tbe cpiiet lustre of the 

firmament. The traede of the falling star, gleaming with 

a palely lustre, gives us a sensible representation of a 

path long miles in length across the vault of heaven ; 

the burning asteroid reminds us of the existence of uni¬ 

versal space every where filled with matter. When we 

compare the volume of the innermost .satellite of Saturn, 

or that of C'ercs, with the enormous volume of the Sun. 

all relation of great and .small vanishes from the imagina¬ 

tion. The exiinction of the stars that have suddenly 

blazed up iu several parts of the heaveus, in Cnssiopca, in 

Cyguus, and in Ojihineus, leads ti.s to admit the existence 

of dark or non-bmiinons celestial bodies. Cunglobed into 

minor ma.ssc.s, the shooting-star asteroids circulate about 

tbe sun, intersect the patlis of the great Inrainotis planets, 

afier the manner of comets, and become ignited when 

tiiey approacli or actually euter the outermost strata of our 

atmospbeve. 

With all other plnuctaiw bodies, with the whole of 

nature beyond the limits of our atmosphere, we are only 

brought into relatiousliip by means of hght, of radiant 

heat, wliich is scarcely to be* separated from light 

and the mysterious foree of attraction which distant masses 

exert upon our earth, our ocean, and our atmosphere, 

according to the quantity of their material parts. We 

recognise a totally dilferent kind of cosmic, and most 

peculiarly material relationship, iu the fall of shooting- 

stars and meteoric stones, when we regard them as plane- 
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taiy asteroids. These are no longer bodies, which, tlirougli 

the mere excitement of pulses, influence ns from a distance 

by their light or their heat, or which move and are moved 

by attraction; they are material bodies, which have 

come from the realms of space into our atmosphere, and 

remain with onr earth. Through the fall of a meteoric 

stone, wo experience the only possible contact of aught 

that does not belong to our planet. Accustomed to 

know all that is non-teUmio solely through measurement, 

through calculation, through intellectual induction, we are 

amazed when we touch, rveigh, and'subject to analysis a 

mass tliat has belonged to the world beyond us.—Thus 

does the reflecting, spiritualized excitement of the feelings 

work ujion imagination, in circumstances where vulgar- 

sense sees nothing but dying sparks in the clear vault of 

heaven, and in the black stone that falls from the crackling 

cloud the orade product of some wild force of nature. 

If the crowd of shooting asteroids, upon wHoh we have 

paused so long with pleasure, he assimilated in some re¬ 

spects, in their small masses and in the variety of their 

orbits, with comets, they are still essentially distinguished 

from these bodies in this—that we first become aware of 

their existence almost in the moment of their destruction, 

when’ fettered by the earth they become luminous, and 

ignite. But to embrace sveiytliing that belongs to our 

solar system, which has now become so complex, so rich in 

variety of forms, by the discovery of the telescopic planets, 

of the inner comets of short period, and the meteoric 

asteroids, we have stidl to speak partioiilaiiy of the ring of 

Zodiacal Light, to which we have already alluded inci¬ 

dentally oftener than once. He who has lived for years in 

VOL. I. 
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the zone of the palms, retains a delightful recollection of 

the mild radiance mth which the zodiacal light, rising 

like a pyramid from the horizon, illumifies a portion of the 

unvarying length of the tropical night. I have seen it 

occasionally more intensely luminous than the milky way in 

Saggitarius; and that not only in the thin and dry atmos¬ 

phere of the summits of the Andes, at the height of twelve 

or fourteen thousand feet above the level of the sea, hut 

also ill the boundless grassy plains (Llanos).of Venezuela, 

as well as on the coasts of the ocean under the ever- 

serene sky of Cuinana. Of most pecuhar beauty, was the 

phenomenon, when small fleecy clouds appeared projected 

upon the light, and stood out picturesquely from the lumi¬ 

nous hack-ground. A loaf- of my journal, during, the 

sea voyage from Lima to the western coast of Mexico, 

presen-es the memorial of this air-picture;—“ For the ' 

last tlu’ee or .four nights (between 10" and 14" N. hit.) I 

see the zodiacal light with a splendour such as I have 

never ohseived before. In this part of the Pacific, judg¬ 

ing from the hrillianoy of the stars, and the distinctness 

of the nebulfc, the transparency of the air is wonderfully 

great. From the 14th to the 19th of March, very regu¬ 

larly for three-qiiartere of an hour after the disc of the 

sun has dipped into the sea, there is no trace of the 

zodiacal light, although it is by this time completely dark-; 

but, an hour after sun-set, it suddenly becomes visible, 

of great brilliancy, between Aldeharan and the Pleiades; 

and on the 18th of March having an altitude of 39" 5'. 

Long narrow stripes of cloud show themselves, scattered 

over the beautiful blue, and deep bn the horizon in front 

of a kind of yellow screen. The higher clouds are 

playing fiom time to time with variegated tints. It 
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seems as if the sun were setting for the second time. On 

this side of the vault of heaven, the hrillianoy of the 

night appears to lie increased, almost as it is in the first' 

quarter of the moon. Towards ten o’clock, the zodiacal 

light, in this part of the Pacific, was usually .extremely 

faint; about midnight I could merely perceive a trace of it. 

On the 16th of March, when the phenomenon presented 

itself in its greatest splendour,- there was a counter-blush 

of mild light apparent in the east.” In our misty northern 

tgnperate zone, as it is called, the zodiacal light is only 

to he distinctly seen in the early spring, after the ev.ening 

twilight, in the western, and towards the end of autumn 

before the morning twilight, in the eastern horizon. 

It is difficult to comprehend how a natural phenomenon, 

so remarkable as the zodiacal light, should only first ha-\'e 

attracted the attention of natural philosophers and astro¬ 

nomers about the middle of the 17th century, and Low it 

could have escaped the observant Arabians in Ancient 

Bactria, on the Euphrates, and in the south of Spain. 

The tardy observation of the nebulas in Andromeda f\.nd 

Orion, first described by Simon Marius and Huygens, 

excites almost equal astonishment. The first distinct 

description of the zodiacal light is eontained in Ohildrey's 

Britannia Baoonioa(®*), of the ;^ar.lG6L; the-first ob¬ 

servation upon it may have been made two or. three yetu's • 

earlier ; hut Dominic Cassini has the indisputable merit 

of having, in the spring of 1683, investigated the pheno¬ 

menon in aU its relations in space. The luminous appear¬ 

ance which he observed in 1668, at Bologna, and .which 

was seen at the same time in Persia by the celebrated 

traveller, Chardin, (the court - astrologers of Ispahan 
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culled this light, which they had never seen before, nyzek, 

or little lunce,) was not, ns has been frequently said (**), 

the zodiacal light, but the monstrous tail of a comet, 

whose head was hidden amidst the vapours of the horizon, 

and which, in point of length and appearance, presented 

many points of resemblance to the great comet of 1843. 

It might be maintained, with no slight show of probability, 

that the remarkable light, rising pyramidally from the 

earth, which was seen in the eastern sky for forty nights 

in succession, on the lofty plateau of Mexico in 1509, 

was the zodiacal light. I find this phenomenon mentioned 

in an ancient Aztekan manuscript (Codex Telleriano- 

Kemensis) of the Eoyal Library at Paris (®3). 

The Zodiacal Light, of primeval antiquity, doubtless, 

though first discovered in Europe by Childeiy and 

Cassini, is not the luminous atmosphere of the sun itself; 

for tills, from mechanical laws, cannot be more oblate 

than in the ratio of two to three, and not more dilated 

than 9-20ths of Mercury’s distance. The same laws 

determine that, in the case of a revolving planetary- 

body, the height or distance of the extreme limits of its 

atmosphere,—the point, namely, where gravity and the 

centrifugal force are <in equihbrium, — is that' alone in 

which a satellite can revolve around this in the same time 

as the primary rotates upon its axis (®*). Such a limi¬ 

tation of the sun’s atmosphere in its present concentrated 

state, comes to be more particularly remarkable when 

we compare the central body of our system vrith the 

nucleus of other nebulous stars. Herschel discovered 

many in which the semi-diameter of the burr which sur¬ 

rounds the star appears under an angle of 150". As- 
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Burning a parallax wliicii does not quite reach 1", we find 

the. outermost nebulous layer of such a star 160 times 

farther from its centre than the earth is distant from the 

sun. Were the nebulous star in the place of our sun, con¬ 

sequently, its atmosphere would not merely include the. 

orbit of Uranus, hut would extend 8 times beyond it(®®). 

With the narrow limits of the sun’s atmosphere now 

indicated, there is great probability in the hypothesis 

which psumes the existence of an extremely oblate ring 

• of» nebulous or yaporons matter revolving freely in space 

between the.orbits of Venus and Mars, as the material 

cause of the zodiacal light (®®). Meantime, of its proper 

material dimensions, of its increment by emanations 

from the tails of myriads of comets -which approach near 

to the sun(®^), of the singular Vaiiahihty of its extent—for 

it seems at times not to extend beyond the orbit of the 

earth, and lastly,, of its very probable close connection 

with tlie denser world-ether in the vicinity of the sun,— 

nothing obtain can be concluded. The vapoiiform j)ar- 

tioles of which the ring consists, and ■^^’hich circulate 

about the sun in confonnity -nith planetary laws, may 

either he self-luminous, or lighted by the sun. Even a 

ten-estrial haze or fog (and the fadt is very remarkahle) 

appeared at the time of the new moon (1743), wMoh at 

rniduight, was so phosphorescent that objects at the dis¬ 

tance of 600 feet could he plainly distinguished by its 

light (®®). In the tropical climate of South America, the 

variable strength of light of the zodiacal gleam struck 

me at times with amazement. As I there passed the 

beautiful nights in the open ah', on the hanks of rivers 

and in the grassy phiins (Llanos) for several months 
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together, I had opportunities of observing the phenomenon 

with care. When the zodiacal light was at its very 

brightest, it sometimes happened that but a few minutes 

afteivvards it became notably weakened, and then it sud¬ 

denly gleamed uji again with its former brilliancy. In 

particular instances, I believed that I remarked—not any 

tiling of a ruddy tinge, or an inferior arched obscuration, 

or an emission of sparks, such as Mairan describes, but 

a kind of unsteadiness and flickering of the light. Is it 

that there are any processes going on in the vaporous ring 

itself ?—or is it not more likely that, though I could de¬ 

tect no change, by the meteorological instruments, in the 

temperature and moistness of the regions of the atmos¬ 

phere immediately above the ground, and though small 

stars of the fifth and sixth magnitudes appeared to shine 

with nndiminished strength of light, that in the superior 

strata of the atmosphere condensations were proceeding 

which modified the transparency, or rather the reflection 

of the light, in a peculiar and, to us, unknow|||pnanner ? 

For the assumption of such meteorological processes on 

the limits of oui- atmosphere, the “ explosions and pulsa- 

tions’ observed by the acute OIbers(®9), “which, in the 

course of a few sechiads, went trembling through the 

whole of a comet’s tail, with the effect now of lengthen¬ 

ing, now of abridging it by deveral degrees," appear to 

vouch. “ As the several parts of the millions-of-iniles- 

long tail are at very different distances from the earth, 

the laws of the velocity and propagation of light do not 

permit us to suppose that actual alterations in a body 

filling an extent of space so vast, could be perceived by 

us in such short intervals of time.” These considerations 
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by no means exclude tbe reality of varying emanations 

around the condensed nuclear envelopes of a comet, the 

reality of suddenly supervening brightenings of the zodiacal 

light, through internal molecular movements, through al¬ 

ternately augmented or diminished reflections of light by 

the m^ter of the luminous ring; they should only make 

us careful to distinguish between them and all that belongs 

to the celestial ether—to universal space itself, or to tlie 

aereal strata composing the atmosphere through ■which we 

sge. What in other respects takes place in the outer limits 

of our atmosphere—the subject of great diversity of opinion 

—^is, as. well-observed facts indicate, by no means to he 

completely or satisfactorily explained. The wonderful 

lightness of many whole nights of the year 1831, in whicli 

small print could he read at midnight in Italy and the 

north of Germany, is in obvious contradiction with all 

that the latest and ablest observations on the crepuscular 

theory, and the height of our atmosphere, make known (^®). 

Luminous phenomena are dependent on conditions that 

are yet unexplored, the imstahleness of which, -within the 

limits of the twilight, as well as in connection -with the 

zodiacal light, strike us with astonishment. 

Thus far we have considered what belongs to our sun, 

and the world of formations that is ruled by liim—the pri¬ 

mary and secondary planets, comets of shorter and longer 

periods of revolution, meteoric asteroids which move 

singly in closed rings, or in multitudes like a. stream ; 

finally, a luminous nebulous ring which circles round tlie 

sun near to the orbit of the e.arth, and which from its posi¬ 

tion may remain with its name of zodiacal light. Everywhere 
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the Law of Keturn prevails in tlie motions, how different 

soever the measure of the projectile velocity and the quan¬ 

tity of conglobated material parts; the asteroids alone, 

which fall from space into our atmosphere, ore interrupted 

in their planetary round, and united to a larger planet. 

In the solar system, whose limits the attractive force of 

the central body cleteimines, comets, at the distance of 

forty-four times the distance of Uranus from the sun, are 

compelled to return in their elliptical orbits; in these 

comets themselves, indeed, whose nuclei, from the smalj- 

nesB of the masses they comprise, present themselves 

to us in the guise of flitting cosmic clouds, these nuclei, 

nevertheless, bind, by their attractive force, the very 

outermost particles of the tail that is streaming away at 

the distance of millions of miles from them. The central 

forces, therefore, are the forming, the fashioning, and even 

the preserving forces of a system. 

Our sun, in its relations to all the returning or circu¬ 

lating, greater or smaller, denser,or almost vaporfform 

bodies that belong to it, may be regarded as at rest, yet 

does it revolve around the common centre of gravity of 

the whole system, which, however, still falls within itself; 

which, in other words, despite the variable position of the 

planets, still remains attached to- its material bounds. 

Altogether different from this phenomepon, is the motion 

of translation of the sun,—the progressive motion of the 

centre of gravity of the entire solar system in Univereal 

space. This goes on with such velocity, that, according to 

Bessel, the relative motions of the sun and of the 61st star 

in Oygnus do not amount to less than 834,000 geogra- 

plrical miles in a day (^*). This change of place of the whole 
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solar system would remain unknown to us^ were it not that 

the wonderful perfection of modern astronomical instru¬ 

ments for taking measurements, and the advances of the 

astronomy of - observation, render om' progress obvious 

towffl'ds distant stars as towards objects on a coast ap- , 

parently in motion. The proper motion of the 61st star 

in the constellation of the Swan, for example, is so con¬ 

siderable, that in the course of 700 years it will have 

amounted to a whole degree. 

,The measm'e or quantity of alteration in the heaven 

of the fixed stars,—of alteration in the relative positions of, 

the self-luminous stars to one another,—can be determined 

with more of certainty than the phenomenon itself can be 

genetically explained. Even after we have allowed for 

all that belongs to the precession of the equinoxes and 

the nutation of the earth’s axis, as consequences of the 

influence of the sun and moon upon the spheroidal 

figure of our planet, to the propagation or aberration of 

light^tand to the parallax produced by diametrically op¬ 

posite positions of the earth in its orbit round the sun, 

—when a correction has been made for each and all of 

these partioiflars, there is always a quantity in the remain¬ 

ing annual motion of the fixed stass, which is the conse¬ 

quence of the translation of the whole solar system in 

space, and which is the consequence of the proper and actual 

motion of the stars themselves. The difficult numerical 

separation of these two elements, of the proper from the 

apparent motion, has heen made possible hy the careful speci¬ 

fication of the directions in which the motions of the several 

stars take place, end hy the reflection that, were all the 

other stars absolutely at rest, they would appear to recede 
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peispectively from the point towards which the sun was 

moving in his course. The final result of tlie investigation, 

which the calculus of probabilities confirms, is this: 

that both the stars and our sun change their place in the 

Universe. From the admirable researches of Algelan- 

der who in Aho extended and materially improved 

upon the labours begun by the elder Herschel and Pre- 

vost, it appears that the sun is in motion towards the 

constellation of Hercules, very probably towards a point 

in this constellation, which lies in a combination of 5^7 

stars (for the equinox of 179S’5) in 2-57® 49' Eight Ascen¬ 

sion; -h 28° 49''7 Declination. In this class of investi¬ 

gations it is alw'ays matter of great difficulty to separate 

the absolute from the relative motion, and to deter¬ 

mine what belongs to the solar system in particular, and 

alone. 

If the non-perspective proper motions of the stars be 

considered, many of them appear group-wise opposed in 

their directions; and the data hitherto collected m^e it 

at least not necessary to suppose that all the parts of our 

astral system, or the whole of the star-islands which fill 

the universe, are in motion about any great, unknown, 

luminous, or non-luminous central mass. The longing 

to reach the last or highest fundamental cause, indeed, 

render’s the reflecting faculty of man as well as Iris fancy 

disposed to adopt such a supposition. The Stagirite 

himself has said—“ All that is in motion refers us to a 

Mover, and it were but an endless adjournment of causes 

were there not a primary immoveable Mover” (7^). 

The manifold changes of place exhibited by the fixed 

stars in groups, not parallactic motions, dependent on 
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clianges in the position of the observer, hut actual and 

ceaseless motions in universal space, reveal to us in the 

most incontrovertible manner, through a particular class 

of phenomena, namely the motions of tlie double stars, and 

the measure of their slower or more rapid motions in 

dififerent parts of iheir elliptical orbits, the empire of the 

laws of gravitation beyond the limits of our solar 

system, in the remotest regions of creation. The curiosity 

that is inherent in the nature of man needs not any 

I'jnger to seek satisfaction upon this field of inquiry in 

gratuitous assumptions, in the limitless ideal-world of 

analogies. By the progress of tire astronomy of observa¬ 

tion and calculation, it stands at length even here upon 

stable ground. It is not so much the numbers of the 

double and multiple stars that have been discovered 

(2,800 to the year 1837!) circulating about a centre of 

gravity lying beyond the confines of either or any of 

them, that excites our amazement; it is the extension of 

our\nowledge of the fundamental force of the whole 

material world, the indications of the universal dominion 

of mass-attraction, that arrest us, and that belong to 

the most brilliant discoveries of our age. The time of 

revolution of double stars of different colours presents 

the greatest imaginable diversity ; it extends from a. 

period of 43 years, as ift rj Coronae, to one of several 

thousands, as in 66 Ceti-, 38 Geminorum, and 100 Pisois. 

Since Herschel’s measurements in 1782, the nearest 

leader in the triple system of i Cancri, has now accom¬ 

plished more than a complete revolution. By a skilful 

combination of observations of altered distances and 

angles of position ('*), the elements of the orbits 

of more than one of the double stars have been 
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discovered,—nay, conclusions as to tlie absolute . dis¬ 

tance of double stars from the earth, and comparisons 

of their masses with the mass of the sun, have even 

been made. But whether here, and in our solar 

system, the quantity of matter is the sole measure of the 

force of attraction, or whether Specific attractions, not in 

proportion to the mass, are at the same time efficient, as 

Bessel first showed, is a question the solution of which 

it remains with late posterity to accomplish (^®). 

If we compare our sun, with the other so-called fixed 

stars in the Astral system to which we belong,—with other 

self-luminous suns, therefore,—we discover, in connec¬ 

tion with several of them at least, ways opened up, which 

enable us to approximate, within certain extreme hmits, 

to a knowledge of their distance, of their volume, of their 

mass, and of the rapidity with w'hich they change their 

places. If we assume the distance of Uranus from tlie 

sun at 19 of the distances of the earth ftom the sun, then 

is the central body of our planetary system 11,900 

Uranus distances from the star a Centauri, almost 31,300 

of these distances from 61 Cygni, and 41,600 of the same 

measures from a Lyrae. The comparison of the volume 

of the sun with the voljime of fixed stars of the first mag¬ 

nitude, depends on an extrenlely uncertain optical ele¬ 

ment; viz. the apparent diameter of the fixed stars. If, 

with Herschel, we assume the apparent diameter of 

Arcturus at but one-tenth part of a second, the actual 

diameter of this star would still come out eleven times 

gi'eater than that of our sun (7®). The distance of tlie 

star 61 Cygni, for the discovery of which we axe indebted 

to Bessel, has led us approximatively to a knowledge of 

the quantity of material particles, which, as a double 
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star, it -eontams. Althougli the portion of the apparent 

path •which has heen passed through since Bradley’s 

observations, is not yet sufficiently great to enable ns to 

conclude with, perfect certainty upon the true path, and 

the semi-axis major of the same, it has still become matter 

of probability to the great astronomer of Eonigsberg, 

“ that the mass of the double star in question is not mate¬ 

rially either less or more than half the mass of our 

sun (77),” This is the conclusion from actual measure¬ 

ment. Analogies •which are derived from the greater 

masses of the moon-attended planets of oui' solar system, 

and from the fact that Struve finds six times as many 

double stars among the brighter fixed stars as among 

tlie telescopic ones, have led other astronomers to conjecture 

that the mass of the greater number of the twin-stars is 

in the mean greater than that of the sun (78). General 

results, however, cannot be looked for in this direction for 

long years to come. With reference to proper motion in 

space, our sun, according to Argelander, belongs to tlie 

class of fixed stars whiob are in rapid motion. 

The view of the heavens inlaid with stars, the relative 

position of the stars and nebulous spots, as also the dis¬ 

tribution of their luminous masses, tlie charms of the land¬ 

scape, if I may here make use of the- expression, presented 

by the firmament at large, will depend, in the course of 

millenniums, relatively on the proper actual motions of the 

stars and nebulee, on the translation of our solar system 

in space, on the bursting out of new stars, and on the 

disappearance, or sudden diminution in the intensity of 

light in old stars; finally, and especially, on the alterations 

which the axis of the earth experiences through the 
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attraction of the sun and moon. The beautifol staxs of the 

Centaur and the southern Cross will one day become visible 

in these northern latitudes, whilst other stars and constel¬ 

lations, Sirius and Orion’s belt, will have sunk. The 

stationary north pole will he indicated in succession by 

stars in Cepheus (/3 and a), and the Swan (S), until, after 

the lapse of 12,000 years, Vega in Lyra will appear as the 

most brilliant of all the possible polar stars. These state¬ 

ments serve to bring sensibly before us the vastness of 

the motions which in infinitely small divisions of time 

go on incessantly like an eternal clock—the timepiece 

of the Universe. If we imagine, as in a vision of the 

fancy, the acuteness of our senses pretematurally sharp¬ 

ened, even to the extreme limit of telescopic vision, and 

incidents compressed into a day or an hour, which are 

separated by vast intervals of time, everything hke rest 

in spacial existence will forthwith disappear. We shall 

find the innumerable host of the fixed stars commoved in 

groups in different directions; nebulae drawing hither and 

thither, like cosmic clouds; the milky way breaking up in 

particular parts, and its veil rent; motion in every point of 

the vault of heaven, as on the surface of the earth, in the 

germinating, leaf-pushing, flower-unfolding organisms of 

its vegetable covering. The celebrated Spanish botanist, 

Cavanilles, first conceived the thought of “ seeing grass 

grow,” by setting the horizontal threads of a micrometer 

attached to a powerful telescope, at one time upon the tip 

of the shoot of a Bambusa, at another upon that of the 

fast-growing flowering stem of an American aloe 

(Agave Americana), precisely as the astronomer brings a 

culminating star upon the cross wires of his instrument. 
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In the aggregate life of nature, organic as well as sidereal, 

Being, Maintaining, and Becoming, are alike associated 

with motion. 

Tile disruption of the milky way, to which I have 

^luded above, seems to require a more particular expla¬ 

nation in this place. William Herschel, our safe and 

admirable guide in these regions of space, discovered, by 

means of Ms star-gaugings, that tlie telescopic breadth of 

the milky way is six or seven degrees greater than it 

appears upon our maps of the heo,vens, and than the 

star-glimmer indicates it to the unassisted eye (^9). The 

two- brilliant nodes in wMcli both branches of the milky 

zone unite, in the regions of Cepheus and Cassiopea, as 

in those of Scorpio and Sagitarins, appear to exercise 

a powerful attraction upon tlie neighbouring stars;, be- 

t-wixt /3 and y Oygni, however, in the most brilliant region, 

of 330,000 stars that lie in 8“ of latitude, one-half draw 

towards one side, the other half towards the opposite side. 

Here Herschel suspects that the stratum bi’eaksup'(®“). The 

number of the distinguishable-telescopic stars of the milky 

way,—stars that are broken by no nebiilfe,—has been esti¬ 

mated at eighteen millions. In order, I w’ill not say to 

give any idea of the magnitude ot this number, but to 

contrast it with something analogous, I -wdll remind the 

reader, that of stars hetwwn the, 1st and 6th magnitude, 

that are visible to the naked eye, there are but some 8,000 

scattered over the whole face of the heavens. . In the barren 

, astonishment, excited by. vastness of number and of space, ■ 

without reference to the spiritual nature or the faculty of 

perception inherent in man, extremes in respect of dimen¬ 

sions of the tilings that exist in space, likewise mee,t and 

contrast,—the heavenly bodies with the smallest forms of 



ICO THE MILKY WAYS OF STARS AND NEBDL^. 

animal life : a cubic inch of the tiipoli of Bilin, contains, 

according to Elu;enherg, 40,000 millions of the sihceous 

coverings of the Galionellse ! 

To the milky way of stars, to which, according to 

Argelander’s acute observation, many of the bright stars 

of the firmament appear remarkably to approximate, there 

is a milky way of nehulie opposed almost at right 

angles. The former, according to Sir John Hersehel’s 

views, forms a ring, a detached and somewhat remote 

girdle, from the lenticular star-island similaf to the ring pf 

Saturn. Our planetary system lies exoentrioally, nearer 

to the region of the Cross than to the diametrically oppo¬ 

site point of Cassiopea (®i). The form of our astral 

stratum, and the parted ring of our milky way, present 

themselves reflected with wonderful similarity in a nebula 

discovered by Messier, in 1774, but imperfectly seen by 

him (®^). The milky way of the nebulse does not properly 

belong to our astral system; it surrounds this, without 

having any physical connection with it, at a vast dis¬ 

tance, and passes nearly in the form of a great circle 

through the thick nebulosity of Virgo (particularly in the 

northern wing), through the Coma Berenices,' the Great 

Bear, the girdle of Andromeda, and the Northern Fish. 

It probably intersects the starry milky way in Cassiopea, 

and connects its poles, which ar^ poor in stars, made deso¬ 

late by cluster-forming forces, at the place where the stra¬ 

tum of stars is of least thickness in space (®®). 

It follows, from these considerations, that whilst our 

cluster of stars bears traces, in its diverging branches, of 

greater transformations eft'ected in the lapse of time, and 

strives, through secondary points of attraction, to resolve 

and decompose itself, it is surrounded by two rings, one 
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vastly remote,.made up of neliul®,-and'one nearer, con¬ 

sisting of stars. The latter ring, wliich foi-ms our milky 

■way, is a mixture of unnebulous stars, on an- average 

from the 10th, to the 11th magnitude (s*), hut, severally 

observed, of very dissimilar magnitudes, wliilst isolated 

clusters of stars have almost always the character of same- 

Wherever the vault of heaven is searched vdth powerful 

space-penetrating telescopes, stars, though perchance 

telgscopio only, and from the twentieth to the twenty- 

fourth in order, or luminous nebulae, are discovered. 

Numbers of these nehiilse -will probably resolve themselves 

into stars, when they come to he examined with yet more 

powerful instruments. Our retina receives the impression 

of single or of . thickly aggregated luminous points ; 

whence, as Arago has lately shown, totally different 

photoinetrical relations of the sensibility to light result (®®). 

The cosmic nebulosity, formless or fashioned, generally 

diffused, producing heat by condensation, probably modi¬ 

fies the transparency of space, and lessens the equal 

intensity of luminousness which, according to Halley 

and others, must result, were every point of the vault 

of heaven beset with an endless succession of stars in 

the direction of its depth (®®). The assumption of 

any such continuous inlaying of stars contradicts obser¬ 

vation; which, in fact, shows ns vast starless regions-—■ 

'OPENINGS IN HEAVEN, as William Herschel calls them— 

one in Scorpio, four degrees in hreadtli, and another 

■in the loin of Ophiucus; in the vicinity of both of 

which, and close to their edges, we discover resolvable 

nebulte. That which is situated on the'western .edge 
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of tlie opening in Scorpio, is one of the richest and 

most tliickly set clusters of small stars that ornament 

tlie heavens. Herschel himself ascribes the openings, 

the starless regions in the sky, to the attraction and 

cluster-forming force of these marginal groups (®7). 

“ They are portions of our star-stratum,” says he, in the 

fine liveliness of his style, “ which have suffered great 

desolations from time.” If we picture to ourselves the 

telescopic stars that lie one behind another, as forming a 

starry canopy investing the whole of the visible vanity of 

heaven, then, I believe, are those starless regions of the 

Scorpion and Serpent-bearer, to be regarged as tubes, 

through which we see into the farthest regions of space. 

The layers of the canopy are interrupted; other stars, 

indeed, may lie within the gaps, but they are unattainable 

to our instruments. The sight of fiery meteors had al¬ 

ready led the ancients to the idea of clefts and chasms in 

the canopy of heaven; but these were regarded as passing 

or temporary only. Instead of being dark, they were 

luminous and fiery, by reason of the translucent igneous 

ether that lay beliind them(®®). Derham, and even 

Huyghens, appear not indisposed to explain the mild light 

of nebulae on some su/sh grounds (®®). 

When we compare the brilliant, and on an average cer¬ 

tainly nearer, stars of the firshmagnitude, with the tele¬ 

scopic or resolvable nebulas, and contrast the nebulous 

stars with the wholly unresolvable nebulse (with the one 

in Andromeda, for example), or even with the so-called 

planetary nebulae, in the contemplation of distances so 

different, plunged, as it were, in the boundlessness of 

space, we have a fact revealed to us by the world of 
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phenomena, and the reality, which, in causal connection 

with it, always forms its substrate — the fact of The 

Propagation of Light. The rate of this propaga¬ 

tion, according to Struve’s latest researches, is 41,518 

geographical [166,073 English] miles in a second;, 

nearly a million times greater, therefore, than the rate of 

sound. From what vre know through the measurements 

of Maclear, Bessel, and Struve, of the parallaxes and 

distances of three fixed stars of very unequal magnitudes 

—h Centauri, 61 Oygni, and a Ljtgb—a ray of light re¬ 

quires 3 years, years, and 13 years, to reach us from 

these celestial bodies severally. In the short but remark¬ 

able period from 1673 to 1604, from Cornelius Gemma 

and Tycho to Kepler, three new stars blazed suddenly 

forth in Cassiopea, in Oygnus, and in the foot of Ophiu- 

cus. The same phenomenon shewed itself in 1570 in 

the constellation of the Fox; -but here it recurred several 

times. In the very latest times, since 1837, Sir’ John 

Herschel during his sojourn at the Cape of Good Hope 

observed the star »; of the constellation Ai'go increase in 

brilliancy fi-om a star of the second magnitude to one 

of the first (9®). Such incidents in the universe belong, 

however, in their historical realitjl to other times than 

those in which the phenomena of light notify their 

commencement to the inlialiitants of the earth; they are 

the voices of the past wliich reach us. It has been well 

said, that with our mighty telescopes we penetrate at 

once into space and into time. We measure the former 

by the latter, the latter by the former ; an hour of travel 

for the ray of light is one hundred and fori.y-eight 

millions of geographical miles passed tluough. Whilst the 
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dimensions of tlie universe are expressed in the theogony 

of Hesiod hy the fall of heavy bodies—“the brazen 

anvil falls in no more than nine days and nine nights 

from heaven to earth”—Herschel, the Father (®‘), believed 

“ that the light of the farthest nebnlee, 'which his forty- 

feet reflector showed liim, took %bout two milhons of 

years to reach the earth.” Much, therefore, has long 

disappeared, much has already been otherwise arranged, 

before it becomes visible to us. The aspect of the 

starry heavens presents us with evidences of diversity'in 

point of time; and diminish as we will the millions or 

even thousands of years which serve us as measures for 

the distance of the unresolvable nebular with their soft 

lustre, and of the resolvable nebular with their twihght 

gleamings, bring them as close to us as we may, it still 

remains more than probable, from the knowledge we have 

of the velocity of light, that tlie light of the remote 

celestial bodies offers the oldest sensible evidence of the 

existence of matter. So rises reflecting man, from Ids 

stance on simple premises, to solemn and noble views of 

natiu'al formations to the deep fields of space, where 

flooded with everlasting light— 

“ Myriads of worlds spring np like the grass of mght”(®). 

From the region of celestial formations, from the 

children of Uranos, we now descend to the narrower 

domain of terrestrial forces, to the cluldren of Gsea. A 

mysterious band surrounds and binds together both 

classes of phenomena. In the import of the old Titanian 

Mythus (*®), all the powers of the universal life, the 
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whole mighty order of nature, is connected with, the 

co-operation of tlie heavens and the earth. And, indeed, 

if the terrestrial hall, like all the other planets, belongs, 

in virtue of its origin, to the central body, the sun, and to its 

atmosphere, once parted into nebulous rings, an inter¬ 

course is still kept up, by means of light and radiant heat, 

with this neighbouring sun, as with all the farther suns 

that sparkle in the fii'mameiit. The diversity of the mass 

of these influences must not restrain the physical astro¬ 

nomer from referring in a natural picture to the connec¬ 

tion and the dominion of common and similar forces. A 

small fraction .of the terrestrial heat belongs to that of the 

universal space through which oru- planetary system 

pursues its way, and which, the product of all the hght- 

radiant stars, is nearly of the mean temperature of our icy 

circumpolar regions, according to Tourier. But what it 

is that excites the Uglit of the sun more powerfully in the 

atmosphere and upper strata of the earth,—^how, producing 

heat, it gives rise to electrical and magnetioal currents,— 

how it magically kindles and beneficially feeds tlie flame 

of life in , the, organic fomis that people the earth,— 

all this vdll form the subject of o'ur considerations by 

and by. 

Whilst we here apply ourselves exclusively to the 

telluric sphere of nature,^ then, we shall first take a 

glance, at the relative proportions of the Sohd and the 

Bluid, at the figure of the earth, its mean density, and the 

partial distribution of tins density in the interior of the 

planet; at the contained heat,.,and the magnetic charge 

of the earth. These relations in respect of space, 

and these forces inherent in matter, lead to the reaction. 
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of tlie interior upon the exterior of our earth; they lead 

through the special consideration of an universally diffused 

natural force—suh-terrestrial heat—to the not always merely 

dynamic phenomena of earthquakes in circles of concus¬ 

sion of various extent, to the outbreak of hot springs, 

and the mightier operations of volcanic processes. The 

crust of the earth shaken from below, now in pulses, 

suddenly and violently, now smoothly and continuously, 

and therefore scarcely perceptibly, alters in the course of 

centuries the relations in point of elevation between the 

Dry and the surface-level of the Fluid; nay, the form of the 

bed ofthe ocean itself. There are, at the same time, either tem¬ 

porary cracks, or more permanent openings formed, through 

which the interior of the earth comes into relationship 

with the atmosjrhere. Welling up from unknown depths, 

molten masses flow in narrow streams along the slopes of 

• the mountains, here precipitously, there slowly, gently, 

until the fiery spring runs dry, and the lava, emitting 

vapours, solidifies beneath a crust which it has formed 

for itself. New rocky masses then arise before our eyes, 

whilst older ones, already formed by Plutonic forces, 

suffer change, rarely through immediate contact^^more 

frequently from their vicinity to heat-radiating centres 

or masses. In situations where there is no eruption, 

crystalline particles are still displaced, and then combined 

into denser textures. 

The waters present us with formations of a totally dif¬ 

ferent nature; aggregations of the remains of plants and 

animals; earthy, cretaceca^, and clayey deposits; conglome¬ 

rates of finely pulverized mountain species, overlaid hy 

layers of sihceous-shelled infusoria, and bone-containing 



TEEEESTRIAL SPHERE. 167 

drift, the resting place of the remains of animals that 

peopled a former world. All that we see engendered in 

such yariety of ways beneath our eyes, and arranged in 

layers, all that we observe so. variously cast down, and 

bent, and raised again, under the influence of opposing 

pressure and volcanic force, leads the reflective observer, 

who yields himself to the guidance of simple analogies, 

to the comparison of the Present with times that have long 

gone by. Through combination of actual phenomena, 

through ideal amplification in reference to tlie extent as well 

as to the mass of the forces in operation, we reach at length 

the long-desired, the dimly-imagined, hut first, in the 

course of the last half (^ntury, firmly-founded domain of 

geognosy. 

It has been acutely observed, that, “ with all our loop¬ 

ing through powerful telescopes, we actually know more 

of the interior of other planets than of their exterior— 

the moon; perhaps, excepted.” • They have been weighed, 

and their volumes have been measured; their masses and 

their densities are known, in either case—tlianks to the 

progress of the astronomy of observation and calcula¬ 

tion—with still increasing numerical certainty. Over 

their physical constitution there hangs a deep obscurity. 

It is only in our own earth that immediate ricinity brings 

us into contact witli the various elements of organic and 

inorganic creation. Here the gamer of matter, in its 

multifarious diversity, in its endlessness of admixture and 

modification and change, fh the ever-va,r5dng play of forces 

evoked, presents the spirit with ij(|^roper food; (he joys of 

investigation, the unbounded field of obseiTation, which, 

cultivating and strengthening the faculty of thought, gives to 
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the intellectual sphere of man’s existence a portion of its 

grandeur, of its sublimity. The world of sensible phenomena 

reflects itselfin the deeps of the ideal world : the abundance 

of nature, the mass of things discernible, passes gradually 

into the domain of knowledge approved by reason. 

And here, again, I touch upon an advantage to which I 

have already alluded several times,—the advantage of 

that knowledge which has a home origin, and of which 

the possibihty is most intimately connected with our 

earthly existence. The description of the heavens, from 

the far-gleaming nebulous stars (with their suns) down to 

- the central body of our own system, we found limited to 

such general conceptions as volunie and quantity of matter. 

No vital movement is there revealed to our senses. It is 

only after resemblances, often after fanciful combinations, 

that we arrive at conjectures as to the specific nature of 

matters of different kinds, as to its [presence or] absence 

in this or in that planetary body. The heterogeneousness 

of matter) its chemical diversity, and the regular forms 

into which its particles arrange themselves, as crystals and 

granules; its relations to the penetrating deflected or 

decompounded waves of light, to radiating, transmitted, or 

polarised heat, to the brilliant, or invisible, but not on that 

account less powerful, phenomena of electro-magnetism— 

aU this vast treasury of physical knowledge, which so 

exalts our views of nature, we owe to the surface of the 

planet we inhabit, and to the sohd rather than the fluid ele¬ 

ment in its constitution. How ftiis knowledge of natural 

things and natural foi^, how the measureless variety 

of objective perceptions, calls forth the ii^tellectnal activity 

of our kind, and hastens our progress in improvement. 



TEKRESTHIAL SPHERE. 

has,been already obser^'od upon above. These relations 

as little require farther development in this place, as the 

enchainment of the causes of that material force •which 

the control of a portion of the elements has given to par¬ 

ticular nations. 

If it was imperative on me to direct attention to the 

difference wMch exists betwixt tlie nature of our telluric 

kno-wledge, and otn knowledge of heavenly space and its 

contents, so is it also necessary for me to indicate the 

narro-wness of the field from w'hioh the whole of onr 

knowledge of the heterogeneousness of matter is derived. 

'This field is somewhat inappropriately called the ceu.st 

OP THE EARTH; it is the thickness of the strata that lie 

nearest the surface of our planet, and that are exposed in 

deep chasm-like valhes, or by the labour of man in his 

boring and mining operations. These works scarcely 

attain a perpendicular depth of more than tw'o thousand 

feet (less than -jVth of a Grerman mile) helo'w the level of 

the seaj consequently only -rsVc-fli of fke semi-diameter of 

the earth (®^). The crystalline masses which are ejected 

hy active volcanoes, and which are mostly of the same 

nature as the rooky matters of the surface, come fi’om 

unknown, certainly sixty times greater absolute depths than 

those which the labours of man have reached. In sitira- 

tions where seams of coal dip to rise again at distances 

determinahle by accurate measurements, it is easy' to 

ascertain, the depth of the basin in which the strata he. 

In this way we learn, that in '^some places (Belgium, for 

example) the coal measures, |Mtether with the organic 

remains of a former world, whl®^they contain, frequently 

lie more than five, or even six, thousand feet below the 

voi. I. 
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Ijrosont level of llic sea (9®); ayo, that the mountain lime- 

.stonc auil Devonian basin-shaped Jbent strata, descend 

even to twice that depth. If we now conteast these sub- 

teiTfineous basins with the mountain summits which have 

hitherto been held as the highest portions of the uplifted 

crust of the earth, we obtain a distance of 37,0lJ0 feet, or 

nearly -3-^ of the eai-th’s semi-diameter betwixt the 

point of extreme descent and that of highest elevation. 

This, in the perpendicular dimension and space-filling 

superposition of rocky strata, would still be the only theatre 

of geognostio investigation, even did the 'general surface of 

he earth reach the height of Dhawalagnij in the Himalaya 

chain, or of Sorata, in Bolivia. All that lies under the sea 

level deeper than the basins referred to above, than the 

works of man, than the bottom of the ocean, attained in 

various places with the plumb-line (Sir James Boss 

sounded with 25,400 feet of line, without reaching the 

bottom), is even as much unknown to us as is the interior 

of the other planets belonging to our system. We also 

know but the mass of the whole earth and its mean density, 

compared with the superior and to us solely accessible 

strata. Where all knowledge of the chemical and mine- 

ralogical natural constitution of the interior of the earth 

fails us, we are again thrown upon conjecture, just as we 

are with reference to the farthest bodies that revolve about 

the sun. We can determine nothing with certainty upon 

the depth at which the rofc.ky strata of the crust of the 

globe should be regarded as existing in a tenacious softened 

state, or as’ a moften li<d^% upon the cavities filled with 

elastic vapours; upon the condition of liquids when they 

are heated red-hot under enormous pressures; or upon the 
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law of the increment of density from the surface of 

the earth down to ita centre. 

The consideration, of the increment of temperature of 

the interior of our planet with increasing depths, and of 

the reaction of the interior upon the surface, has led us to 

the extensive- series of volcanic phenomena. These mani¬ 

fest themselves'as earthquakes, effusions of gaseous fluids, 

hot springs, mud-volcanoes, and lava-streams; from craters; 

the influence of elastic force is also shown in unquestionahle. 

alterations in the level of the general -surface. Extensive 

levels, variously-partitioned continents, ain upheaved or 

sunk; tlie solid is parted -from the fluid; but the ocean 

itself, traversed by hot and cold currents that flow through 

it like rivers, congeals at either pole, and sets into solid 

rocky masses, here stratified and immoveable, there 

broken into moveable packs and islets. The boundaries 

of the sea and land, of the fluid and the solid, are va¬ 

riously. and frequently changed. Plains, too, oscillate 

upwards and downwards. After the elevation of conti¬ 

nents, long clefts or chasms took place, mostly parallel to 

one another, and then, in all probability, at similar epochs 

in time, and tlirough them, were - mountain-chains up- 

heaved : salt pools and great inland seas, which were, long 

inhabited by the. same creatures, were forcibly separated, 

The fossil remains of slif-Us and zoophytes bear witness 

to their original connection. And so we come, following 

the relative dependence of jflienomena., from the consi¬ 

deration of the fashioning forces, working deep in the 

interior of the earth, to tha^||ihich sriake,s and shatters 

its upper crust, and which, through the force of elastic 

vapours, flows out as a molten stream of earth (lava,) from 

open fissures. 
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The same forces that uplifted the Andes and Himalaya 

chains, even to the regions of eternal snow, produced new 

admixtures and new textures in the rocky masses, and 

altered the strata which had been thrown down at earlier 

period’s, from waters teeming with life and organized 

matters. We recognize here the succession of formations, 

separated according to their age and superposed, in their ’ 

dependence upon the alterations in form of the surface, 

upon the dynamical relations of the upheaving forces, upon 

the chemical actions of out-breaking vapors upon the 

fissures. 

The form and distribution of continents—in other 

words, of the dry land—of that portion of the crust of the 

earth which is susceptible of the vigorous evolution of 

vegetable life, stands in intimate relationship, and poten¬ 

tial reciprocity of action, with the all-surrounding sea. In 

this the organizing force is almost wholly expended upon 

the animal world. The liquid element, again, is invested 

by the gaseous atmosphere, an aerial ocean, into which 

tlie mountain chains and lofty plateaus of the dry land 

rise hke reefs and shoals, induce a vast variety of currents 

and changes of temperature, collect moisture from the 

region of the clouds, rand by the running streams that 

furrow their sides, spread motion and life over all. 

If the Geography of Plants and Animals depends 

on these intricate contrasts in the distribution of sea and 

shore, in the formation of the siuface, and the direction 

of isotheimal lines (or zones of mean annual temperature), 

so, on the other hand, a^^haracteristic differences in the 

races of men and their relative numerical distribution over 

the face of the earth—the last and noblest object of a 

physical description of the globe—influenced not by these 
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natural relations alone, but at the same time, and especially 

by progress in civilization, in mental improvement, in 

political superiority grounded upon national cultivation. 

Borne races, clinging to the soil, are supplanted and 

annihilated by the dangerous vdoinity of more politic 

communities: a faint liistorioal trace is soon all tliat 

remains of them; other races, in numbers not the 

strongest, put forth upon the liquid element; and almost 

omnipresent by means of this, have they alone, though 

late, attained to a general graphical Imowledge of the 

surface, of all the seaboards at least, of our planet from 

pole to pole. 

Here, then, and before I have touched upon the indi¬ 

vidual, in our natural picture of the telluric sphere 

OF PHENOMENA, I have shown in General, how from con¬ 

siderations on the form of the glohe, and on the cease¬ 

less manifestations of force in its electro-magnetism 

and subterranean heat, , the relations of the earth’s surface 

in horizontal extension and elevation,, the geognostic 

type of- mineral formations, the realm of tlie ocean, 

and of the atmosphere with its meteorological processes, 

the geographical distribution of plants and animals, and, 

finally, tlie physical gradations of .the human race, alone, 

but in all circumstances susceptible of spiritual culture, 

may be. comprised in one and the same contemplative 

survey. This unity of - contemplation presupposes an 

enchainment of phenomena according to their inti¬ 

mate connections. A mere tabular arrangement of 

phenomena would not accomplish the purpose I pre¬ 

scribed myself; it does not satisfy the want of, that 

cosMiCAL REPRESENTATION which the aspect of nature 

by sea and land, the diligent study of, formations and 
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forces, iind the lively impression of a natural whole, 

which lias been made upon my mind in the course of my 

travels in various and dissimilar climates of the globe. 

Much that in this essay is so exceedingly defective, with 

the accelerated rate at wliich knowledge of all the de¬ 

partments of physical science advances, wiU probably ere 

long be corrected and fiUed up. It lies, indeed, in the 

path of development wliich every science pursues, that 

that which long stood isolated, becomes connected by 

degrees and subjected to higher laws. I but point opt 

the EMPIRICAL way, along which I, and many minded like 

myself, advance, full of expectation that “Nature,” as 

Plato tells us Socrates once desired, “ shall have inter¬ 

pretation according to reason” (®®). 

Our account of teiTestrial phenomena, in their principal 

features, must begin with the form and relations in space 

of our planet. And here, too, it may be said, tha,t not 

merely does the mineral constitution,—the crystalline, 

the granular, the dense masses filled with petrefactions, 

hut also the geometrical figure of the earth itself, bear 

witness to the mode of its origin; its figure is its 

history. An elliptical., spheroid of rotation indicates a 

once soft or semi-fluid mass. To the oldest geog¬ 

nostic incidents, WTit down, and clearly legible to the 

understanding eye, in the book of nature, belongs 

the flattening [of the poles of the earth], and to adduce 

another and nearly related instance, the perpetual direc¬ 

tion of the greater axis hf the moon’s spheroid towards 

the earth; i. e. the accumulation of matter upon that half 

of the moon which we see, and which determines the 

relation between the period of rotation and that of revolu- 
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(don. And the same law extends to the oldest formative 

epochs of all the satellites. “ The mathematical figure of 

the earth is that which it would have were its surface 

covered with water in a state of repose;” to this are 

referred all geodetic measurements of degrees reduced to 

the sea-level. . From this mathematical surface of the 

earth, the physical one, vdth all its accidents and in¬ 

equalities of the solid, differs (S") . The whole figure of 

the earth is determined when the quantity of ohlateness 

Mid the magnitude of the equatorial diameter are known. 

To obtain a complete picture of the figure, however, it 

were necessary to have measurements in two directions 

perpendicular to each other. 

Eleven iheasurements of degrees, or' determinations of 

the curvature of the earth’s surface in difierent countries, 

of which nine belong exclusively to the present century, 

have given us accurate information on the dimensions of 

the earth, which Pliny long ago designated as “ a point in 

the infinity of space”. (98). If these measurements do not 

agree in the curvature of different meridians under the 

same degrees, of latitude, this very circumstance vouches 

for the sufficiency of the instruments and of the methods 

employed, for the accuracy of partial results .true to nature. 

The inference from the increase of attractive force pro¬ 

ceeding fi'om the equatcir towards the pole, in reference to 

tlie figure of a planet, depends on the distribution of den¬ 

sity in its interior. If Newton, upon theoretical grounds, 

and also excited to the inquiiy by Cassini’s discovery of 

the flattening of Jupiter’s poles in 10 0 6 (99), determines 

the flattening of the efu’tli as a liomogeneous mass at 

.j-J-oth, in his immortal work, the Principia, actual ad¬ 

measurements, under the influence of the new and more 
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perfect analysis, have shown that the oblateness of the 

earth’s spheroid, the density of the strata being assumed 

to go on increasing towards the centre, amounts to •y^th 

very nearly. 

Three methods have been employed to determine funda¬ 

mentally the curvature of the earth’s surface; measurements 

of degrees, piendulum experiments, and certain inequalities 

of the moon’s orbit. The first of these methods is an im¬ 

mediate geometro-astronomical one ; in the other two, 

conclusions are drawn from carefully observed motions, 

in. regard to the forces which occasion these motions, 

and, from these forces, in regard to their causes, viz.' the 

oblateness of the earth in its polar axis. I have here, 

in the general picture of natme, referred exclusively to 

the appHoation of these methods, because their certainty 

reminds us forcibly of the intimate concatenation of 

natural phenomena in their forms and forces, because this 

application 'has itself become the happy occasion of ,im- 

proring all our instruments, whether optical or those that 

are employed in the measurement of space or of time—the 

very foundation of astronomy and mechanics in reference 

to the moon’s motions, and the determination of the resis¬ 

tance wliicli the oscillation of the pendulum experiences 

—and because it has even served to open up peculiar 

and untrodden paths to analysis. After the researches 

o.n the parallax of the fixed stars, which led to 

the discovery of aberration and nutation, the history 

of the sciences presents us with no problem second in 

importance to that in which the result sought is a know¬ 

ledge of the mean oblateness of the earth, and the cer¬ 

tainty that the figure of our planet is not a regular one. 

In none of the long and laborious ways by wliich the 
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goal is attained in scientifie investigations, is higher 

general cultivation, or more perfect knowledge of mathe¬ 

matical and astronomical science required than in this. 

The comparison of eleven measurements of degrees, 

among which three extra European^—the old Peruvian 

one, and two East-Indian—are included, calculated in 

conformity with the severe theoretical requirements of 

Bessel, has given o-j-yth as the measure of oblateness 

of the polar diameter of the earth From this 

it appears that the polar semi-diameter is 10,938 toises, 

about geographical miles, shorter than tlie equa¬ 

torial semi-diameter of the elliptical spheroid of rotation. 

The bulging under the equator, therefore, in consequence 

of the curvature of the surface of the. spheroid in the 

direction of gravity, comes to something more than 4f 

times the height of Mont Blanc, only 2^ times the probable 

height of Dhawalagiri, in the Himalaya range. The moon's 

equation, in other words the perturbation in longitude 

and latitude of the moon, from the latest researches of 

Laplace, give neaiiy a similar degree of ohlateness as the 

measurement of. degrees of the meridian — viz. -j-g-j-th. 

Experiments with the pendulum indicate a much more 

considerable amount of flattening-r-viz. •iri-8th(i'’i). 

Galileo, when a boy, during divine service, and some¬ 

what inattentive to the matter in hand, as it would seem, 

perceived that the whole height of a roof might he ascer- 

taiued from the dissimilar times in wliioh chandeliers, 

suspended at different elevations, oscillated ; hut he cer¬ 

tainly did not imagine that the pendulum would one day 

be carried from pole to pole, with a view to determine the 

figure of the earth; or rather to afford evidence of the 

I 2 
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length of tlic seoonds-pendulum being affected by strata 

of the eartli of unequal density. These local attractions 

are complex, undoubtedly ; but over extensive districts of 

country they show themselves almost identical in point 

of amount. These geognostic relations of an instrument 

for the measurement of time; this peculiar property of the 

pendulum to act as a plumb-line, and give us intelli¬ 

gence of the imseen deep, even in volcanic islands 

and on the acclivities of uplifted continental mountain 

chains to indicate dense masses of basalt an,d 

melamphyx instead of caverns, combine to render diffi¬ 

cult, despite the wonderful simplicity of the method, the 

attainment of any general result as to the figure of the 

earth from observations on the oscillation of the pendu¬ 

lum. Even in the astronomical part of the measurement 

of a degree of latitude, the occuiTenoe of mountain 

masses, or of denser strata in the ground, have a disturb¬ 

ing and prejudicial influence, although not to the, same 

extent as in pendulum experiments. 

As the figure of the earth exerts a powerful influence on 

the motion of other planetary bodies, especially on that of 

her immediate sateUite, so, on the other hand, does the 

very perfect knowledgecwe possess of the motion of the 

moon enable us to draw counter-conclusions in regard to 

the figure of the earth. From this, as Laplace (*”■*) has 

significantly observed, might an astronomer, “without 

leaving Ms observatory, by a comparison of the lunar 

theory with positive observations, determine, not only the 

figure and magnitude of the earth, but farther, its dis¬ 

tance from the sun and from the moon; riSsults which 

have only been obtained by long and toilsome journeys 
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undertaken to the remotest countries of ' either liemi- 

spHere.” The oblateness which has been deduced from 

the inequalities of the moon has this advantage, possessed 

neither by single nieasuremeuts of degrees nor pendulum 

observations, that' it is 'a mean applicable to the -whole 

planet. Contrasted with the velocity of rotation, it informs 

us, moreover, of the increase of density, of the earth’.? 

strata’from the. surface towards the centre; an increase 

which the comparison of the relation of the axes of 

. Jupiter and Saturn with their periods of rotation also 

reveals in both of these great planets. In this way does 

knowledge of mere external configuration lead to conclu¬ 

sions in regard to the internal constitution of the heavenly 

bodies. 

The northern and southern hemispheres'appear to have 

nearly like cuiwatures under equal parallels of lati¬ 

tude (’0®); but pendulum experiments, and measurements 

of -degrees of the meridian, give such different results in 

referenoe to particular portions of the surface, that nothing 

like a regular figure can be infeiTed which would accord 

with the whole of the results hitherto obtained in these ways. 

The true figure of the earth stands in the same relation to 

a regular figure, “ as the uneven surface of ruffled stands 

to the even surface of unruffled water.” 

After the earth has been measured, it must he weighed . 

Pendulum vibrations and the plumb-line have alike served 

to determine the mean density of the earl.li—whotlior the 

relative density was investigated by a corabiuaiion of astro¬ 

nomical and gcodetical operation,?, tlirongh the dellectioii 

of a plumb-line from the jiciqieiidicular in the vicinity of a 

mountain, or by contrasting the length of the pemluhnn 
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beatin g seconds on a plain and on the sammit of a neighbour - 

ing height, or, finally, by the application of the torsion- 

balance, which may be regarded as a delicate horizontally 

swinging pendulum. Of these three methods thelastis 

the safest, inasmuch as it is independent of the difficult de¬ 

termination- of the density of the minerals composing the 

spherical segment of a mountain in the neighbourhood of 

which the observations are made. The latest researches, . 

■wliich are those of Eeich, give 5’44 as the mean density 

of the whole earth; that is to say, the earth is nearly 

times more dense than pure water. But as the mineral 

species which constitute the dry land have a mean density 

of no more than about 2'7, and the dry land and the ocean 

together a density of but 1'6. it follows from this assiunp- 

tion how much the elliptical unequally oblated strata of 

the interior must increase in density through pressure, or 

tlu'ough heterogeneousness of material towards the centre. 

And here we see, again, with what proquiety the pendulum, 

both that which swings perpendicularly and that which 

swings horizontally, has been designated a geognostical 

instrument. 

But the conclusions to which the use of such an instru¬ 

ment leads, have induced distinguished natural philo- 

soqrhers to take entirely opposite views of the constitution 

of the earth’s interior. It htis been calculated at what 

depth hquid, and even aeriform bodies,' would come to 

surpass platinum, and even iridium, in density, through the 

proper pressure of their own superimposed strata; and in 

order to bring the oblateness of the eai'th’s spheroid, 

known -within a very small quantity, into haimorty with 

the assumption of a single and infinitely compressible sub¬ 

stance, the acute Leslie has gone so far as to have described 
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tlie nucleus of the earth as a'hollow sphere, filled with “ im-: 

ponderable matter of enqmous repulsive powers.” These 

daring and arbitrary conjectures have given rise to still more 

fantastical dreams in non-scientific circles. The hollow 

sphere has, by degrees, been peopled with plants and ani¬ 

mals, and furnished, moreover, with a couple of small sub¬ 

terranean planets—Pluto and Proserpine, wMoh there dis¬ 

pense their gentle fight. An imvarjdng temperature reigns 

in this internal space, and the air, self-luminous by 

compression, might well make the presence of the subter¬ 

raneous planets, Pluto and Proserpine, unnecessary. Near 

the north-pole, under the 82d parallel of latitude, where 

the aurora borealis streams up into the sky, there is an 

enormous opening, through which it were easy to descend 

into the hollow sphere. To such a subteiTauean expedition 

the late Sir Humphry Davy and I were repeatedly and 

publicly invited by Captain Symmes. So strongly is the 

morbid disposition of man inclined, unencumbered with 

the contradictory testimony of well-estahlished facts or 

generally admitted natiu-al laws, to fill unseen space with 

marvellous forms ! But the celebrated Halley himself, at 

the end of the 17th centurj^, had hollowed out the earth in 

the course of his magnetioal speculations : a subterraneous 

freely rotating nucleus, by its varying position, occasions 

the diurnal and annual-i'ariations of the magnetioal de¬ 

clination ! What was , a mere lively fiction with the clever 

Holberg, has, in our days, with tedious solemnity, been 

attempted to be decked out in a scientific garb. 

The figure of the earth, and the degree of solidity or 

density which it possesses, ,<6tand in intimate connection 
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with the forces which animate our globe, in so far, namely, 

as these forces are not excited or awakened from without 

by our planetary position opposite to a selMuminous 

central body. The oblateness, a consequence of the 

operation of the centrifugal force upon a rotating mass, 

reveals the pristine or former state of fluidity of our 

planet. On the setting or solidification of this fluid, which 

we are accustomed to conjecture as existing in the sh8,pe 

of a vaporiform matter, originally heated to a very liigh 

temperature, an enormous amount of latent caloric becamp 

free. If the process of consolidation began in the way 

Fourier will, have it, hy radiation from the surface into 

celestial space, the parts’of the eartli which are situated 

towards the centre must still he hot and rqolten. While, 

after , long radiation of the heat of the central parts 

towards the surface, a state of stability in the tempera- ■ 
ture of the earth is finally attained, it is at the same time 

assumed that,' with an increase in depth, there will alsq he 

a regular progressive increase of temperature. The tem¬ 

perature of the water vfhioh flows from bores of great 

depth into tlie bowels of the earth (Artesian wells), im¬ 

mediate experiments on the temperature of the rocks 

in mines, above all, however, the volcanic activity of the 

earth, in other words, the discharge of molten mineral 

streams through fissures in the surface, bear testimony in 

the most incontestible manner to this increase of tempera¬ 

ture in the upper strata of the earth at considerable depths. 

From conclusions wliich, it is true, are only founded on 

analogy, it is more than probable that the temperature goes 

on increasing in a still gxeater degree towards the centre. 

The conclusions which ha-^ been presented to us hy 
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an ingenious, and, for tliis 'class of inquiries, singularly 

perfect analytical calculus, on the Aotion of heat. in 

homogeneous metallic spheroids (*'’^), can only be applied, 

with many precautions, to the actual constitution of our 

planet, in consequence of our ignorance of the matter of 

which the earth is composed, of the various capacities for 

heat and powers of conduction inherent in the superim¬ 

posed masses, and of the oliemioal transformations which 

solid and fluid bodies undergo under enormous pressures. 

Most difficult of all, for our powers of comprehension, is the 

conception of the boundary line betwixt the fluid mass 

of the interior and the concrete mineral species of the 

outer crust of the earth, of the gradual increase of solidity 

in the strata, and the state of tenacious semi-fluidity of 

earthy matters, to which the known laws of hydraulics 

can'only apply under considerable inodifications. The 

sun and moon, -which keep the ocean in a state of alter¬ 

nate ebb and flow, act. in all likelihood even do-wn to these 

depths. Beneath a vault of ah'eady consolidated mineral 

strata, periodical rises and falls of a molten mass may, 

indeed, be readily enough conceived as taking place, and 

occasioning inequalities in the pressure exerted agbinst 

the vault. The amount and the in^uence of such oscilla¬ 

tions can, however, hS but small; and if the relative 

position of the attractingjieavenly bodies must here also 

produce spring-tides, it is still certain that the concussions 

of the earth’s, surface which take place, are not to be, 

ascribed to these, but to other more powerful internal 

forces. There are groups of phenomena, tlie exaslence of 

which it is still useful to adduce in illustration of the 

universality of the attractive influences of the sun and 
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moou upon the external and internal life of the globe, 

however little we haay feel ourselves in a condition to 

determine numerically their amount. 

From experiments on Artesian wells, which agree 

pretty closely, the temperature of the upper crust of the earth 

aj)pears, on an average, to increase 1“ of the centigrade 

thermometer for each 92 Paris feet in perpendicular depth. 

Did this increase go on in arithmetical progression, then, 

as I have already had occasion to observe would a 

granitic stratum at the depth of 5-^ geographical miles 

(from four to five times the depth of the highest peSk in 

the Himalaya range) he in a molten state. 

In the body of the earth there are three kinds of motion 

of heat to be distiguished:—the first is periodical, and, 

according to the position of the smi and the season of the 

year, alters the temperature of the earth’s strata according as 

the heat penetrates from above downwards, or as it passes 

in the same way from below upwards. The second kind of 

motion is likewise an effect of the sun, and is of extraordi¬ 

nary slowness : part of the heat which has penetrated the 

equatorial regions is propagated along the interior of the 

crust of the earth towards the poles, and there- escapes 

into the atmosphere q,nd distant space. The third kind 

of motion is the slowest of allit consists in the sechlar 

cooling of the body of the earth in the dissipation of the 

small amount of the primitive heat of the planet which 

at the present time is still given off from its surface. This 

loss which the centi-al heat suffers was very considerable 

at the epochs of the oldest revolutions of the globe; since 

the commencement of the liistorical period, however, it is 

scarcely mensurable by our instruments. The surface of 
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the earth, from the foregoing view, is intermediate be¬ 

tween the red heat of the interior strata, and the tempe¬ 

rature of space, which is probably below the congealing 

point of mercury. 

The periodical variations of temperature which the 

altitude of the sun and the meteorological processes of 

the atmosphere occasion, are propagated in the interior of 

the earth, but only to very small depths. This slow con¬ 

duction of heat by the ground, however, lessens the loss of 

. wamth in the TOiiter, and is favourable to deeply-rooted 

trees. Points which lie at different depths in a vertical 

line come to the maximum and minimum of the commu¬ 

nicated temperature in very different times. The more 

distant they are from the surface, the smaller are the 

differences of these extremes. On the continent of 

Europe, between the parallels of 48° and 52°, the stratum 

of invariable temperature occurs at from 65 to 60 feet 

deep ; even at half this depth the oscillations of the ther¬ 

mometer, in consequence of the influence of the seasons, 

scarcely amount to half a degree. In tropical ohmates. 

on the contrary, the stratum of invariable temperature is 

met with ’at no more than a foot below the surface; and 

this fact has been used by Boussingault, in an able man¬ 

ner, as a convenient and, in Ms opinion, accurate way of 

determining ‘the mean tempbrature of the air of a 

placeThis mean temperature of the air at a deter-' 

minate point, or in a group of points of the surface lying 

near to one another, is, in a certain measure, the funda¬ 

mental element of the climatic relations, and also of the 

relations in reference to civilization of a country; hut the ' 

mean temperature of the whole surface is very difierent 
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from that of the earth itself. The oft-repeated questions, 

whether, iu the course of centuries, this has suffered any 

considerable change?—whether the climate of a country 

has become deteriorated ?—whether the winters have not 

become milder, and the summers in the same proportion 

colder ?—can only be decided by the thermometer ; and 

the discovery of this instrument scarcely dates three half- 

centuries back; its rational application no more than 

about 120 years. The nature and novelty Of the means, 

tlierefore, prescribe very narrow bounds to inquiries into 

the temperature of the air. It is quite otherwise with the 

solution of the great problem of tlie internal heat of the 

whole globe. ^ In the same way as from the unaltered rate 

of a pendulum we can conclude on the unchanged pre¬ 

servation of its temperature, so does the unaltered- velocity 

of rotation of the earth on its .axis inform us of the 

degree of stability of its mean temperature. This per¬ 

ception of the relations between the longtli of the day and 

tlie earth’s temperature, is one of the most brilliant appli¬ 

cations of a long knowledge of the heavenly motions to 

the thermal condition of our planet. The velocity of 

rotation of the earth, to wit, depends on its volume: 

precisely ,as the axis of rotation of the mass that was 

cooling gradually by radiation would become shorter, 

so through diminution in* temperature must the velocity 

of rotation be increased, and the length of the day be 

abridged. Now by a comparison of the secular in- 

equ.alities of the moon’s motions with the eclipses that 

have been observed in the more ancient times, it appears 

■ that since the age of IlipparchuB, for full 2000 yeiu's 

therefore, the length of the day has not varied by the 
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oae-hundredth part of a second. From this, again, and 

witiiin the utmost hmits of the decrease the mean 

temperature of the body of the earth is discovered not to 

have altered, in the course of 3000 years, by the -rfoth 

part of a thennometrioal degree. 

This invariableness of form farther implies great inva¬ 

riability in the distribution of density in the interior of 

the earth. The translatory movements effected by the 

eruptions of our present volcanoes, the outbursts of fer¬ 

ruginous lavas, and the filling up of empty chasms and 

hollows with dense masses of rock, are therefore to be 

regarded as mere superficial phenomena, as peculiarities 

of parts of the earth’s crust, which, in point of magni¬ 

tude, when contrasted with the semi-diameter of the earth, 

are utterly insignificant. 

The internal heat of the planet, in its course and dis¬ 

tribution, I have described almost exclusively from the 

results and beautifol experiments of Fourier. Poisson, 

however, doubts the uninterrupted increase of the terres¬ 

trial heat from the surface to the centre. He believes 

that all the heat has penetrated from without inwards, and 

that the temperature of the interior of the earth depends 

on’ the very high or very low tempesature of the universal 

space tlirough wMoh the solar system has moved. This 

hypothesis, devised by one of the most profound mathe¬ 

maticians of the age, has satisfied himself only; it has 

met with little countenance from other naturid pliiloso- 

phers and geologists. 

But whatever he the cause of the internal temperature 

of our planet, and of its limited or unlimited increase dn 



188 MAGNErrSM. 

the deeper strata, it still loads in this Essay to present a 

general picture of nature, through the intimate connec¬ 

tion of all the primary phenomena of matter, and through 

the common bond whioh surrounds the molecular forces, 

into the obscure domain of Magnetism. Changes of tem¬ 

perature elicit magnetical and electrical currents. Terres¬ 

trial magnetism, whose principal character in the threefold 

manifestation of its force is an uninterrupted periodic chan¬ 

geableness, is ascribed either to the unequally heated mass 

of the earth itself or to those galvanic currents which 

we consider as electricity in motion, as electiioity in a 

circuit returning into itself (”^). The mysterious march 

of the magr^tic needle is equally influenced by the 

course of the sun, and change of place upon the earth’s 

surface. Tlie hour of the day can be told between the 

tropics by the motion of the needle, as well as by the 

oscillations of the mercury in the barometer. It is sud¬ 

denly, though only passingly, affected by the remote Aurora, 

by the glow of heaven, which emanates in colours at one 

of the poles. When the tranquil hourly motion of the 

needle is disturbed by a magnetical stonn, the perturbation 

frequently proclaims itself over hundreds and thousands 

of miles, in the strictest sense of the word simultaneously, 

or it is propagated gi-adually, in brief intervals of time, 

in every direction over the sjirface of the earth 

In the first case the simultaneousness of the storm might 

serve, hke the eclipses of Jupiter’s satellites, fire signals, 

and w'ell-ohserved shooting stars, within certain limits, 

for the determination of geographical longitudes. It is 

seen with amazement, that the trembhngs of two small 

magnetic needles, were they suspended deep in suhterra- 
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neous space, measiire the distance that intervenes between 

them ; that they tell us how far Kasan lies east from 

Gottingen, or from the hanks of the river Seine. There 

are regions of the earth whore the seaman, enveloped 

for days in fog, without sight of the sun or stars, with¬ 

out all other means of ascertaining the time, can still 

accurately determine the hour by the variation of the dip 

of the needle, and know whether he be to the north or south 

of the port towards which he would steer liis course 

If the sudden pertiu'hntion of tlie needle in its hourly- 

course makes known the occurrence of a magnetic storm, 

the seat of the perturbing cause,—whether it be to seek in 

the cnist of tlie earth itself, or in the upper regions of the 

air—remains, to our extreme regret, ns yet undetermined. 

If we regard the earth as an actual magnet, then are 

we compelled, according to the decision of the deep¬ 

thinking founder of a general 1116017 of terrestrial mag¬ 

netism, Frederick Gauss, to admit, that every eighth of a 

cubic metre, or “’/loti's of a cubic foot of the earth, pos¬ 

sesses, on an average, at least as much maguetisni as 

a one-pound magnetic bar If iron and nickel, and 

probably cobalt also—not chrome, as was long sup¬ 

posed be the only substances which become per¬ 

manently magnetic, and retain polarity by a certain coer¬ 

cive force, the phenomena,of Arago’s rotative magnetism, 

and Faraday’s induced currents, assure ns, on the otlier 

hand, that probably all terrestifal substances may pass¬ 

ingly comport themselves magetically. From (he experi¬ 

ments of the first of the great natural jiliilosophers just 

mentioned, water,ice ("’), glass, and charcoal, iiflcet tlu' os¬ 

cillations of the needle precisely ns fjuicksilver docs in the 
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rotatory exporimeiits. Almost all substances show them- 

' selves in a certain degree magnetic when they are conduc¬ 

tors ; that is to say, when they are traversed by a current 

of electricity. 

However ancient the knowledge of the attractive, power 

of natural magnetic iron : appears to have been among 

the western nations (and this historically wellrauthenti- 

cated fact is remarkable enough), the knowledge of the 

polarity or directive force of the magnetic needle, and its con¬ 

nection with terrestria^. magnetism, was, nevertheless, con¬ 

fined to the extreme east of Asia, to the Chinese. A thousand 

years and more before the corhmenoement of our era, in the 

dark epoch of Codru and the return of _|he Herachdae to 

the Peloponnesus, the Chinese had already magnetic cars, 

upon w'hieh the moveable aim of a human- figure pointed 

.invariably to the south, as a means of finding the w-ay 

through the boundless grassy plains of Tartary; in the 

third century, indeed, of the Clnistian era, at least seven 

hundred years, therefore, before the introduction of' the 

sliip’s compass upon European .seas, Chinese craft were 

sailing the Indian ocean under the guidance of mag¬ 

netic SOUTHERN indication('i®). Ihave shown in another 

work what advq.ntages this niethod of determining 

topographical position, this early knowledge and applica¬ 

tion of the magnetic needle, whoUy unknown in the west, 

gave the Chinese geographers over those of Ancient 

Greece and Rome, to whom, for example, the true course 

of the Appenines and Pyrenees was never known. 

The magnetic force of our planet reveals itself on its 

surface in three classes of phenomena, one of which shows 

the variable intensity of the force, the two others indicate 
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the vamble (Jirection in the inclmation or dijJ, and in the 

horizontal departure, or declination; ii-om the terrestrial 

meridian' of thg place, the aggregate outward effect of 

■which may he graphically exMhjted hy means of three 

systems of, lines, one isodynamioal, another isoolinial, a 

thifd isogonial; or lines of erpial force, of equal dip, and 

of equal variation. The distance and relative position of 

these ever-mo-ved, oscillatingly-pirogressive curves, do not 

al'ways remain the same. .The total variation or declina¬ 

tion , of the magnetic needle has not, however, changed 

appreciably, or at all in certain parts of the earth in 

the Western Antilles and in Spitzbergeii, for example, in 

tlie course of a whole centuiy. Even so, the isogonial 

curves, irhen, in the course of their secular movement, 

they have passed from the surface of the sea to a conti¬ 

nent or island of considerable magnitude, are seen to 

linger long upon it, and then they emwe off again in their 

farther progress. 

These gradual transformations which aocompahy the 

translation, and in the course of time extend the empire 

of the Eastern and Western variations so unequally, 

render it difficult, in the graphic representations that 

belong to different centuries, to discover the transitions 

and analogies of the forms. Every branch of a curve 

has its own histoiy ; hut this.history, among the Western 

nations, nowhere mounts higher than to the remarkable 

epoch, the 18th of September, 1493, when the re- 

discoverer of the New World recognised a line of no 

variation, three degrees west from the meridian of Elores, 

one of the Azores ('^'). The whole of Europe, a small 

portion of Kussia alone excepted, has, at the present time, 
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western variation; whilst, at the end of the 17th cen- 

tu7y, first in London (1057), and then in Paris (1669), 

witli a difference of twelve years, consequently, despite the 

short distance between them, the needle pointed directly 

to the north pole. In East Eussia, to the east of the 

mouth of the Wolga, of Saratow, Nijni-Novogorod and 

Archangel, the Eastern variation presses in upon us from 

Asia. Two excellent observers, Hansteen and Ad. Erman, 

have given us intelligence of the remarkable double 

curvature of the variation-lines in the lyide-spread realms 

of Northern Asia ; convex towards the pole betwixt 

Obdorsk and Obi and Turuchansk, concave betw'ixt lake 

Baikal and the bay of Ochotsk. In this last part of the 

earth, in the north-east of Asia, betwixt the Werohojansk 

. mountains, Jakutsk and Northern Corea, the isogonial 

lines form a remarkable system enclosed within itself. 

This ovoidal formation (122) ig moj-e regularly repeated, 

and on a larger scale, in the South Sea, nearly in the 

meridian of Pitcairn island and the Marquesas group, 

betwixt the parallels of 20° N. and 45° S. latitude. One 

might feel disposed to regard so singular a configuration 

of self-included, almost concentric lines of variation, as 

the effect of a peculiar local constitution of the body of 

the eartli; but shoulcf these apparently isolated systems 

move on in the course of centuries, then, as in all grand 

natural forces, must some more general cause of the phe¬ 

nomenon be presumed. 

The hourly changes in the variation, dependent on the 

true time, and apparently determined by the sun so long as 

is above the horizon of a place, decrease in their angular 

amount with the magnetic latitude. Near the Equator, 
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in Eawak Island, for example, tliey are scarcely more tlian 

from 3 to 4 minutes, whilst in the' middle of Europe-they 

amount to from 13 to 14 minutes. Now:, as the north 

end of the needle, in the, whole of the northern hemis¬ 

phere, travels, on an average, between half-past 8 a.m. and 

half-past 1 p.M. from east to west, and in the southern he¬ 

misphere the same north end traverses from west to east 

during tlie same period of time, it has been recently, and 

with reason, remarked that there must be a region of 

the earth situated, probably, between the terrestrial and the 

magnetic equator, in which no horary changes of the 

variation will be observed. But this fourth curve, that of 

no-movement, or rather of no change in horary variation, 

has not yet been discovered. 

As the points of the earth’s surface where' the horizon¬ 

tal force disappears, are called magnetic poles, and a 

greater degree of importance has been attached to these 

points than belongs to them of right (i2A)^ in the same 

way is that curve called the magnetic equator upon which 

the dip of the needle is nothing. The position of this 

line, and its secular variations of form, have been made 

objects of particular investigation in recent times. From 

the admirable work of Duperrey who, between the 

years 1822 and 1825, crossed the magnetic equator six 

times, it appears that the tjs^n points in which the line of no 

dip cuts the terrestrial equator, and so passes from one 

hemisphere into another, are so unequally divided, that, in 

the year 1825, the node by the island of St. Thomas, on 

the west coast of Africa, lay in a direct line 1 SSi" from the 

node in the south sen by the little Gilbert’s Island (nearly 

in the meridian of the Viti group), in the Soutliem Pacific. 

VOL. 1, K 
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In tlie beginning of the present century, .at an eleration 

of 11,200 feet above the level of the sea, in 70® 1' S. lat. 

and 48° 40' W. long., I was enabled astronomically to 

determine the point at which the Andes betwixt Quito and 

Lima, in the interior of the New continent, are crossed 

by the magnetic equator. From this point, proceeding 

westwai'd, it Ungers in the southern hemisphere, through 

almost the whole of the South Sea, slowly approaching the 

terrestrial equator. It first crosses over into the northern 

hemisphere shortly before it reaches the- Indian Archipe¬ 

lago ; it then just touches the south point of Aaa, and 

enters the African continent westward from Socotora, 

close to the straits of Babelmandel, where it is at its 

greatest elongation from the tetrestrial equator. Tra¬ 

versing the unknown regions of central, Africa in a 

south-western direction, the magnetic equator returns, in 

the gulph of Guinea, into the southern tropic, and in its 

course across the Atlantic separates so far from the terres¬ 

trial equator, that it meets the coast of Brazil 'at Os 

Ilheos, to the north of Porto Segnro, in 15® S. latitude. 

Prom thence to the lofty plains of the CordDleras, betwixt the 

silver mines of Micuipampa and the old seat of the Incas, 

Caxamaroa, where I had an opportunity of obfeerving the 

inclination, it traverses the. whole of South America, 

which, in these southern latitudes, like the interior of 

Africa, remains a magnetic terra incognita up to the 

present time. 

Late obseiwations collected by Colonel Sabine 

inform us that the node of the Island of St. Thomas has 

travelled four degrees, from east to west, between 1825 and 

18.37. It would he of the highest importance to know 
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Tvliether the opposite node of Gilbert’s Island, in the 

South Pacific, had not travelled as far westward, towards 

the Bieridian of the Carolinas. The general suivey now 

given must suffice to connect the different systems of not 

perfectly parallel isoclinal .lines with the great phenome¬ 

non of equilibrium which manifests itself in the magnetic 

equator. It is no small advantage for tlie establishment 

of tlie laws of terrestrial magnetism, that the magnetic 

equator, whose fluctuating alterations of form, and whose 

nodal motion in the midst of tlie various magnetic latitudes, 

exert an influence (^^7) upon the dip of the needle in the 

remotest countries of the world, is, with the exception 

of one-fifth, wholly oceanic ; it is therefore, through the re¬ 

markable relations betwixt the sea and the land, by so much 

the more accessible, as we are now in possession of a 

means of determining both variation and dip, with great 

accuracy, on ship-board, whilst, the vessel is bolding her 

course. 

We have now portrayed the distribution of magnetism 

upon the surface of our planet, according to the two 

forms of variation and dip. The third form, that of in¬ 

tensity of the force, still remains, and this is graphically 

expressed by isodynamic curves (lipes of equal intensity). 

The investigation and measurement of this force, in its 

terrestrial relations, hy J.he oscillations of a vertical or 

horizontal needle, have only excited general and lively 

interest since the beginning of the nineteenth century. 

The measurement of the horizontal force has been made 

capable of a degree of accuracy, particularly by the appli¬ 

cation of delicate optical and chronometrical instruments, 

which far exceeds that of all the other magnetical deter- 
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minations. If, with reference to the imm^iate application 

to navigation and steering, the isogonal lines he the more 

important, the isodynamic, especially those that indicate 

the horizontal force, present themselves, according to the 

most recent views, as those which promise the richest har¬ 

vest for the theory of terrestrial magnetism One of 

the earliest facts discovered hy observation, was this ; that 

the intensity of the sum of the force increases from the 

equator towards the pole(12®). 

For a knowledge of the measure of this increase, and 

the establishment of all numerical relations of the law of 

intensity, embracing the whole earth, we are especially in¬ 

debted to the ceaseless activity of Colonel Sabine, who, ever 

since the year 1819, after he had made observations on the 

same needle oscillating at the American north pole, in 

Greenland, in Spitzhergen, on- the coast of Guinea, and in 

the Brazils, has been incessantly engaged in collecting and 

arranging whatever may serve to illustrate the direction of 

the isodynamic lines. I have myself given the' first 

plan of an isodynamical system, divided into zones, for 

a small part of South America. These isodynamic lines 

are not parallel to the lines of equal dip; the intensity of 

the force is not, as wap at first believed, weakest at the 

magnetic equator; it is not once equal at any part of 

the same. If Erman’s obseryations in the southern 

portion of the Atlantic, where a zone of declining in¬ 

tensity runs from Angola, over the island of St. Helena, 

to the coast of Brazil, (0'706), be compared with the 

very latest observations of that distinguished navigator 

Bir James Clark Boss, it is found that the force upon 

the surface of our planet increases nearly in the ratio of 
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one to three towards tire magnetic south pole, and where 

Victoria Land stretches away from Cape Orozier towards 

Mount Erebus, that volcano which rises from everlasting 

ice to the height of 11,000 above the level of tlie 

sea(*3®). If the intensity in the vicinity of the mag¬ 

netic south pole be expressed by'2'062, (—■ the intensity 

which I found on the magnetic ec[uator in North Peru is 

still assumed as unity, or POOO), Sabine found it, in 

Melville Island, 21° 27' N. lat., near the magnetic north 

pole, only r624; whilst, in the United States, near 

-New York—nearly nnder the same parallel of latitude as 

Naples, consequent!}'—-it was 1'803. 

Through the brilliant discoveries of Oersted, Arago, and 

Faraday, the electrical charge of the, atmosphere has been 

brought to approximate more closely to the magnetical 

charge of the earth. If Oersted found that electricity- 

induced magnetism in the vicinity of the body which was 

conducting it, so, on the other hand, it was shown in 

Faraday’s experiments that free magnetism gave rise 

to electricity. Magnetism is one of the niunerous 

forms in which electricity manifests itself. The ancient 

suspicion of the identity of 'electrical and magnetical 

attraction has been demonstrated in the present age. “ If 

electrum” (amber), says Pliny in the sense of the 

Ionic natural philosophy of Thales, “becomes insph-ed 

-by friction and w'armth, it attracts bark and diied leaves, 

exactly like the magnetic iron stone.” The same words 

occur in the literature of a people inhabiting the eastern¬ 

most parts of Asia, in the discourse, laudatory of the 

magnet, of the Chinese natural philosopher, Knopho (’^*). 

It was not without surprise that I myself observed, among 
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the children at play on the woody*banks of the Orinoco, 

the offspring of native tribes in the lowest grade of civili¬ 

zation, that the excitement of electricity by friction was 

known. The boys rubbed the dry, flat, and shining 

seeds of a creeping leguminous plant (probably a negretia), 

until they attracted fibres of cotton wool and chips of the 

bamboo. This amusement of these coppery children is 

calculated to leave a deep and solemn impression behind 

it. What a chasm lies between the electoical play of these 

savages, and the discovery of the lightning conductor, of 

the chemically decompounding pile, of the light-evolving 

magnetical apparatus ! In such gulphs, millenniums in 

the history of the intellectual progress of mankind lie 

buried! 

The ceaseless change, the fluctuating movements which 

are observed in all magnetical phenomena—those of the 

dip, variation, and intensity, according to the hour of the 

day and even of the night, according to the season and 

the lapse of whole years, permit us to suspect the existence 

of very dissimilar partial systems of electrical currents in 

the crust of the earth. Are tjiese currents, as in See- 

heok’s experiments, thermo-magnetical, and immediately 

excited by unequal distribution of heat ? Or shall we 

not rather regard them as induced by the position of the 

sun, and through the influence of his heat ? ('**) Has the 

rotation of our planet and the accident of the different 

velocities impressed upon the several zones, according to 

their distance from tlie equator, any influence upon the 

distribution of magnetism ? Shall the seat of the currents, 

in other words, of the electricity in motion, be sought for 

in the atmosphere, in the interplanetary spaces, or in the 



poljAty of the sun and moon ? Galileo, in his celebrated 

Dialogo, is disposed to ascribe the parallel direction 

of the earth’s axis to a magnetic point of attraction 

in space. 

When the interior of the eartli is regarded as molten 

and subjected to an enormous pressure, as raised to a degree 

of temperature such as we have no means of estimating, 

then must the idea of a magnetical nucleus of the earth 

be abandoned. All magnetism is certainly lost at a white 

heat ; it is still manifested when iron is raised to a 

-dull red; and however different the modifications under¬ 

gone by the molecular condition, and the coercive force 

of matter dependent on it, may be in experiments, 

there still remains a considerable thickness of the crust 

of the earth wlrich might be assumed as the seat of mag¬ 

netic currents. In what regards the old explanation of 

the horary variations of the deflection, by the progressive 

heating of the earth in the apparent course of the sun from 

east to west, it must be owned that we are here limited to the 

very outermost surface; inasmuch as the thermometers 

now sunk in the ground in so many places, and so care 

fully observed, show us how slowly the sun’s heat pene¬ 

trates even to the moderate depth of a few feet. And 

tlien the thermal state of the surface of the ocean, cover¬ 

ing two-tliirds of the glc^be, is little favour-able to such an 

explanation, when the question is one of immediate mean 

influence, not of induction from the aerial and vaporous 

covering of our planet. 

To all questions as to the ultimate physical cause of 

phenomena so complicated, there is no satisfactory answer 

to be given in the present state of our knowledge. It is 
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only in reference to the three-fold manifestatioas S the 

earth-force, to that ■which meets us as mensurable relations 

of Space and of Time, as (he Normal or conformable to 

laws in the Variable, that brilhant ad'vances have lately 

been made, through the determination of numerical mean 

values. Since the year 1828, from Toronto, in Upper 

Canada, to the Cape of Good Hope and Van Dieman's 

Land, from Paris to .Pekin, the earth has been covered 

with magnetical observatories in which uninterrupted 

and simultaneous observations are made of every regu^ 

and irregular excitement of the earth-force. A decrease 

of the magnetic intensity amounting to the 4 „ ^ „ „th part 

is measured; at certain epochs, observations are noted 

every 2j minutes through an entire period of 24 hours. 

An illustrious English astronomer and natural philo¬ 

sopher has calculated that the mass of observations 

accumulated in the course of three years, which remain 

for discussion, amounts to 1,958,000 ! Never has there 

been so grand, so dehghtful an effort made to get at the 

root of the Quantitative in the laws of a natural phenome¬ 

non. We may therefore be permitted to entertain a well- 

grounded hope, that these laws, compared with those which 

prevail in the atmospljiere, and still more distant spaces, 

will gradually bring us nearer and nearer to the Genetical 

in magnetic phenomena. Untjl now we can only boast 

that a greater number of ways which might possibly lead to 

information have been opened up. In the physical doctrine 

of terrestrial magnetism, which must not be confounded 

with the purely mathematical one, as in the doctrine of 

the meteorological processes of the atmosphere, some com¬ 

pletely satisfy themselves by conveniently denying as 
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realities all the phenomena which cannot he explained in 

conformitywith their views. 

Terrestrial magnetism, the electro-dynamic forces which 

have been calculated by the able Ampere stands at the 

same time in intimate relationship with the Earth- or 

Northern-Lights [Am-ora borealis], as with the internal 

and external temperature of our globe, whose magnetic 

poles must be regarded as poles of cold(i38). If Halley(i39)^ 

some 128 years ago, gave it out as a mere bold conjecture 

that the northern hght was a magnetic phenomenon, 

Faraday’s brilliant discovery of the evolution of liglit 

through magnetic power has raised that conjecture to the 

rank of an empitical certainty. There are heralds or 

harbingers of the northern-lights. In the course of the 

day on which the lights are to appear, irregular horary 

movements of the magnetic* needle usually indicate an 

interruption of equilibrium in the distribution of the 

terrestrial magnetism. When this disturbance has attained 

a great intensity, the equilibrium of the distribution is 

restored by a discharge, accompanied with an evolution 

of light. ■ “ The northern light itself is not, therefore, 

to he regaraied as an external cause of the disturhance, 

hut rather as a terrestrial activity raised to the piteli 

of a luminous phenomenon, one of the sides of 

which is the light, the other the oscillations of the 

needle” The splendid phenomenon of coloured 

northern lights is the act of discharge, the conclusion of 

a magnetic storm; in the same way as, in tlie electrical 

storm, an evolution of light—lightning—indicates (he ic- 

storation of the disturbed equilibrium in tlie dislrihutiou oi' 
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electricity. The electrical storm is usually limited to n 

small space, beyond which the state of the electricity 

remains unchanged. The magnetic storm, on the con¬ 

trary, reveals its influence on the march of the needle 

over large portions of continents, as Arago first observed, 

and far from the place where the development of light is 

visible. It is not improbable that, as in the case of heavily 

charged and threatening clouds, and of frequent transitions 

of the atmospheric electricity into opposite states, it does not 

always come to discharges by lightning, so also may mag¬ 

netic storms produce great disturbances in the horary 

motions of the needle over extensive circles, without there 

being any necessity for explosions, for luminous effusions 

from the pole to the equator, or from one pole to another, 

in order to restore the equilibrium. 

He who would have all the particulars of the pheno¬ 

menon embraced in one pteture, should have the origin 

and course of a complete appearance of the northern 

lights set before him. Deep on the horizon, nearly in 

the situation where it is intersected by the magnetic meri¬ 

dian, the heaven, up to this moment clear, grows black. 

There is a kind of hazy bank or screen produced, which 

rises gradually, and attains to an altitude of from 8 to 10 

degrees. The colour of the dusky segment passes over 

into brown or violet. Stars aTe. visible in it, but they are 

seen as in a portion of the sky obscured with dense 

smoke. A broad bright luminous arc or seam, first 

white, then yellow, bounds the dusky segment; hut as 

the briUiant bow arises later than the smoky-grey 

segment, it is impossible, according to Argelander ('♦!), to 

ascribe the latter to the effect of mere contrast with tlie 
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• brigJit luminous border. The highest point of the hi- 

niinousarc, when it has been carefully measured has 

umwlly been found to be not exactly in the magnetic me¬ 

ridian, but to vary between 5 and 18 degrees from it, 

• towards the side on which the magnetic declination of die 

place of observation lies. In high northern latitudes, 

very near the north pole, the smoky-looking spherical 

segment appears less dark; sometimes it is even entirely 

absent. , In tbe situation, too, where the horizontal force 

is least, the middle of the luminous arc is seen to depart 

farthest from the magnetic meridian. 

The luminous bow, in oomstant motion, flickering and 

I changing its form incessantly, sometimes remains visible 

I for hours before anytliing like rays and pencils of ray.s 

shoot from it, and rise to the zenith. The more intense 

the discharges of the northern lights, tlie more vividly do 

the colours play from violet and bluish-white, through 

every shade and gradation, to green and puiplish-red. In 

our ordinary electricity produced by friction, in the same 

way, tile spai’k first becomes coloured when the tenfsion is 

high, and the explosion is violent. The magnetic fiery 

columns shoot up at one time singly from the luminous 

arch, even mingled with black rays, like thick smoke; 

at another, many. columns arise simultaneously from 

several and opposite points of the horizon, and unite in 

a jfiickeriiig sea of flame, to the splendour of which no 

description can do justice, and whose luminous waves 

assume another and a different shape at every instant. 

The intensity of the northern light is at times so great, 

that Lowenom perceived its oscillations, in bright sun¬ 

shine, on the S|)th of January, 1786. The motion in- 
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creases the brilliancy of the phenomenon. Around the 

point of the vault of heaven which corresponds with the 

direction of the dipping needle, the rays at length collect 

together, and form the corona or crown of the northern 

lights. This surrounds the summit, as it were, of a vast 

canopy, the dome of heaven, with the mild radiance of its 

streaming but not flickering rays. It is only in rare in¬ 

stances that the phenomenon proceeds the length of forming 

the corona completely. With its appearance, however, the 

whole is at an end. The rays now become rarer, shorter, 

less intensely coloured. The crown and the luminous 

arches break up. By and by notlung but broad, motion¬ 

less, and almost ashy-grey, pale gleaming fleecy masses, 

appear irregularly dispersed over the whole vault of heaven; 

these vanish, in their turn, and before the last trace of the 

murky fuliginous segment, which still shows itself deeply 

on the horizon, has disappeared. Of the whole brilliant 

spectacle, nothing at length remains but a white delicate 

cloud, feathered at the edges, or broken up, as a cirro- 

cumulus, into small rounded masses or heaps, at equal 

distances. 

This connection of the polar light with the most deh- 

cate cirrus-clouds, deserves to be particularly mentioned; 

inasmuch as it shows us the electro-magnetic evolution of 

light as part of a meteorological process. The terrestrial 

magnetism here manifests itself in its effects upon the 

atmosphere, in a condensation of the watery vapour which 

it holds dissolved. The observations, made in Iceland 

by Thienemann, who regards the cirro-cumulus, or divided 

fleecy cloud, as the substrate of the northern lights, 

have been confirmed in later times 1^ Franklin and 
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Kichardson, near the North American magnetic pole, and 

by Admiral Wrangel, on the Siberian coasts of the icy 

sea. All observed “ that the northern lights sent forth 

the most brilliant rays when masses of cirro-stratus 

floated in the upper regions of the atmosphere; and when 

these were so thin, that their presence was only known hy 

the formation of a halo about the moon.” These light 

clouds occasionally arranged themselves, hy day, in the 

same manner .as the rays of the Aurora, and had the same 

effect as these in disturbing the magnetic needle. After a 

grand nocturnal display of the northern lights, the same 

streaks of clouds that had been luminous over night, were 

discovered in the morning arranged in the same man¬ 

ner The apparently converging polar zones of 

clouds (streaks of clouds, in the direction of the mag¬ 

netic meridian), which constantly attracted my atten¬ 

tion in the course of my travels on the lofty platforms 

of Mexico-, as well as in Northern Asia, belong apparently 

to the same group of diurnal phenomena 

Southern lights have been frequently seen in England 

by that able and diligent observer, Dalton; northern 

lights in the southern hemisphere, as low as 45° of lati¬ 

tude (Jan. 14,183 J). In instances tjiat are not very rare, the 

magnetic equilibrium, is disturbed at both poles simulta¬ 

neously. 1 have distinctly; stated that northern polar lights 

are seen within the tropics, even as far south as Mexico and 

Peru. It is necessary to distinguish, however, between the 

sphere of a simultaneous apparition of the phenomenon, and 

the zone of the earth in which the phenomenon is displayed 

almost every night of the year. As each observer sees his 

own rainbow, so also, doubtless, does he see his own polar 
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light, A great portion of the earth engenders the radiating 

Light-phenomenon at the same time. Many nights can be 

mentioned in which it was observed simultaneously in 

England, in Pennsylvania, in Kome, and in Pekin. When 

it is maintained that the northern lights decline with the 

decrease of latitude, this must be understood as referring 

to magnetic latitude, measured from the magnetic pole. 

In Iceland, Greenland, and Newfoundland, on the banks 

of the Slave lake, and at Fort Enterprise (in North 

Canada), the Aurora is hghted up, at certain seasons, 

almost every night, and with its sliifting, shivering rays, per¬ 

forms its “ merry dance ” through the sky, as the natives 

of the Shetland Islands term it(i^®). Whilst in Italy 

the northern light is a great rarity, it is seen with extreme 

frequency in the latitude of Philadelphia (39° 57' N. L.), 

in consequence of the southern position of the American 

magnetic pole. But m the districts of the new cdntinent, 

and also of the shores of Siberia, which are remarkable 

for the frequency of the phenomenon, there occur what 

may be called especial regions of the northern ligiits— 

longitudinal zones in which they are -pecuharly splen¬ 

did (i*®). Local influences are, consequently, not to be 

overlooked. Wrangel observed their brilliancy decline as 

he left the shores of the icy sea, about Nijne-Kolymsk, 

behind him. The experience of the Northern Polar 

Expedition seems to indicate that the evolution of hght 

is not greater in the immediate vicinity of the magnetic 

pole tlian it is at some distance from this spot. 

What we know of the altitude of the northern light is 

based on measurements, which, by reason of the incessant 

oscillations of the luminous rays, and the consequent 
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uncertMnty ■of the parallactic angle^ cannot he greatly 

depended on. The conclusions come to (not to speak of 

older estimates) vary between several miles and three or 

four thousand feet(i*7). It is not improbable that the 

northern light, is at veiy different distances at different 

times. The latest observers are disposed to connect the 

phenomenon, not with the outer limits of the atmosphere, 

but with the region of tlie clouds itself; they even believe 

that the northern streamers may be moved by winds and 

currents of air, if the luminons phenomenon, by wliich alone 

the existence of electro-magnetic emanations becomes 

obvious to us, be actually connected with material col¬ 

lections of vesicular vapour, or, to speak more correctly, 

penetrates these collections, darting over from one vesicle 

to another. Captain Tranklin saw a streaming Aurora 

on Bear lake, which he believed illuminated the 

underside of the stratum of cloud; whilst Kendal, who 

had the watch through the whole of the night, and never 

lost the heavens for a minute from Ms sight, at the dis¬ 

tance of but 4|- geographical miles, observed no luminous 

phenomenon whatsoever. The statement, repeated several 

times of late, to the_ effect that streamers of the northern 

light have been observed close to the ground, and between 

the ohserv'er and a neighbouring height, is one of those 

points, which, hke lightning and the fall of fire-balls, is 

exposed to the manifold dangers of optical deception. 

Whether or not the magnetic storm, of which w'e have 

just quoted a remarkable example of local oircumsci'iptiou 

withhi very naiTow bounds, have tlie noise, besides the 

light, in common with the electrical stonn, is now I'cn- 

dered extremely doubtful, since the testimony of the 
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Green] aud sledgers, and the Siberian fox-hunters, is no 

longer taken unconditionally. The northern lights have 

become more silent since they have been examined more 

carefully with the eye and the ear. Parry, Franklin and 

Eichardson, near the north pole; Thienemann, in Iceland; 

Gieseke, in Greenland; Lottin and Bravais, at the North 

Cape; Wrangel and Anjou, on the shores of the icy sea, 

have, altogether, looked at thousands of northern lights, 

yet never heard any noises. If this negative testimony be 

not admitted against two positive witnesses, Heame, at 

the mouth of the Coppermine river, and Henderson, in 

Iceland, it must still be remembered that Hood heard the 

same noises—as of musket balls shaken rapidly together, 

and shght cracklings, during the occurrence of the northern 

hghts, indeed, but also on the following day, when there 

was no Aurora in the heavens; and then it must hot be 

forgotten, that Wrangel and Gieseke were firmly con¬ 

vinced that the noises heard were owing to contractions 

of the ice and crust of snow, in consequence of a sudden 

coohng of the air. The behef in a crackling noise did not 

take its origin among the people, *but with learned tra¬ 

vellers, and in this waythe flashing of electricity in 

attenuated atmospheres, having been known from an early 

period, the northern hght was forthwith declared to bg an 

effect of atmospheric electricity; and then the noises were 

heard that ought to have been heard. Kecent experiments 

with the most delicate electrometers, however, contrary to 

all expectation, have hitherto given merely negative results; 

the state of the aerial electricity has not been found altered 

during the prevalence of the most brilliant Auroras. 

All the three manifestations of force of the terrestrial 
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magnetism-—Decliuation, Inolmation, and Intensity, on 

tlie contiaxy, are affected at once by tbe nortliern lights. 

In one and the same night/ and from hour to hoar'; the 

Aurora affects the same end of the needle differently, now 

attracting it, now repelling it. The assertion that the 

facts collected by Parry at Melville Island, near the mag¬ 

netic pole, lead to the conclusion that the northern hghts 

do not disturb the needle, but rather have a “ calming 

effect" upon it, is completely contradicted by a more 

careful perusal of Parry’s' own journal (i*®), by the beau¬ 

tiful observations of Richardson, Hood, and Prankhn in 

North Canada, and, more lately still, by Bravais and 

Lotten in Lapland. The process in the northern hghts 

is, as we have above observed, the act of restoration of 

an equilibrium- disturbed. The effect upon the needle 

varies according to the measure of force in the explosion. 

It was only unobservable at the nocturnal winter station at 

Bosekop*, when the luminous phenomenon showed itself 

very feebly and deep on the horizon. The upshooting'. 

radiate cyhnders of the northern hght have been aptly com-. 

pared to the flame which, in the closed circuit of the Voltaic 

pile, arises between two charcoal points at a distance from 

one another, or, according to Fizeap, between a silver and 

a charcoal point, and to that which is drawn or thrown off 

from the magnet. Thi^ analogy at all events renders 

superfluous the assumption of those metallic vapours in 

the atmosphere- which some natui'al philosophers have 

imagined as the substrate of the northern lights. 

If the luminous phenomenon which we ascribe to a 

galvanic current, i. e. a motion of electricity in a circuit 

* [Vide Kaemtz’s Complete Course of Meteorology, by C. V. Walker, 
(Plates, 8yo. Lend. 1845), for a full account of the Aurora.—Tr.]- ' 
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returning into itself, be designated by the indefinite name 

of the Northern light, or the Polar light, nothing more is 

thereby implied than the local direction in which the be¬ 

ginning of a certain luminous phenomenon is most gene¬ 

rally, but by no means invariably, seen. What gives this 

phenomenon its greatest importance is the fact which it 

reveals, viz. that the Earth is luminous ; that our 

planet, beside the light which it receives from the central 

body, the sun, shows itself capable of a proper luminous 

act or process. The intensity of the Earth-light, „or 

rather the degree of luminosity which it diffuses, exceeds 

by a little, in the case of the brightest coloured rays that 

shoot up to the zenith, the light of the moon in her first 

quarter. ' Occasionally, as on the 7th of January, 1881, 

a printed page can be read without straining the sight. 

Thi^ light-process of the earth, which the Polar regions 

exhibit almost incessantly, leads us by analogy to the 

remarkable phenomenon wliich the planet Venus presents. 

The portion of this planet which is not illuminated hy the 

sun, glows occasionally with a proper phosphorescent gleam. 

It is not improbable that the Moon, Jupiter, and Comets, 

besides the reflected sun-hght recognisable by the polaris- 

cope, also emit light produced hy themselves. Without 

insisting on the problematical but very common pheno¬ 

menon of sheet-lightning, in which the whole of a deep 

massy cloud is fliokeringly illuminated for several minutes 

at a time, we find other examples of terrestrial evolutions 

of light. To this head belong the celebrated dry-fogs of 

1783 and 1831, which were luminous hy night; the 

steady luminousness of large clouds, perfectly free from 

aU flickering, observed hy Eosier and Becoaria ; and even 

the pale, diffused light, as Arago has well observed 
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. which ernes to guide us in the open-air, in thickly 

■ olonded autumn and wintry nights, when there is neither 

moon nor star in the firmament, nor snow upon the ground. 

As in the phenomenon of the Polar lights occurring in 

high northern latitudes, in other words, in electro-magnetic 

' storms floods of flickering and often parti-ooloured light 

stream through the air, so, in the hotter zones of the earth, 

“ hetween the tropics, are there many thousand square miles 

of ocean which are similarly light-engendering. Here, 

hojvever, the magic of the light belongs to the organic 

forces of nature. Light-foaming flashes the bursting 

• wave, dlie wide level glows with lustrous sparks, and every 

I spark is the vital motion of an invisible animal world. So 

J manifold is the source of terrestrial light. And shall we 

!, conceive it latent, not yet set free in vapours, as a means 

■ of explaining Moser’s inctures, — a discovery in which 

reality still presents itself to us as a vision shrouded in 

mystery ? 

As the internal heat of our planet is connected on one 

hand with the excitement of electro-magnetic currents 

and the light-producing process of the earth (a conse¬ 

quence of the bursting of a magnetic storm), so on the 

other hand does it also manifest itself as a principal 

source of geognostic pheiipmena.' These we shall consider 

in their connection, and in tlieir transition from a merely 

dynamic concussion, and ftom the npheaving of continents 

and mountain masses, to the production and effusion of 

gases and liquids, of boiling mud, and of red hot and 

molten earths, which harden into crystalline rooks. It is 

no trifling advance in the newer geognosy (the mineralo 
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gical portion of the physics of the globe), that it has 

firmly founded the concatenation of phenomena here indi¬ 

cated, The views of modern geognosy lead off from mere 

hypothesis, ■which trifles or plays -with its subject, and 

seeks to explain, severally and apart, every manifestation 

of force of the old globe; they shew the connection of 

the various matters ejected with what appertains only to 

change in reference to space—concussion, elevation, de¬ 

pression ; they arrange side by side groups of phenomena 

which at first sight present themselves as extremely hetero¬ 

geneous—thermal springs, effusions of carbonic acid gas, 

escapes of sulphureous vapours, harmless eruptions of mud, 

and the awful devastations of burning mountains. In a 

grand picture of nature all this becomes fused in the 

single conception of the reaction of the interior of a planet 

upon its crust and sur-face. So do we recognise in the 

depths of the earth, in its temperature increasing with the 

distance from the surface, at once the germs of concussive 

movements, of the gradual elevation of entire continents, 

or of mountain chains through lengthened chasms, of 

volcanic eruptions, and of the varied production of mineral 

species and rocky masses. But it is not inorganic nature 

alone that has felt the force of this reaction of the interior 

upon the exterior. It is extremely probable that in the 

primitive world immense discharges of carbonic acid gas 

mingled with the atmosphere, excited the faculty possessed 

by vegetables of separating carbon from the air, and that 

thus, in revolutions which destroyed extensive forests, 

inexhaustible supplies of combustible matter—lignites and 

coals of different lands—have been buried beneath the 

upper strata of the earth. The destiny of man we .even 
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recognise as in part dependent on the fashion of the outer 

crust of the globe, on the partitioning of continents, oh the 

direction of their mountain chains and high lands. To the 

inquiring spirit is it given to mount from huk to link in 

the chain of phenomena, till the point is gained at -whioli 

in the incipient consolidation of our planet, in the first 

transition of the conglobated matter from the vaporous 

form, the internal heat of the earth, that heat which does 

not belong to the action of the sun, was developed. 

In our survey of the causal connection of geognostical 

phenomena, we shall begin with those which, in their 

principal features, are dynamical, which consist in motion 

and a change in space. Earthquakes of every kind and 

, degree are distinguished by a sferies of perpendicular, 

or horizontal, or rotatory vibrations following each other 

; in rapid succession. In the course, of the . considerable 

. number of earthquakes which I have felt in both hemi- 

' spheres of the globe, on shore and at sea, the two first 

kinds of motion have appeared to me very frequently to 

. take place together. The explosive movement such as is 

produced by tlw firing of a mine-—the perpendicular action, 

from below upwards—was displayed most conspicuously 

on the occasion wl^en the town of Eiobamba was destroyed 

(1797), when the bodies of many of the inhabitants were 

thrown upon the hiU of La Oullil, which is several hun¬ 

dred feet high, and rises on the other side of the Lican 

rivulet. The propagation, of the motion generally 

takes place in a linear direction, in waves, and ■nath a 

velocity of from five to seven G. geographical miles in a 

minute. Sometimes it is in circles, or in great • ellipses, 

from the centre of which the vibrations are propagated 
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•with decreasing force towards the circumference. There 

are districts which belong to or fall within two mutually 

intersecting circles of concussion. In North Asia, which 

the father of history (t®®), and, after him, Simocatta (*®*) 

characterise as “ the Scythian territories free from earth¬ 

quakes,” I found the sputhem part of the Altai Moun¬ 

tains, so rich in mineral treasures, subject to the influence 

of the concussive foci both of Lake Baikal and the volca¬ 

noes of Thian-Schan, or the Celestial Mountain 

When the circles of concussion intersect each other— 

when, for instance, a lofty plain lies bet’ween two simulta¬ 

neously active volcanoes,—then may several systems of 

waves exist at once, and not interfere -with each other, 

just as in the case of fluids. Interference, however, 

can be conceived here, as in mutually intersecting waves 

of sound. The magnitude of the transmitted -wave of 

succussion is increased at the surface, in conformity with 

the general laws of mechanics, according to which, 

when motion is communicated in elastic bodies, the 

outermost free-lying stratum tends to detach itself from 

the others. 

■The waves of succussion can be pretty accurately mea¬ 

sured in their direction and total strength, by the pendu¬ 

lum and the sismometer bowl, but in no way investigated 

in the intimate nature of'their alternations and periodical 

intumescences. In the city of Quito, which stands at the 

foot of an active volcanic mountain—the Eucu-Piohincha, 

8,950 feet above the level of the sea, and boasts of beau¬ 

tiful cupolas, lofty fanes, and massive houses several 

stories high, I have frequently been surprised at the 

violence of the earthquakes by night, which nevertheless 
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very re«»ly occasion rents in the walls'; whilst in the 

. plains of Peru, apparently much weaker oscilhations 

injure lowly houses built of cane. Natives who have 

stood the shocks of many hundred earthquakes, heheve 

that the difference of effect is less connected with the 

‘ length or shortness of the waves, with the slowness or 

rapid!Qr of the horizontal oscillation (*=3)^ than with the 

. equality of the motion in opposite directions. Circular 

or rotatory concussions are the rarest, hut they are the 

mOjSt dangerous of all. Twistings round of walls without 

throwing them down; plantations of trees, which had pre- 

’. viously stood' in parallel rows, deflected; the direction 

of the ridges of fields covered with various kinds of grain 

I' altered, were ohsert'ed on occasion of the great earthquake 

il; of Eiobomha, in the province of Quito (February 4th, 

[ i 1797), as well as of those of Calabria (Fehmary 5th and 

March 28th, 1783). With the latter phenomenon of 

; ■ rotation, or the transposition; of fields and cultivated plots 

j of ground, of which one has occasionally taken the place 

I of another, there is connected a translatory motion, or 

• mutual penetration of several strata. When taking the 

1, plan of the ruined city of Biobamha, I was shown a place 

" where the whole of the furniture of ope dwelliug-house had 

been found under the ruins of another. The loose earth 

of the surface had run in streams'like a fluid, of which it 

must be conceived that it was first directed downwards, 

then horizontaily, and finally upwards. Disputes about 

the property, in those instances where things were carried 

many hundred toises from their original stances, were 

adjusted by the Audiencia, or Court of Justice. 

In countries where earthquakes are comparatively much 
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rarer, irj the soutli of Europe for example, a very general 

belief, grouiiflcd upon an imperfect induction, prevails ; 

viz. that calms, oppressive beats, and a misty state of the 

horizon, arc always preludes to an earthquake. The 

erroneousness of this popular behef is not, however, 

shown by my own experience only ; it is farther gainsaid 

by the observations of all wdro have'lived long in countries 

where earthquakes are frequent and violent, as in Cumana, 

Quito, Peru, and Ghili. I have experienced earthquakes 

vrhen the air was clear and a fresh east wind Was blowing, 

as well as during rain and thunder storms. Even the regu¬ 

larity in the horary- variations in the declination of the mag¬ 

netic needle, and in the pressure of the air remained 

unaffected within the tropics on the day of the earthquakes. 

The observations which Adolphus Emian made in the 

temperate zone on the occasion of an earthquake at 

Irkutsk, near lake Baikal, on the 18th of March, 1829, 

agree perfectly with my experience. During the violent 

earthquake of Cumana which happened on the 4th of No¬ 

vember, 1799,1 found the declination of the needle and the 

magnetic intensity^ unaffected; hut to my astonishment 

the dip was diminished by 48' I had no suspicion 

of any error; yet in all the other earthquakes which I 

have, experienced in the high lands of Quito and in lima, 

the dip of the needle remained equally unaffected with the 

other elements of the terrestrial ruagnetism. If in a 

general way the acts that proceed deep in the interior of 

the earth are announced beforehand by no special meteoro¬ 

logical phenomenon, by no peculiar aspect of the heavens, 

it is on the contrary not improhahle, as we shall see imme¬ 

diately, that in certain very violent earthquakes the atmos- 
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phere lias sympatliized or partaken in some measure, and 

that these, therefore, do not always act in a purely dyna¬ 

mical manner. . During the ■ prolonged tremblings of the. 

ground-in the Eiedemontese Tallies of Pelis and Clusson, 

extreme changes in the electiical tension'of the atmosphere 

were observed; whilst the heavens were free from storm.- 

The strength of the dull noise which generally accom¬ 

panies an earthquake does not hy any means increase in 

. the same measure as the strength of the vibrations. I 

have satisfactorily made out that the grand concussion in 

-the earthquake of Eiobamba (Eeb. .4th, 1797), one of the 

most awful catastrophes in the physical history of our 

earth; was accompanied by.no noise whatever. The great 

noise (el gran ruido J wliich was heard under the cities 

of Quito and Ibarin, hut. .hot nearer the centre of the 

motion in T.uounga and ■ - Hambato, occurred from,, 

eighteen to twenty minutes .after the proper catastrophe. 

In the celebrated earthquake of Lima and CaUao (28tli 

Oct. 1746),. the sound was first heard like a subterraneous 

peal of thunder in Truxillo a quarter of an hour; later, and 

without any trembling of the ground. In like manner, 

long after the earthquake of New Granada (Nov. 16th, 

1827), which has been described by Doussingault, sub- 

temneous detonations were heard in the whole of the 

valley of Oauca, with great regularity at intervals of thirty 

seconds. The nature of the noises heard on such occa¬ 

sions is very various : rolling, rattling, clanking like 

chains, occasionally in the town of Quito like thunder close 

at hand; or it is clear and ringing, as if masses of obsidian 

or other vitrified matters were struck in caverns und,;]]’- 

ground. As solid bodies are excelleu'- c''”' 
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sound, ns sound,, for example, is transmitted "with ten or 

twelve times the velocity in burnt clay that it is in air, 

tlio subtei-raneous noise, itmay.be easily imagined,-will be 

apt to be beard at great distances from the place where it is 

occasioned. In Caraccas, in the grassy plains of Calahozo, 

and on the banks of tbe Rio Apure, wliifih falls into the 

Orinoco, in the whole of a region of 21100 square miles 

in superficial extent, there was heal'd an extraordinary 

thundering noise, without any shock of an earthquake, on. 

the 80th of April, 1812, at the very time that tlie volcano 

of the Island of St. Vincent, lying 168- geographical 

miles off, was pouring an immense stream of lava 

from its crater. This, in respect of distance, was as if an 

eruption of Vesuvius were to he heard in the north of 

France. In 1744, on the occasion of the great eruption 

of Cotopaxi, subterraneous cannonadings were heard at 

Honda on the Rio Magdalena. The crater of Cotopaxi, 

how'ever, is not only 17,000 feet above the le-vel of Honda, 

hut the two points are separated by the colossal mopntaiu 

masses of Quito, Paste, and Ropayan, as well as by 

Tallies and precipices innumerable, besides lying 109 

geographical miles apart. The sound was certainly trans¬ 

mitted not tbrougli tbe air, but tlurough the eartli from a 

great depth. In the violent earthquake of New Granada 

(February, 1886), subterraneous thunder -was beard at the 

same time in Popayan, Bogota, Santa Martha, and 

Caraccas (in the latter for a period of seven hour's without 

any shook), in Haiti, Jamaica, and round the lake of 

Nicaragua in Mexico. 

.. These sonorous phenomena, when they are accompanied 

"cotihle.shock''' leave a remarkably deep im- 
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pressiori even ■with those ■who have long d^welt- in districts 

subject to repeated earthquakes. All seem to expeot'-with 

alarm .what is'to follow the subterraneous rumbling. The 

most-remartable example of uninterrupted subterraneous 

noises, without any trace of earthquake, and comparable 

■with nothing else, was pre.sented by the phenomenon which 

was kno^wn in the liigh lands of Mexico under the name of 

the subterraneous bello^wings and thunderings fhramidos 

y truenos suhterraneosJ of Guanaxuato Xliis 

celebrated and floiuisliing mining town lies far remote 

from any active volcano The noise continued from mid¬ 

night of the 9th of January, 1784, for more than a 

month. I have been able to give a particular account 

of it from the report of many witnesses, and from the 

documents of the municipality which I was permitted to 

use. It was (.Januai'y 13th—16tli) as if heavy thunder¬ 

clouds Jay under the feet of the inhabitants, in wbiob. 

slowly rolling thunder alternated with sharper claps. The 

sound drew off as-it had come on with decreasing loud¬ 

ness. It was confined to a limited space ;■ at the distance 

of a few miles off, in a district abounding in basalt, it was 

not hemd at all. Almost all the inhabitants fled the 

town in alarm, although great piles (jf silver bars were con¬ 

tained in it; the more courageous becoming accustomed to 

the subterraneous noise, by and'by returned and disputed 

possession-with the bands of robbers who bad seized on the 

treasure. Neither on the surface of the ground, nor in 

the worldngs at the distance of 1500 feet below it, was 

there the slightest movement of the earth perceived. 

Over the whole oi the Mexican liighlands no noise of the 

same kind had ever been heard hefoi’e, neither has tlic 
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iilaniiiiig incident recurred. Tlius do chasms in, the 

interior of tlie earth open and close; and the sonorous 

waves citlicr reach us or are interrupted in their pro- 

The influence of a volcanic mountain in action, however 

terrific or picturesquely grand as an object of sense, is 

still always limited to a very narrow space. It is verj' 

different with the shocks of earthquakes, which are scarcely 

appreciable to the eye, but their undulations occasionally 

extend simultaneously to the distance of thousands of miles. 

The great earthquake which desolated Lisbon on the 1st 

of November, 1755, and whose influences have been so 

admii'ably investigated by the great philosopher Emanuel 

Kant, was felt among the Alps, on the coast of Sweden, 

in the West Indian islands, Antigua, Barbadoes, and 

Martinique, and on the great Canadian lakes, as well as 

in the small inland lakes of the basaltic plains of Thurin¬ 

gia and the northern flats of Germany. Distant springs 

were interrupted in their course, an incident in earthquakes 

to which Deinetrius the Galatian directed attention in 

ancient times. The hot springs at Tepliz ran dry, and 

then returned deeply tinged with a feiTUginous ochre, 

flooding every tiring.^ At Cadiz the sea rose sixty feet 

high; in the lesser Antilles it became of an inky black 

colour, and the tide, which’ generally rises but about twenty- 

six or twenty-eight^ inches, mounted twenty feet above 

its usual level. It has been calculated that a territory 

more "than four times the superficial extent of Europe was 

shaken by the earthquake of November 1st, 1755. There 

Ls, therefore, no other outward manifestation of force 

known,—the murderous inventions of our race included— 
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through which, in the brief period of a few seconds or 

minutes, a larger number of human beings have been 

destroyed: in 1793, sixty thousand perished in Sicily; 

from thirty to forty thousand fell victims in the catastro¬ 

phe of Eiobamba of 1797, and perhaps five times as many 

in Lesser Asia and Syria under Tiberius and Jffstin the 

Elder, about the years 19 and 526 of the Clnistian era. 

There are instances among the Andes of South America 

of the earth having quaked incessantly for several days 

to'^ether; but I only know of shocks that were felt almost 

every hour for several months, having oooiUTed far from 

any volcano, on the eastern slopes of the Alps of Mont- 

Genis, about Fenestrella and Pignerolo, from April, 1808; 

in the United States of America, betwixt New Madrid and 

Little Prairie to the north of Gincinnati, after De¬ 

cember, 1811 ; in the Paschalio of Alej)po, in the months of 

August and September, 1822. As the vulgar mind 

can never rise to general views, and therefore always 

ascribes gfreat phenomena to local processes of the earth 

or of the air, wherever succussions continue for any 

length of time, fears for the appearance of new volcanoes 

take their rise. In single, rare instances, this fear has 

indeed shown itself well-founded, us in the case of tlie 

sudden rise of volcanic islands,^ and in the production of 

the volcano of Jorullo, tf new mountain, rising 1680 feet 

above the old neighboui-ing level, on the 20th of Septem¬ 

ber, 1759, after ninety days of earthquakes and subter¬ 

raneous thunderings. 

Could we have daily news of the, state of the whole of 

the earth’s surface, we should, in all probability, become 

convinced that some point or another of this surface is 
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ceaselessly shaken; that there is uninterrupted reaetion of 

the interior upon the exterior going on. This constancy 

and general diffusion of a phenomenon, which is probably 

connected with the high temperature of the deepest strata 

of the earth, explains its independence of the nature of 

the rocfey masses among which it is manifested. Shocks 

of an earthquake have been experienced even in the 

loosest alluvial deposits of Holland, around Middleburg 

and Flushing. Granite and mica slate "are shaken in 

the same way as mountain limestone and sandstone, as 

trachytio and amygdaloidal formations. It is not the 

chemical nature of the constituents, hut the mechanical 

structure of the mineral species, that modifies the pro¬ 

pagation of the motion (the wave of sucoussion). Where 

the wave proceeds regularly along a coast, or by the foot, 

and in the direction of a mountain-chain, it is occasionally 

observed that there is an interruption suffered at certain 

points. This has been noticed for centuries. The undu¬ 

lation advances along the depths, but at the points in 

question it is never felt at the surface. The Peruvians 

say of these unshaken superior strata, that “ they form 

a bridge” As mountain-chains appear upheaved 

through fissures, the walls of these cavities may very well 

favour or influence the course of the undulations that run 

parallel with the chain; occasionally, however, the waves 

of sucoussion cut across sevei-al chains, almost at right 

angles. We thus see tliem break through the littoral 

chains of Venezuela and the Sierra Parime in South 

A'i.merica. In Asia, the earthquakes of Laliore and tlie 

foot of the Himalayas (Jan. 22tl, 1 832) were propagated 

transversely through the chain of Hindoo-Ousch to 
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Badakhchan, to the Upper Oxiis, and even to Bok¬ 

hara Unfortunately, too, the circles of concussion 

enlarge, in consequence of a single extremely violent 

shock.. It is only since the destruction of Cumana (14th 

.Deo. 1797) that every shock of the sout]prn coast is felt 

in the mica-slate strata of the peninsula of Mauignarez, 

which lies opposite the limestone or chalk-hills of the 

fortress. In the almost incessant undulations of the 

ground of the vallies of the Mississippi, Arkansaw, and 

Ohio, which occurred from 1811 to 1818, the progi'ess 

of the motion from south to north was very strildng. It 

was as if suhterranean impediments had been gradually 

overcome, and the wave of commotion then advanced 

upon each occasion along the way which had been opened 

up. 

If an earthquake appear, at first sight, to he a pheno¬ 

menon of motion wholly dynamical, having reference to 

space only, it is still recognised, on the grounds of the 

most careful experience, that it is not only competent to 

raise whole districts above their old level (Ulla-Bund, east¬ 

ward from the delta of the Indus, for example, after the 

earthquake of Cutch, in June, 1809, and the coast of Chili, 

in November, 1822), hut farther, that during the shock, 

hot water (Catania, 1818), hot steam (valley of the Mis¬ 

sissippi, near New Madrid, 1812), mephitic or irrespirahle 

gases, wliich are injurious to the pastming herds and 

flocks of the Andes, mud, black smoke, and. even flames 

(Messina, 1782, Cumand, 14th Nov. 1797), have been 

discharged. Dining the great earthquake of Lisbon, 

Nov. 1, 17-.5.5, flames and a column of smoke were seen to 

rise from a newly-formed fis.sure in the rook of Alvidras, 
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jjcar tlin city. Tiie smoke became on each occesion where 

it aj^iicared, by so much the more dense as the subterra¬ 

neous noise increased in loudness (*®*). When the town of 

l.liobamba was destroyed in 1797, the earthquake was not 

accompanied by^any eruption of the volcano which is so 

close at hand ; but Moya, a singular mass, compounded of 

carbon, crystals of augite, and the siliceous coats of infu- 

sory animalcules, was pushed out of the ground in nume¬ 

rous small and progressive cones. The escape of carbonic 

acid gas during the earthquake of New Granada (IdthNoy. 

1827), from fissures in the Magdalena valley, caused the 

suffocation of many snakes, rats, and other creatures that 

live in holes. Sudden changes in the weather, too, the 

setting in of the rainy season at unusual periods in the 

tropics, have occasionally followed great earthquakes in 

Quito and Peru. Do gaseous fluids, escaping from the 

interior of the earth, then become miugled with the atmos¬ 

phere ? or, are these meteorological processes the eftect of 

a disturbance of the atmospberical electricity by tire earth¬ 

quake? In the countries of tropical America, where 

sometimes not a drop of rain falls for ten months, the 

inhabitants look upon repeated shocks of earthquakes, 

which cause no danger to their low cane huts, as a happy 

indication of plenty of rain, and consequently of fertility. 

The intimate connection of all the phenomena now 

described is still buried in obscurity. Elastic fluids are 

undoubtedly .the cause, as W'ell of the slight and uninju- 

rious tremblings of the earth, which continue for many 

days (as in 1816 at Scaccia, in Sicily, previous to the 

elevation of the new island called Juba), as of the frightful 

explosions which are announced by noises. The focus of 



BAllTHQUAKES. 225 

Ihe mischief, the seat of the moving power, lies deep be- 

neafli the'crustof the earth; how deep, we know even as 

little as we do what the chemical nature oi the vapour of 

such high tension may he. Encamped on the edge of two 

craters, on Vesuvius, and on the castellated fock which over¬ 

looks the vast gorge of Picliinoha, near Quito, I experienced 

periodical and very regular shocks/ and, each time, from 20 

to 30 seconds before red-hot ashes or vapours were ejected. 

The shocks were by so mirch the stronger as the explosions 

were later of occurring, and the vapour consequently 

had been longer accumulating. In this simple fact, con* 

• firmed by the experience of so many travellers, lies the 

general solution of the phenomenon. Active volcanoes 

are to be regarded as safety-valves for sniTounding dis- 

tJ’icts. The danger of the earthquake increases when the 

opening of the volcano is stopped up, and there is no 

longer a free communication with the atmosqdiere; but 

the* destruction of Lisbon, of Garacoas, Lima, Cashmir 

(1564) and of so many towns of Calabria, Syria, and 

Asia Minor, teaches us, that on the whole the force of 

earthquakes is by no means greatest in the vicinity of still 

active volcanoes. 

As the pent-up force of a volcaii© acts in shaking the 

gTound, so does the concussion re-act, in its turn, upon 

the volcanic phenomenors! The occurrence of fissm'es 

favours the rise of the cones tlu'ough which eruptions 

take place, and the processes which go on within these 

cones in free contact with the atmosphere. A column 

of smoko, wlaioli had been seen for m.ontlis rising from 

the volcano of Pasto, in South America', disappeared sud¬ 

denly on the occurrence of the great earthquake of ^io- 
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bamba, in the province of Quito, at the distance of 48 

geographical miles to the south (Feb. 4, 179f). After 

the earth had* long continued to tremble in the whole of 

Syria, in the Cyclades, and in Cubcea, the convulsions 

ceased suddenly upon the eruption of a stream of “ red- 

hot mud” (lava from a crack) in the I^lantine plain, near 

Chalois ('®®). The admirable geographer of Amasia, who 

has preserved the record of this fact, adds:—“ Since the 

mouths of Etna have been opened, through which the fire 

belches forth, and since, in this way, heated masses knd 

owater can be ejected, the lands by the s.ea-shore are no 

longer so frequently shaken as they were in times before 

the separation of Sicily from Lower Italy, when there was 

no communication with the surface.” 

In earthquakes, therefore, we have evidence of a vol¬ 

cano-producing force : but such a force, as universally dif¬ 

fused as the internal heat of the globe, and proclaiming 

itself everywhere, rarely gets the length of actual eruptive 

phenomena; and when it does so, it is only in isolated 

and particular places. The formation of extensivei veins 

or dykes, in other words, the filhng up of fissures with 

crystalline matter ejected from the interior, such as basalt, 

melaphyre, and greeastone, interferes by degrees with the 

free escape of vapour's; which, confined, become operative, 

tlu'ouglr their teirsion, hr three ways: concmtHirely; explo¬ 

sively, or suddenly up and down; and, as fu'st observed 

in a large portion of Sweden, liftiiujly or continuously, 

and only hr long periods of tiirre perceptibly altering the 

relative level of the sea and Land. 

Before we quit this great phenomenon, which has been 

here considered not so much in its individual as in its 
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• general physical and geognostical relations, "We must 

advert to the cause of the indescrihable, deep, and 

quit© pecuhar impression which the first earthquake we 

experience makes upon us, even when it is accompanied 

by no subterranean noises. The impression here is not^ 

I believe, the consequence of any recollection of destruc¬ 

tive catastrophes presented to our imagination by nar¬ 

ratives of historical events: what seizes upon ns so 

wonderfully is the disabuse of that innate faith, in the 

fiaity of the solid and. sure-set foundations of the earth. 

From early childhood we are habituated to tbe contras^ 

between the mobile element, water, and tbe immobility of 

tbe soil on wbioh we stand. All tbe evidences of our 

senses have confirmed tins :belief. But when suddenly 

the ground begins to rook beneath us, the feeling, of an 

unknown mysterious power in nature coming into action, 

and shaking the solid globe, arises in the mind. The 

illnsion of the whole of our earlier life is annihilated in 

an instant. We are undeceived as to the repose of 

nature, we feel ourselves transported to the realm, and 

made subject to the empire, of destructive unknown powers. 

Every sound—the slightest rustle in the air—sets atten¬ 

tion on the stretch. We no longer* trust the earth upon 

which we stand. The unusual in the jthenomenon tlu'ows 

the same anxious unrest and alarm over the lower animals. 

Swine and dogs are particularly affected by it; and the 

very crocodiles of the Orinoco, otherwise as dirtnh as onr 

little lizards, leave the shaken bed of the stream and run 

bellowing into the woods. 

To man the earthquake presents itself as an all-pervading 

unlimited something. We canremovefrorn an active crater; 
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I'rom Uie stream of lava that is; pouring down npon our • 

dwelling we can escape ; with the earthquake we feel that 

whithersoever We fly we are still over the hearth of destruc¬ 

tion. Such a mental condition, though evoked in our 

very innermost nature, is not, however, of long duration. 

When a series of slighter shocks occur ^n a district one 

after‘another, every trace of alarm soon vanishes among 

the inhabitants. On the rainless coasts of Peru nothing 

is. known of hail, nor of explosions of lightning and rolling 

thunderin the bosom of the atmosphere. ThesuhterraneoES 

noise that accompanies the earthquake there comes in lieu 

of the thunder of the-olouds. Use and wont for a series 

. of years, and the very prevalent opinion that dangerous 

earthquakes are only to be apprehended two or three times 

in the course of a century, lead the inhabitants of Lima' 

scarcely to think more of a slight shock of an earthquake 

than is thought of a hail-storm in the temperate zone. 

HaAing now taken a general survey of the activity, and 

likewise of the internal life of the globe ; in its contained 

heat, in its electro-magnetic tension, in its luminous emana¬ 

tions at the poles, in its irregularly-recurring phenomenon 

of motion, we come to elementary material production, 

to chemical changes in the crust of the earth, and in the, 

composition of the atmosphere, Fhich are in like manner 

the consequence of planetary vital aotivity. From the 

ground we see effusions : of watery vapour and of gaseous 

carbonic acid, mostly free from all admixture of azote 

of carhiu'etted hydrogen gas (in the Chinese province of 

Sse-Tsohnan ('®5) for thousands of years, and in the State of 

New York, where, in the village of Fredonia, it has lately 
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been employed, for, economical purposes in heating and 

lighting; of sulphuretted hydrogen gas; of sulphur fumes, 

and more rarply of sulphurous and hydrochloric acid 

vapours (1®®). Such emanations from fissures in the 

ground do not only indicate the dominion of volcanoes 

long extinct or still burning; they are farther observed ex¬ 

ceptionally in districts in which neither trachyte nor any 

other volcanic rook meets the eye exposed upon the. sin- 

face. In the Andes of Quindiu I have seen sulphur 

precipitated from hot sulphm-eous vapours issuing- out of 

mica slate, at a height of 6410 feet above the level of the 

sea (i®7); whilst the same, and, as it used to he regarded, 

primitive rock, in the CeiTa Ouelo, near Tiosan, South ofr 

Quito, exhibits an enormous bed of sulphur in pure, 

quartz. • 

Of all the. air-sjirings -wliich the earth pours fortli, 

those of caxhonic acid gas are still at the preseut time the 

most important both in number and extent. Germany, 

in her 9eeply-cut Tallies of the Eifel, in the neighbour¬ 

hood of Lake Lach, in the Kesselthal of Webr, and in 

Western Bohemia, as also in the huiming hearths of the 

primeval world, or their vicinity, shews us these effusions of 

carbonic acid as a kind of last effcrt of voloanio activity. 

In former epochs, where, with a higher temperature of the 

earth, and the frequency of fissures yet - unfilled, the 

processes which we, are here describing proceeded more 

actively, where oarhonic acid gas and wateiy vapours were 

mingled with the atmosphere in larger quantities than at 

present, the youtliful vegetable world, as Adolph Brong- 

niart (*®®) has acutely observed, must have attained almost 

everywhere, and independently of geographical position, 
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to the most rank luxuriance and evolution of its organs. 

In the ever hot, ever moist atmosphere, surcharged vrith 

carbonic acid, vegetables must have found such vital 

excitement, such superfluity of nourishment, as enabled 

them to sup2fly the material of those beds of coal and 

lignite, the exhaustion of which it is difficult to conceive, and 

which now serve as foundations for the physical strength 

and the welfare of nations. Such beds are principally 

contained in basins, and are peculiar to certain parts of 

Em-ope. They are abundant in the British Isles, in 

Belgium, in France, on the Nether Ehine, and in Upper 

Silesia. In the same jjrimeval times of all-pervading 

volcanic action, too, must those enonnous quantities of 

carbonaceous matter have issued from the bowels of the earth, 

wliich all the limestone rooks contain, and wliich, sepa- ‘ 

rated from oxygen, and represented in the solid form, 

composes about an eighth part of the absolute bulk of 

these great mountain masses (’®9). The carbonic acid- 

winch the atmospihere still contained, and which ^as not 

absorbed by. the alkaline earths, was gradually consumed 

by the vegetatipn of the primeval ^world, so that the 

"atmosphere, purified by the jirocesses of vegetable life, by 

and by contaiAed no more of the gas than was uninjurions 

to the organization of such animals as people the earth at , 

the present time. Sulphurous ob sulphuric acid vapours, 

too, occurring more frequently and much more abundantly 

then than now, occasioned the destraction of the inhabi¬ 

tants of the inland waters—mollusca and numerous genera 

of fishes, as well as the formation of the strangely-twisted 

beds of gjqrsum which have often apparently been shaken 

by earthquakes. 
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Under precisely similar physical relations, there were 

farther thrown out from the bosom of the ground various 

gases and liquids, mud, and, from the eraption^cones of 

volcanoes, which are but a species of intermitting springs, 

streams of molten earths (i?®). All these matters owe their 

temperature and the riatnre of theii- chemical constitution to 

the place of their origin. The mean temperature of ordinary 

springs is lower than that of the atmosphere of the place 

where they appear, when the water’ is derived from high 

levels; their temperature increases with the deptli of the 

strata with which they come iu contact at tlieir origin. The 

numerical law of this increase has been stated above. 

The mixture of the waters which come from the mountain 

elevations and from the deptlfe of the earth, renders the 

position of the isogeothermal lines or lines of like 

internal heat of the earth, chiSoult of determination, when 

the conclusion has to be come to from the temperature of 

springs as they rise. So, at least, did I and my friends 

find it in some experiments which we made in Northern 

Asia. ' The temperatm-e of springs, which has'been so 

constant an object of physical investigation for the last 

half century, depends, like the height of the line of per¬ 

petual snow, on munerous and’highly com]>lex causes. 

It is a function of the temperature of the stratum in 

which they have their ’origin, of the capacity for heat of 

tlie ground, and of the quantity and temperature of the 

atmospheric or meteoric water that falls which last, 

again, according to the mode of its origin, differs in its 

temperature from that of the lower strata of the atmos¬ 

phere 

Cold springs, as they are called, can only give the 
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moon temperature of the air if unmixed with water that 

is rising from great depths, or that is descending from 

con,siderahle heights, and when they have flowed for a 

very long way under the surface.of the earth—in our 

latitudes from 40 to 60 feet, in the equinoctial zone, 

according to Boussingault, one footC*^*). These depths 

are those, in fact, of the stratum of earth in which, in the 

temperate and tonid zone respectively, the point of 

invariahle temperature begins, in which the hourly, 

diurnal, or monthly variations in temperature of the aff 

are no longer perceived. 

Hot springs hurst out of the most diversified mineral 

strata; 4he hottest of all the permanent springs which 

have yet been observed, axfS v.iiich I myself discovered, 

flow remote from all volcanoes. I here refer to the Agnas 

calientes de las Trincheras, between Puerto Cabello and New 

Valencia, and to the Aguas de ComangiUas, near Guan- 

axuato in Mexico. The first spring, issuing from granite, 

indicated 90’8°C.; the second, which breaks from basalt, 

shewed 96'4°C. The depth of the source of water of these 

temperatures, from what we know of the law of increase 

of temperature in the interior of the earth, must probably 

be about 6700 feet (more than half a geographical mile). 

If the cause of the heat of thennal springs, as vrell as of 

active volcanoes, be the universally diffused heat of the 

earth, then would mineral species produce an effect only 

through their capacity for, and their power of conduct¬ 

ing heat. The hottest of all the permanent springs, 

those, namely, from 95” to 97”0. (204” to 207-6°P.), it is re¬ 

markable, are the purest, are those that contain, the smallest 

quantity of mineral matter in solution. Their tempera- 
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tur© appears on the whole to he less permanent than that 

of springs between 50° and 74° C., the invariahleness of 

which, both in regard to temperature and mineral im¬ 

pregnation, has been maintained so wonderfully, within the 

confines of Europe at least, during the last fifty or sixty 

years, i.e. since accurate thermometrioal. observations and 

chemical analyses were made. Boussingault found that 

tfie thermal sjirings of las Trincheras had risen in tem¬ 

perature in the course of twenty-three years (from 1800, 

wljen my journey w'as perfonned, to 1888), from 93'3° to 

97° C. This very smoothly flowing spring is con¬ 

sequently at this time 7° 0. higher in temperature than the 

intermitting Geyser and Strokr, the temperature of ,which 

has been lately very carefuly.asoertained by Krug of 

Nidda. One of the most remarkable proofs of the origin of 

these hot springs being due to the percolation of cold 

meteoric water into the interior of the eardi, and its con¬ 

tact there with a volcanic focus, was presented in the pre¬ 

ceding century in connection with the volcano of Jorullo 

in Mexico, which wa,s unknown to geography till after my 

South American journey. When- this mountain sud¬ 

denly made its appearance in September, 1759, i-ising to 

a height of 1680 feet above the qiuTounding level, the 

two small streams, Eios de Cuitimba y de San.- Pedro 

disappeared; but by and^ by th6y made their appearance 

again, under the dreadful shocks of an earthquake, as hot 

springs. In 1803 I found their temperature 66'8° C. 

The springs of Greece still flow apparently in the same 

places as they did in the times of Hellenic BntiquitJ^ 

The source of Erasinos, two leagues south of Argos, on the 

dechvity of Chaon, is even mentioned by Herodotus. At 
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Delplii, the Cassotis, under its name of StreMD, of St. 

Nicholas, still rises to the south of the Lesche, and flows 

under the Temple of Apollo; the Castalia, too, at the foot of 

tlie Pheediiacte, and the Pirene at Acrocorinth, are there, as 

well as the hot baths of A5depsum in Cuboea, in which Sulla 

bathed at the time of the Mitliridatic war I gladly 

adduce these particulars, because they forcibly remind us 

how, in a country exposed to earthquakes so frequent and so 

violent, the interior of our planet has been able to preserve 

its fasliion for 2000 years at least; the small, branching, 

and open fissures that convey the water of these springs 

have not altered. The Pontaine jailhssante' of Lillers in 

the department of the Pas de Calais, was bored in the year 

1126, and ever since then has tlie water flowed uninter¬ 

ruptedly to the same height, and in the same quantity; 

&e excellent geographer of the Caramanian coasts, 

Captain Beaufort, moreover, observed the same flame, fed 

by a stream of inflammable gas, wdiich escapes in the 

distiict of Phasehs, wdiich Pliny describes as the 

flame of Chimeera in Lycia. 

The observation made by Arago in 1821, that the 

deeper Artesian wells are the warmer was the first 

means of throwing ^ great light upon the origin of 

thermal springs, and led to the discovery of the law of the 

increase of the temperature of the earth according to 

the depth. It is remarkable, and only noticed in very 

recent times, that St. Patricins probably bishop of 

Pertusa, ivas led to a very correct view of the phenomenon 

which presented itself in the appearance of the hot springs 

near Carthage at the end of the third century. When 

questioned as to the cause of the boiling hot water which 
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poured out from the earth, he answered :—“Fire is nou¬ 

rished in the clouds and in the interior of the earth, as 

Etna, and' another ihountain in the neighhourhood of 

Naples, inform , you. The subterranean -waters rise as 

through s^hons; and the cause of the heat of hot 

springs is tliis : the -waters that are-more remote fto’m 

the subterraneous fire slio-w themselves colder; those that 

flow in closer proximity to the fire, -warmed by it, bring 

an insupportable heat to tlie surface wMoh we inhabit.” 

As earthquakes are frequently accompanied by eruptions 

of water and watery vapour, so do we perceive in the vol¬ 

canoes that pour out mud a transition from the alternating 

phenomena presented by jets" of vapour and thermal 

springs to the grand and destructive activity of the moun¬ 

tains that vomit lava. . If these, as springs of melted 

earths, produce volcanic rooks, so do the. thermal springs 

that are charged -with carbonic acid and sulphurous gas [and 

earthy matters], produce by incessant precipitation either 

horizontal beds of limestone (travertin), or they form 

conical hillocks, as in the north of Africa (Algeria), and 

tlie Banos of Oaxamarca, on the -western declivity of the 

Peruvian Andes. In the travertin of Van Dieman’s 

Land, not far from Hobart Town, there are contained, 

according to Mr. Charles Daiwin. the remains of an ex¬ 

tinct flora. By lava and travertin, t-wo species of rock 

'the production of wdiioh goes on under our eyes, W'e here 

indicate the grand antitheses in geognostical relations. 

Mud-volcanoes fSahen) deserve a greater sliare of 

attention tlian geologists have hitJiorto hostotved upon 

them. The extent of the pltenomenoji has been over- 
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looked, because in the two states in which it presents 

itself to us, the one of repose is that which has been 

principally dwelt upon, and in this state of repose miid- 

volcaiioes often continue for centuries. The production 

of mud-volcanoes is accompanied by earthquakes, sub¬ 

terranean thunder, the elevation of a whole district of 

country, and the eruption of flames, which rise high, but 

last only for a short time. When the mud-volcano of 

Iskmali made its appearance in the peninsula of Absoheron, 

eastward from Baku, on the Caspian Sea (on the 27th rf)f 

November, 1827), flames hurst forth, and blazed up to an 

extraordinary height for a period of three hours; for the 

next succeeding twenty hours they scarcely rose three feet 

above the surface of the crater that discharged the mud. 

The column of flame mounted to such a height near the 

village of Baklichi, westward from Baku, that it was seen 

at the distance of six [German] miles. Great blocks of 

stone, tom from their foundations beneath, were scattered 

widely around, Similar blocks are ohseiwed about the now 

slumbering mud-volcanoes of Monte Zibio, near Sassuolo, 

in the north of Italy. The second state, or that of 

activit)’-, has continued for 1-500 years In the mud volcano 

of Girgenti (Macalubi), in Sicily, which is described by 

the ancients. Many conical hillocks of 8, 10, and even 

80 feet high, though the 'height, as well as the. form of 

these varies at different times, are there seen arranged near 

one another. From the superior very small basin, which 

is full of water, along with periodic escapes of gas, there 

are periodic streams of clayey mud discharged. The mud 

of these volcanoes is generally cold, hut occasionally, as 

at Damak, in the province of Samarang, island of Java, it 
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is of high temperature, The gases, which escape with a 

rushing noise, are also of different kinds—hydrogen gas, 

mixed with naphtha, carbonic acid, and, as Parrot and I. 

ascertained, (in the peninsula of Taman and the South 

American Volcancitos de Turbaco), almost piu-e nitrogen 

gas (180). 

Mud volcanoes, after the first forcible outburst of flame, 

which perhaps is not common to all in the same measure, 

present the observer with a picture of an activity of the 

inierior of the earth that proceeds incessantly but feebly. 

The communication with the deep strata in which a liigh 

temperature prevails is speedily interrupted again; and 

the cold discharges of mud volcanoes seem to indicate 

that the seat, of the phenomenon, .in its state of con¬ 

tinuance, cannot he very remote' from the surface. The 

reaction of the interior of the earth upon its outer crust is 

exhibited in a .very different degree of force in the proper 

volcanoes, or burning mountains; in other words, in 

those points of the earth where a permanent communica¬ 

tion, or, at all events, a communication that is renewed 

from time to time, is established between the surface and 

the deep focus of ignition. We must carefully distin¬ 

guish between more or less exaggerated volcanic pheno¬ 

mena, such as these. Earthquakes, hot s2M’ings and jets of 

steam, mud volcanoes, tlie appearance of unopened dome¬ 

shaped trachytio mountains, the opening of these moun¬ 

tains, or the upheaval of basaltic beds as craters of 

elevation, the final rise of a permanent volcano witliin the 

upheavement crater itself, or amongst the fragments of its 

previous constitution. At different times, aloDg with dif¬ 

ferent degrees of activity and force, permanent volcanoes 
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tlorow out jets of aqueous vapour, acids, glowing ashes 

and scoriae, and, when the resistance can be ove3reome, 

fiery streams of melted earthy matters. 

As a consequence of a great hut local manifestation of 

force in the interior of our planet, elastic vapours raise 

either single parts of the crust of the earth into dome¬ 

shaped, unopened masses of felspathic trachyte and 

dolerite (Puy de Dome and Chimhorazo); or the upheaved 

strata are broken through, and inclined outwards in such 

■wise that upon the opposite inner aspect a steep rocky 

edge is produced. This edge then becomes the boundary 

of an upheavement .crater. When this has risen from 

the bottom of the sea, -which does not by any means 

happen in every case, it then presents the whole of the 

characteristic physiognomy of the upheaved island. This 

is the origin of the circular form of Palma, which Leopold 

von Bnoh has described so carefully and so ably, as well as 

of Nisyros, in the.JSgean Sea Occasionally, one-half 

the ringdike edge is destroyed, and in the bay which the 

sea that has flowed in then forms, the' social coral insects 

establish themselves, and produce their cellular dwellings. 

Graters of elevation on continents are also frequeiitly 

found fiUed with water, -when they contribute to beautify 

the landscape in an extraordinaij and quite peculiar 

manner. ' »^ 

Their origin is not connected with any special moim- 

toin formations; they break out in basalt, trachyte, 

and leucitic poiphjuy (Somma), or in doleritic mix¬ 

tures of angite and labrador. Hence the very dissimilar 

natures and external forms of this kind of crater edge. 

“No eruptive phenomena talte place from such boundaries; 
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through them there is no pemianent channel of communi¬ 

cation'established ■with the interior, and it is only very 

rarely, that traces of still active volcanic power are dis¬ 

covered in the precincts or -within the circuit of such 

craters. The force .competent to bring about such impor¬ 

tant effects must long bave gathered itself together, and 

gained strength in the interior, before it could over¬ 

come the resistance of the superincumbent masses. On 

the formation of ne^w islands, it throws up granular rooky 

masses, and conglomerates (layers of tula full of marine' 

plants) above the level of the sea. Compressed gases 

.escape through the crater of elevation ; hut a mass of such 

magnitude thus upheaved sinks down again, and closes 

fortliwith the openings which are onlj’* formed for such 

manifestatious of force. No volcano is produced" (i82). 

A proper volcano only arises -where a permanent con¬ 

nection is established between the interior of the earth 

and the atmosphere. Here the reaction of the interior 

upon the exterior proceeds for lengthened periods. It 

may, as in the case of Vesuvius (Fisove) be inter¬ 

rupted for centuries, aud exhibit itself anew vdth reno¬ 

vated vigour. In the time of Nero it was already cus¬ 

tomary, in Eome, to rank riEtna among tlie number 

of the gi’adually-expiring volcanic mountains (1®*); iElian, 

indeed, at a later period, maiatained that the seamen 

began to see. the sinking summit at a less distance on the 

high seas than formerly Where the evideuce of the 

eruption, I might say the old scaffolding, has been per¬ 

fectly preseiwed, the volcano shows itself rising fi’om a 

crater of elevation; there a liigli rocky wall, a, rampart of 

gi-eatly-inclined strata, suiTounds the isolated cone in the 



240 

mrinner of a oii'cns. Sometimes tliere is not a trace of 

tlds ciroijs-like inclosure visible, and the volcano, not 

always conical in figure, then arises as an elongated ridge 

immediately from the elevated platform. This is the case 

with Pichincha, at the foot of which stands the city 

of Quito, 

As the nature of mountain masses, in other words, the 

combination or grouping of simple minerals into granite, 

gneiss, and mica-slate, into trachyte, basalt, and dolerite, 

independently of present climates, and under the most dis¬ 

similar zones, is still the same; so do we everywhere 

observe the same laws of formation proclaiming themselves 

in the realm of inorganic nature, laws according to which 

the strata of the crust of the earth stand in a certain 

relationship to one another, under the influence of elastic 

forces, and break tlu'ough one another as dykes,. This 

recurrence of the same phenomena is particularly striking 

in volcanoes. When the navigator, among the islands of 

distant seas, finds himself suiTounded by palms and strange 

forms of vegetation, and no longer sees the same stars, in 

the individualities of the landscape he still traces Vesuvius, 

the dome-shaped summit of Auvergne, the- craters of ele¬ 

vation of the Canaries and Azores, the fissures of eruption 

of Iceland repeated and reflected; a glance at the attendant 

of our planet, the moon, gtoerahzes still farther the analogy 

of formation here adverted to. In the maps of the moon, 

drawn from the image reflected in powerful telescopes, in 

our satellite, without atmosphere and without water, we can 

distinguish vast craters of elevation, which surround conical 

mountains, or support them on their circular walls ; un 

questionable effects of the reaction of the interior of the 
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moon upon her exterior, aided hy the influence of dimi¬ 

nished gravity. 

If in many languages volcanoes are very properly de¬ 

signate Burning Mountains, it would . still he a great 

mistake to suppose that they were produced by any gradual, 

accunnflation of the streams of lava that Imve flowed 

from them; their origin appears to he much more gene¬ 

rally the consequence of a sudden upheaval of tenacious 

masses of trachyte or uugitio rook, including Labrador spar. 

Thf measure of the upheaving force reveals itself in the 

height of the voloaiio; and this is so different, that in one 

case it is a mere hillock (as in Cosima, one of the 

Japanese Kuriles), in another it is a cone that rises to a 

clear elevation of 18,000 feet. It has seemed to me as if 

the relative height had a great influence upon tlie fre¬ 

quency of the eruptions ; as if these were much more 

common in the lower than in the loftier volcanoes. I will 

call attention to the following series :~Stromholi (.2,175 

feet high), Guacamayo, in the province of Qniros, which 

thunders ahnost every day (I have fi.-equently heard it in 

Ghillo, near Quito, at a distance of 22 miles), Vesuvius 

(8,637 feet high), jEtna (10,200 feet high), the Peake of 

Teneriffe (11,424 feet high), and Gotopiaxi (17,802 feet 

high). If the focus of these several volcanoes he at the 

same depth below the surface, a greater force will he re¬ 

quired to raise the molten masses to a 0 or 8 times higher 

level. Whilst the lowly Stromholi (Strongyle) has laboured 

restlessly, at least since the times of the Homeric traditions, 

and serves as a hght-house to the'J.’yn-henian Sea, guiding 

the seaman with its fieiy signal on his course, the more 

lofty volcanoes are characterized by lengthened periods of 

VOL. I. 
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repose. The emptions of the greater number of the 

colossal volcanoes that crowft the Andes, occur at intervals 

almost of a century apart: where exceptions to this rule 

have been observed,—and I long ago directed atte^on to 

them,—they may probably he connected with the circum¬ 

stance, that the communication between the volcanic focus 

and the crater of eruption is not, cannot be conceived to 

he, equally or permanently free in every volcano at all 

times. In the less elevated volcanoes the channel of com 

munioation may he closed for a season; so that their 

eruptions become rarer, witliout their being, on this 

account, any nearer to extinction. 

With the consideration of the relation between the 

absolute heights of volcanoes and the frequency of their 

. activity, in so far as tliis is externally \isiblo, the 

place at which the lava flows out is closely connected. 

Eruptions from the crater are extremely rare in the case 

of many volcanoes; they generally occur from lateral 

iissin’es, (as noticed by the celebrated historian, Eemho, 

in the 16th century, "whilst yet a youth), at places where 

the flanks of the uplifted mountain, in consequence of 

their formation and inclination, offer the least amount of 

resistance Upon these fissures cones of eruption 

are occasionally raised. The larger of these are of such 

dimensions that they sre often erroneously designated 

by the title of new volcanoes ; ranked side by side, 

they show the direction of a fissure which has again 

become closed; the smaller ones frequently occur in 

groups, tliiokly set together, and cover whole districts, as it 

were with hell-shaped, or hee-hive like, elevations. To 

tile latter class belong the hornitos of Jorullo and 
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the cone of eruption of Vesuviu.? of Ootoher, 18.22, of 

theYolcano of Awatsoha, aoc^ftjing to Postels, and of tlio 

lava field near the Baidare mountains, in the peninsula of 

Kamtsphatka, according to Erman. 

When volcanoes do not rise free and isolated from a 

plain, when, on the contrary, tliey are sniTonnded h)' 

table-lands fi’om 9 to 12,000 feet liigh, as in the double 

chain of the Andes of Quito, this circumstance may very 

well give rise to the fact, that the most violent eruptions, 

when red-hot ashes and scoriee are thrown out with deto¬ 

nations that are heard for hundreds of miles around, are 

never accompanied with streams of lava(i®s^^ ppig js 

the case with the volcanoes of Popayan, of the lofty 

plains of Los Pastes, and of the Andes of Quito; the single 

volcano of Antesana,- among the latter, perhaps excejrted. 

The height of the cone of ashes, and the dimensions 

and form of the crater, are the elements in the figure of vol¬ 

canoes which more particularly impress upon each of tlioin 

an individual character; but both of these elements, both 

the cone and the crater, are perfectly independent of the 

magnitude of the w'hole mountain. Vesuvius is not one- 

third of the height of the Peake of Tenoriffe, yet its cone 

of ashes forms one-third of the whole height of the moim- 

tain, w'hilst the cone of the Peake is only -And of the 

entire elevation. In the case of* anotlier volcano of imieh 

greater height than the Peake, that of Eucu-Piehincha, 

namely, the relations come nearer to those of Vesuvius. Of 

aU the volcanoes wliich I have seen in either hemisphere, 

Cotopaxi is that of whioli the conical form is the most 

regular and beautiful. A sudden .melting of the of 



its iisliy corio indicates tlic proximity of an eruption. 

]3ei'o)'o tlicrc is even any snfiiko visible in the thin strata 

of tlio atmosphere that surround the summit and the 

cratcr’.s mouth, tlie walls of the ashy cone are sometimes 

heated through, when the entire mountain presents the 

most threatening and ill-omened aspect of inky black. 

The crater which, except in very rare cases, occupies 

the summit of the volcano, forms a cauldron-like, and 

often accessible, valley, whose bottom is subject to inces¬ 

sant changes. The greater or less depth of the crater js, 

ill' many volcanoes, an indication of the proximity or 

remoteness of an eruption. In the cauldron-like crater 

extensive fissures open and close again alternately; 

through these vapours of various kinds find vent, or 

small rounded fiery throats, filled with molten matters, are 

formed upon them. The ground rises and falls, and on it 

are piled hillocks of ashes and cones of eruption, which 

occasionally rise high above the edges of the crater, and 

give the volcano its characteristic physiognomy for rears; 

but on the occurrence of fresh eruptions, they sink sud¬ 

denly down, and disappear. The Qpenings of these cones 

of eruption, which rise from the floor of the crater, must 

not, as is too frequently done, he confounded with the 

crater itself, wkioli encircles them. When the crater is 

inaccessible, from its vast depth, .and tlie perpendicular 

inwai’d slope of its sides, as in the case of Euou-Pichincha 

(14,946 feet high), one can stiU look down from the 

edges, upon the summits of the monticules which rise 

within the cauldron-hke crater, partially filled with 

sul]Tftiireous vapours. A more wonderful or grander natu- 
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ral prospect I have never enjoyed. In the interval 

between two eruptions, the crater of a volcano may ex* 

Mbit no luminous phenomenon, but merely open fissures 

and jets of watery vapour; or hillocks of ashes that can 

be approached without danger, are found upon its scarcely 

heated bottom. These often gratify the wandering geolo¬ 

gist, without maldng him run' any risk, by casting out 

glowing masses, wMch fall on the edges of the cone of 

soorise, their appearance being regularly announced by 

slight, and entirely local, shocks—earthquakes on a small 

scale. Lava occasionally flows from open fissures, or 

small fiery gorges, into the crater itself, without burst¬ 

ing through its w'alls, or overflowing its edges. Bnt if it 

does break through, the molten spring generally flows 

smoothly, and in such a determinate direction, that the 

great cauldron-like valley, called the crater, can still he 

visited during the period of the eruption. Without a par¬ 

ticular description of the conformation, and also of the 

normal structure of burning mountains, phenomena cannot 

he rightly comprehended which have been distorted by fan¬ 

tastical descriptions, and the various significations attached 

to the words crater, volcano, and.cone; or, rather, to the 

indefinite and indeterminate use pf these words. The 

edges of the crater sometimes show themselves much less 

liable to change than mjght he*expected. A comparison 

of De Saussure’s measurements with my own, yields tlie 

remarkable result, in connection with Vesmdus at least, 

that the north-west edge of the volcano, the Eocca del Palo, 

may he regarded as having remained for forty-nine years 

(1778—1822) almost without change in its elevation above 

tbe level of the sea. Any difference that n25i)ears may 
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1.10 loolccd on as witliin the possible errors of measure¬ 

ment 

Volcanoes -vvliich lift their summits far above the Jimits of 

eternal snow, like those of the Andes, present a variety 

of poouliar features. The sudden melting of the snow in 

the course of an eruption, not only occasions destructive 

floods, torrents in which heaps of smoking ashes are 

floated away on blocks of ice; hut the accumulation of 

ice and snow goes on producing its influence uninter¬ 

ruptedly, and hy filtration into the trachytic rocks, even 

whilst the volcano is perfectly quiescent. Caverns are 

thus gradually produced on the declivities or at the foot 

of the burning mountain, and these become subterra¬ 

neous reservoirs of water, which communicate in various 

Avays, and hy narrow mouths, with the Alpine rivulets of 

Quito. The fishes of these Alpine streams multiply greatly, 

particularly in the gloom of the caverns; and then, when 

the earthquakes come, wliich precede all eruptions of 

volcanoes-in the Andes, and the whole mass of the 

mountain is shaken, the subterraneous caverns a't once 

give way, and pour out a deluge of water, fishes, and 

tufaceous mud. This is the singular phenomenon which 

the presence of thej IJimelodes Cyclopum the Prefia- 

dilla of the inhabitants of the lofty plains of Quito,- attests. 

Vv^ien, in the night between-ti|e 19 th and 20th of June, 

1G98, the summit of Carguairazo, a burning mountain 

18,000 feet Iflgh, crumbled together, so that no more than 

two enormous rocky horns of the crater's edge remained, 

the country for nearly two square miles was desolated with 

liquid tuff and argillaceous mud (lodazales) inclosing dead 

fishes. So also was the putrid fever of the mountain 
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town, Ibarra, to the north of Quito, which occurred seven 

years before, ascribed to an eniption of fish from the 

volcano Imbahuru. 

Water and mud which, in the volcanoes of the Andes, 

,do not pour down fr'om the crater itself, but from cavities 

in the trachytio mass of the mountain, ought not, conse¬ 

quently, in the strict sense of the phrase, to he reckoned 

among the nnmher of proper volcanic phenomena. 

They axe only mediately connected with the activity of 

vtilcanoes, nearly in the same measure as the hregular 

meteorological process, which, in my earlier writings, I have 

spoken of under the title of the Volca,nic storm. The 

hot watery vapour which rises fi-om the crater, and 

mingles with the atmosphere during the eruption, forms a 

'cloud as it cools, with which the column of ashes and fire, 

many thousand feet in height, is surrounded. So sudden a 

' condensation of vapour, and the production of a cloud of 

enormous superficial dimensions, increase the eleotricnl 

tension, as Gay-Lussac has shown. Forked hghtning.s 

dart from the column of ashes, and the rolling thunder 

of the volcanic storm is then jdamly distinguisjiable fr'om 

the rumbling in the interior of the mountain. This was 

well observed towards the end of the eruption of Vesuvius in 

themonthofOctoher, 1822. The lightning, which proceeded 

from the volcanic. steam-cloud of the Katlagia huming- 

mountain in the Island of Iceland, according to Olaffen’s 

account upon one occasion (17th October, 1756), killed 

eleven horses and two men. 

Having now, in our physical delineation, poifrayod the 

general structure and dynamic activity of volcanoes, wc have 
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Still to onst a glanco at the material diversity of their pro¬ 

ducts. The subterraneous forces separate old combina- 

tioiis of elementi.in order to bring about new combinadons; 

they farther, and at the same time, put the matters trans¬ 

formed ijr changed into motion, so long as they are 

dissolved by heat and m&veable. The solidification of 

the tenaciously or more limpidly fluid and moveable 

nrass, under different degrees of pressure, appears to be 

the principal cause determining differences in the struc¬ 

ture of Plutonic and volcanic rocks or mineiial 

species. The mineral mass which has flowed in a 

liquid state from a volcanic opening—a molten mineral 

spring—is called lava. Where several streams of lava 

have encomitered and severally restrained each other in 

their course, they spread out and fill extensive basins, 

where they cool into stratified beds. These few points com¬ 

prise the whole of the general features in the productive 

activity of volcanoes. 

Minerals which merely break through a volcano 

often remain enclosed in the products of-its igneous acti¬ 

vity. I have, for instance, seen angular masses of syenite, 

rich in felspar, contained in the black augitic lava of the 

Mexican volcano Jorullo; but the masses of dolomite 

and granular limestone, which contain beautiful druses or 

cavities lined with crystallized minerals—vesuviane and 

garnets, mejonite, nepheline, and sodahte — are not 

ejections of Vesuvius : “ they rather belong Uf a very 

extensive formation, tuff-strata, older than the upheaval 

of Somma and Vesuvius, and are probably products of 

submarine volcanic influences, at great depths below the 

surface" ('»'). Among the products of our present 
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volcanoes there are five metals : iron, copper, lead, 

arsenic, and selenium, discovered by Stromeyer in the 

crater of Volcano. Through the smoking fumaroles, the 

chlorides of iron, copper, lead, and ammonium, are su 

blimed; iron-glanoe and common salt (the latter 

often in large quantities), are seen filling veins in recent 

streams of lava, or covering fresh fissures of the crater’s 

edges. 

The mineral composition of lavas differs according to 

tlfe nature of the crystalline rock of 'which the volcano 

consists; according to the height of the point at -whicli 

the eruption takes place—as it is near the foot of the 

. mountain, or in the vicinity of the crater; and accord¬ 

ing to the temperature of the interior. Vitreous volcanic 

products, obsidian, pearlstone, or pumice, are entirely 

•wanting in some volcanoes, and in others are only ejected 

fi-om the crater itself, or from some considerably elevated 

point. These important and complex relations can 

only he ascertained by cai-efiil orystaUographio and che¬ 

mical researches. My companion in my Siberian journey, 

Gustavus Rose, and after him, Herman Ahich, have 

begun, with much acumen and success, to throw clear 

light upon the compact texture of such a ■variety of volcanic 

minerals. 

The greater portion »f the vapour that rises is pure 

steam or watery vapour. Condensed and flo-wing away as 

a rivulet, it is used by the goatherds of the island of Pan- 

tellaria. The stream which was seen flowing from a lateral 

fissure in the crater of Vesuvius on the morning of the 26th 

of October, 1822, and was long regarded as hot water, was 

found by Monticelli to he dry ashes, which poured forth 
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like drift-sand; it was lava ground to dust by attrition. 

Tlic appearance of ashes, however, which darken the air 

for hours, and even for days, and which, by adhering to 

the leaves, become so destructive to vineyards and olive 

trees, in their columnar ascent, borne up by vapours, 

indicate the termination of every great eruption. This 

is the magnifipent spectacle which the younger Pliny 

desorihes in the celebrated letter to Cornelius Tacitus, and 

which he compares, in point of shape, to a lofty-branched 

and shady pine tree. What has been described as flafne 

in the eruption of ashes, is certainly not,-any more than 

the Light of the glowing red cloud that floats above the 

crater, to be ascribed to hydrogen gas on fire. It is rather 

the reflection of light from the upheaved molten masses ; 

sometimes, too, it may he the light from the depths 

of the fiery gorge cast upon the ascending vapours and 

reflected by them. But as to what those flames may 

be, which have been occasionally seen ever since Strabo’s 

time during • the activity of volcanoes on the coast, and 

that have risen from the bosom of the sea immediately 

before the upheaval of a volcanic Island, I do not pretend 

to decide. 

If we are asked what it is that bums in volcanoes, what 

it is that produces the heat which melts and mixes 

the earths and metals, and oven, imparts an elevated tem¬ 

perature, for many years, to streams of lava of great 

thickness? there is always the presumption that, 

as in the case of the coal fields which catch fire and go on 

burning, volcanoes must necessarily be connected with 

the presence ofi certain substances calculated to support 

combustion. According to the various phases of chemical 
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seienoe, we have had bitumen, iron pyrites, the moist 

contact of finely divided sulphur and iron, pyrophoric 

substances, and the metals of the alkalis and earths, 

assigned as the cause of volcanic phenomena in their 

highest intensity. The great chemist to whom we are 

indebted for our knowledge of the most combustible of 

the metallic substances. Sir Humphry Davy, has himself 

renounced Iris hold chemical hj'pothesis in the last volume 

he published—'' Consolations in Travel, and the Last 

Hays of a Philosopher,”— a work that excites painful feel¬ 

ings of regret in the mind of the reader. The great 

mean density of the earth (5'44), compared with the 

specific gravity of potassium (0'865), of sodium (O'972), 

and of the metals of tire earths (1'2), the absence of hydro¬ 

gen in the gaseous emanations of the fissures of volcanoes, 

and, the streams. of lava that have not yet cooled, many 

chemical considerations, in a word, rise up in opposition 

to the earher conjectures of Davy and Ampere (^8“^). Were 

hydrogen evolved dining eruptions of lava, how enor¬ 

mous must its quantity pirove in oases where, from the 

low level of the point whence tlie eruption flows, the out¬ 

pouring mass spreads over many square miles of surface, 

and, dammed up-in its course, acquires a thickness of 

several hundred feet; as hapjpened in the remarkable. 

eruption at the foot gf the Skaptar-Jokul in Iceland 

(11th of June to 3rd of August, 1783), which has been 

described by Mackenzie and Soemund Magniissen. The 

same difficulties present themselves in connection with tlie 

small quantities of azote tliat are evolved, when tlte 

atmospheric air is conceived ns penetrating by the crater, 

or, as such an act has been figurniively expressed, wlien the 



earth is imagined as inspiring. So general, so deeply 

eflective, and, in reference to the interior of the earth, so 

extensive an action ns that of volcanoes, cannot well have 

its source in the chemical affinities, in the contact of indi¬ 

vidual and only locally distributed substances. Modern 

geognosy prefers seeking for this source in the tempera¬ 

ture increasing witli the depth under every parallel of 

latitude, in the great internal heat of the globe, which 

is due to its original consolidation, to its formation in 

space, to the spherical contraction of vaporous matter 

cirouiating in an elliptical orbit. Beside! positive know¬ 

ledge, stand Conjecture and Opinion. A philosophical 

science of nature strives to rise beyond the limited re¬ 

quirements of a bare description of nature. It consists 

not, as we have several times reminded the reader, in the 

barren accumulation of isolated facts. The curious, the 

inquiring spirit of man, must be suffered to make excur¬ 

sions from the present into the past, still to surmise what 

cannot be positively known, and to revel in the old, and, 

under various shapes, ever recurring myths of geognosy. 

If we consider volcanoes as irregular intermitting springs, 

.which pour out a liquefied mixture of oxidized metals, 

alkalis and earths, tli^t flow smoothly, silently enough, 

once the mixture, uplifted by the vast force of compressed 

vapour, finds a vent, we 'are involuntarily reminded, of 

Plato’s geognostioal phantasies, according to winch hot 

springs, as well as all the varieties of volcanic fiery 

streams, are effusions of Periphlegethon, a cause, univer¬ 

sally present in the interior of Ihe globe 

Volcanoes, in their mode of. distribution over the 

surface of the earth, independently of all climatic diffe- 
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reaoes, are well and cliaracteristically referred to two 

classes, viz.: Central volcanoes, and Linear volcanoes, 

“ according as a central and common point of eruption 

for many foci all around is established, or as several vents 

extending in one direction, and at no great distance from 

each other, lU'e formed, along the course apparently of a 

lengthened fissure. Linear volcanoes, again, are of two 

kinds : they either rise as insulated cones from the bottom 

of the sea, and are accompanied usufilly on one side by a 

primitive mountain mass running in the same direction, 

the foot of -wliioh they seem to indicate; or they stand 

upon the crest of the mountain chain, and form its loftiest 

summits (i?®).” The Peake of Teneriffe, for example, is a 

central volcano, the middle point of the volcanic group 

to which the outbreaks of Palma and Lancerote belong. 

The lengthened chain of the Andes, which rims like a 

wall from Southern Chili to the north-west coasts of ■ 

America, here singly, there in two and three parallel lines, 

connected at intervals by narrow riansverse yolks, presents 

an instance upon the grandest scale of the occurrence of 

linear volcanoes on dry land. The vicinity of active 

volcanoes in the line of the Andes is proclaimed by the ■ 
sudden appearance of certain speoie,S of rooks, such as dole- 

rite, melaphyre, trachyte, andesite, and dioritio porphyry, 

which separate the so-palled primitive rocks, as well as 

the schistose and sandstone transition strata and the 

tertiary or ficetz formations. A phenomenon of this kind 

constantly recurring, begot a persuasion in my mind 

at an early period, that these sporadic rocks had been the 

seat of volcanic phenomena, and had been determined 

by volcanic eruptions. At the foot of the great Tnngu- 



raj^ua, near Penipe, on tlte banks of the Eio Puela, 

I for tire first time, and distinctly, saw a mica schist, 

which rested upon granite, broken through by volcanic 

rooks. 

The linear volcanoes of the New World, where they lie 

near to one another, are partially in a state of reciprocal 

dependence ; it is even obvious tliat the volcanic activity 

has been gradually advancing for centuries in particular 

determinate directions,—in the Province of Quito, for ex¬ 

ample, from north to south The heai-th or foctis 

itself lies under the whole of the elevated lands of this 

province; the particular openings by which communica¬ 

tions are established with the atmosphere constitute the 

mountains which we designate by special names, such 

as Pichincha, Cotopaxi or Tungirragua, and which, hy 

their grouping as well as hy their height and form, present 

the grandest and most picturesque prospect that is any¬ 

where to be seen witliin a small compass in a volcanic 

countiy. As the outermost members of such groups of 

linear volcanoes are connected with one another by sub¬ 

terraneous communications, as •multiplied experience 

shows, this fact reminds us of Seneca’s old and truthful 

sentence “that ,the bm-ning mountain is bat the 

passage to deeper-lying volcauio forces.” In tlie Mexican 

highlands, likewise, the volcanoes, (Orizaba, Popocatepetl, 

Jorullo, Colima,) which I have shown (*9®) all to he in one 

direction, between 18° 69' and 19° 12' N. latitude, appear 

to indicate a transverse fissure extending from sea to sea, 

and to he mutually dependent. The volcano of JoruUo 

broke out on the 29th of September, 1769, exactly in 

this direction, upon the same transverse fissure, and rose 
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to a'height of 1580 feet alsove the surrounding level. 

This mountain never threw out hut one stream of lava; 

precisely like Epomeo in Ischia, in the year 1802. 

But if Jorullo, distant as it is some German miles from 

every active volcano, he, in the striotost sense of the word, 

a new mountain, nevertheless it must not he confounded 

with the appearance of the Monte Nuovo near Pozzuolo 

'(19th Septemher, 1688), which is to he reckoned among 

the number of npheavement craters. I have already said 

tSiat it were more in conformity with nature to assimilate 

the eruption of the newly produced Mexican volcano with 

the upheaval of the hill of Methone (now Methana), 

upon the peninsula of Trsezene. This upliftment, de¬ 

scribed by, Strabo and Pausanias, has led one of the most 

imaginative of the Eoman poets to propound views which 

agree in a very remarkable manner with those of modern 

geognosy; “A tumulus is seen at Treezene, rugged, and 

mthout wood; once a level, now a mountain ; the vapours 

pent up in dark caverns sought in vain for a crevice 

of escape. They swelled the expanding soil under the 

force of the compressed vapour like a bladder filled with 

air ; it swelled like the skin of a two-horned goat. The 

npheavement remains upon the .spot; the high, uphfted 

hill became hardened in the course of time into a naked 

rocky mass.” So piciui’escpiely, and also, as analogous 

appearances lead ns to believe, so truly, does Ovid describe 

the grand natural incident which occurred between Trse- 

zene and Epidaurus, 282 years before the commencement 

of our era, and therefore 45 year’s hefor-e the volcanic 

separation of the island of Thera (Santorin) from The- 
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Of <all tlio islands belonging to the series of linear 

volcanoes, Santorin is the most important. “ It com¬ 

prises in itself the entire history of upheaved islands. 

For. full two thousand years, so long as history and tradi¬ 

tion extend, Nature has not ceased from her attempts to 

form a volcano witliin the circuit of the crater of eleva¬ 

tion” Similar insular upheavements, at almost 

regularly recurring intervals of 80 or 90 years, are exhi¬ 

bited in the island of St. Michael, one of the group of the 

Azores, though here the bottom of the sea has not bean 

uplifted quite at corresponding points. The island named 

Sabrina by Captain Tillard unfortunately appeared at a 

time when the political state of the maritime nations of 

the west of Europe was little favourable to scientific in¬ 

vestigations (30th Jan. 1811); so that , this great event 

did not attract the same degree of attention as was be¬ 

stowed upon the island of Ferdinandea *, which appeared 

on the 2nd of July, 1831^ but soon fell to pieces again, 

between the limestone coast of Soiacoa afid the purely 

volcanic Pantellaria in the Sicilian Sea (*03). ■ 

The geograploical distribution of the volcanoes which 

have continued active since the historical epoch, their fre¬ 

quent situation by thesea-shore, and on islands, to say 

nothing of the recurrence, from time to time, of tempo¬ 

rary, eruptions from the bottom of the sea, appears at an 

early period to have begotten the heUef, that volcanic acti¬ 

vity was connected with the Acinity of the sea, and could 

not continue without it. “ iEtna and the CEolian isles,” 

* The Graham Island of English geologists; viiJe Lyell's admirable 
Principles of Geology; vol. ii. p. 266. Sixth edit. Lend. ]940.~Tr. 
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says Justin or rather Tr'ogus Pompeius, -whom he 

copies, “ have alread^^ been himiing for many centuries; 

and how were this long continuance possible, did not the 

neighbouring sea supply food for the fire?” To explain 

the necessity for the neighbourhood of the sea, tliis- hypo¬ 

thesis of the penetration of sea-water to the hearth of 

the volcano, i. e. to the deep-lying strata of the earth, has 

in recent times been again proposed. If I embrace aU that 

occurs to me, derived either from personal observation or 

frem carefully collected facts, it seems to me that every¬ 

thing in this ditficult inquiry depends upon the way in 

which the following questions are answered:—Whether 

the undeniably large quantities of Watery vapotu’, which 

volcanoes emit, even in their state of repose, he de¬ 

rived from sea-water loaded with salts, or from sweet 

atmospheric water ? Whether, with different depths of the 

volcanic hearth (a depth, for example, of 88,000 feet, at 

wliich the expansive force of the vapour of water would 

he exerted under a pressure of 2,800 atmospheres), the 

expansive force of the vapour engendered would he com¬ 

petent to counterbalance the hydrostatic pressui'e of the 

sea, and admit the access of its water to the volcanic 

hearth, under certain conditions? 

many metallic chlorides, the appearance indeed of com¬ 

mon salt in the fissures of craters, and the admixture of 

hydrochloric acid vapours witli the watery vapour emitted, 

lead necessarily to the conclusion, that the sea must have 

access to the volcano ? Whether the repose of the vol¬ 

cano, be this temporary only, or final and complete, de¬ 

pends on the stoppage of the channels which previously 

conducted the sea, or the meteoric water, to the volcanic 
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liearth? Wlietlier tlie absence of flame and of hydrogen 

gas—for sulphuretted hydrogen belongs to the solfataras 

rather than to the active volcanoes—^is not rather in open 

contradiction with the assumption of any ecstensive de¬ 

composition of water ? 

The discussion of physical questions of such importance 

does not fall within the scope of a Picture of Nature. 

Here we attach ourselves to the narration of phenomena; 

to facts in the geographical distribution of yet active vol¬ 

canoes. Now facts inform us, that in the New World, ■ 

three of these—JoruUo, Popocatepetl, and La Fragua— 

are 20, 33, and 39 geographical miles distant from the 

sea-shores, and that in central Asia (and M. Abel- 

Eemusat(2®®) first dhected the attention of geologists 

to the fact), there is a great volcanic mountain chain, 

Thian-schan, or the Celestial Mountains, with the lava- 

emitting Pe-sehan, the solfatara of Uramtsi, and the 

burning mountain ofTurfan (Ho-tscheu), the several mem¬ 

bers of which are at nearly equal distances—370 to 382 

geographical miles—from the shores of the Icy Sea, and of 

the Indian ocean. The distance of Pe-schan from the 

Caspian sea is also full 340 geograpliical miles; and from 

the great lakes, Issikul and Balkasch, it is 43 and 62 

miles It is farther remarkable, that’of the four 

great parallel mountain “ chains—the Altai, the Thian- 

schan, the Kuen-luen, and the Himalaya, which cross the 

continent of Asia from east to west—it is not the Himalaya, 

or the chain that is nearest the ocean, but the two minor 

chains, the Thian-schan and the Kuen-luen, at the dis¬ 

tance respectively of 400 and 180 geographical miles 

from the sea, that are found vomiting fire like iEtna and 
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Vesuvius, and producing ammonia, like tlie volcanoes of 

Guatimala. The Clunese -writers clesciibe, in unmistak¬ 

able terms, streams of lava, 10 Li long, as ocenning in the 

eruptions of flame and smoke v'hich took place from 

Pe-seban, and spread far and -vvide, in the 1st and Vth 

centuries of oim ora. “ Buniing masses of rook,” say they, 

“ flowed as thin as melted fat.’’ These few compressed 

facts, which have not been .sufficiently attended to, make 

it probable that the vicinity of the sea, and the access of 

sea-water to the binning focus, are not indispensably 

necessary to the breaking out of suhteiTaneau fires, and 

that coasts sire only faTOurahle to volcanic eruptions, be¬ 

cause they form the sides or edges of the deep sea-hasin, 

which, covered ^Yith strata of water, offers less resistance, 

and lies many thousand feet lower, than inland and more 

lofty countries. 

The volcanoes that are active at the present tme, and 

that communicate permanently by craters -with the 

interior of the earth and the atmosphere, became open at 

so late an epoch, that the superior cretaceous deposits, and 

the whole' of the tertiary formations, were already in exist¬ 

ence when, they arose. This is proclaimed by the trachytes, 

and also by the basalts, which frequently form the walls of 

the upheavement craters. Molaphyres extend to the 

■ middle tertiaiy strata; hut hifve already begun to show 

themselves under the Jura formations, -when they appear 

breaking tlirough the variegated sandstone . The active 

volcanoes of the present time, communicating with the air 

by craters, must not be confounded with those older erup¬ 

tions of granite, quartzose-porphyry, and euphotide, 
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througli open,but speedily-closed fisSures (forming veins),' 

wliioh occur in the old transition strata. 

The extinction of volcanic activity is either partial only, 

so that the subterraneous fire finds another vent in the 

same mountain chain; or it is total, as in Auvergne; later 

examples are supplied, in perfectly historical times, by 

the volcano Mosychlos on the island dedicated to 

Hephoestos, whose “ upward flickering fiefy glow” was 

known to Sophocles, and by the volcano of Medina, 

which, according to Bm’ckhardt, threw out a stream «.of . 

lava on the 2nd of November, 1276. Each stage of the 

volcanic activity, from its first excitement to its extinc¬ 

tion, is characterized by peculiar products : first, by fiery 

scoriiB, by trachytio, pjuoxenic, and vitreous lavas in 

streams, by scoricc and tuff ashes, accompanied by the evolu¬ 

tion of large quantities of generally pure watery vapour; 

at a later jreriod as solfataras, when there is an evolution 

of watery vapour mixed with sulphuretted hydrogen and 

carbonic acid gases; lastly, when all has cooled, by exha¬ 

lations of carbonic acid g.as alone. Wliether that sipgular 

class of burning mountains which discharge no lava, but 

dreadful devastating streams of hot water (**“), loaded 

with burning sulphur, and rocks ground down to powder— 

such, for instance, as Galunggung, in the island of Java— 

present us with what may be called a normal condition, 

or only a certain transitory modification of the volcanic 

process, will remain a question undecided, until they have 

been visited by geologists possessed at the same time of 

a knowledge of modern chemistry. 

Such is the very general view of volcanoes, so important 
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an element in the life of the earth, -n'liioh I have 

here endeavoured to throw together. It is based, in 

part, upon my own observations; in the generality and 

comprehensiveness of its outlines, however, upon the 

labours of my friend of many years, Leopold von Bush, 

the greatest geologist of our age, who was the first to re¬ 

cognize the intimate connection of volcanic phenomena,, 

and their mutual interdependence in regard to their 

actions and their relations in space. 

The reaction of the interior of a planet upon its outer 

crust and surface, as manifested in the phenomena of 

volcanoes, was long considered as a mere isolated ijhenome- 

non, %nd peouhar only with reference to the destructive 

agency of its dark and subterraneous forces; it is hut 

very lately, and greatly to the advantage of that geology 

which is founded on ph3rsical analogies, that the volcanic 

forces have begun to he regarded as formative of new 

species of rooks, and as transformative of older mineral 

masses. Here, indeed, is the point already alluded to, 

where a more deeply-grounded doctrine of volcanoes in a 

state of activity, and either casting out fire or vapour, 

leads ns, in our general Pictm'e of Natoe, by a double 

way, the one to the mineralogical portion of geognosy, or 

the doctrine of the structure and succession of the strata 

composing the crust of the earth; the other to the form and 

fashion of the continents and groups of islands raised above 

tire level of the , sea, or the doctrine of the geographical 

forms and outlines of the several portions of the ear(,h. 

Enlarged views of such an enchainment of phenomena 

is a consequence of the philosophical direction which the 
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sorioiis study of geognosy has now so generally taken. 

Greater perfection of the sciences leads, as in the ^litieal 

improvement of mankind, to connection and agr^ment, 

where there had formerly been separation and distigction. 

When we class rocks or mineral masses not according 

to differences in the foi-m and arrangement of their con¬ 

stituent particles, into stratified and unstratified, schistose 

and massy, normal and abnormal rocks, but look at the 

phenomena of formation and transformation which are 

stiU going forward under our eyes, we discover a four-fold 

process of production in connection with rocks: 1st. 

Eruptive rocks, rocks thrown out from'the interior of the 

earth, in a liquefied, or softened and more or IdSs tenacious 

state (volcanic and plutonio rocks). 2d. Sedimentary rScks, 

rocks deposited from fluids in which the particles had been 

either dissolved or suspended, hut from which they were pre¬ 

cipitated and deposited upon the surface of the crust of the 

earth.—The greater number of the floetz and tertiary groups. 

3d. Metamoiq}hic rocks, rocks altered in their intimate 

structure -and stratification, either through the contact 

and vicinity of a plutonio or volcanic (endogenous) (®^i) 

ejected rock, or,—and this is more commonly the case,— 

altered by .the penetration of the vaporiform sublimed 

matters (^*^), which accompany the escape of certain molten 

ejected masses. 4th. Conglomerates—coarse or fine¬ 

grained sandstones, breccias,-*—rocks made up of mechani¬ 

cally divided masses of the three former species. 

These four-fold rock-formations, which still go on 

at the present day, through the effusion of volcanic 

masses in the shape of streams of lava, through the 

influence of these masses upon rocks consolidated at a 
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foimer period, tlirougli mechanical separation or chemical 

precipitation from liquids ohai-ged with carbonic acid, 

finally/%irough the cementation of fragments often of 

totally different kinds of rocks, are phenomena and forma¬ 

tive processes which can, however, only he regarded as 

weak reflections of Avhat went on under the higher in¬ 

tensity of action in the life of the earth during the chaotic 

state of the primitive world, and under totally clilferent 

conditions of pressure and high temperature, not only of 

the whole crust of the earth, hut of the atmosphere, sur¬ 

charged with moisture and of much greater extent than 

it is at the present day. If at the present time, on sur- 

■ faces as extensive as Europe, we scarcely find four open¬ 

ings -(volcandes) through which eruptions of fire and 

molten matters can take place, the firm crust of the earth 

was traversed' in former periods hy vast open fissures, 

through .wliioh mountain chains wnre uxiheayed, or into 

which streams of molten rock—granite, porphyry, basalt, 

and'melaphyre—were injected, and hy which they were 

variously stopped and filled irj). At former epochs, in the 

much and variously fissured, thinner, and upwardly 

and downwardly fluctuating crust of the earth, there 

■were almost everywhere passages of communication 

between the molten interior and the atmosphere. Gaseous 

emanations arising from very dissimilar dej)tlrs, and there¬ 

fore bringing, chemically different sirhstances, then ani¬ 

mated the Plutonic formative and trarrsformative pro¬ 

cesses. The sedimentary formations, too, the precipitations 

from liquids, which we designate travertin, and rvhich we 

see proceeding in the neighbourhood of .Rome as -well as 

of Hobart Town in Australia, from cold and hot springs 
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and river waters, give but a very poor idea of the origination 

of the floetz formations. Our seas, in virtue of processes 

which have not yet been examined generally enough, or 

with sufficient care, gradually form by precipitation, by over¬ 

flowing and by cementation, small calcareous banks, which, 

at some points, almost approach Carrara marble in hard¬ 

ness ^ This process goes on upon the Sicilian coasts, 

the Island of Ascension, and King George's Sound in 

Australia. On the coasts of some of the West India 

isla.nds these formations of the present ocean now enclose 

earthenware vessels and other products of human manu¬ 

facturing industry; and in the Island of Gaudaloupe, 

even skeletons of the Oarib-race of men. The negroes 

of the French colonies characterize this formation as the 

“Masonrj'of God” (Ma^onne-hon-Dieu) In the 

Island of Lanoerote, one of the Canaries, there is a small 

oohtic stratum, admitted to be a product of the sea and 

of storms, but which, despite its neumess, reminds us of the 

Jurassic limestone 

The compound rooks are determinate associations of 

certain simple minerals—felspar, mica, solid silicic acid, 

augite, and nepheline. Very similar ‘ rocks, i. e. rocks 

made up of the same elements, but otherwise grouped, are 

produced by volcanic processes under our feyes, at the 

present time, just as they were in former epochs of the 

world’s liistory. The independence of rocks in respect 

of geographical position or relationship, is so great, 

that, as we have already observed the geologist 

sees with amazement, to the north and south of the 

equator, in the farthest zones of the earth, the same 

familiar appearances in the rocks, t|ie repetition of 
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the minutest details in the periodic series of the Silurian 

strata, and in the effects of contact with augitio 'masses, 

the products of eruptions. 

If we now take a closer view of the four fundamental forms 

of rock (the four phases in the formatiTe process) in which 

the stratified and unstratified portions of the crust of the 

earth present themselves to us, we may designate among 

the endogenous or eruptive rocks, (the massive and ab¬ 

normal rocks of some modem geologists,) the following 

principal groups, as immediate evidences of suhterianeous 

activity, viz.;— 

Granite and Syenite ^— of very different rela¬ 

tive ages, hut frequently penetrating both granite 

and syenite of more recent formation in veins (^i?). 

Aloilg with tliese it is also proper to consider tlie 

forcing or upheaving power. “ Where granite pro 

tmdes in evenly vaulted ellipsoids, in great masses, 

like islands, whether this he in the Harzforest, 

or in Mysore, or in Lower Peru, it is always 

covered with layers that have become fissured 

into blocks. Such a rooky sea probably owes its 

origin to a contraction of thq upper surface of the 

granitic vault, which, on. its protrusion, and ori¬ 

ginally, must have been vhry much expanded 

In Northern Asia also (^^ 9), in the charming, the 

romantic neighbourhood of Lake Kolyvan, on the 

north-western declivity of the Altai range, as also on 

the slopes of the maritime chain of Caraocas, near Las 

Trincheras (2*°), I observed the granite subdivided 

into blocks or piles, in consequence, possibly, of such 
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contractions, but wliicli in these cases appear to have 

extended deeply into the interior. Farther to the 

south of Lake Kolyvan, towards the confines of the 

Chinese province Hi, between Buchtarminsk and 

the river Narym, the characters of the entire mass of 

ejected rock, which is here unaccompanied by gneiss, 

are more striking than I have observed them in any 

other part of the globe. The granite, always scaling 

and orumhling on the surface, and splitting up into 

tabular masses, rises in the steppes here in low 

semi-glohular hillocks, not more than six or eight 

feet high, there in hasalt-like knolls, which run out 

at opposite sides, as it were, into thin wall-fike effu¬ 

sions (2**By the cataracts of the Orinoco, as 

well as in the Fiohtelgehirge (Seissen), in Galhcia, 

and betwixt the Southern Ocean and the lofty plat¬ 

forms of Mexico (at Papagallo), I have seen granite 

in great depressed globular masses, which, like 

basalt, split or scaled off in concentric layers. In 

the valley of the Irtisoh, between Buchtarminsk and 

Ustkamenogorsk, the granite covers the clay-slate 

for a mile in length (^^2), and’penetrates the same 

strata from above in slender veins, which are nume¬ 

rously branched, and wedgg-shaped at their extremi¬ 

ties. I have adduced these particulars by way of exam¬ 

ples, only that I may illustrate the individual characters 

of an eruptive rock in one of the most widely diffused 

of the mineral masses. In the same way as the 

granite overlies the scliists in Siberia, and in the 

Department of Finisterre (Isle de Michau), so does 

it cover the Jurassic limestone in the mountains of 
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Oisons (Fermonts), and syenite, and chalk -witli 

syenite interposed, near WeinboMa, in Saxony 

In the Ural mountains near Mursinsk, the granite 

shows' drusy cavities, and the druses here, hke the 

fissures and druses of newer volcanic productions, ' 

are the plutonic seat of numerous beautiful crystals, i 

partioidarly of beryl and topaz 

Quartzose Porphyry, from its relations of stra¬ 

tification, having frequently the character of veins. 

The base is generally a finely granular mixture of 

the same elements which present themselves to us as 

large embedded crystals. In granitic porphyry^ 

which is very poor in quartz,, the felspathic base is 

at once granular and foliaceous (“^). 

Greenstone or Dioeite,—granular mixtures of 

white aJbite and blackish-green hornblende, constitut¬ 

ing dioritio porphyry, when a base of denser texture is 

present in which the crystals he embedded distinctly. 

These greenstones, which, pure in one place, pass 

in another into serpentine, from the laminae .of 

diallage which they include (Piohtelgehirge), are 

occasionally found lying in beds upon the old strati¬ 

fication clefts of the green clay slate, and penetrating 

them; but they mo:^ frequently make their way through 

the rock in the manner of veins, or they present 

themselves as greenstone halls, analogous in all 

respects to balls of basalt and porphyry 

Hypehsthene rock.—a granular mixture of 

Labrador felspar and hj^rersthene. 

Euphotide and Serpentine, occasionally con¬ 

taining crystals of augite and uralite, instead of 
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(liallage, and thus nearly allied to a more common 

rock, and, I might add, one that indicates a still 

higher degree of eruptive activity, viz. augitic por¬ 

phyry (*«). 

Melaphyre, Augitic, Uralitic, and Oligoglas- 

sic Porphyry. To the last belongs the true verd- 

antique, so celebrated as a material employed in 

the arts. 

Basalt, with olivine and constituents becoming 

gelatinous with acids, phonolite (porphyritic slate), 

TRACHYTE and DOLERiTE. The second of these rocks 

always divides into thin tables; the first only shows 

this structure partially, which, however, gives them 

both an appearance of stratification over extensive 

districts. According to Girard, mesotype and ne 

pheline form important elements in the composition 

and intimate texture of basalt. The nepheline of 

basalt reminds the geologist of the miascite of the 

Ilmengebirge in the Ural chain which fre¬ 

quently replaces granite, and occasionally cqntains 

zircon, as well as of the pyroxenic nepheline dis¬ 

covered by Gumprecht near Lohau and Chemnitz. 

To the second class of fundam^tal forms, the sedimen¬ 

tary ROCKS, belongs the greater j^ortion of the formations 

which used to be arranged under the old systematic, but 

by no means correct, designation of Transition and Floetz, 

or secondary and tertiary formations. Had the igneous 

rocks exerted notlung of an uplifting, and, with simul¬ 

taneous quaking of the earth, of a concnssive influence 

upon these sedimentary foimations, the surface of our 
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planet would have consisted of a series of uniform strata 

horizonfadly disposed one upon another. Without moun¬ 

tains, on whose acclivities the progressive diminution in 

the temperature of the air is picturesquely reflected, not 

only in the luxuriance of vegetation, but in the hinds of 

plants that are produced, the monotonous surface would 

only have been broken here and there by ravines eroded by 

watercourses or by small collections of drift, the elfeot of 

masses of fresh water thrown into gentle undulations ; the 

several continents from pole to pole, and mrder every 

variety of climate, would have presented the dreary uni¬ 

formity of the South American Llanos or of the Northern 

Asiatic steppes. As in the greater portion of these, we 

should then'have seen the vault of heaven resting on the 

plain, and the stars rising and setting as if they emerged 

from the bosom of the ocean, and dippedinto it again. But 

such a state of things even in the primitive world could 

never have been of any considerable duration as regards 

time, nor of any thing like general prevalence in respect 

of space ; the subterraneous powers, at every epoch in the 

history of nature, have been at work striving to sbvert 

and to change it. . 

Sedimentary strata axe precipitated or deposited from 

liquids, according as the^iatter before the formation was 

either held chemically dissolvech as in the ca.se of lime, or 

merely suspended and mixed, as in the case of olay-slatc, 

mica-slate, &c. But even when earthy matters are thrown 

down from fluids impregnated with carhoiiic acid, the 

descent of .the matter during its precipitation and aceii- 

mulation into strata, must he regarded as a meolianical 

element in the process of formation. This view is of some 
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importance in connection with the envelopment of organic 

bodies in petrifying calcareous tuflfs. The oldest sedi¬ 

ments of the transition and secondary formations have ap¬ 

parently taken place from waters more or less elevated in 

temperature, and at a period when the heat of the upper 

crust of the earth was still very considerable. In this way, 

therefore, a plutonic influence was also at work to a certain 

extent in connection with the sedimentary strata, parti¬ 

cularly the oldest of them; these strata, however, appear 

to have become hardened from the state of mud into the 

schistose structure, under great pressure; not like the 

rocks that have risen up from the interior (granite, por¬ 

phyry, basalt,) to have been consolidated by cooling. As the 

primitive waters of the globe cooled by degrees, they became 

capable of holding a larger and larger quantity of carbonic 

acid gas in solution, which they may have attracted from 

the atmosphere, surcharged with this gas in the earlier 

epochs of creation, and so of holding dissolved a larger 

quantity of calcareous earth. 

The Sedimentary strata, from which we here separate 

all the other exogenous purely mechanical precipitates of 

sand or fragmentary rocks, are these:—^ 

Schists or Slates of the inferior and superior 

transition rocks, coilsisting of the Silurian and 

DeAmnian formations; from the lower Silurian, or ns 

they were once designated, Cambrian, strata, to the 

uppermost bed of the Old red sandstone or Devonian 

formation, where it comes in contact with the Moun¬ 

tain limestone; 

Carboniferous deposits,—Coal formation; 
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Limestones, interstratified in the transition and 

coal formations; Zeclistein, Mnschelkallt;, Jura 

formation and Chalk, also the portion of the tertiary 

formation wliich does not present itself to us as 

sandstone and conglomerate; 

Travertine, fresh-water limestone, the sihcious 

sinter of hot springs,—formations that have originated 

not under the pressure of great pelagic coverings of 

water, but almost in contact with the air in shallow 

, pools and rivulets; 

Infusorial strata, a geological phenomenon, 

the vast significance of wliich, as proclaiming' the 

influence of organic activity upon the formation of 

the solid constituents of the earth, was discovered in 

very recent times, by my intellectually-gifted friend 

and fellow-traveller, Ehrenherg. 

If in this short hut comprehensive suiwey of "the mineral 

constituents of the crust of the earth, we do not imme¬ 

diately refer to numbers of simple sedimentary rocks, 

the various, conglomerate and sandstone formations, 

partly deposited from'liquids, that are so variously inter¬ 

mingled with the schists and the limestones both of the 

floetz and transition series, this *is only because these, 

besides ftagments of erupted and sedimentary rocks, also 

contain pieces of gneiss, mica-schist, and other meta- 

morphic masses. The obscure process of transformation 

(metamorphosis), and the influence it exerts, must, from this 

showing, constitute the third class of fundamental forms. 

The endogenous or eruptive rocks, (granite, porphyry, 

and melaphyre), exert an influence, as already ofteuer than 
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once obsci-ved, not merely of a dynamical kind, ahattering 

or upheaving, erecting or pushing strata aside; by their 

presence tliey farther produce changes in the chemical com¬ 

position of their constituents, as well as in the nature of their 

intimate texture. New species of rooks are produced, 

gneiss .and mica slate, and granular or saccharoidal lime¬ 

stone (Carrara and Parian marble). The old Silurian or 

Devonian transition schists, the belemnitic limestone of 

Tarantaise, the grey unlustrous macigno or cretaceous 

sandstone of the Northern Apennines, with its included 

sea-weed, are difficult of recognition after their trans¬ 

formation into new and frequently-sparkling textures. 

The belief in the metamorphosis, indeed, has only been 

ixinfiiTaed since we have succeeded in following the several 

phases of the transformation, step by step, and have come 

to the assistance of inductive conclusions with the results 

of direct chemical experiments, the employment of different 

I'using heats, degrees of pressm-e, and rates of coohng. 

When the study of chemical combinations is extended 

under the guidance of leading ideas (“*), w-e find that 

from tlie narrow confines of our laboratories, we can dif¬ 

fuse a clear light over the wide field of geology, over 

the great subterraneous rock-composing and rock-trans- 

lorming workshop of Nature. The philosophical inquirer 

escapes being deceived by.seemiug analogies, by limited 

\ iews of the natural processes, when he keeps steadily in 

]jis eye tire complication of circumstances which, in the 

intensity, the immeasurahleness of their force, were 

competent, in the primitive world, to modify the reciprocal 

influences of individual substances famiharly known to us 

at the present day. The simple or undecomposed bodies 
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have unquestionably obeyed the Saine forces of affinity at 

all times; and where contradictions seem to meet ns now. 

it is my most intimate persuasion, that clieinistry will lier- 

self, for the most part, come upon the traces of comlilion-s 

not fulfilled in like or due tneasure, as causes of tliese 

contradictions. 

Accurate observations, embracing: extensive districts 

of mountainous country, satisfy us that the eruptive 

rocks do not intervene ns any disorderly or lawless power. 

Ig? tlie most distant countiies of the world, we ficqueiitlY 

see granite, basalt, or diorite, exerting their transiormntirc 

force, in every the most minute particular, abke upon strata 

of clay-slate, on thick beds of limestone, ami on the grains 

of quartz of which sandstone consists. As tlie same 

kind of endogenous rock almost evcryv,’here e.xcris liie 

some kind of influence, different kinds of rocks belonging 

to the same class of endogenous or eruptive formations, 

exhibit, on the conb’aiy, very different clinracters. 

Intense heat, above all, lias exerted an influence in ilic 

whole of the phenomena; but the degree of molten flnidiiy 

attained—perfect mobility of particles, or a more viscid or 

glutinous adhesion among them—lias been very diflrn iit 

in granite and basalt; in difleronl geological ppoi l;s. in- 

deed (phases in tlic transformation of i,bc crnsl oj’ ilic 

earth), along witli the eruption* of gninitc. basalt. ]'or)diy- 

solved in vapours have arisen from the interior laid open. 

And this is tlie place to remind the reader anew, that in 

till; rational views of modern geol<igv, the ua tiiuiorplae-is 

of rocks is not limited to the mere plienoiiiena of < (ui 

tiicf, to the apposition of two dill'i if nt kinds oi voi k : hiii 
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tliat gonetically it comprises all that has accompanied the 

protrusion of a particular ejected mass. In situations 

’where no immediate contact has taken place, the mere vici¬ 

nity of such a mass causes modifications in the induration, 

tl)e siiicification, the granulation, the crystallization of 

adjacent rocks. 

All eruptive rocks penetrate the sedimentary strata, and 

other likewise endogenous masses, as veins; hut the 

distinction that is apparent between the plutonic rocks 

(229^—granite, porphyry, serpentine,—and those which, 

in a' more restricted sense, are called volcanic (tra¬ 

chyte, basalt, lava), is of especial importance. The 

rooks which our present volcanoes, as remnants of the 

activity of the body of the earth, produce, appear in narrow- 

streams, which, however, may still form sufficiently-wide 

beds when several of them meet in hollows or basins. 

Basaltic eruptions, where they have been traced deeply, 

have been repeatedly seen to terminate in slender taps. 

Flowing from narrow openings, as in the Pftasterkaute, 

near Marksuhl, two miles from Eisenach, in the blue knolls, 

near Esohwega (hanks of the Werra), and at the Dmid’s- 

stone, on the Hollert ridge (Siegen), to cite three examples 

indigenous to Germany, the basalt breaks through the red 

sand-stone and greywaoke schist, and spreads out above, 

like the cap of a musliroomf into knolls, which in one place 

appear spht into columnar groups, in another are thinly 

stratified. Not so granite, syenite, quartzose porphyry, 

serpentine, and the entire series of unstratified massy rocks, 

which, from an attachment to mythological nomenclature, 

have been called Plutonic. These, with the exception of 

a few veins, have been ejected notin a molten liquefied state, 
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bat in opie merely tenacious and softened, and not from 

narrow crevices, but irom wide valley-like chasms, and 

extensive gorges. They have been forced, they have not 

flowed out; they present themselves not in streams, like 

lava, but spread out in immense masses (2*®). Among the 

dolerites and trachytes, some groups give indications of a 

certain basalt-like fluidity; others, expanded into vast 

bell-shaped elevations and craterless domes, appear to 

have been merely softened when they were protruded. 

Other trachytes, again, those of the Andes among the 

number, which I frequently found very closely allied to 

the greenstones and syenitic-porphynies, so rich in silver, 

and then without quartz, lie in beds like granite and 

quartzose-pbiphyry. 

Experiments upon the alterations which the structure 

and chemical constitution of rooks tmdergo through 

fire showed that the volcanic masses, diorite, 

augitic porphyry, basalt, and lava from Etna, according 

to tlie degree of pressure under which they were melted, 

and the rate of their cooling, were either, when quickly 

cooled, brought to the state of a black glass of an even 

fracture, or when slowly cooled made to assume the ap¬ 

pearance of a stony mass having a granular crystalline 

texture. The crystals in such oases were either produced 

on the - sides and cavities, or embedded in the general 

basic mass. The same material—and this consideration 

is of great importance as regards the nature of the eruptive 

rock, or the transformations it has undergone—yields the 

most dissimilar-looking products. Carbonate of lime, 

melted under high pressure, does not lose its charge of 

carbonic acid; tlie cooled mass is granular limestone. 
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sacoliaroidal marble. So much for crystallization in 

the dry way; in the moist way, calcareous spar as well 

as Aragonite is produced, the former under a moderate, 

the latter under a higher, degree of heat According 

to diversities of temperature, the consolidating particles of 

crystals in process of formation arrange themselves variously 

and in particular determinate directions; the very form of 

the crystals, indeed, varies with the temperature under ttie . 

'influence of which they are produced (2®*). There is, more¬ 

over, under certain relations, and without the intervention 

of any fluid state, a transposition of the minute 

particles of a body, which is proclaimed hy optical effects. 

The phenomena presented by devitrifaction, by the pro¬ 

duction of cemented and cast steel, by the transition of the 

fibrous structure of iron into one that is granular, under 

the influence of elevated temperature perhaps even of 

very insignificant hut equable and long-continued concus¬ 

sions, all conduce to throw light upon the processes of 

geological metamorphosis. Heat can even induce oppo¬ 

site effects at the same time upon crystalline bodies; for 

Mitscherlich’s beautiful experiments show that calcareous 

spar, without altering its state of' aggregation, expands in 

the direction of one of its axes of crystallization, and 

contracts in another (^3^). ' • 

If from these general oonsiderations we pass on to 

particular examples, we first observe schists turned into 

black-blue roofing slate hy the vicinity of plutonic ejected 

rooks. The clefts of stratification are then interrupted by 

another system of clefts, which cut the former almost 

perpendicularly, and indicate the operation of a later in. 

fluence By the penetration of silicic acid, clay 
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slate, traversed, by fragments of quartz, is partially 

changed into whetstone slate (Wetzsohiefer, whitestone or 

■ Enrite?) and silicious slate (Kieselschiefer,.quartzite?), 

the latter frequently carboniferous, and then galvanic in 

its effects on the neiwes. The highest degree of sihoifioa-' 

tion of the schists however, is found in a precious 

material employed in the .arts, ribboned jasper, produced 

in the Ural Motintoins by the contact of eruptive augi- 

tic porphyry (Orsk); dioritio poiqrhyry (Auschkul), or 

hperstlrene rook (Bogoslowsk); in the Island of Elba 

(Monte Serrato), according to Fr. Hoffmann, and in 

Tuscany, according to Alexander Brongniart, by contact 

with euphotide and serpentine. 

. The contact and plutonic influence of granite cause 

clay-slate to become granular, changing iUinto a granitic- - 

looking mass—into a mixture of felspar and mica, in 

wliich again larger plates of mica lie embedded (239)^_a 

fact which Gustavus Hose and I observed within the 

fortress of Buehtarminsk (^^o)“ That the whole of the 

gneiss lying between the Icy Bea and the Gulph of Fin¬ 

land has been formed and transformed by the agency 

of granite out of Silurian strata of the transition series, 

may now, as Leopold von Buch has said, be assumed as 

an hypothesis famihar to all geologists, and accepted by 

the greater number as demonstijited. In the Alps of St. 

Gotliard cretaceous marlls met with transformed by granite, 

first into micaceous schist, and then into gneiss” (*■*'). 

Similar phenomena in respect of gneiss and mica slate 

formations, under the influence of granite, are presented : 

in the Oolitic group of Tarantaise where belemnites 

have been found in rooks that already lay claim to the 
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dcnominalion of mici). schist; in the schktoae group of 

the wcstorji portion of the Island of Elba, not far from 

Capo Ciilamata, and in the Fichtelgebirge of Bayreuth, 

hotwoen Lomitz and Markleiten (*♦■'’). 

Precisely as jaspar, a substance employed in the arts, 

which was inaccessible to the ancients in large masses (®^), 

is the product of volcanic agency upon augitic porphyry, 

so is the other artistic material, so variously and so suc¬ 

cessfully employed by them, granular marble, to he 

regarded as a sedimentary stratum altered by the heat of t^e 

earth and the vicinity of an eruptive rock. Careful ob¬ 

servation of phenomena of contact, and -the remarkable 

experiments of Sir James Hall on the fusion of rocks, 

now more than half a century -old, in addition to the 

diligent study of granitic veins, which contributed so 

essentially to the early foundations of our present geology, 

warrant such a conclusion. The protruded rock has occa¬ 

sionally changed the dense calcareous deposit into granular 

limestone to a certain thickness only, or in a certain 

zone from, the line of contact. We find a partial trans¬ 

formation, like a half shadow, at Belfast in Ireland,' where 

basaltic dykes penetrate the chalkin the same way, in the 

compact floetz-limestone near the bridge of Boscampo, 

and by the waterfall of' Canzocoh in the Tyrol, celebrated 

by Count Marzari Pencati, the strata have been par¬ 

tially bent where they come in 'contact with a syenitic 

gi'anite Another kind of transformation is tliat in 

which the whole of the beds of compact calcareous rook are 

changed into granular limestone tlirough the influence 

of granite, syenite, or dioritic porphyry 

Let me he allowed to refer particularly in this place to 
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the Parism and Carrara marbles, wliich haTe become so ne¬ 

cessary to the noblest eflforts of the sculptor, and which have 

served but too long in our geological collections as princi¬ 

pal types of primitive limestone. The 'effects of the 

granite here reveal themselves partly under immediate 

contact, as in the Pyrenees (2«), partly, as in the continent 

of Greece and the islands of the jEgean Sea, through 

interposed strata of gneiss and mica slate.. In both oases 

the process of transformation of the calcareous rock is 

contemporaneous, but dissimilar. It has been observed at 

Ouhaea, in Attica, and in the Peloponnesus, “ that the rule 

is, that the limestone which rests upon mica slate is by 

so much the more beautiful and orystaUine as the schist 

is purer, that is, as it is freer ffom argillaceous admixture.” 

Mica slate, as well as gneiss strata, present themselves at 

many deep points of Paros and Antiparos (2*s). If ma¬ 

rine productions were discovered [in ancient times], in the 

quarries of Syracuse, and the “ impression of a small fish” 

was seen in the deepest of the rocks of Paros, as we may infer 

from a notice in Grigen, of the old Eleatic philosopher, 

Xenophanes of Colophon (2*®), who conceived the whole 

of the world to have been formerly covered by the sea, we 

might believe in the remains of a floetz stratum in tliis 

situation which had not undergone complete metamor¬ 

phosis. Tlie marble of Garrarti (Luna), which was em¬ 

ployed before the Augustan age, and was the prmcipal 

source of tlie material for statues so long as tlie quarries 

of Paros remained closed, is a stratum of the same cre¬ 

taceous sandstone (macigno) altered by plutonic agency, 

wliich presents itself in the insulated Alpine lieight, Apu- 

ana, lying between gneiss-hke micaceous and talcose 
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schists (250). Whether or not granular limestone, formed 

in the interior of the earth, and filling fissures in the 

manner of veins (Auerbach on the Bergstrasse), have 

ever been forced to the surface by gneiss and syenite 

I cannot, through want of personal observation, take it 

upon me to decide. 

The most remarkable metamorphoses' of compact cal¬ 

careous strata, however, according to Leopold von Buch’s 

able observations, are to be seen in the Southern 

Tyrol, and among the Italian slopes of the Alps, effected 

principally by the intrusion of dolomitic masses. The 

metamorphosis of the calcareous rock here proceeds 

from fissures, which traverse it in aU directions. The 

clefts are everywhere covered with rhomboids of mag¬ 

nesian spar; the whole formation indeed, without strati¬ 

fication, and without a vestige of the fossils which it 

formerly included, then consists exclusively of a granular 

aggregation of dolomitic rhomboids. Talc leaves and 

transverse fragments of serpentine lie here and there dis¬ 

persed tlu'ough the new-fashioned rock. In Fassathal, the 

dolomite rises perpendicularly in the form of smootli walls 

of dazzling whiteness to the height' of several thousand feet. 

It forms pointed conical hills, which stand side by side in 

great numbers without touching one another. . Their phy- 

si ognomical character brings to mind that sweetly fantastical 

mountain-landscape with which Leonardo da Vinci has 

ornamented the back-ground of his portrait of Mona lisa. 

The geological features which we are here portraying 

excite the imagination as well as reflection; they are 

the work of an augtio porphyry, which has intruded and 

produced its effect, by upheaving, shattering, and trans- 
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formiBg . The dolomitizing process is by no means 

regarded by the gifted inquirer wiio first pointed it out as 

an imparting of magnesian earth by the black porphyry, but 

as a change effected contemporaneously with the protrusion 

of the injected rock into extensive fissures filled with vapour. 

It remains for future inquiries to determine in what way 

the transformation is effected when the dolomite occurs 

in beds between limestone strata, without contact with the 

endogenous rook, where tlie conduits of plutonic influences 

lie concealed. But it is not perhaps necessary, even here, 

to take refuge in the old Eoman saying, according to 

which “ much that is like in nature has been produced in 

totally different ways.” If in an extensive district of 

country, two phenomena, viz. the protrusion of melaphyre, 

and the alteration in crystalline texture and chemical con¬ 

stitution of a .compact calcareous .rock, always go toge- 

tiier, tlien may we, with some reason, conjecture, that in 

cases where the second phenomenon presents itself with¬ 

out the first, the seeming contradiction in the non-fulfil¬ 

ment is connected with certain conditions acoompanying- 

tlie occult principal cause. Should we question the volcanic 

nature of basalt and its state of liquefaction tlirough fire,. 

because a few rare instances have been met with in which 

dykes of this substance traverse oaihoniferous sandstone 

and oretaeous strata, without the coal being deprived of 

its bitumen, the sandstone reduced to the state of frit, or 

the chalk being turned into granular marble ? Where we 

meet with even a twilight glimmer, with the faintest trace 

of a way in the obscure region of mineral formations, we 

must not thanklessly reject both, because there is still 

much unexplained in the relations of transition from 
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one rock to anotlior, and in the isolated inteposidon of 

altered between unaltered strata. 

Besides tlie transformation of compact calcareous car¬ 

bonate into granular limestone and into dolomite, there is 

a third metamorphosis of the same deposit, which must 

here he adverted to, and which is attributable to the vol¬ 

canic eruption of sulphuric-acid-vapours in primeval 

epochs. This transformation of limestone into gypsum 

is connected with the penetration of rock-salt and sul¬ 

phur (the latter precipitated from w-atery vapour charged 

Avith the mineral). In the lofty chain of the Andes of 

Quindiu, far from all volcanoes, I have .myself observed 

this precipitate within fissures in gneiss, whilst the sul¬ 

phur, gypsum, and rock-salt of Sicily (Cattolica, near 

Cxirgenti) belong to the newest secondary strata, or to the 

chalk formations I have farther seen fissm-es filled 

Avith rock-salt, in quantities that sometimes tempt the 

-people to engage in an illicit traflSc in the article, in the 

edge of the crater of Vesuvius. On both slopes of the 

Pyrenees it is impossible to doubt the connection of dioritio 

(and pyroxenio?) rock, Avith the appearance of dolomite, 

of gypsum, and of rock-salt (^®^). Everything in the 

phenomena here referred to proclaims the influence of 

subterraneous forces upon the sedimentary strata of the 

ancient ocean, 

The beds of pure quartz of enormous magnitude, Avhich 

are so characteristic of the Andes of South America (^®®), 

—and I may here state that I have seen such beds hetAveen 

7 and 8,000 feet in thickness, in the route from Oaxa- 

marca to Guangamaroa, descending towards the southern 

ocean,—are of enigmatical origin. They rest in one place 
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upon quartzlesa porphyry, in another upon dioritic rooks. 

Have they been produced from sandstone, as M. Elie de 

-Beaumont conjectures has been the case in regard to the 

quartz strata of the Ool de la Poissonniere, to the east of 

Brianqon ? In the diamond districts of Minas 

Geraes and St. Paul, in Brazil, which have been lately so 

carefully examined by Clausen, plutonic forces acting 

upon dioritic Eeins have developed in one place common 

mica, in another ferruginous mica, in the quartzose' itaco- 

lujjiite. The diamonds of Grammagoa are contained in 

layers of solid silicic acid; occasionally,they lie enveloped 

by plates of mica, exactly like the garnets formed in mioa- 

Mate. The most northern of all the diamonds which have 

been found since the year 1829, under the 58th parallel of 

north latitude, on the European declivity of the Ural 

mountains, also stand in geological relation to the. black 

carboniferous dolomite of Adolfskoi as well as to 

augitic poi-phyry, which have not yet been made the sub¬ 

ject of sufficiently accurate observations 

Among the most remarkable contact-phenomena, finally, 

are comprised the formation of garnets in elay-slate, 

under the influence of basalt and dolerite, instances of 

which occur in the county of Northumberland and in the 

island of Anglesea; and for the production of a great 

number of beautifirl and veiy dicsimilai- crystals—garnets, 

Vesuviane, augite, and Oeylanite—which make their ap¬ 

pearance upon the contingent surfaces of eruptive and 

sedimentary rocks, on the boundary of the syenite of 

Monzon with dolomite and compact limestone In 

the island of Elba, tlie masses of serpentine, which no¬ 

where, perhaps, present themselves so conspicuously as 
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eruptive rooks, have caused the sublimatioD of iroa glaace 

and red iron stone into the fissures of a cretaceous sand¬ 

stone . The same iron glance is still seen every day, 

sublimed from vapour, upon the edges of open fissures in 

the craters of Stromboh, Vesuvius, and ^tna, and in 

cracks of the recent lava streams of these volcanoes 

As we here perceive the materials of veins produced under 

the influence of volcanic forces before our eyes, and where 

the neighbouring rook has already attained to a state of 

solidity, we conceive how mineral and metallic ve,ins 

may have been jjroduced during the earlier revolutions 

of the crust of the earth; when the solid, but still thin 

shell of the planet, repeatedly shaken by earthquakes, 

shattered and rifted by alterations in its volume occa¬ 

sioned by cooling, presented numerous communications 

with tire interior, numerous outlets for vapours laden with 

earthy and metallic substances. The stratified arrangement 

of the mineral matters parallel with the surfaces bounding 

veins, the regular repetition of similar layers on both sides, 

on the roofs and on the floors of veins, and the druses or 

elongated cavities of their middles, indeed, firequenfly hear 

immediate testimony to a plutonic process of sublimation 

in metalliferous veins. As the matter traversing is of 

more recent origin tlran the matter traversed, we learn 

.from the relations of position of the porphyry to the silver- 

ore formations of the Saxon Erzghhirge, that these, in the 

mountains which are richer in mineral treasures than any 

others in Germany, are at least younger than the trunks 

of trees of the coal formation and than the lower new red 

sandstone (Eothliegendes) 

All our geological speculations, in regard to the forma- 
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tion of the crust of the earth and the metamorphosis of 

rocks, have had unexpected light thrown on them, hy the 

happy idea of assimilating the production of scoriae in 

our smelting furnaces, to the formation of natural minerals, 

aad of reproducing these artLfioially from their ele¬ 

ments _ j'jjg same affinities, determining chemical 

oomhinations, come into play in all these operations, whe¬ 

ther they be conducted in our laboratories or in the bosom 

"of the,earth. The most important simple minerals, cha¬ 

racterising the veiy generally distributed plutonic and 

volcanic rocks, as well as those that have suffered meta¬ 

morphosis through them, have been founf in oijr arti¬ 

ficial mineral formations in the crystalline state, and 

like the natural ones in all respects. We distinguish- 

those that have arisen .accidentally in soorise, from 

those that have been produced intentionally hy chemists. 

To the former belong felspar, mica, augite, olivine, 

blende, crystalline oxide of iron (iron glance), ootohedral 

magnetic iron, and metallic titanium (2®®); to the latter 

garnet, idokras, ruby (equal in hardness to the oriental 

stone), olivine, and augite (.®®*). The minerals now 

named foim the principal constituents of granite, gneiss, 

and mica schist, of basalt, dolerite, and numerous por¬ 

phyries. The artificial production of felspar and mica, 

in particular, is of signal geological importance for the 

theory of the formation of gneiss by the transformation 

of clay slate. This contains the elements of granite, 

potash not excepted (2®®). It would not, therefore, he any 

thing very extraordinary, as an acute geologist, M. von 

Declien, has observed, were we one day to find a piece of 
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gneiss produced upon the walls of a smelting-fumace 

built of clay-slate and grey-wacke. . 

In these geneifal jconsideratioHs on the solid crust of the 

earth, and after having indicated three original forms of pro¬ 

duction in reference to its mineral masses, viz. Eruptive, 

Sedimentary, and Metamorphosed rocks, there still remains 

a fourth class, the Conglomerated^r fragpientary, to wit. 

Tins title of itself brings to mind the de&ndations or de- 

straotions which the surface of the earth has suffered; but 

it also farther reminds us of the process of cementation or 

agglutination that has been effected by oxide of iron, and 

by argillaceous and calcareous [and silieious] cements, 

by which in one case rounded, in another angular, frag¬ 

ments have been again united. Conglomerates and 

breccias, in the widest sense of these words, reveal the 

character of a two-fold mode of origin. The materials 

of which they are mechanically composed have not always 

been accumulated by the waves of the sea, or by streams 

of fresh water in motion; there are fragmentary rocks in 

the production of which the shock or the action of water 

has had no part. “ When basaltic islands, or fraohytio 

mountains, arise upon fissures, the friction of the rock as it 

ascends against the sides of the fissure cause basalt and 

trachyte to become surrounded by agglomerates of their 

ovm masses. The grains'of which the sandstones of many 

formations consist have been more detached by the attrition 

of outbreaking volcanic, or plutonic rooks, than produced 

by the motion of a neighbouring ocean. The existence 

of such attrition-conglomerates, which are encountered in 

enormous masses in both divisions of the globe, bear wit- 
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ness to the intensity of the force -with -which the eraptive 

masses have been forced to the surface Irom the.interior. 

The waters then obtained power over -th&femaller detached 

granules, and spread them out in layers which they them¬ 

selves covered” (2®®). Sandstone formations are found in¬ 

tercalated among aU the strata, from the lo-wer Silurian 

transition series, to tjys side the chalk in the tertiary 

formation. On the edges of the vast plains of the New 

World, both within and without the tropics, they are seen 

as j walls or bulwarks, indicating, as it seems, the coasts 

against which the mighty waves of a former ocean once 

dashed themselves into foam. 

If we venture a glance at the geographical distribution 

of rocks, and their relations in point of place in that- 

portion of the crust of the earth which is accessible to our 

observation, we perceive that the most generally distiibuted 

chemical material of all is silicic acid, either in the trans¬ 

parent and colourless state, or opaque and variously tinged. 

After solid silicic acid comes carbonate of Hme ; then follow 

in order the compounds of silicic acid with alumina, with 

potash and soda, with lime, magnesia, and oxide of iron. 

If the masses which we call roc/cs be definite associa¬ 

tions of a small number of minerals, to which a few others, 

but also of determinate kinds only, are added as parasites ; 

if, in the eruptive rock granite,* the association of quartz 

(silicic acid), felspar and mica be the essentials, so do 

these minerals, either isolated or in pairs, present them¬ 

selves in many other strata. With a view of illustrating 

by an example how quantitative relations distinguish a 

felspathic rock from another abounding in mica, I here 

remind the reader, as Mitsoherlicb has done, that if three 
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times more alumina, and one-third more silieic acid than 

belong to it naturally be added* to felspar, we have the 

composition of mica. Potash is contained in both, a 

substance the existence of which in many mineral masses 

reaches far beyond the commencement of everything like 

vegetation on the surface of the earth. 

The succession, and with this the age of the several 

formations, are ascertained or determined by the reciprocal 

position of the Sedimentary, Metamorphic, and Conglome¬ 

rate strata, by the nature of the formations up to which 

the Eruptive masses ascend, but most certainly and safely 

by the presence of organic remains and the diversities of 

their structure. The application of Botanical and Zoolo¬ 

gical knowledge to the determination of the age of rocks, 

the chronometry of the crust of the earth, wliich Hook's 

great spirit had already divined marks one of the most 

hrilliant epochs in the progress of geology, now finally 

ahstraoted, on the Continent at least, from Semitic influences. 

Paleeontological studies have, as with a vivifjdng breath, 

given grace and the ohaims of variety to the doctrine of 

the solid materials of the glojje. 

The fossiliferons strata present us wjth the entombed 

floras and faunas of bygone millenniums. We ascend in 

time, whilst, penetratiug downwards from layer to layer, 

we determine the relations in space of the several forma¬ 

tions. An animal and vegetable existence that has passed 

awa,y is brought to li^ht. Wide-spread revolutions of the 

globe, the upheaval of mighty mountain chains, whose 

relative ages we are in a condition to determine, denote 

the destmctioii of old organic forms, the appearance of 
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new. A few of the older still show themselres for a time 

among the newer forms. In the narrowness of our know¬ 

ledge of original production, in the figurative language with 

which this circumscription of view is concealed, we designate 

as new creations the historical phenomena of change in the 

organisms, as in the tenancy of the primeval waters, and 

of the uplifted dry land. -These extinct organic forms are 

in one case preserved entire, even to the most minute 

details of covering and articulated parts ; in other instances 

notliing more remains of them than their footsteps im¬ 

printed on the wet sand or mud which they traversed 

when alive, or theii* coprolites (petrified dejections), con¬ 

taining the unassimilated portions of the food upon which 

they fed. In the lower Jina formation (the Lias of 

Lyme Eegis), the preservation of the ink-hag of the 

sepia is so wonderfully perfect, that the same material 

wliich -the animal employed myriads of years before to 

preserve itself from its enemies, has been made to serve as 

the colour wherewith to paint its, likeness. In other strata 

there is sometimes nothing more than the faint impression 

of a bivalve shell, and yet will this suffice, when brought 

by a traveller from a far distant oountiw, if it he a charac¬ 

teristic shell (Leitmuschel, a guiding-shell) (2®®) to inform 

us of the mineral formations which tWe exist, and of the 

other organic remains with which it was associated; it 

tells the history of the district whence it came. 

The anatomical study of the ancient animal and vege¬ 

table life of the globe extends in a two-fold direction. The 

one is purely morphological in its bearings, and is espe¬ 

cially devoted to the description and physiology of the 

organisms; it fills up with extinct fonns the gaps encoun- 
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terecl in tlio scries that still exist. The other direction is 

geological, and considers fossil organic remains in their 

relations to the superposition and relative age of the sedi¬ 

mentary formations. The first was long the usual 

direction taken, and in its imperfect and superficial com¬ 

parisons of petrifactions with living species led ofif into 

erroneous ways, traces of which are still to be discovered in 

the extraordinary denominations of certain natural bodies. 

There was the constant disposition to recognise a living 

in every extinct species ; just as, in the 16th century, fi^se 

analogies led naturahsts to confound the animals of the 

old world with those of the new continent. Camper, 

Soemmering, and Blumenbach, had the merit, by the 

scientific appheation of a better comparative anatomy, of 

first illustrating the osteological portion of Palaeontology 

(the Archaeology of organic life), in so far at least as the 

larger fossil vertebrate animals are concerned; hut for the 

proper geological consideration of the Science of Petri¬ 

factions, for the happy combination of the zoological 

character with the age and order of deposition of strata, 

we are indebted to the great work of George Chvier and 

Alexander Brongniart. 

The oldest sedimentary formations, those to wit of the 

transition series, in the organic remains which they in¬ 

clude, present a mixture of forms which assume very 

difierent places in the scale of development, gradually 

attaining to greater and greater perfection. Of vegetables, 

they contain indeed hut a few Fuci, Lycopodiace® which 

perhaps were arborescent, Equisetace®, and tropical Ferns; 

but of animal remains, we find, strangely associated together, 

Crustacea (irilohites with reticular eyes, and calymene). 
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Bradbiopoda (spirifer, orthis), tlie elegant Spheronites, 

which are nearly allied to tie crinoiclese (2®9) and ortiocera- 

tites from among tie Cephalopoda, Stone-oorals, and -with 

those lower organisms. Fishes of singular forms in the 

upper Silurian strata. The heavily-armed family of 

Cephalaspidans, fragments from whose genns Pterychthys 

were long regarded as. trilobytes, belong exclusively 

to the Devonian, or old red sandstone formation, and 

show, as Agassiz says, as pecuiar a type in the series 

of, fishes as Ichthyosauri and Plesiosauri do among the 

reptiles The Goniatites, belonging to the group of 

Ammonites, likewise begin to show themselves in the* 

■transition limestone and greywacke of the Devonian, 

and even in the later members of the Silurian system. 

The dependence of physiological gradation upon the 

age of the formation, which has hitherto been hut little 

observed in the position of the invertebrate order of 

animals is exhibited in the most regular manner in 

connection with the vertebrate series. The oldest of these, ' 

as we have ju^ seen, are the fishes ; and then, following 

the series of formations from the inferior to the superior, 

we come to reptiles and mammalia. The first reptile 

encountered, a saurian or lizard, and, according to Cuvier, 

a monitor, which had already attracted the attention of 

Leibnitz makes its appearance in the copperslate 

floetz of the Zechstein [lower new red, or magnesian lime¬ 

stone formation], of Thuringia; and with this; and of the 

same age, according to Murchison, thepalaeosaurus and the- 

codontosanrus of Bristol. The Saurians go on increasing in 

numbers in the Musohelkalk, in the Keuper, and in the 

.Jura formation, in which they attain their maximum. 
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Contemporaneously -with this formation lived Plesio¬ 

sauri, ■with long swan-like necks, containing thirty 

vertebrae; the Megolosaurus, a crocodilian monster, 45 

feet long, and with bones of the feet like those of a heavy 

mammiferous land animal; eight species of large-eyed 

Ichthyosauri; the Geosaurus or Soemmering’s Lacerta 

gigantea; finally, seven singularly hideous Pterodac- 

tyles or Saurians furnished -with membranous wings. 

In the chalk, the number of crocodilian Saurians falls off, 

yet the epoch which this deposit characterises is distin¬ 

guished by the Msestricht crocodile, as it is called, the 

Mososaurus of Conyheare, and the colossal, perhaps herbi¬ 

vorous, Iguanodon. Other animals that belong to the 

present race of crocodiles Cuvier has met -with ascending 

into the tertiary formations; and Soheuchzer’s “ Man attest¬ 

ing the deluge (homo dilu-vdi testis)”, a great salamander, 

allied to the axolotl, wdiich I brought with me from the 

Mexican lakes, belongs to the newestfresh-water formations 

of Oeningen. 

The relative ages of organisms determined by the position 

of the rocky strata in which their remains are found; has led 

to important conclusions as to the relations that can be traced 

between extinct and still existing families and species (the 

latter, the species, in very small numbers). Older and 

newer observations agree in showing that the floras and 

faunas are by so much the more’uuhke the present forms 

of plants and animals, as the sedimentary formations in 

which their remains lie buried belong to the inferior; in 

other words, to the older strata. The numerical relations 

presented by these grand successive changes in the forms 

of organic life, first pointed out by Cuvier, have yielded 
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decifflve results through the meritorious labours of Deshayes 

and Lyell, in connection more especially with the various 

groups of the tertiary formations, which contain a con¬ 

siderable mass of oarefolly-studied forms. Agassjz, who 

has cognizance of ITOO species of fossil fishes, and who 

estimates the number of living species that have been 

described, or that are preserved in museums, at 8000, 

speaks out quite decisively, in his master-work. He says; 

—“With the single exception of one small fossil fish, 

peculiar to the clay-geodes of Greenland, I have found no 

animal of this class in all the transition, floetz, and tertiary 

strata, which is specifically identical with any fish now 

living and he adds the following important observation: 

“ In the inferior tertiary formations, the coarse limestone 

and London clay, for example, one-tliird of the fossil fishes 

even belong to genera that are wholly extinct; below the 

chalk there is not one of the genera of fishes of the present 

time to he found, and the extraordinarj' family of the Sau- 

roids (or fishes with scales covered with enamel, which in 

structoe almost approach reptiles, and ascend from the 

coal formation, in wliich the largest species lie embedded, 

to the chalk, where single individuals are stiU encoun¬ 

tered), stand related to the two families Lepidosteus and 

Polypterus, which now inhabit the rivers of America and 

the Nile, in the same way as nur present elephants and 

tapirs to the Mastodons and Anaplotheriums of the 

primeval world” (27?) 

The chalk-beds, however, which still contain two of 

these sauroid fishes, and gigantic reptilefe, and which pre¬ 

sent themselves as an entire world of extinct corals and 

shells, are composed,' according to Elirenberg’s beautiful 
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discovery of microscopic Poythalamift, many of which 

are still to be found in our seas, particularly in the middle 

latitudes of the North Sea and Baltic. The first group of 

the teri^ary formation lying over the chalk, a group which 

it has become customary to designate by the name of the 

strata of the Eocene period, would appear by no means 

rightly to deserve this title—“ inasmuch as the morning 

dawn of the nature that still exists with us extends far 

more deeply into the history of the earth than was until 
lately believed ,, 

As fishes, the oldest of all vertebrate animals already 

show themselves in Silurian transition strata, and then 

occur without interruption in all subsequent formations up 

to the strata of the tertiary epoch; as we have seen the 

Samians begin with the zechstein or magnesian limestone, 

so are the fii’st mammiferous animals, the Thylactotherium, 

Prevostii, and T. Bucklandii, which Valenciennes regards 

as nearly allied to the Marsupialia,-found in the Stones- 

field slate, a lower member of the Jura or Oohtic forma ¬ 

tion, and- the first bird occurs in the older cretaceous 

deposits (2®°).—These, according to our present' know¬ 

ledge, are the inferior limits of fishes, saurians, mammalia, 

and birds. 

But if, among the members of the invertebrate series of 

animals, stone corals anil serpuhtes are found making 

their appearance in the oldest formations simultaneously 

with highly developed cephalopods and Crustacea, the 

most different and dissimilar orders being, therefore, asso¬ 

ciated without distinction, we, on the other hand, discover 

very determinate laws in connection with the distribution 

of particular groups of the same orders. Fossil shells of 
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the same kinds, goniatites, trilobites, and nummulites, 

compose entire mountains. Where different genera are 

mingled, it often happens that not only is there a deter¬ 

minate sequence of organisms recognizable, according to 

the relations of superposition in the several systems of 

strata, but the association of certain genera and species 

has also been observed in the subordinate strata of the 

same formations. By his happy discovery of the Law of 

Estimates (Lobenstellung), Leopold von Buoh has been 

epifibled to distribute the vast multitude of ammonites into 

weU-characterised families, and shown how the oeratites 

belong to the muschelkalk, the arietes to the lias, the 

- goniatites to the transition limestone and grejTvaeke 

Belemnites have their inferior limits in the Keuper which 

covers the Jura limestone, their superior hmits in the 

chalk . The waters of countries far remote from one 

another were inhabited at the same epochs hy testaceous 

animals, which partly at least, as is now known for certain, 

are identical with those that occur fossihzed in Em'ope. 

Leopold von Buch has shown" us exogyri and trigonia 

from the southern hemisphere (the volcano Maypo, in 

Chili), and d’Orhigny ammonites and grjqrheuc from the 

Himalaya mountains and the plains of Cutch in India, 

which ore identical in kind with tliiose left behind hy the 

old Jurassic sea of France and Hermany. 

Srrata characterised by determinate species of fossils, or 

hy determinate rolled masses wliich they inclose, form a 

geognostical horizon, hy means of which the geologist, 

when at a loss, can always ascertain his place, and* pur¬ 

suing which, he arrives at safe conclusions ns to the 

identity and relative age of certain formations, tlie periodical 
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recurrence of particiJar strata, their parallelism, and their 

total suppression, or failure. If we will thus embrace 

tire type of the sedimentary formation in its greatest sim¬ 

plicity and most general distribution, we find its tnembers 

in the following order, proceeding from below upwards ;— 

1st. The so-called Transition rocks, in the two 

divisions of inferior and superior grey-wacke, or 

Silurian and Devonian systems, the latter formerly 

designated the Old Red Sandstone formation; , 

2d. The inferior Trias (2®^) —Mountain limestone, 

the Coal measures together with the Red-conglome¬ 

rate (Todtliegendes), and Zechstein or Magnesian 

limestone; 

3d. The superior Trias—Variegated-sandstone, 

Muschelkalk and Keuper ; 

4th. Jura limestone (Lias and Oolite) ; 

6th. Massive sandstone, Inferior and Superior 

chalk, as the last of the. floetz strata, which begin W'ith 

the mountain limestone; 

6th. Tertiary formations, in three divisions, which 

are indicated by the Coarse limestone. Brown coal 

or Lignite, and Suh-Apennine gravel. 

In the alluvium or drift foUow the gigantic bones of the 

extinct mammalia—the Mastodons, Dinotheriums, Mis- 

suriums. Megatheriums, Owen’s Sloth-like Mylodon, 11 

feet long, &c. With these pvimaival genera are associated 

the fctesilized remains of many animals that still exist— 

the elephant, rhinoceros, ox, horse, deer, &c. The plain 

near Bogota, filled with the hones of Mastodons (the 
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Campo4u Giganies, in which I had some cttrefiil tligging 

perfonned) Ji^s 8,200 fe(3t above the level of the sea, 

and tlm bones of extinct species of true elejdiants are found 

. *iSU highfer in the lofty plateaus of Mexico. Like die chain 

of tW Andes, which h.as certainly been upheaved at very 

difl'erent epochs, the advances of the Himalaya, the 

Sewalit lulls, (which Captain Capdey and Dr. Fal¬ 

coner have so carefully examined,) besides the extinct 

Mastodon, Sivatheidum, and gigantic land tortoise, the 

Cylossochelys, 12 feet long, and C feet high, contain re¬ 

mains of genera that still exist—elephants, rhinoceroses, 

giraffes; and this, which is very much to be regarded, 

witliin a zone which enjoys the same tropical climate at 

the present day which we may he permitted to conjecture 

prevailed during the epoch of the Mastodons 

After having thus compared the series of inorganic 

formations composing the crust of the earth, with the 

animal remains wliich lie buried in them, we have .still to 

write another chapter in the history of the organic life of 

the globe—that, namely, wliich refers to vegetables; and 

to trace the epochs of vegetation, the floras varying with 

the increasing dimensions of the dry land, and the modifi¬ 

cations which the atmosphere underwent. 

The oldest transition strata, aa already remarked, present 

us with nothing but celltdar-leaved marine plants. It is 

in the Devonian strata that a few oryptogamic forms of 

vascular vegetables, calamites and lycopodiaceae, are first 

encountered (2®^). Nothing seems to testify, as, on theore¬ 

tical views On the simplicity of the Jirst forms of organic 

life, it has been assumed, that vegetable life was awakened 

o 2 
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sooner than animal life, upon the face of the old earth, and 

that this was brought about of determined by that. The 

existence of races of men in the very northern polar zones, 

who subsist on the flesh of fish, and seals and whales, is 

enough of itself to assure us of the possibility of living 

without vegetable matter of any kind. After the Devonian 

strata and the mountain limestone, comes a formation, the 

botanical anatomy of which has made such brilliant pro¬ 

gress in recent times (2®^) Xhe Coal Formaticto com¬ 

prises not only fern-like cryptogamic plants, and phanero¬ 

gamous monocotyledons,—grasses, yacca-hke Ifliaceous 

vegetables and palms; it further contains gynospermic 

dicotyledons—conifer® and cycade®. Nearly 400 species 

from the flora of the coal formation are already known. I 

here mention only arhorescent calamites and lycopodiace®; 

scaly lepidodendrons; sigUlari® of 60 feet long, and oc¬ 

casionally found standing erect and rooted, and distin¬ 

guished by a double vascular fasciculate system; cactus¬ 

like stigmari® ; a host of ferns now arborescent, and again 

mere fronds, and by their quantity proclaiihing the still en¬ 

tirely insular ohai-acter of the dry land cycade® (^m); 

and particularly palms (2®*) in small numbers, astm'ophyl- 

htes with verticillate leaves, allied to the-Najades; araucaiia- 

like conifer® with slight indications of annual rings. 

The diversity in character-of a vegetation which flourished 

luxuriantly on the uplifted and' dry-laid portions of the 

old red sandstone, from the vegetable world of the present 

time, still continues through the later phytological periods 

on to the last layers of the chalk ; but with a great degree 

of strangeness in the forms, the flora of the coal forma¬ 

tion still exhibits a very remarkable uniformity in the dis- 
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tributioQ of the same genera, (if not always of the same 

species) oTer every part of the then surface of the earth; 

in New Holland, Canada, Greenland, and Melville Island, 

the genera are still the same. 

The vegetation of the former world presents us with 

forms the affinities of which with various families of the 

present age remind us that with them many intermediate 

members in the series of organic developments have 

perished. To quote two .instances only : the Lepi- 

dqdendra, according to Lindley, stand between the Co¬ 

nifer® and the Lycopfidite® the Araucarita and 

Pinita, on the other hand, in the oomhination of their 

vascular fascicles, exhibit sometliing that is foreign and 

■ peculiar. But confining our views to the present order of 

tilings, the discovery of Cycade® and Conifer® in the flora 

of the old coal measures in juxtaposition with Sagenaria 

and Lepidodendra, is still of great significance. The Coni¬ 

fer®, to wit, have not only relationships with the Cupuli- 

fer® and the Betuline®, hy the side of which we encounter 

them in the hrown-coal formation, hut they are further 

connected with the Lyoopodite®. The family of the sago¬ 

like Cycade® approaches the. Palms in external appear¬ 

ance, whilst agreeing essentially with the Conifer® in the 

structure of the flowers and#fruit Where several 

series of coal strata lie over one another, the genera and 

species are not always nflxed; they are rather and for the 

major part generically arranged, so that only Lycopodites 

and certain Ferns occur in one series of beds, and Stig- 

mari® and Sigillari® in another. 

• In order to form an idea of the luxuriance of vegeta¬ 

tion in the former world, and of the masses of vegetable 
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ihatter accumulated by ruilning 'watefl an4 which have 

very certainly been converted into coal jn the humid way 

(296)^ I remind the reader that-.in, the Saarbriick coal 

field there are 120 seams of coal'^ying one over another, 

exclusive of a host of smaller seams less than a foot in 

thickness; that there are single s^anjs of coal of 30 and 

even of more than 50 feet thick, ais at Johnstone in Scot¬ 

land, and Creuzot in Burgundywhilst in the forest 

regions of our temperate zone, the,carbon which the trees 

of a certain supei-ftcial extent of ground contain, woidd 

not cover this surface with a layer -of much more than half 

an inch in thickness (7 lines) in the course of one hundred 

years (^9?). Near the mouth of the Missisippi, and in tlie 

wood hillocks, as they have been called, of the Siberian Icy 

Sea, described by Admiral Wrangel, however, there is at the 

present time such an accumulation of trunks of trees, such 

a quantity of drift wood, washed down by land streams, 

and brought together by ocean currents, that the pheno¬ 

mena remind us at once of the events which took place in 

the inland waters and insulated bays of the primeval world, 

and gave occasion to the production of the coal formations 

which we now discover hundreds of feet below the surface 

of the ground. It is also well to remember that these coal 

measures are indebted for «o inconsiderable portion of 

their materials not to thq trunks of mighty, trees, but to 

small grasses, and to frondiferoas and low cryptogamic 

vegetables. 

The association of palms and cone-bearing trees which 

we have just signalized in the coal fields, continues through 

almost all the formations onwards to far into the tertiary 

period. In the present world they seem rather to fly each 
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other’e vicinity. We haye, m fact, althoiigli improperly, 

habituated ourselVes so much to regard the cone-bearers 

as northern forms, thatl myself,' ascending ft'om the shores 

of the South Sea tou-ards Chilpansingo and the elevated' 

valleys of Mexico, ivas sohie'what ama'zed 'nhen I found 

myself between Veuta 'de la Moxonera and the Alto de los 

Oaxones, 3,800 feet above the level of the sea, riding for 

a -whole day thro-ugh ,a dense forest of the Pinus occiden- 

talis, in which this cone-beai'ing tree, so like our Lord 

Weymouth’s or white pine, was associated with a fan¬ 

leaved palm—the Corypha diilcis, covered with flights of 

gay coloured parrots Southern America produces 

oaks, hut not asingle species of pine ;• and the first time that 

I again encountered the familiar fonn of a fii--tree, it met 

me in the estranging presence of a pahn' with its fan-like 

leaves. In the north-east end of the Island of Cuba, too, 

and so within the ti'opics, hut scarcely raised above the 

level of the sea, Christopher Columbus in the course of 

his first voyage of discovery observed coniferous trees and 

pahns associated in their growth Tliis gifted and 

all-observing man speaks of the circumstance in his jour¬ 

nal as a siugulaiity; and his fiiend Anghiera, seeretaiy to 

Ferdinand the Catholic, says, -witli evident astonishment, 

that “ in the newly discovered country they found pahneta 

and pineta growing together.”. It is of the greatest in¬ 

terest in a geological peint of view to contrast the present 

distribution of plants upon the surface of the earth with 

that wluch the floras of the former w-oiid unfold to us. 

The temperate zone of the southern hemisphere, abound¬ 

ing in writer and in islands, and in wHch tropical forms of 

vegetation mingle so strangely with the forms that belong 
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to colder regions of the earth, presalts ns,.sM!oordmg to 

Darwin’s beautiful, animated descriplion, with the most 

instructive examples for both the-old oad the new, the 

past and the present geography of plants The 

primeval is in the strictest sense of the word a portion of 

the history of phytology. 

The Cycadeae, which, to judge by the number of species, 

played a much more important part in the world that has 

passed away than in that which now exists, accompany the 

allied Coniferse from the epoch of the coal formation 

upwards. They are almost entirely wanting in the period 

of the variegated sandstone, in which Conifer® of singular 

formation (Voltzia, Haidingera, Albertia) have grown 

luxuriantly; the Oycade®, however, attain their maximum 

in the Keuper strata and the has, where about twenty 

different forms make their appearance. In the chalk the 

prevailing forms are those of marine and ftesh-water 

plants (Fuel andNajades). The cycadean forests of the 

Jura formation have by this time been long exhausted, 

and even in the older tertiary formations they remain deep 

behind the-cone-bearing tribes and palms 

The hgnitio or brown-coal strata, which are present in 

every one of the divisions of the’tertiary period, amongst 

the earliest forms of cryptogamic land plants, exhibit a 

few palms, many conifers with distinct annual rings, and 

frondiferous trees, of more or' less decided tropical 

character. In the middle tertiary period we observe the 

complete recurrence of the pahns and cycadeans, and in 

the last members of this epoch, at length, strong resem¬ 

blances to our present flora. We come suddenly upon our 

pines and firs, our cupuliferous tribes, our planes, and our 
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poplare. The dicotyledonous stems of the lignite are 

firequendy distinguished by gigantic thickness and vast 

age. A trunk was found near Bonn, in wMoh Noggerath 

counted 702, auiraal rings. In the peat-moss of the 

Somme, at Yseux, not far from Abbeville, in the north of 

France, oaks have been found that are fourteen feet in 

diiuneter, a size which, in the old hemisphere, is very 

remarkable beyond the - tropics. Goeppert’s excellent 

researches, wMch it is hoped will soon appear illustrated 

vrith plates, inform us, “ that all the Baltic amber is de¬ 

rived from a coniferous tree, which, as proclaimed by the 

extant remains of the wood and bark, were obviously of 

different ages, came nearest to our white and red pine timber, 

but still constituted a particular species. Tbe amber-tree 

of the former world (Pinites suooifer) had a richness in 

resin with which none of the coniferous tribes of the 

present world will hear comparison, inasmuch as great 

masses of amber are contained not only witlun and upon the 

hark, but also between the rings of the wood and in the 

direction of the medullary rays; which, as well as the cells, 

are seen under the microscope to he filled with ambreous 

resin of a whiter or yellower colour in different places. 

Amongst the vegetable matters inclosed in amber we find 

both male and female flowers of indigenous, acicular-leaved, 

and cupuliferous trees; hut distinct fragments of Thuja, 

Cupressus, Ephedera, dnd Oastania vesoa, mingled with 

others of Junipers and Firs, indicate a vegetation which 

is different from that of the present coasts and plains 

of the Baltic Sea.” 

In the geological portion of our' Kepresentation' of 
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Nature, we have now gone over the whole series of forma¬ 

tions, from the oldest eruptive rocks, and tie oldest sedi¬ 

mentary. strata, to the newest alluvium, upon which lie the 

great en'atic hlooks, the causes or means of whose distri¬ 

bution has long been matter of discussion, but which for 

niy own part I am less disposed to ascribe to icebergs, 

than to the eruption and tumultuous descent of great 

masses of pent-up water suddenly let loose by the up¬ 

heaval of mountain chains (^os). The oldest members of 

the transition formation with which we are acquainted, ap 

the schists and greywacke, which inclose some few re¬ 

mains of seaweed from the Silurian, formerly the Cam¬ 

brian Sea. Upon what did these oldest rocks, as they are 

called, repose, if gneiss and mica-slate are to be regarded 

hut as metamoiThosed sedimentary strata ? Shall we ven¬ 

ture a conjecture in regard to that which cannot be the 

object of actual geological observation ? According to an 

ancient Indian Myth, it is an elephant that supports the 

earth; and the elephant himself, that he may not sink, is 

home hy^ a gigantic tortoise. Whereon the tortoise stands, 

it is not allowed to the believing Brahmin to inquii-e. 

We make hold to attempt a problem of the sort, although 

prepared for variety of blame in' its solution.—-On the 

first formation of the planets, as we have made it proba¬ 

ble in the astronomical portion of our Picture, vapo¬ 

rous rings circulating about the Sun became aggregated 

into spheres, and gradually consoUdated from without in¬ 

wards. What we call the older Silurian strata are only the 

upper portions of the solid crust of the earth. The erup¬ 

tive rooks which we see breaking through, pushing aside, 

and heaving up these, arise from depths that are inacoessi- 
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ble' to us ; they exist, consequently, under the Silurian 

strata, composed of the same association of minerals 

which are familiar to us under the name of granite, 

■ augite, and quartz-porphyry, at the points where, by 

iHeaking through, they become visible. Besting on 

analogies, we may safely assume that that which at one 

and the same time fiUs extensive fissures in the manner of 

veins, and bursts through-the sedimentary strata, can only 

be an offset from an inferior bed. The active volcanoes of 

thp present day caii'y on their processes at the greatest 

depths; and from the strange fr-agments which I have found 

included in streams of lava in different quarters of the 

globe, I also hold it as more than probable that a primo- 

genial granitic rock is the foundation of the great systems 

of stratification which are filled with such variety of 

organic remains If basalts, containing olivine, 

first make their appearance in the cretaceous period, and 

trachytes show themselves still later, the eruptions of 

granite, on the contrary, belong (as metamorphio pro¬ 

ductions also assure us) to the epochs of the oldest sedi¬ 

mentary strata of. the transition series.'—^Where know¬ 

ledge cannot take its rise from the immediate scrutiny of 

the senses, it is fairly allowable, even on grormds of pure 

induction, as also after a careful comparison of facts, to 

advance a conjecture which resteres to the oldeu granite a 

portion of its threatened*rights, and its distinction of pri- 

mordiality. 

The late advances of geology, the extended knowledge 

of the geological epochs, which are characterised by tlie 

mineralogical diversity of their rocks or mineral masses. 
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by the peouliaritios and succeesion of the organic r^aine 

which tliey contain, by the position, the .erection or 

tiie undisturbed horizontal lie of the strata, all these con¬ 

siderations lead us, following the intimate causal connec¬ 

tion of phenomena, to the division, in respect of space, of 

the solid and the fluid, of the continents and the seas 

which constitute the surface of our planet And here we 

indicate a point of union between that which is historical 

in geology with reference to the earth—cosmographical 

geology, and geographical geology, or the general considera¬ 

tion of the form and partition of continents. The limi¬ 

tation of the Solid by the Fluid, and the relations in 

respect of area between the one and the-other, have been 

very different at different times in thg long succession of 

geological epochs, according as the sedimentary car¬ 

boniferous strata were deposited horizontally on the 

upright strata of mountaiu lime- and old red sand-stone ; 

as lias and oolite were laid on banks of keuper and mus- 

chelkalk; and as chalk was accumulated on the acclivities of 

the greensand and Jura limestone. If, with M. Elie de 

Beaumont,- we designate the waters under which the Jura 

limestone and the chalk were precipitated in. the shapfe of mud 

or slime, as the Jurassic and cretaceous seas, then will the 

contour of the two formations just mentioned give us the 

boundary for two epochs, chetween the ocean still engaged 

in forming rocks and the land ah-eady laid dry. The happy 

idea has even been conceived of forming maps of these 

physical elements of primeval geography ; and these maps 

are perhaps more accurate than those which have been 

composed in illustration of the wanderings of lo and the 

Homeric narratives. The latter give graphic representa- 
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tions of opinions and mythical images; the former exhibit 

facts in the positive science of formation. 

, The result of investigations into the extent of exposed 

- area, or dry land, is this : that in the earliest times, in the 

Silurian or Devonian ti’ansition epochs, as also in the 

first floetz period, throughout its tripartite division, the 

' dry land, the surface occupied hy land plants, was limited 

.[ to separate islands; that these islands united at later 

' epochs, and inclosed numerous inland lakes hy the sides 

of ^eeply-indented hays of the sea; that finally, when the 

mountain chains of the Pyrenees and Apennines and Car¬ 

pathians arose—towards' the time of the older tertiary- 

strata, therefore,—extensive continents, having almost the. 

" dimensions of those of the present day, had appeared. In 

the times of the Silurian world, as well as in the epoch of the 

1 highest luxuriance of the Cycadeee and gigantic Samians, 

; the quantity of dry land from pole- to pole might very 

- possibly have been even less than it is in the Pacific and 

. Indian Oceans at the present time. How this prepon- 

. derating mass of water, in common with other causes, 

: conduced to elevation of temperature, and to greater 

equality of climate, will he subject of consideration hy and 

hy. Here it must only be farther remarked, in considering 

, the gradual augmentation (agglutination) of the uplifted 

dry land, that shortly before the revolutions, wMoh, after 

shorter or longer pauses "in the diluvial period, occasioned 

the sudden extinction of so many gigantic vertebrate 

animals, portions of the present continental masses were 

still completely separate from one another. In South 

America and the Australasian lands, there is a, great pre¬ 

vailing resemblance between the existing animals and those 
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that have become extinct. In New Holland, the fossil 

remains of kangaroos have been discovered, and in New 

Zealand the semifossil bones of a gigantic struthious bird, 

Owen’s Dinomis, closely allied to the existing Apterix, 

hut having little affinity to the so lately extinguished 

Dronte or Dodo of the island of Rodriguez. 

The outline of former continents was perhaps indebted 

in principal measure for its elevation above the surround¬ 

ing sea-level to the eruption of quartzose porphyry, an 

event which so powerfully shook the first great vegetable 

covering of the dry land, from which were derived the 

materials of the coal measures. What we call plains or 

flats (in continents), are no more than the broad backs of 

hills and mountains whose feet are at the bottom of the sea. 

Each plain, in its submarine relations, is, in fact, a lofty 

plateau, or table land, whose inequahties have been con¬ 

cealed by new sedimentary depositions in horizontal beds, 

as well as by alluidums spread over its surface by floods. 

Among the general considerations which belong to a 

Picture of Natiue, the foremost place must be given to the 

quantity of terra firma projecting, uphfting itself above 

the level of the sea; such a deigrmination of continental 

areas includes the consideration of their individual forms in 

point of horizontal extension (segmentary relations), and 

of perpendicular elevation (the bypsometrical relations of 

mountain chains). Our planet has two coverings or en¬ 

velopes : one general, the Atmosphere, as elastic fluid, and 

one particular, only locally distributed, bounding the solid, 

and thereby giving it its figure, the Sea. These two cover¬ 

ings, the air and the ocean, form a natural whole which 



GENERAL PHYSICAL GEOGEAPITY. 

gives the surface of the earth its climate, diverse according 

to the relative extent of the sea and of the land, of the 

division and geographical position of the laud, and of the 

direction and elevation of its mountain chains. 

From this knowledge of the reciprocal influences of the 

air, ocean and land, it appears that great meteorological 

phenomena, severed from geological considerations, cannot 

be understood. Meteorology, like the geography of plants 

and animals, first began to make some progress since ob¬ 

servers have become persuaded of the mutual interdepen¬ 

dence of the phenomena to be investigated. The word 

Climate implies in the first instance a specific constitution 

of the atmosphere; but this constitution depends om the 

"ceaseless reciprocal influences exerted between an ever- 

and deeply-agitated ocean, crossed in different directions 

by currents of totally dissimilar temperatures, and the 

heat-radiating ■ dry land, variously partitioned, elevated, 

coloured, naked or covered with lofty trees or lowly herbs. 

In the present condition of the surface of our planet, 

the area of the dry to that of the fluid is as 1: according 

to Kigaud as TOO: 270. The islands form at present 

scarcely ' 3 of the continental masses. The latter are so 

unequally divided, that in the northern hemisphere they 

offer a three times greater extent of surface than they 

do in the sonthem hemisphere. * The southern hemisphere 

is consequently most esfiecially oceanic in its prevailing 

character. From 40° S. latitude on towards the antarctic 

pole, the crust of the earth is almost entirely covered with 

■water. Even as predominating, and only broken here and 

there by insignificant clusters of islands, is the fluid ele¬ 

ment between the east coasts of the old and the west coasts 
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of tho new world. The learned hydrographer, Fleuriea, by 

way of distinguishing this extensive sea basin from other 

seas, has very well entitled it the Great Ocean. Within 

the tropics it includes a breadth of as many as 145 

degrees of longitude. The southern and western hemis¬ 

pheres, beginning the reckoning from the meridian of 

Teneriffe, are thus the regions of the earth’s surface that 

most abound in water. 

These are the principal points in the consideration of 

the relative quantities of the land and sea, a relation which 

exerts so vast an influence upon the distribution of tem¬ 

perature ; the variation of atmospheric pressure; the direc¬ 

tion of winds, and the hygrometric state of the air which 

particularly and so essentially determines the force of 

vegetation. M^hen we think that nearly three-fourths of 

the surface of the earth ai'e covered with water (3®®), we 

are less astonished at the imperfect state of meteorology up 

to the commencement of the present century,—^an epoch 

when a considerable mass of accurate observations on the 

temperature of the sea, under different parallels of latitude 

and at different seasons of the year, was first obtained 

and numerically contrasted. 

The horizontal figure of the’ land, in its most general 

relations of extension, was already an object of ingenious 

consideration at an early period in the history of the 

Greek civilization. It was sought to ascertain the greatest 

extension from east to west; and Dicearchus, according to 

the testimony of Agathemerus, found this to lie in the 

latitude of Ehodes in a direction from the Pillars of 

Hercules to Thinse. This is the line which was called the 

Parallel of the Diapliragm of Dicearchus, the astrono- 
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mical accuracy of whose position (which I have, myself 

examined in another place), must ever be the subject of 

admiration . Strabo, led apparently by Eratosthenes, 

appears to have been so ^thoroughly persuaded that as 

this parallel of SG”, tlie maximum extension of the, 

world, as known to liim, was intimately connected with 

the figure of - the earth, that he fixes the place of the con¬ 

tinent which he prophesied must exist in the northern 

hemisphere, between Iberia and the coast of Thinee, as 

also faUing under the same degree of latitude (3®®). 

If, as aheady remarked, considerably more land has been 

raised above the level of the sea in the one hemisphere than in 

the other,—and this is the case whether the globe he halved 

in the Hne of the equator, or in that of the meridian of Tene- 

riffe,—the two great masses of land, true islands surrounded 

,by the sea on every side, which we designate the Eastern 

and Western continents,, the Old and New Worlds, beside 

the most striking contrasts in configuration at large, or 

rather in the position of their greater axes, still present 

many points of resemblance in .the details of their confi¬ 

guration, particularly in the extent and outline of their 

opposite coasts. In the Eastern division, the prevailing 

direction or position of the longer axis is from East to 

West (more correctly, from South-West to North-East); 

in the Western continent, however, it is meridional, or from 

North to South (more* accurately, from South-South- 

East to Nor-Nor-West.) Both masses are cut off towards 

the North in the line of the same parallel of latitude— 

generally in that of 70“; and to the South they both run 

out into pyramidal points, which have mostly a submarine 

extension in the shape of islands and shoals. This is 



312 PHYSICAL GEOGHAPHY—THE LAND. 

proclaimed by the archipelago of Terra del Foego; the 

tagullas hank, to the south of the Cape of Good Hope, 

and Van Diemen’s Land, separated from New Holland by 

the Bass Straits. The Northern Asiatic coast exceeds, or 

runs up beyond the parallel of 70° mentioned above, about 

Cape Taimura (78° 16' N. Lat. according to Kreusenstem), 

■whilst from about the embouchure of the great Tschou- 

kotsohja river eastward, in the direction of Behring’s 

Straits, the north-eastern promontories of Asia (Cook’s 

East-Cape) do not reach higher than 6G° 8' according to 

Beechey . The Northern shore of the New continent 

follows the 70th parallel pretty closely; as both south and 

north of Barrow’s Straits, from Boothia-felix and Victoria- 

land, all the land consists only of detached islands. 

The pyramidal figure of all the southern terminations 

of continents belongs to the “ Sinulitudines physic® in 

configuratione mundi,” to wliioh Bacon had already 

directed attention in the Novum Organum, and with 

which Cook’s compamon in his second voyage round the 

world, Eeinhold Forster, has connected some very acute 

and interesting considerations. Proceeding from the 

meridian of the Island of TenerifFe eastward, we observe 

the southern extremities of three great continents, 

namely, of Africa (the'extreme of the old world,) Australia, 

and South America, approaching the south-pole succes¬ 

sively nearer and nearer. New ^Zealand, which is fuUy 

twelve degrees of latitude in length, forms a very regular 

intermediate member lying between Australia and South 

America, and also ending with an island—ilew Leinster— 

to the south. Another remarkable feature in the configura¬ 

tion of our present contipents is this: that almost under the 
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same meridians under whict tlie most southern stretches 

of the land are made, the'northern coasts also shoot-oiit 

and reaeh the highest latitudes towards the arctic pole. 

This appears on comparing the Cape of Good Hope 

and the LaguUas-hank -with the North Gape, and the 

peninsula of Malacca with Cape Taimura in Siberia 

Whether the poles are girded with terra tirma, or sur¬ 

rounded by an ocean covered with horizontal strata of ice 

(consolidated water,) we know not. • The North-pole has 

been approached as high as 82” 55' N. Latitude; the South- 

pole not higher than 78° 10' S. Latitude. 

In the same way as the great continental masses termi¬ 

nate p-yramidally towards the south, the like configuration 

is variously and almost everywhere repeated on a smaller 

scale, not only in the great Indian Ocean (the peninsulas 

of Arabia, Hindostan, and Malacca), but also, as ob¬ 

served by Eratosthenes' and Polybius, in the Mediterra¬ 

nean, where the Iberian, Italian, and Hellenic peninsulas 

present corresponding sensible, configurations (®^^). Eu¬ 

rope, with an area of but one-fifth that of Asia, is in like 

manner hut a western, many-membered peninsula of the 

Asiatic and almost undi-vided portion of the globe; and 

the climatic peculiarities of Europe also show that it 

stands to Asia very much in the same relationship as the 

peninsula of Brittany does to .jthe rest of France (s*^). 

The influence which the ‘subdivisions of a continent, the 

higher development of its form, exerts at once upon the 

manners and whole civilization of a people, is obviously 

particularly alluded to by Strabo (®*®), when he commends 

the “ greatly diversified form” of our small division of the 

globe, as an especial advantage. .^Africa (®'‘‘) and South 
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America, which in other respects exhibit such similarities 

in their configuration, are those among the great masses 

of land -wliich have the simplest outlines of coast. It 

is only the eastern sea-board of Asia, broken in upon by 

the currents of the east sea (fraotas ex eequore terras), 

that shows variety and in-egularity of outline(3*®). Penin¬ 

sulas and a succession of islands there alternate from the 

equator to 60° of N. Latitude. 

Our Atlantic Ocean bears every feature of a great 

valley. It is as if floods had directed .their shocks suc¬ 

cessively to the north-east, then to the north-west, and 

then to the north-east again. The parallelism of the 

opposite coasts northward from 10° of S. Latitude, their 

advancing and retreating angles, the convexity of the 

shores of Brazil opposite those of the Gulph of Guinea, 

the convexity of Africa under the same parallels of lati¬ 

tude as the deep indentation foimed by the Gulph- of 

Mexico, all vouch for this apparently bold view In 

this Atlantic valley, as almost everywhere else in the con¬ 

figuration of great masses of land, indented and isle- 

studded shores stand opposite to unindented coasts. It is 

long since 1 dfrected attention to the circumstance how 

remarkable in a geological point of view was the compari¬ 

son of the west codsts of, Africa and South America 

within the tropics. The ,deep bay-like inward sweep of 

the African coast by Fernando Po (4|^° N. Lat.), is re¬ 

peated on the American continent under 18|-° S. Lat. at 

the tropical point near Arica, where (between the Valle 

de Arica and the Morro de Juan Diaz) the Peruvian coast 

suddenly changes its course from south to north into a 

north-western diiectiou. This change of direction extends 
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in like measore to the lofty chain of the Andes, which here 

proceeds in two parallel connected lines; and not only to the 

lofty plateaus near the coast hut also to the eastern 

plains, the earliest seat of human civilization in the South 

American continent, where the little Alpine lake of Titi¬ 

caca is bounded by the colossal fnountains, Sorata and 

Illimani. Farther towards the south, from Valdivia and 

Cliiloe (40° to 42° S. Lat.), through the Archipelago de 

los Ohonos on to the Terra del Fuego, the curious Fiord- 

formation, the complication of narrow, deeply-penetrating 

•bays or arms of the sea, is repeated, which, in the northern 

hemisphere, we find characterising the west coasts of 

Norway and of Scotland. 

Such are the most general considerations that suggest 

themselves on the configuration of continents (the exten¬ 

sion of the dry land in a horizontal direction), as a survey 

of the surface of our planet offers them at the present 

time. We have here placed facts in juxtaposition, analo¬ 

gies in form occurring in remote districts of the earth, which, 

however, we do not venture to speak of as Laws of Form. 

When on the flanks of a still active volcano, of Vesuvius 

for example, we observe the not uncommon phenomenon 

of partial upheavings of the soil, in which small portions 

of the solid earth, either heforb or in the course of an 

eruption, permanently ctange their level by several feet, 

and rise in pent house-like ridges or flat elevations, 

we perceive how it must depend on' trifling accidents 

of intensity in the force of subterraneous vapours, and 

in the amount of resistance to he overcome, that the 

upheaved parts assume this or that form and direction. 
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Even so may slight disturbances of the equilibrium i» 

the interior of our planet have determined the upheaving 

elastic forces to operate towards the Northern in a greater 

degree than towards the Southern hemisphere; to throw 

up the Eastern hemisphere as a broad continuons mass 

with its principal axis running nearly parallel to the 

equator, the Western and more oceanic hemisphere, again, 

as a narrower band, with its axis nearly in the plane of 

the meridian. 

On the tetiological connection of such-grand incidents 

in the production of the dry land, of similarity and contrast 

in the configuration of continents, there is little to be 

made out empirically. We only know one thing: that 

the efiicient cause is subterraneous; that the present 

fashion of continents and islands has not been obtained 

at once; but, as has been already observed, that from the 

epoch of the Silurian formation (Neptunian separation), 

on to that'of the tertiary deposits, there have been many 

alternate elevations and depressions of the surface, 'which, 

on the whole, has gradually increased in extent, and, from 

numerous smaller divisions, has coalesced into the larger 

masses which we now behold. The present configuration 

is the product of two causes, which exerted their influence 

in succession, one after another: firstly, a subterraneous 

manifestation of force, whose measure and direction we 

call accidental, because we have no means of determining 

them; because, to our understanding, they are abstracted 

from the circle of necessity; secondly, powers that are 

efficient on the surface, among which, volcanic erup¬ 

tions, earthquakes, the upheaval of mountain chains, 

and ocean currents, have played the principal part. How 
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totally diflferent would have been the state of the earth, in 

reference to temperature, and, along with this, how dis¬ 

similar the state of vegetation, of agriculture, and of 

human society, had the principal axis of the new con¬ 

tinent lain in the same direction as that of the old,—had 

the Andes, instead of being uplifted in the piano of the 

meridian, been raised from east to west,—had there been 

no extensive tropical land radiating heat to the south of 

Europe (Africa),—had the Mediterranean, which once 

cpmmunicated and made one with the Ohspian and Eed 

.seas, and has proved so essential a means in promoting 

the civilization of mankind, had no existence,—had its 

bottom been raised to the same level as the plains of 

Lombardy and Gyrene ! 

The alterations in the respective levels of the solid and 

fluid portions of the earth’s surface,—alterations which, 

at one and the same time, determine the outlines of con¬ 

tinents, and leave dry or overflow districts of low-lying 

land, are to be ascribed to a variety of causes operating at 

different times. The most powerful have unquestionably 

been;—the force of elastic vapours, which the interior of 

the earth encloses; the sudden change of temperature of 

great mountain chains . tjje unequal secular loss of 

heat by the crust and core of the earth, wMch has .occa¬ 

sioned the wrinldinga or zigaag foldings conspicuous 

on many occasions in *the solid surface; local modifi¬ 

cations of the force of gravitation and, as a conse¬ 

quence of these, altered curvature of a portion of the fluid 

element. 

That the elevation of continents has been an actual, 

not a seeming one only, attributable to the form of the 

surface of the sea, appears to follow from views now 
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adopted by geologists generally, and from the long obser¬ 

vation of connected facts, as well as from the analogy 

of tlie more important volcanic phenomena. The merh 

of this view also belongs to Leopold von Buch, who 

announced it in the account of his remarkable travels 

through Norway and Sweden, in the years 1806 and 1807, 

when it was first introduced to science Whilst the 

whole of the coasts of Sweden and Finland, from the 

limits of north Scania (Solvitsborg), through Gefle, to 

Tomeo, and from Tomeo to Abo, is rising (the rise,,in 

the course of a century, amounts to four feet), south 

Sweden, on the contrary, according to Nilson, is sink¬ 

ing The maximum of the upheaving power appears 

to lie in' north Lapland, The upheaval falls off gradually 

towards the south as far as Cabnar and Solvitsborg. 

Lines of what were old sea-levels within historical times, 

are indicated along the coasts of the whole of Norway, 

from Cape Lindesnaes to the extreme north Cape, by beds 

of shells of the present ocean (^22), and have lately' been 

most accurately measured by Bravais, during the long 

winter residence at Bosekop. These shores lie as many 

as 600 feet above the present mean sea-leyel, and, ac¬ 

cording to Keilhau and Eugenius Eobert, the same thing 

extends nor-nor-west to the coasts of Spitzbergen, oppo¬ 

site the North-cape. Leopold von Buch, who was the 

first to direct attention to the raised bed of shells near 

Tromsoe (OO" 40' N. Lat.), has, however, shown that the 

old upheavals along the line of the North Sea belong to 

another class of phenomena than Ihe smooth and gradual 

rising of the Swedish coasts of the Gulf of Bothnia. The 

last phenomenon, vouched for by sure historical testi¬ 

mony, must not, therefore, he confounded with that 
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alteration in the level of the surface which acoompanies 

earthqnakes, as in the case of the coasts of Chili and of 

Cutch. It has very recently given occasion to precisely 

similar observations in other countries. To the rising 

there occasionally coiresponds, as a consequence of the 

folding of strata, an obvious sinking, as in West-Green- 

land (according to Pingel and Graah), in Dalmatia and 

in Scania. 

If we regard it as extremely probable, that in the 

e/irlier ages of our planet the oscillating movements of 

the. soil, the alternate elevations and depressions of the 

surface, were greater than they are at present, we shall be 

less surprised at finding single spots on the face of the 

globe, in the interiors of continents, that lie deeper than 

the present uniform level of the ocean. Examples of 

this kind are presented by the Natron lakes, described by 

General Andreossy, the small bitter lakes of the Isthmus 

of Suez, the Caspian sea, the sea of Tiberias, and, above 

all, the Dead Sea The level of the Sea of Tiberias 

is 62-5 feet, and that of the Dead Sea no fewer than 1230 

feet lower than that of the Mediterranean mirror. Could the 

drift and alluvium that cover the rooky strata in so many 

parts of the earth be all at once removed, it would then 

be obvious how much of the rocky foundation lies actually 

lower than the present sea-level. The periodical, although 

irregular, alternate rise ftnd fall in the waters of the Caspian 

Sea, of which I have myself seen unquestionable traces in 

the northern parts of this basin appeal', like the obser¬ 

vations of Darwin in the Coral Ocean to proclaim, 

that without any proper shock or concussion, the surface of 

the eai'th is still susceptible of the same smooth and pro- 
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gressive undulations wMch in primeval times, and when 

the thickness of the consolidated crust vras much less 

than it is at present, were much more general [and ex¬ 

tensive] than they are now. 

The phenomena to which we here direct attention re¬ 

mind us of the instability of the present order of things, 

in the changes which, at far distant intervals of time, the 

outhne and configuration of continents have in all proha- 

hihty undergone. Incidents that are scarcely reci^iizable 

to successive generations of men, accumulate in periods pt 

the length of which the movements of the heavenly bodies 

supply the measure. In tlie course of 8000 years the east 

coast of the Scandinavian peninsula has risen to the 

extent perhaps of about 3.80 feet; after the lapse of 12000, 

if the motion prove continous and equable, parts of the 

bottom of the ocean that Ue near the peninsula, and at the 

present day are covered with 100 feet of water, and more, 

will have come to the surface, and begun to be laid dry. 

But what is the brevity of these intervals compared with 

the length of the geological periods, which the succession 

of strata in the several formations, and the host of extinct 

and totally different organisms which they inclose, reveal 

to us! We have here considered the phehomenon of 

upheavement only; biit we can readily, resting on the 

analogies of facts observed^ in like measure figure to our¬ 

selves the possibility of the sinking or submersion of whole 

districts of country. The mean height of the level, or 

non-mountainous portions of France is not quite 480 

feet. Contrasted with former geological periods, in which 

more extensive changes went on in the interior of the 

earth, we perceive that no very long period of time were 
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requisite to have considerable portions of the north-Yrest of 

Europe permanently overflowed, and presenting in its 

^-board a very different outline from that which now 

distinguishes it. 

Eisings and fallings of the solid, or of the fluid—in their 

several effects so evenly balanced that the rise of the one 

occasions the seeming fall of the other—are the cause of 

every change in the configuration of continents. In a 

general Picture of Nature, in a liberal, not one-sided, 

presentment of the phenomena of nature, the possibility at 

least of a diminution in the mass of waters, of a true 

sinking in the mean sea-level, must therefore be indicated. 

That with the former high temperature of the surface of 

the earth, with the greater water-engulphing fissuration of 

its crust, with a totally different constitution of its sur¬ 

rounding atmosphere, great variations in the level of the 

sea may have taken place in connection with the increase 

or decrease of the liquid element, there is no room left for 

doubt. In the actual condition of om planet, however, 

we are totally without any direct evidence of an actual 

progressive decrease or increase of the sea; we are also 

without any proof of change in the mean height of the 

barometer at the sea level of the game points of obser¬ 

vation. From Daussy’s and Antonio Nobile’s researches, 

it appears that an increase ih the height of the baro¬ 

meter would of itself i)e accompanied with a depres¬ 

sion of the sea-level. But as the mean pressure of 

the atmosphere at the level of the sea, in consequence . 

of meteorological causes—direction of the wind, moist¬ 

ness of the air—is not the same under every parallel 

of latitude, the barometer of itself can supply no certain 
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fcvidence of cliange in the liquid level of our globe. The 

remarkable phenomenon which was observed in the be¬ 

ginning of the present century, when several harbours of 

the Mediterranean were repeatedly left completely dry for 

many hours, appears to indicate that alterations in the 

direction and strength of currents, without any actual 

diminution in the quantity of water, without any general 

depression of the level of the ocean, may give rise to local 

recessions of its waters, and to permanent exposures of 

small portions of its shores. From the knowledge lately 

obtained of these comphcated phenomena, it seems that 

we must be particularly cautious in interpreting them, inas¬ 

much as effects may very readily be ascribed to one of the 

“ old elements," the water, which belong of right, and in 

fact, to two others, the earth and the air. 

As continents, which we have hitherto delineated in 

their horizontal extension, by their configuration, by their 

external distribution and their variously indented coasts, 

exert a beneficial influence upon climate, commerce, and 

the progress of civilization, so is there another kind of in¬ 

ternal subdivision effected by perpendicular elevations of 

the surface—by mountain chains and lofty table lands— 

which have consequences that are not less important. All 

that occasions change, variety of form and feature, in .the 

surface of the planet—th6 dwelling-place of the human 

family—besides mountain chain's, great lakes, grassy 

steppes, and even deserts surrounded by wooded regions 

as by coasts, impresses a peculiar character on communi¬ 

ties. Lofty ridges covered with snow interrupt communi¬ 

cation, interfere with traffic ; but a mixture of less elevated 

mountain members lying apart and of low lands, such 
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* as the West and South of Europe, present in such happy 

intendiange, occasion variety in the meteorological pro¬ 

cesses, as well as in the products of the vegetable king¬ 

dom; and further beget wants, as every district even 

under the same degree of latitude then falls under the 

dominion of a different kind of husbandry, t8e satisfaction 

of which arouses the activity of the inhabitants. Thus 

have the dreadful convulsions that have ensued upon 

the reactions of the interior against the exterior* upon 

sudden upheavals of portions of the oxidized crust of the 

earth, upon the elevation of vast mountain chains, still 

proved conducive, with tranc[uillity restored, with the 

revival of the slumbering might of the organizing forces, 

to cover the dry land of either half of the globe with 

a beautiful abundance of individual forms, and to free at 

least the greater portion of it from the blank of uni¬ 

formity which appears to cramp and impoverish both the 

physical and the intellectual powers of man. 

To each system of these mountain chains there is, 

according to the* grand views of Elie de Beaumont, a 

relative age to be assigned: the upheaval of the range 

must necessarily fall between the times when the erupted 

strata were deposited, and those in which the horizontal 

beds, that stretch up to the very foot of the mountains, 

were laid down. The furrowings cf the crust of the 

earth, in other words, the erections of strata which are of 

like geological age, appear, moreover, to attach themselves 

to one and the same direction. The line of strike, or 

heaving of the strata, is not always parallel to the axis 

of the chain, but sometimes outs it through; so that, 

according to my views (**8)^ the phenomenon of erection 

of strata which is even found repeated in the neighbour- 
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ing level, must he older than the elevation of the chtM.* 

The jn’inoipal direction of the whole of the dry-land in 

Europe (south-west to north-east) is opposed to the great 

fissure or valley which runs from north-west to south-east, 

from the mouths of the Ehine and the Elbe, through the 

Adriatic and^ Eed Sea, across the mountain system of 

Pusohti-Koh in Luristan, towards the Persian Gulph and 

the Indian Ocean. Such a nearly rectangular interseo- 

tion of geodetioal lines has exerted a vast influence on the 

commercial relations of Europe with Asia and the north¬ 

west of Africa, as well as on the march- of civilization 

along the once more fortunate shores of the Mediter¬ 

ranean Sea (32®). 

If vast and lofty mountain chains appear to our imagi¬ 

nation as evidences of great revolutions undergone by 

the surface of the earth, as boundaries of. climates, as 

dividers and determiners of the courses of rivers, as bearers 

of another vegetable world, it is the more necessary, hy 

accurate numerical estimates of their volumes, to show how 

insignificant on the whole is the quantity of the uplleaved 

masses in contrast with the areas of entire continents. The 

mass of the Pyrenees, for example, a chain the mean height 

of whose ridges, and the extent of surface pf the base 

which it covers, have been ascertained by accurate measure¬ 

ments, if distributed evenly cv-er the area of France, would 

raise the surface of that country'by no more than about 

108 feet. The mass of the eastern and western Alps, spread 

in the same way over the area of Europe, would only raise 

the land by about 20 feet. By a laborious calculation (^^o) 

which from its nature can only give an extreme superior 

limit, in other words, a number wliich may he less, but 

cannot he greater than the truth, I have found that the 
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of gravity of the volume of the countries which 

in Emipe and North America rise above the level of 

tiis sea, lies at a height of 630 and 702 feet, and in 

Asia and South America, at an elevation of 1062 and 

1080 feet. These estimates show the slight elevation of 

tile northern regions; tiie vast steppes of the Siberian 

levels are compensated by the enormous rise of the Asiatic 

soil from 28^° to 40" N. Lat. between the Himalaya, the 

north Thibetic Kuen-luen, and the Thianschan or Celestial 

Mountains. We read, to a certain extent, in the numbers 

found, "where the Plutonic forces of the interior of the 

-eartii have put forth their greatest strength in uplifting 

continental masses. 

There is nothing to assure us that these plutonic powers 

may not in the course of future centuries add new mem¬ 

bers to the mountain systems of different ages and having 

different directions, which have been enumerated by Elie de 

Beaumont. Wherefore should the crust of the earth ha-ve 

lost the property of folding on itself? Almost the last 

of the motmtain systems that appeared, tlie Alps and the 

Andes, have reared colossuses in Mont-blanc and Monte 

Rosa, in Sornta, Illimani and Chimborazo, that do not 

aUow us to infer any falhng off m tlie intensity of the 

subterranean forces. Geological phenomena of all kinds 

indicate altemating periods (rf activity and repose 

The repose we now enjoy is only apparent. The shocks 

which the surface experiences under every vaiiety of 

climate, and along with every description of rock, Sweden 

rising in its level, and the appearance of new eruptive 

islands, bear no testimony to quiescence in the internal 

life of the globe. 
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The two coverings of the solid crust of our planet,— 

the liquid and the gaseous, the ocean and the atmosphere, 

besides the contrasts which arise from the greet diversities 

in their states of aggregation and elasticity,—also present 

numerous analogies by reason of the mobihty of their 

particles, of their currents, and their relations to tempera¬ 

ture. The depth of the sea and of the aerial ocean are 

both of them unknown to us. In some places under the 

tropics no bottom has been found to the sea with 25,300 

feet of line (more than a [German] geographical mile); and 

the atmosphere, supposing it, as Wollaston will have it, 

to be limited and so subject to undulations, may be inferred, 

from the phenomena of twihght, to have a nine-times 

greater profundity. The aerial ocean rests partly on the 

solid earth, whose mountain chains and lofty table-lands, 

as already said, rise up hke green and wood-crowned 

shoals; partly on the ocean, whose surface forms the fluc¬ 

tuating bottom upon which the inferior denser and moister 

strata repose. 

From the limits of both the atmosphere and the Ocean 

upwards and downwards, the aerial and. liquid strata are 

alike subjected to certain laws of decrease of temperature. 

In the atmosphere this decrease is much slower than in 

the ocean. Under every ,zone the tendency of the sea is 

to preserve the temperature of its surface in equilibrium 

with that of the stratum of air Which rests immediately 

upon it, inasmuch as the chilled particles [supposing the 

temperature of the air to be the lower] sink, [and the 

warmer particles, vice versa, keep their place on the 

surface]. A vast series of careful observations on tem¬ 

perature, teach us that in the usual and mean state of its 
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surfeco, ocean, from the equator to 48“ of north and 

sonlh latitude, is somewhat warmer than the stratum of 

air that rests immediately upon it . On account of 

the decrement of temperature with the increasing depth, 

fishes and the other inhabitants of the sea, which, by reason 

perhaps of the nature of their branchial and cutaneous 

respiratory systems, love deep water, are able to find the 

lower temperatures, that agree particularly with them in 

higher latitudes, under the temperate and colder zones. 

This .circumstance, analogous to the temperate, even to the 

cold alpine atmospheres of the lofty plateaus of the torrid 

- zone, exerts an essential influence on tlie migrations and 

geographical .distribution of many marine animals. The 

depths in which fishes live, by the increase of pressure 

they occasion, modify in like measure the cutaneous respi¬ 

ration and the contents in oxygen and azote of the air in 

the swimming bladder. 

As fresh and salt water do not attain their maximum 

density at the same temperature, and the saline contents 

of the sea cause the thermometrical indication of greatest 

density to descend, water was obtained from the abyss of the 

ocean in the voyages of Kotzebue and Dupetit-Thouars, 

which indicated the low degrees of 2'8“ and 2'5“ C. Tins 

icy temperature of the water also prevails in the depths 

of the tropical sea, and its discovery gave the first informa¬ 

tion of the existence of inferior polar currents, proceeding 

from either pole towards the equator. Without such under¬ 

sea currents, tlie abyss of the tropical ocean could only 

have a temperature equal to the maximum of cold which 

the particles of water descending locally from tlio surface 

radiating heat, and cooled by the contact of the atmos- 
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phere, could acquire in a tropical region. In the Mediter¬ 

ranean Sea, as Arago acutely observes, a corresponding 

great depression of temperature in the inferior strata is 

only not observed, because the influx of the deep polar 

stream by the Straits of Gibraltar, through vihich the 

Atlantic is flowing from west to east, is encountered by 

a westward under-current of the Mediterranean towards the 

Atlantic. 

The fluid-covering of our planet, equalizing and tem¬ 

pering climates in general, where it is not intersected by 

pelagic currents of colder or warmer wate-, and far from 

the coasts of tropical countries, partioulafly between 10° 

north and 10° south latitude, may be said to exhibit a 

truly wonderful equality and steadiness of temperature 

over areas that are thousands of square miles in extent(®3®). 

It has, therefore, been said with reason that a long- 

continued and careful investigation of the thermal rela¬ 

tions of the tropical seas would give us information in the 

simplest manner on the grand' and much discussed 

problem of the constancy of climates, and of the tem'pera- 

ture of the earth. Great revolutions .in the luminous 

disc of the sun, were they of long continuance, would be 

simultaneously reflected in the altered mean' temperature 

of the sea still more certainly tlian in the mean tempera¬ 

ture of the land. ° 

The zones in which the maxima of density (sahne con¬ 

tents) and temperature lie, do not coincide with the 

equator. The two maxima are distinct from one another, 

and the warmest water appears to form two not completely 

parallel bands to the north and south of the geopraphical 

equator. The maximum of saline contents was found by 
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Lenz, in his voyage round the world, in the Pacific, in the 

two parallels of 22° north and 17° south latitude. The 

zone of least density, again, was found to lie a few 

degrees to the south of the line. In the region of the 

Cahns, the heat of the sun cannot occasion any great 

amount of evaporation, because a stratum of air saturated 

with saline vapour there sleeps unmoved and unrenewed 

upon the surface of the ocean. 

The surface of all the seas that communicate one with 

another, must be regarded as generally perfectly equal in 

respect of mean elevation. Local causes, mostly prevail- 

, ing winds and currents, have, however, in particular ex¬ 

tensively land-locked seas—the Bed Sea, for example, pro¬ 

duced permanent, though still inconsiderable differences 

of level. At the isthmus of Suez the level of the Bed 

Sea, is from 24 to 36 feet above that of the Mediterranean 

at different hours of the day. The form of the canal, 

(the Straits of Babelmandel), by which the Indian Ocean 

communicates vsith the Bed Sea being such, that the waters 

find a readier access than outlet, appears to assist in pro¬ 

ducing this remarkable permanent superior elevation of 

the surface of the Bed Sea, which was already known to 

the Ancients (3*®). The admirable geodetical operations 

of Coraboeuf and Deloros along the chain of the PjTenees, 

have shown that there is no appreciable difference in the 

surface of equilibrium, dn the sea-level, on the north coast 

of Holland and at Marseilles, of the ocean and the Medi¬ 

terranean 

Disturbances of the Equilibrium imd motions of the 

mass of waters consequent on these, sometimes irregular 

and transient, depending on winds and producing Waves 
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which in the open ocean and far from land mount during 

a storm to a height of 35 feet and more; in other in¬ 

stances, regular and periodical, occasioned by the position 

and attraction of the sun and mpon—the Tides; in still 

other instances, permanent, but of unequal force, as 

Oceanic currents. The phenomena of ebb and flow, which 

extend over every sea with the exception of those that are 

very small and much land-locked, in which the tidal wave 

is either little or not at all observable, ore completely ex¬ 

plained by the Newtonian natural philosophy, i. e. re¬ 

ferred to the circle of necessary effects. Each of these 

periodically recurring oscillations of the ocean, is some¬ 

what longer than half a day. In the open ocean they 

scarcely rise to the extent of a few feet; but in consequence 

of the position and configuration of coasts and estuaries 

which meet the coming tidal wave they rise in some places 

to extraordinary heights,—in St. Malo to 60 feet, and in 

Acadia, Nova-Sootia, to from 65 to 70 feet. “ Under the 

supposition that the depth of the ocean is inconsiderable 

when contrasted with the semi-diameter of the earth, the 

analysis of the great geometrician Laplace has shown how 

the stability in the equilibrium of the ocean* requires that 

the density of its fluid should be less than the mean den¬ 

sity of the earth.” And indeed, as we have seen above, 

the density *of the earth is^ five-times greater than that of 

water. The high lands of the earth, therefore, can never 

be overflowed, and the remains of marine animals found 

on mountains can by no means have been brought into 

such situations by former floods or deluges produced by 

the position of the sun and moon It is no trifling 

tribute to analysis, which in the unscientific circles, of 
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society is presumptuously held so cheap, that Laplace’s 

perfected Theory of the Tides has made it possible to pre¬ 

dict is our astronomical ephemerides or nautical alma 

Hacks, the height of the spring-tide to be expected at each 

new and full moon, and so to forewarn the inhabitants of 

the coasts of the increased danger i\ith which tliey are 

threatened at these seasons, particularly when the moon 

is in her perigee. 

Oceanic currents, which exercise so considerable an in¬ 

fluence on the intercourse of nations and on the climatic 

relations of coasts, are almost simultaneously dependent 

on a multitude of very dissimilar, now greater, now appa¬ 

rently more insignificant causes. To the number of these 

belong: the progressive time of appearance of the ebb and 

flow of the tidal wave in its course round the world; the 

duration and force of prevailing winds; the density and 

specific gravity of the watery particles modified under dif¬ 

ferent parallels of latitude by their temperature and saline 

impregnations the horary variations of the atmos¬ 

pheric pressure, which proceed successively from east to 

west with such regularity within the tropics. The cur¬ 

rents of the hcean present this remarkable spectacle : that 

they cross it of definite breadths in different directions, in 

the manner of rivers, neighbouring unmoved watery strata, 

forming the banks, as it were, of these streams. This 

distinction between tlife portion which is moved and that 

wMch is at rest, is most remarkable where large quantities 

of sea-weed carried along with the current permit us to 

estimate its velocity. We occasionally observe similar 

phenomena of limited currents in the inferior strata of the 

atmosphere: after tempests that have swept over dense 
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forests, it sometimes happens that the trees are only fotmd 

shattered and blown down in the course of narrow strips. 

The general motion of the sea between the tropics from 

east to west, entitled the equatorial current, is regarded as 

a consequence of the advancing times of the tides and of 

the ti-ade winds. It alters its direction in consequence of 

the resistance of the east coasts of the continents which 

it encounters in its progress. The new results which 

Daussy has obtained from the motion of bottles thrown 

out on purpose by navigators, (10 French sea miles, of 

925 toises each, every 24 hours) agrees to within ‘/,,th 

of the velocity which I had ascertained from- a comparison 

of earher data In the log-book of his third voyage, 

(the first in which he sought to make the tropics in the 

meridian of the Canaries), Clnistopher Columbus says: 

“ I hold it as certain that the waters .of the sea move with 

the heavens, {las aguas van con los cietos) ”, that is to 

say, from east to west, hke the apparent motion of the 

sun, moon, and stai-s (®^®). 

The narrow currents, true oceanic rivers, which take 

their way through the sea, run warmer water in higher, 

colder water in lower latitudes. To the first%lass belongs 

the celebrated Gulf-stream (^^i), which was known to 

Anghiera (^'*®) and particularly to Sir Humfrey Gilbert 

in the 16th centui-y. The commencement and first im¬ 

pulse of this mighty current is to ha sought for southward 

from the' Cape of Good Hope, and it debouches from the 

Caribbean Sea and the Gulf of Mexico, through the 

Straits of Bahama; running from south-south-west to 

north-north-east, getting farther and farther from the 

shores of the United States of America, it turns off 
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esstward by the banks of Newfoundland, crosses the 

Atlantic, and frequently throws the seeds of tropical 

plants (Mimosa scandens, Guilandina bonduc, Doli- 

dios urens), upon the coasts of Ireland, the Hebrides 

and Norway. The north-eastern prolongation of the 

guif-stream contributes to moderate the cold of the 

sea-water and also of the climate about the north Cape 

of Scandinavia. The warm gulf-stream, after it has 

turned eastward from the banks of Newfoundland, at 

np great distance from the Azores, sends off a branch 

to the south, and it is here that the Sargasso-sea, as it 

has been called, the great bank of sea-weed, is met with, 

which made so lively an impression on the imagination of 

Columbus, and which Oviedo called the sea-weed meadow 

(Praderias de Yerva). A host of small marine animals 

inhabit this ever-verdant mass o.f I'ucus natans, one of 

the most widely diffused of the social plants of the ocean, 

which is constantly drifted hither and thither by the tepid 

winds that blow across its surface. 

In contrast to the Gulf-stream which belongs almost 

exclusively to the northern hemisphere of the Atlantic 

valley, and runs between America, and Europe and Africa, 

is the great current of the Pacific Ocean, the inferior tem- 

peratme of whose waters has an appreciable influence on 

the climate of the sea-boards -along which it sweeps, as I 

first observed in the autUmn of 1802. This current, in fact, 

brings the colder water of high southern latitudes to the 

coast of Chili, runs along the shores of this country and 

those of Peru, first fi-om south to north, and then (from 

the bay of Arica) from south-south-east to nor.-nor.-west. 

In the middle of the tropics at certain seasons of the year 
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tlie water of this cold ocean stream is not higher than 

15". 0 0. (00° 0 F.), whilst the motionless water beyond its 

limits, is as high as from 27°. 5 to 28°. 7 C. (81°. 5 to 84°. 6 

F.). Where the sea-hoard of South America, southward 

from Payta, advances farthest to the west, the stream 

turns suddenly in the same direction from Off the land, and 

takes a course from east to west; so that he who sails 

northward [by crossing the stream] comes suddenly from 

a colder to a warmer sea. 

It is not known to what depth the oceanic currents, 

Avhether hot or cold, extend, how near they run to the bot¬ 

tom. The deviation of the South African cuirent produced 

by the Lagullas hank, where the water is full 70 or 80 

fathoms deep, appears to indicate a considerable extension 

in depth. Sand-banks and shoals outside the streams are 

mostly recognizable, as the excellent Benjamin Franklin 

discovered, by the coldness of the water over them. This 

depression of temperature appears to me to be connected 

with the circumstance, that with the communication of 

motion to the neighbouring ocean, deep cold water is 

made to rise over the edges of the banks and to mix with 

the upper warmer water. My immortal friend, Sir Hum¬ 

phry Davy, on the other hand, ascribed the phenomenon, 

from which the seaman can frequently draw practical in¬ 

ferences conducive to his ■ safety, to the descent of the 

superficial strata of water cooled’ in the course of the 

night; these remain nearer the suiface, because the 

shoal prevents them from sinking to a greater depth. 

The thermometer was turned by Franklin into a plumb- 

line; fogs are frequent upon banks and shoals: their 

colder water causes precipitation of the vapour that is 
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dissolved in the sea air. I have observed such fogs 

to the south of Jamaica^ and also in the Pacific, indicating 

tlie outline of shoals sharply and quite distinctly from 

a distance. They present themselves to the eye like air- 

pictures, in vvliich the fashion of the sub-maritime bottom 

is reflected. A still more remarkable influence of these 

cold shallows is this, that they produce an obvious effect 

upon the superior strata of the atmosphere, almost in the 

same way as low coral or sandy islands. Par from all 

land, in the high seas, when the air is elsewhere quite 

clear, clouds are frequently seen hovering over the spots 

where shoals occur. In such cases their bearings can be 

■taken by the compass, precisely as if they vrere lofty 

mountains or isolated peaks. 

Without the variety of external forms that characterize 

the surface of continents, the ocean when its interior is 

nar-rowly scanned, presents a greater mass of organic life , 

than is perhaps to be found collected together in any other 

portion of the eartli’s surface. Charles Darwin observes 

with justice, in the interesting Journal of his extensive sea 

voyage, that our woods on shore do not harhomr so many 

animals as the woody regions of the ocean, where the sea¬ 

weed .groves, rooted to the bottom of the shallows, or the 

fuoi detached by waves and currents, supported by air- 

oeUs and swimming frae, unfold their delicate arms and 

branches. The use of the microscope increases stiU farther, 

and in the most remarkable manner, the impression of the 

universal life of the ocean, the astounding assurance 

that here sensibility is everywhere diffused and active. 

In depths that surpass the height of our most lofty monn- 
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tains, every one of the several superposed strata of watere, 

is animated with its own Polygastric worms, Cyclidia, 

and Ophrj'dia. Here swarm, turning each wave into 

luminous foam, and attracted to the surface by parti¬ 

cular weather-influences, the innumerable host of small 

light-flashing Mammaria from the Orders of the Aca- 

lephce, Crustacea, Peridinia, and Nereides moving in 

circles. 

The abundance of these small animalB, and of the 

animal matter which their rapid destruction supplies, is so 

immeasurable, that the sea-water at large becomes a 

nutritious fluid for much larger creatures.' If this exu¬ 

berance of living forms, these myriads of dissimilar 

microscopical, and yet in part extremely perfect organisms, 

engage and pleasantly excite the fancy, this is appealed 

to in a more earnest, I might say a more solemn manner, 

by the sense of the Limitless and the Immeasurable, 

which every sea-voyage presents to our contemplation. 

He who is awakened to spiritual self-activity, and who 

delights tohiiild up a world within himself, fills the am¬ 

phitheatre of the boundless ocean with the lofty image 

of the Infinite and the Endless.’ His'eye is fixed espe¬ 

cially by the far horizon, where indefinitely and as in 

mist, the ocean and the air meet bounding one another, 

in which the stars set and .rise anew before the eyes of the 

beholder. But still, with the eternal play of this inter¬ 

changing scene, as everywhere else with human happi¬ 

ness, tliere comes the breath of sadness, of ungratified 

lon^ipg, to mix itself with the joy. 

A peculiar predilection for the sea, grateful remem¬ 

brances of the impressions which the mobile element 
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between the tropics, in the peace and silence of the night, or 

roused and at war with the natural forces, has left upon my 

mind, could alone have induced me to speai of the indi¬ 

vidual enjoyment of the prospect, before referring to the 

beneficial influence w'hich contact with the ocean has liad 

on the development of the intelligence and character of 

various nations ; on the multiplication hy its means of the 

bonds that ought to embrace the w’hole of the human 

family; on the possibility it has afforded of attaining to 

a cknowledge of the configuration of the earth and its 

parts; lastly, on the improvement it has led to in astro¬ 

nomy, and in the mathematical and natural sciences at 

'large, A portion of this influence was originally confined 

to the waters and the shores of the south-w'estem parts of 

Asia; hut from the 16tli century onwards it has extended 

far and wide, and even attained to nations that live in the in¬ 

terior of continents remote from the sea. Since Christopher 

Columbus was “ sent forth to unchain the ocean” 

(for so was he addressed in a dream by an unknown voice 

whilst he lay on a sick-bed hy the river Belem), man, .too, 

mentally more free, has ventured with greater boldness 

into unknown regions. 

The second and most external and universally cliflused (jf 

the coverings of our globe, the* Atmosphere, on wiiose 

depths, or shoals, whicR are lofty table lands and moun¬ 

tains, we live, presents six classes of natural phenomena, 

connected in the most intimate manner with one another ; 

these are ; chemical composition; alterations in the trans¬ 

parency, polarization, and colour ; in ibo deusil.y or 

pressure; in the temperature, Inimidity, and electriciiy. 
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ir in its oxygen the air contains the first element 

of physical animal life, another excellence, it might 

almost he said of a higher order, must be indicated 

ill its constitution. The air is the “carrier'of sound,” 

and so also the hearer of speech, the means of commu¬ 

nicating ideas, of maintaining social intercourse among 

men. The earth, rohhed of its atmosphere, like the moon, 

presents itself to the imagination as a desert brooded over 

hy silence. 

The relations of the suhstauoes 'which belong to the strata 

of the atmosphere that are accessible to us, have, since the 

beginning of the 19tli century, been made-the object of re¬ 

searches, in which Gay-Lussac and I took an active part; 

it is hut very recently, however, through the admirable 

labours of .Dumas and Boussingault, that the chemical ana¬ 

lysis of the atmosphere, piu’sued in new and trustworthy- 

ways, has been advanced to a high degree of perfection. 

Trom this analysis dry air appears to contain per volume. 

28'8 oxygen, and 79'2 azote ; besides from 2 to .5 ten- 

thousands-of carbonic acid, a still smaller quantity of car- 

buretted hydrogen (S’®), and, from the important experiments 

of Saussure and Liebig, traces of atnmonincal vapoui's (S'*®), 

Vfliich may sujiply plants with their azotized constituents. 

That the quantity of oxygen may vary in' a trifling but 

still appreciable degree acoording to season, situation of a 

place—upon the sea or in the interior of a continent—has 

been rendered probable by some observations of Lewy. 

It is conceivable that changes in the quantity of oxygen 

held in solution by water, induced by microscopical 

animal organisms, may be followed by changes in the 

strata of air that lie in immediate contact with its surface 
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(347)_ xiie air collected bj' Martins on the Faulliorn at a 

height of 8220 feet, did not contain more oxygen than 
the air of Paris (3-»8), 

The admixture of carbonate of ammonia in the atmos¬ 

phere, may probably be held as older than the existence 

of organic beings on the surface of the earth. The 

sources of the carbonic acid of the atmosphere are ex¬ 

tremely numerous We may here mention the respi¬ 

ration of animals, ndiinh receive the carbon they exhale 

from the vegetable food they consume, as vegetables 

themselves derive it from the atmosphere ; the interior of 

the earth in the country of extinct volcanoes and ther- 

, mahsprings ; the decomposition of the slight admixture of 

carhuretted hydrogen contained in tlie atmosphere, by the 

electrical discharges of the clouds, so frequent in intertro- 

pioal countries. 

Besides the substances which have just been mentioned, 

and which may he held proper to the atmosphere under all 

circumstances and in all situations, there are other acci¬ 

dental matters associated with it, wliich occur especially 

near the groruid, and of which several, designated miasms 

and contagions, affect the animal system prejudicially. 

Tlie chemical nature of these substances has not yet been 

, made known by any immediate analysis; but, consider¬ 

ing the putrefactive processes wjiich proceed incessantly on 

the surface of our planet, covered as it is with animal 

and vegetable matters, and led as well by combinations 

and analogies derived from the domain of pathology, we 

may fairly conclude on the existence of such injurious 

local admixtures. Ammoniaonl and otlior azolizcd. 

vapours, sulphuretted liydrogen, combinations, indeed, 
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roseraliling tlio nwltibasio, (ternary and quartemary), 

compounds of t}ic vegetable kingdom may form 

miasmata, wliiob, in a variety of shapes, and by no means 

only on naked swampy bottoms, or on sea-coasts strewed 

with putrifying molluscs, or covered with under-growths 

of mangrove (Ehizophora), and Avicenniee, may produce 

fevers of aguish or typhoid types. Fogs which diffuse a 

peculiar smell, remind us at certain seasons of the year 

of such accidental contaminations of the lower strata of 

the atmosphere. Winds and ascending currents of air 

occasioned by the heating of the surface, raise even solid,. 

though of course finely pulverised substances, to con¬ 

siderable heights. The dust, which makes the air 

misty over a great area, and falls about the Cape de 

Verd Islands, to which Darwin has so properly di¬ 

rected attention, is found from Ehrenherg's observa¬ 

tions to contain an infinity of sihoious shelled infusory 

animalcules. 

As principal features in a general physical picture of the 

atmosphere, we may distinguish,—1st. In the variations of 

the air’s pressure : the regular, and between the tropics, so 

readily appreciable hourly oscillations, a kind of ebb and 

flow of the atmosphere, which cannot be ascribed to the 

attraction of the mass of the moon and which is so 

different according to the latitude, the season of the year, 

and the height of the place of phseiwation above the level of 

the sea. 2d. In the climatic distribution of heat: the 

influence of the relative position of the transparent and 

opaque masses—the fluid and solid superficial areas, as well 

as of the hypsometrical or perpendicular configuration of 

continents, relations Avhich .determine the geographical 
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position and curvature of the isothermal lines* in the hori¬ 

zontal or vertical direction, in the ground-plane, or in the 

aerial strata I'j’ing one above another. 3d. In the 

distribution of the moisture of the atmosphere : tire con¬ 

sideration of the quantitative relations according to 

diversity in the solid and oceanic surfaces, distance from 

the equator, and height above the level of the sea; the 

forms in whichprecipitatiou of the watery vapour takes place, 

and the connection of this precipitation with the changes of 

temperatm'e, and the direction as well as the succession of 

the winds. 4th. In the relations of the aerial electricity, 

•whose primarj" som'ce, when the air is serene, is still much 

disputed: the relation of ascending vapours to the elec¬ 

trical charge and the fashion of clouds according to 

the time of the day and the season of the year, the 

colder or hotter zones of the earth, the lo-wer- or Mgher- 

iying plains; the frequency and rarity of storms; their 

periodicity and occurrence in summer and winter ; the 

causal connection of electricity* with the extomely rare 

occurrence of hail-showers by night, as also with water¬ 

spouts and sand-spouts, wrhieh have been so ably investi¬ 

gated by Peltier. 

The horary variations of the barometer, in ivbioh 

witliin tbe tropics the instrument is twice in the coiu'se 

of the day at its highest, viz*, at 9 or Oj a. m. and 10 or 

lOf P. M; and twice itt its lowest, viz. at 4 or 4|- p. m. 

and 4 A. m., nearly tlie hottest and coldest hours in the round 

of the twenty -four, consequently, long formed the subject of 

my most careful daily and nightly observations (^ss), The 
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regularity of these is so great, that the time, especially in 

the (lay, may be ascertained by the height of the colnmn 

of mercury, -without an error on the average of more 

than from fifteen to seventeen minutes. In the torrid zone 

of the ne-w continent, on the coasts as -well as on heights 

of more than 12000 feet above the level of the sea, -where 

the mean temperature falls to 7° 0. (43°'8 F.), I have 

not found the regularity of this ebb and flow of the 

atmosphere to be disturbed either by tempests of thunder 

or of wind, by rain or by earthquakes. The amount of 

the daily fluctuation diminishes from the equator on to 

70° N. Latitude (a parallel under which we possess very 

accurate observations made by Bravais atBosekop ) 

from ] ‘82 line, to O'18 line. , That, much nearer the pole, 

the mean .height of the barometer is actually less at 10 

A. M. than at 4 p. m., so that the times of the maxima 

and minima, are severally interchanged, is by no means 

to he concluded from Parry’s observations at Bowen 

Harbour (73° 14' N. Latitude). 

The mean height of the barometer, by reason of the 

ascending current of air, is somewhat less under the 

equator, and especially under the tropics, than in the 

temperate zone (s®*); it appears to attain its maximum, in 

the West of Europe, in the parallels of 40” and 45®. If, 

. with Kaemtz, we connect tho,se places which present the same 

mean difierenoes in their monthly barometrical extremes by 

isoharometrical lines, curves are engendered, the geogra- 

graphical position and direction of which yield us impor¬ 

tant conclusions in regard to the influence of the configu¬ 

ration of continents, and the expanse of seas, upon the 

oscillations of the atmospliere. Hindostan, with its lofty 
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mountain ranges and triangular-shaped peninsula, the East 

coasts of the New Continent, at the point where the warm 

gulf-stream turns eastward by Newfoundland, show gj-eater 

isobarometrical fluctuations than the West India Islands, 

and the Western parts of Europe. Preraihng winds exert 

the most especial influence on the diminution of the 

the atmospheric pressure, and with this, according to 

Daussy, as we have already observed, the moan height of 

the sea is increased . 

As the whole of the most important variations in the 

weight or pressure of the atmosphere—whether they occur 

regularly at certain hours and seasons, or are accidental 

and excessive, when they are often accompanied with 

danger —like all the rest of what are called weatlier 

phenomena, have their principal cause in the heating 

pow'er of the sun’s rays; so the directions of the wind 

(partly on Lambert’s proposition) were at an early period 

oompared with the state of the barometer, vdtli variations 

in temperature, and with differences in thehygrometrio state 

of the atmosphere. Tables of the pressm’e of the atmosphere 

along with particular winds, designated by the title of 

harometrical wind-cards, have given a deep insight into the 

connection of meteorological phenomena . With 

wonderful acumen. Dove perceived, in the laws- of the 

rotation of the winds of both, hemispheres, which he dis¬ 

covered, the cause of many grand variations (processes) in 

the atmospheric ocean (358j. The thermal difference be¬ 

tween countries lying near the equator and those situated 

near the pole, engenders two opposite currents in the 

upper regions of the atmosphere and on the surface of the 

earth. In consequence of the diversity of the I'otatory 
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velocity in the parts lying nearer the pole, or nearer the 

eguator, tlie air which is strearding from the pole acquires 

for eastern, that which is pouring along from the equator 

a western direction. From the struggle between these 

two currents, the place of descent of the higher, the alter¬ 

nating displacements of the one by the other, depend the 

most important phenomena of atmospheric pressure, of 

the heating and cooling of the aerial strata, of the precipi¬ 

tation of moisture, and, indeed, as Dove has coiTectlv 

shown, of the formation of clouds and their configuration. 

The forms of clouds, those all-enlivening ornaments of the 

landscape, are ftiithful indications of what is going on in 

the upper regions of the air; and in calids, and floating 

in the warm summer’s sky, they are also the “ projected 

image” of the heat-radiating surface of the gi’ound. 

Where the influence of the radiation of heat is conditional 

on the relative position of great continental and oceanic sur¬ 

faces, as betwixt the East coast of Africa and the West coast 

of the peninsula of Hindostan, regular periodical changes 

in the direction of the winds accompany the changes in the 

declination- of the sun, and constitute the Indian Mon¬ 

soons the Hippalos of the Greek navigatoj-s. These 

winds must have been amongst tlie earliest regular wands 

recognised and taken advantage of by mankind. In tliis 

knowledge of the monsoops, which has certainly been 

spread over China and Hindostan,ithe Eastern, Arabian, 

and Western Malayan Seas, for thousands of years, as 

well as in the still older and more generally diffused ob- 

seiwation of the sea and land breeze, lies the hidden germ 

of the fast advancing meteorological science of the present 

day. The long series of magnetic stations wdiich have 
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no'W been established from Moscow to Pekin, through the 

•whole of Northern Asia, as they hare it also in charge to 

obserro meteorological plienomena in general, -will soon 

become of great importance in establishing the Law of 

THE Winds. The comparison of observations made 

simultaneously at places many hundreds of miles apart 

■will determine whether or not the .same east -wind blows 

from the barren table-lands of Grohi to the interior of 

Russia, or -whether, and at what point in the line of sta¬ 

tions, the direction of the current becomes changed throngh 

a descent of air from the higher regions. We shall then, 

in the, true sense of the phrase, learn “ whence the wind 

cometli.” If we -would base the required result on ob¬ 

servations continued for not fewer than twenty years, 

Mahlman's careful notifications assure us that in the 

middle latitudes of the temperate zone in both continents 

the west-south-west is the prevailing wind. 

Our knowledge of the disteibution of heat in the 

atmosphere, has gained, in some respects, in clearness, 

since attempts have been made to connect the points that 

indicate the mean temperature of the year, of the summer 

and of the winter, by different orders of lines. The system 

of Isothermal, Isotheral, and Isooliimeual lines, wliivch I first 

proposed in 1817, may, perhaps, when it has been gradn- 

ally perfected by the united effisrts of natmal plulosophers, 

be fomid to supply a general and grand basis for a com¬ 

parative Climatology. Terrestrial magnetism first acquii-ed 

a scientific shape when scattered partial results were con¬ 

nected graphically with one another by linos of equal 

Yoi-iation, of equal dip, and of equal intensity. 

The expression Climate, in its most general acceptation. 
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indicates every cliange in the atmosphere which sensibly 

alfects our organs—temperature, humidity, alteration of 

barometrical pressure; calms or storms of wind from 

various quarters; amount of electrical tension ; purity of 

atmosphere, or its contamination with gaseous exhalations 

more or less pernicious ; finally, degree of habitual trans- 

qiarency and serenity of the sky, which is not merely im¬ 

portant in connection with the amount of radiation from 

the ground, the organic evolution of plants, and the 

ripening of fruits, but also with the feelings and whole men¬ 

tal estate of mankind. 

Were the surface of the earth composed of one and the 

. same homogeneous fluid mass, or of rooky strata of like 

colour, like density, like smoothness, like capacity of 

absorption for the sun’s rays, and like power of radiation 

into planetary s]iace, then would the Isothermal, Isotheral, 

and Isoohimenal lines run. parallel to one another, and to 

the Equator. In such an hypothetical condition of the 

earth’s surface, the power of absorbing and of emitting 

light and heat would he the same in the same parallel of 

latitude aU round the globe. And it is, in fact, from such 

a mean, and, as it were, primary condition, w'hich neither 

excludes the transmission of heat to the interior of 

the earth, nor towards the atmosphere involving it, nor 

the communication of heat by currents of air, that the 

mathematical consideration of climates sets out. All 

that alters the absorbing and radiating powers of the sur¬ 

face in particular parts lying in the same parallels of 

latitude, produces inflections in the Isothermal lines. 

The nature of these inflections, the angle under which 

the isothermal, isotheral, and isochimenal lines cut the 
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paraliel eireJes, the portion of the convexities or concavities 

of these lines in respect of tlie pole of the corresponding 

hemisphere, are the effects of calorific or frigoriiic causes 

which show themselves possessed of more or of less power 

under different geographical longitudes. 

The progress of Climatology has been favoured in a 

remarkable manner by the spread of European oirdlization 

from two opposite sea-hoards, by its extension froih our 

We.stem European coast to an Eastern coast on the other side 

of tire great Atlantic valley. When the British, aftci' the 

temporary establishments which had proceeded from Ice¬ 

land and Greenland, had founded the'first permanent 

colonies on the shores of the United States of America, 

where religious persecution, fanaticism, and love of freedom, 

soon swelled the ranks of the settlers, the hold adventurers 

must have been amazed at the severity of the winters 

which they encountered, from North Carolina and Virginia 

to the River St Lawrence, in comparison with those which 

prevail under corresponding parallels of latitude in Ital}^, 

France, and Great Britain. Such climatic ohseivations, 

however exciting they must have been, still only bore fruits 

when they could be based on numerical results of mean 

annual temperatures. If, between the parallels of 58° and 

30° N. Lat., we compare Nain, on the coast of Labrador, 

with Gottenhurg, Halifax with Bordeaux, New York with 

Naples, St. Augustin ili Florida with Cairo, we find the diffe¬ 

rences in mean annual temperature between the East of 

America and the West of Eirrope, under similar parallels of 

latitude, progressing from north to south, from 11°'5, 7°’7 

and 3°'8 to almost 0 Cent. The gradual decrease of diffe¬ 

rence in the above series, through 28 degrees of latitude, is 
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very remaikatile. Still farther to the south, and within 

the tropics, the isothermal lines in almost every part of 

both divisions of the globe run parallel with the equator. 

From the examples here given, if is obvious that the 

questions we hear so constantly repeated in our social 

circles, as to how many degrees'America-^and without 

any distinction of East or West coast — is colder than 

Europe ? and how many degrees the mean annual 

temperature in Canada and the United States of America 

is lower than under corresponding parallels of latitude 

in Europe ? when taken as general expressions, are 

totally without meaning. The difference under each par¬ 

ticular parallel is different from what it is under every other 

parallel; and without special comparisons of the winter 

and summer temperatures of the opposite coasts, no right 

conception can he formed of the several particular chmatic 

relations in so far as they influence agriculture, trade, and 

tlie feelings of comfort and convenience, or the contrary, ■ 

In enumerating the causes that may produce disturbances 

in the form of the isothermal lines, I distinguish the causes 

tending to' exalt, and the causes tending to depress tem¬ 

perature, To the first class belong : the vicinity of a west 

coast in the temperate zone; the configuration of a con¬ 

tinent cut up into numerous peninsulas ; deep bays; and 

far-penetrating arms of the sea; the right■ position of a 

portion of the dry land—i. e. its relations either to an 

ocean free from ice which extends beyond the polar circle, 

or to another continent of considerable extent wdiich lies 

between the same meridional lines under the equator, or, at 

all events, in part within the tropics ; farther, the preva¬ 

lence of southerly and westerly winds the western 
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confines of a continent in tlie northern temperate zone; 

moaatem chains, which serve as screens against winds 

from colder countries; the rarity of swamps, which oon- 

. tinue covered witli ice tlirough the spring, and even some 

way into summer; the ahsence of forests on a dry sandy 

soil; finally, the constant serenity of the heavens in the 

summer months, and the neighbourhood of a pelagic stream 

of running water of a higher temperature than that of the 

surrounding sea. 

, To the second class of causes, or those that tend to 

depress the mean annual temperature hy exciting cold, I 

enumerate ; the elevation of a place above the sea level, 

without anything like lemarlcahle. elevated plains surround¬ 

ing it; the vicinity of an eastern coast in high and middle 

latitudes ; the massive or rmbroken outline of a continent 

without indentation of its coasts and deep sea bays; the 

wide extension of the land towards the poles up to the region 

of eternal ice (without the intervention of a sea open in 

winter) ; a .geographical position in longitude of such a 

kind that the equatorial and tropical regions belong to the 

ocean,—in other words, the absence of a heating, radiating 

tropical country between the same meridian lines as the 

country whoso climate is to be detemined; mountain 

chains whose form and direction are such that tliey prevent 

the access of ^Yarmer winds; • or the neighbourhood of 

isolated summits clown Vhose slopes cold currents of air 

descend; extensive forests, which liinder the sun's rays 

from reaching the ground, whose appendienhir organs (the 

leaves), hy their vital activity, throw off large quantities 

of watery vapour, and vastly inerca.se tlie amount of 

radiating or cooling superficird snifaco, n,nd so not in a 

threefold manner—hy shacliiig, by ovaporaling, and by 
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radiating; great swamps, which, up to tbe middle of 

Slimmer, in the north, form a kind of subterraneous glacier 

in the flats; a misty or overcast summer sky, which 

diminishes the effect of the sun’s rays by intercepting them 

in their passage to the earth; finally, a very clear winter's 

sky, hy whiclp-radiation is favoured 

The simultaneous activity of disturbing, whether heat¬ 

ing or cooling causes, determines as a total effect the in¬ 

flexions of the isothermal lines projected upon the surface 

of tlie earth, their course being especially influenced liy 

the relations of extent and configuration between the 

opaque continental and the fluid oceanic masses. The per- 

turhating causes engender convex or -ooncave summits 

of the isothermal curves. But there are disturbing causes of 

different orders, each of which must first be separately 

considered; suhsequently, in order to ascert.ain the whole 

effect upon the motion (direction or local cundug) of the 

isothermal lines, it must he discovered which of the 

several influences in their combinations modify, annul, or 

strengthen each other, as happens in the case of other 

small oseillations that meet and intersect each other. 

Such is the spirit of the method, by which I flatted myself 

it "will one day become possible to connect immeasurable 

series of apparently isjolated facts with one another, hy 

empirical numerically expressed laws, and to demonstrate 

the necessity of their mutual dependence. 

As we find westerly or west-south-westerly winds in 

both temperate zones as the prevailing counter-currents 

to the trades or east winds of the tropics, and as these, 

to a country with an eastern sea-board, are land winds, 

and to a country with a western sea-board again are 

sea winds, {i. €> as they blow over a level, which hy reason 
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of its mass and the descent of the cooled particles of -water 

is susceptible of no great degree of cliilling); so comes it 

that, -where oceanic currents running near the shore do 

not influence the temperature, tlie east coasts of conti¬ 

nents are colder than the -west coasts. Cook's junior 

companion in his second voyage, the gifted George 

Forster, -whom I have to thank for urging me on to various 

extensive undertakings, was the first who directed pai'ticu- 

lar attention to the difference of temperature of the east 

and west coasts in both hemispheres, as well as to the 

correspondence between the lemperatm'e of the west coasts 

of Nortli America in the middle latitudes, with tliat of the 

west of Europe witliin the same parallels 

- Accurate observations show a striking difference even 

in pretty high northern latitudes between the mean annual 

temperature of the east and west sea-hoards of America. 

At Nain in Labrador (67° 10' N. Lat.) tins temperature is 

3°’8 0. [5°-10 E.] under the freezing point of water [■/. e. 

26'’'8 F.],whilstatNew Archangel on the north-west shore of 

Eussian America (57° 3' N. Lat.,) it is still 0°-9 0. [12°-4 

F.] above the freezing point [f. e. 44°-4 F.]. At the firet 

named place the mean summer temperature scarcely readies 

6°-2 C. [43°-lF.], whilst at the second it is as high as 

13°'8 C. [56°-5 F.]. The mean winter temperature of 

Pekin (39° 54' N. Lat.) is at least 3° C. helo-a- the freezing 

point; whilst in the -\Test of Europe, even at Paris (-48° 

60' N. Lat.) it is fully 3°'3 0. above this point. The 

mean winter cold of Pekin is thus lower by 2°-5 G., than 

that of Copenhagen, which lies 17 degrees of latitude 

farther to the north. 

We have already spoken of the extreme slo-(\-ncss with 
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wliicli the great masses of the ocean follow alterations in 

the temperature of the air, and how in ■virtue of this pro¬ 

perty the ocean acts as an.eq^ualizer of temperature. It 

tempers at once the rudeness of the winter’s cold and the 

fervour of the summer’s heat. From hence a second im¬ 

portant contrast: the difference between the insular or sea¬ 

board chmates which all deeply indented continents abound¬ 

ing in bays and peninsulas enjoy, and the climates of the 

interior of great masses of terra firma. This remarable con¬ 

trast, in the variety of its phenomena, in its influence op 

the po-sver of vegetation, and the improvement of agricul¬ 

ture, on the transparency of the atmosphere, the radiation 

of the earth’s surface and the height of the line of per¬ 

petual snow, -was first fully developed in the writings of 

Leopold von Buoh. In the interior of the Asiatic conti¬ 

nent, Tobolsk, Barnaul on the Obi and Irkutsk, have 

summers like those of Berlin, Munster and Cdierbourg in 

Normandy ; but these summers are follow'ed by winters in 

which the coldest month reaches the fearful mean tempe¬ 

rature of from—18° to—20° C. [0°'4 to — 4° F.]. In the 

summer months, again, the thennometer for weeks together 

is seen standing at 30° and 31° 0. [86° and 87°'8 F.]. 

Such continental climates are tlierefore well and properly 

characterized as excessive by Buflbn, who w'as so well 

versed both in mathematics and in physics ; and the inhabi¬ 

tants of the countries where they pre'vail, seem doomed, like 

the imfortimates in Dante's Purgatory 

-“ a soffrir torraecti caldi e geli*.” 

Milton, after Dante, 
though the English poet lays the scene in his Hell.—Tr.] 
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In no quarter of the globe, not even in the Canary 

Islands or in Spain, or the South of France, have I met 

with more delicious-fruit, particularly more .beautiful grapes, 

than in Astraehan, near the' shores of tlie (lasjiian Sea 

(46° 31'N. Lat.) With a n lean annual temperature of 

about 9° 0. [about 48l° F.], the mean summer tempera¬ 

ture rises to 21°-3 0. [70°-l F.], equal to that of Bor¬ 

deaux ; whilst not only there, hut still farther to the south, 

at Kislar on the moutli of the Texel, in the latitudes of 

Avignon and Bimini, the thermometer in the ■n'inter sea¬ 

son sinks to— 26° and — 80° C. [■— 13° and ■— 23° F.] 

Ireland, Guernsey and Jersey, the Peninsula of Brit¬ 

tany, the coasts of Normandy, and the South of England, 

in the mildness of their -winters and the lo-w temperature 

and overcast sky of their summers, present the most re¬ 

markable contrasts with the continental climate of the 

interior of the East of Europe. In the North-East of 

Ireland (54° 66' N. Lat.) under the same parallel as K6- 

nigsberg in Prussia, the myrtle gro^as as vigorously as it 

does in Portugal. The month of August, the tempera¬ 

ture of wliich in Hungaiy is 21° 0. is scarcely 16° 0. in 

Dublin, -wliich stands on the same isothermal line of 94-°; 

and the mean -winter temperature, -wliich sinks in Bnda to 

— 2°'4 0., in Dublin (-noth its meitn annual temperature, 

lo-wer by 9° C.) is still 4°-3 a[;ove tlie freezing point of 

water; i. e. it is 2° C. lijgher than in Milan, Pavia, Padua, 

and the whole of Lombardy, where the mean annual tem¬ 

perature is fully 12°-7 C. At Stromnessin the Orkneys, 

not half a degree further to the south than Stockholm, the 

mean "winter temperature is 4° 0., higher consequently 

than tliat of Paris, and nearly equal to tliat of London. 
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Evou ill tbo Faro Islands in 02° N. Latitude, the influence 

oi' tlio westerly winds and of the ocean is such, that the 

water of the inland lakes never freezes. On the pleasant 

coasts of Devonshire, where Snlcombe, by reason of its 

mild climate, has been called the Montpellier of the North, 

the Agave Mexicaua has been, seen flowering in the open 

air, and Oranges, trained as espaliers, and scarcely pro¬ 

tected for a few weeks with mats, have borne fruit. 

There, as well as at Penzance and Gosport, and Cherbourg 

on the Norman coast, the mean winter temperature is as 

high as 5°'6 C., that is to say, but 1°'3 below the tempe¬ 

rature of the corresponding season in Montpellier and 

Florence , Xhe relations now indicated, show how 

important for vegetation, agriculture, the growth of fruit, 

and the feeling of climatic comfort, is the distribution of 

the same annual mean temperature over the dhferent 

seasons of the year.* 

The lines which I have entitled isochimenal and isotherrd 

(lines of like mean winter- and summer-heat), are by no 

means parallel with the isothermal lines (lines of like mean 

annual heat). If in places where the Myrtle grows un¬ 

tended, and the ground in winter is never permanently 

covered with snow, • the temperature of the summer and. 

autumn is still just fauffioient,—nay, it might be said, is 

barely suffioent to bring (he apple to perfect ripeness ; if 

the vine, when it yields drinkable wine, flies islands, and 

almost all sea-boards, even tliose with a western exposure; 

[* For a great deal of interesting information on temperature the reader 
is referred to an excellent “ Thermometrical Table,” by Alfred S, Taylor, 
published by Willatt, 98, Cheapside. It is a complete Encyclopedia of 
Tbermotics.—Tr.] 
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rtie cause of this does not alouo reside in the lower sum 

raer temperature of the coasts, tvliicli our thermomoter in 

the shade proclaims ; it lies in the hitherto so little con¬ 

sidered. and yet in other phenomena (such as an explo¬ 

sion of a mixture of clilorine and hydrogen gas) so im¬ 

portant distinction hetwoen direct and diffused light with 

a clear or cdouded state of the heavens. It is long since 

I directed tlie attention of the ohsoiwers of natural pltcno- 

mena, and of hoianioal physiologists^ to these distinctions, 

as well ns to the uncstimated heat locally developed in the 

vegetahle cell under the influence of direct light (3®*), 

If we cle.scend in the thermal scale of husbandry, of dif¬ 

ferent kinds beginning with the hottest climates, where 

Vanilla, Oacao, the Banana, Plantain and Ooooa.' nut Palm, 

are successfully cultivated, to the regions in succession of 

the Pine-apple, Sugar-cane, Coffee, Date, Cotton-tree, 

Citron, Olive, true Ohesnut, and Vine yielding drink¬ 

able wine, the careful geographical consideration of the 

limits of each of these species of culture, respect being had 

at once to the plain and to the mountain slope, assures us 

that other climatic relations than those connected with the 

mean annual temperature here come into play. To take 

the single instance of the vine, I remind my reader, that in 

order to have palatable wine not only must the mean 

annual temperature exceed 9^ C. [49°-66 P.], hut that 

the mean winter cold must not fall quite to the freezing 

point (0*’5 0., 83°’4 F.), and this must he followed by a 

mean summer heat of at least 18° 0. [64°‘4 F.]. At 

Bordeaux, in tlie, valley of the Garonne (North Latitude 

44° 60') the temperature of the year, of the winter, of the 

summer, and of the autumn, are respectively 13°'8 ; 0°-2; 
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21°'7; and 14°'4, In the plains of the Baltic, where 

-wine is gro-wn that is not palatable, though it is neverthe¬ 

less consumed, the corresponding numbers are 8°‘0; —7 ; 

17°'6 ; and 8°'6. If it seem strange that the great differ¬ 

ences -which the cultivation of the vine, favoured or 

opposed by climate, exhibits, are not more conspicuously 

sho-wn by our thermometrical numbers, this strangeness 

-will be lessened by the consideration, that a thermometer 

set for observation in the shade, and as effectually as pos¬ 

sible protected from the effects of direct insolation and 

nocturnal radiation, does not by any means give the true 

superficial temperature for every division of the year, under 

periodical variations of the heat of the ground, exposed to 

the -whole amount of insolation [and of radiation.] 

In the same way as the milder, more equable climate of 

the peninsula of Brittany stands related to the climate of 

the rest of the compact continent of France, colder in 

V,>-10161’, hotter in summer, so to a certain extent does the 

climate of Europe stand related to that of the general 

continent of Asia, to which Europe forms, in fact, a kind 

of western peninsula. Europe owes its milder climate; to 

the geographical position of Africa, which in its,vast ex¬ 

tent, favouring the ascending current of air, presents n. 

solid radiating surface within the tropics, whilst southward 

from Asia the equatorial region is mostly' oceanic ; to its 

partitions and vicinity to the sea— -its forming the w'estern 

boundary of the northern part of the old world; to the 

existence of a sea free from ice, -where it extends towards 

the north. Europe from this would become colder were 

Africa to he overflowed by the sea and to disappear ; 

were the Mythical Atlantis to arise and connect Europe with 
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North America; -were the gulph-stream to cease from 

flowing and pouring its tepid current into the northern 

sea, or were another continent, raised by volcanic forces, to 

intervene between the Scandinavian peninsula and Spitz- 

bergen. If we see the mean annual temperature of Europe 

sinking as we proceed along the same parallel of latitude 

from the shores of the Atlantic, from France, through 

Germany, Poland and Eussia, towards the Ural Moun¬ 

tains, from west to east, thisrefore, the princip)al cause of the 

phenomenon is to be sought for in the progressively less' 

and less subdivided or more compact form of the land as 

the longitude increases,, in the increasing remoteness of 

the tempering ocean, as in the feebler influence of the west 

wind. Beyond the Ural chain the west becomes the chill¬ 

ing land-wind, for then it is blowing over extensive tracts 

of country covered TOth ice and snow. The intense cold of 

Western Siberia is greatly connected with such relations 

of configuration in the land and of currents of air 

nowise, as Hippocrates and Trogus Pomjieius presumed, 

and as distinguished travellers in the 18th century have 

gone on fancying, with great elevation of the country 

above the level of the sea. 

If we pass on from the consideration of diversities of 

temperature in the plains, to inSqualities in the poly¬ 

hedral configuration of the su^;face of our planet, we con¬ 

template the-mountains either according to their influence 

on the climate of the neighbouring low- lands, or according 

to the influences which they exert, in consequence of hyp- 

sometiieal relations, upon their own summits, frequently 

spread out into lofty plateaus or table-lands. The group¬ 

ing of mountains into chains divides the surface of the 
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oiirtli into different Lafsins, sometimes into muTO-w circular 

vallics snwounded by lofty walls—circus-like cauldrons, 

wliicli (as in. Greece and a portion of Asia Minor) give 

individual local characters to the climate in respect of 

warmth, dampness, frequency of winds and storms, and 

transjrarency of atm osphere. These circumstances have from 

time immemorial exerted a powerful influence upon the 

nature of the productions of the soil, and on the man¬ 

ners, forms of government, and likings and dislikings 

of neighbouring races for one another. The character 

of the geografhical individuality reaches its maximum, 

as it were, where the diversities in the configuration 

of the surface, both in the vertical and the horizontal di¬ 

rection, in the rehef and the partitioning of continents, is 

the greatest possible. With such relations of the soil are 

contrasted the steppes of Northern Asia, the grassy plains, 

(Prairies, Savanahs, Llanos and Pampas) of the New 

Continent, the heaths or moors of Europe, and the sandy 

and rocky deserts of Africa. 

The law of the decrement of temperature according to 

the height above the sea under difi'erent parallels of latitude, 

is one of the most important particulars in connection 

with the knowledge of meteorological processes, with the 

geographical distribution of plants, the theory of terres¬ 

trial refraction, and the yarious hypotheses which bear 

upon the determination of the height of thfe atmosphere. 

In the course of the numerous mountain expeditions I 

have undertaken, both within and without the tropics, 

the determination of this law has always been one of 

the principal objects of my observations and experi¬ 

ments (®'’®)- 



ATMOS WIEEE—CLIMATE. 850 

Since the true reiations of thermal distribation over the 

surface of the earth, i. e.,.the inflections of the Isothermal 

and Isotheral lines, and the unequal distances of these 

from each other in the several systems of eastern and 

western temperature of Asia, Mid-Europe, and North 

America, have been studied and made more generally 

known, we must not any longer inquire, even in a general 

way, what fractional part of the mean annual or summer 

temperature corresponds to a change of one degree of geo¬ 

graphical latitude ? In each system of isothermal lines of 

like curvature there prevails an intimate and necessary con¬ 

nection between three elements: the decrease of temperature 

in the j)erpendicular direction from below upwards; the 

difference of temperature in changing the place of observa¬ 

tion by 1° of latitude ; the equality of the mean tempera- 

j tiire of a mountain station, and the polar distance of a 

i point laid dmvn on the level of the sea. 

j In the East American s^'stem, the mean annual tempera- 

i ture changes fi:om the coasts of Labrador to Boston for 

‘ every degree of latitude by 0‘’'88 C.; from Boston to 

^ Charleston by 0°'95 C.; from Charleston to the tropic of 

Cancer in Cuba onwards, the ohange, however, becomes 

less,—there it is only 0°'66 0. Within the tropics the 

change is still smaller, the varint*on from Havannah to 

' Cumana, corresponding to a degree of latitude, being no 

. more than 0°'20 C, • 

It is quite different in the system of the isotherms of mid- 

Europe. Between the parallels of 38° and 71° I find the 

decrease of temperature to coincide very accurately with 

half a degree (0°'5 C.) for each degree of latitude. But, 

as in this country, the fall in temperature is 1° C. for 
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every 480, or 622 feet of perpendicular rise, it follows 

that here a rise of from 240 to 262 feet above the level of 

the sea corresponds, in respect of temperature to one degree 

of latitude. The mean annual temperature of the Convent 

on Mount St. Bernard, 7,608 feet above the sea-level, in 

latitude 46° 60', would thus be met with again in the 

plain, in latitude 76° 60'. 

In that part of the chain of the Andes which lies within 

the tropics, my observations, which have. been carried 

out to an elevation of 18,000 feet, indicate a fall of 1° 0. 

for 96 toises, or 670 feet; my friend Boussingault, thirty 

years later, found 90 toises, or 640 feet, as the mean 

corresponding to the same fall. On comparing the places 

wliioh stand among the Cordilleras at equal heights above 

the sea, whether on the slopes themselves, or on the extensive 

plateaus which they form, I found an increase of from 

1°'6 to 2°-3 C. in mean annual temperature of^the latter 

over the former. Without the cooling effects of noctur- ■ 

nal radiation, the difference would be still greater. As 

the climates are there stratified, as, it were, superposed in 

layers from the Cacao groves of the lowlands up to the 

line of perpetual snow, and as the temperature in the 

tropical zone varies but very slightly in the course of the 

whole year, a tolerably fair idea is formed of the relations 

in respect of temperature to which the inhabitants of 

the great cities of the Andes are exposed, when these 

relations are compared with the temperature of particular 

months in the plains of France and Italy. Whilst the 

temperature of the day on the wnoded banks of the 

Orinoco is such that it exceeds, bj 4° C. that of the 

month of August at Palermo, we find when we have as- 
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cended tlie mountains to Popayan (911 toises), that we 

are in the temperature of the three summer months at 

Marseilles; in Quito, again (1492 toises), the temperature 

is that of the end of the month of May at Paris, and when 

we have attained the Paramos or mountain wilds, over¬ 

grown with dwarf Aljune plants, still hearing large flowers 

(1800 toises), we meet with the temperature of the he- 

ginning of the month of April at Paris. 

The .acute Peter Martyr de Anghiera, one of the friends 

of Christopher Colnmhus, was the first who perceived (in 

the expedition of Eodrigo Enrigue Oolmenares, Oct. 1510), 

that the snow-line always rises higher the nearer the 

equator is approached. I find these words in the heanti- 

ful work, De Eehus Ooeaniois (®^o)—“ The Eiver Gaira 

comes from a mountain (in the Sierra Nevada de Santa 

Marta), which, Ifom the reports of the companions of 

Oolmenares, is higher than any mountain yet discovered. 

It must undoubtedly he so, if, in a zone which is at most 

10° from the equinoctial line, it retains its covering of snow' 

continually.” Tlie inferior limit of the eternal snow in 

a given latitude is tlie summer limit of the snow-line; that 

is, the maximum height to which the snow.-line recedes in 

the course of the entire year. Prom this summer limit of 

the snow-line, three other phenomena must be distin- 

.guished:—Animal fliictuation^ of the snow-line ; occa¬ 

sional or sporadic Mis of snow; and glaciers, which appear 

to he peculiar to the temperate and frigid zones, on which 

Saussurc’s immortal work on the Alps, and in later years, 

the labours of Yenetz, of G'hnrpcntie]’, and of Agassiz, 

endowed with perseverance that set danger at nought, 

have tlirown much htleresling and now light. 



We know only the inferior, not the superior, boundary of 

the eternal snow; for the mountains of Ihe earth do not rise 

into the ethereal or Olympic empyrean, into the thin dry strata 

of the atmosphere, which we may presume with Bouguer 

no longer contain any vesicular vapour turned into crystals 

of ice, and thus made visible. The lower snow-limit, how¬ 

ever, is not merely a function of the geographical latitude, 

or the mean annual temperature; the tropics, even the 

eguator itself, is not the situation, as was long believed and 

taught, where the snow-limit attains its highest elevation 

above the level of the sea. The phenomenon which we 

here advert to is, in fact, an extremely complicated one, 

and depends generally on various relations of temperature, 

moisture, and mountain configuration. If these relations 

themselves be subjected to a more special analysis, as a 

great number of new measurements permit us to do 

we discover as coefficient causes determining the^now-line: 

Differences in temperature of the different seasons of the 

year; direction of the prevailing winds, and their pontact 

with the sea and land; the degree of dryness or moistness 

of the upper strata of the atmosphere; the absolute magni¬ 

tude or thickness of the deposited and accumulated snow ; 

the relation of the snowy summit to the total height of the 

mountain; the relative position. of the particular moun¬ 

tain considered in the chain; the steepness of the decli¬ 

vities; the vicinity of other mountains likewise capped 

with perpetual snow; the extent, lay, and height of the 

plain or level from which the snowy mountain rises 

isolated, or as one in a group or chain, and which may 

be a sea-coast, or the interior of a continent, covered 

with wood, or with a thick short turf, which may be sandy. 
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barren, and strewn with naked rocks, or a wet mossy 

bottom. 

While the snow-line in South America reaches a height 

under the equator which equals that of the summit of 

Mont Blanc, and in the high lands of Mexico, near the 

northern tropic, in 19" North Latitude, according to recent 

measurements, descends from that by a quantity equal to 

about 960 feet, it rises, according to Pentland, in the 

southern tropical zone (Lat. 14|-° to 18° south), and in the 

western or Chilian Andes, not in the eastern chain,, to 

, more than 8600 feet higher than it is under the equator, on 

Chimborazo, Cotopaxi, and Antisana, not far from Quito. 

Dr. Gillies states, indeed, that much farther to the south, 

namely on the deolhity of the wolcanic mountain Pen- 

guenes (38° S. Lat.), he found the snowline at an elevation 

between 2870 and 8360 toises above the level of the sea. 

The evaporation of the snow, in consequence of the radia¬ 

tion into an atmosphere which is excessively dry in summer, 

into skies which are scarcely obscured by a cloud, is so rapid, 

that the volcano of Aconcagua, to the north-east of Val¬ 

paraiso (Lat. 32|^° south), which was found by the Expedi¬ 

tion of the Beagle to be more than 1400 feet higher than 

Chimborazo, was once seen without snow (^72) 

In almost the same parallel of North Latitude (30|° to 

31°) , the snow-limit of the southnm slopes of the Himalaya 

is found nearly at the •elevation which various combina¬ 

tions and comparisons might lead us to expect, viz. 12, J80 

feet; on the northern slopes, however, under the influence 

of the lofty table-land of Thibet, the mean height of which 

appears to he 10,800 feet, the snow-limit is only met with 

at an elevation of 15,000 feet. This phenomenon, wliich 
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lias often been the subject of discussion both in Europe 

and in India, on the cause of which I have myself made 

known my views in several papers possesses more 

than a merely physical interest; it has had an important 

influence upon the state of numerous tribes of mankind. 

Meteorological processes fit or unfit extensive districts of 

a continent for agriculture or pasturage. 

As with the temperature the quantity of vapour con¬ 

tained in the atmosphere increases, this, which is so 

important an element for the whole of the organic creatiop, 

varies with the hour of the day, the season of the year, the 

degree of latitude, and the height ‘above the level of the 

sea. The recent experience so generally obtained through 

the use of August’s Psychrometer, according to the ideas 

of Dalton and Daniell, for the deteimiuation of the relative 

moistness of the air by means of the difference between the 

dew-point and the temperature of the air*, has consider¬ 

ably increased the extent of oiu’ knowledge of the hygro- 

metrioal relations of the surface of the earth. Tempera¬ 

ture, atmospheric pressure, and quarter of the wind, all 

stand in most intimate connection with the vivifying 

moisture of the aii\ This viviflcation, however, is not 

so much a consequence of the quantity of vapour held 

dissolved under different latitudes, as of the manner and 

frequency of its precipitation in the shape of dew, fog, 

rain, or snow, which moistens the ‘ground From the de- 

[* Now very conveniently obtained by the different readings of two 
thermometers, as like each other as possible, one of which has its bulb 
dry, the other its bulb wet. The instrument is commonly sold under 
the name of Mason’s Hygrometer in Englsmd.—Tb.] 



duction of tlie gyratory law of winds by Bove, and the 

views of this distinguished jihilosopher (3?*), it afpenrs 

that in our northern zone ‘ the elasticity of vapour is 

greatest with south-west, least witlr north-east, winds.- 

On the west side of the wind-card it diminishes, and on the 

contrary it rises on the east side. On the west side, viz. 

the colder, heavier, drier current, forces hack the warmer, 

lighter, much moister air; wdiilst on the east side the 

foi-mer is overcome hy the latter. The south-west cur¬ 

rent is tlie penetrating equatorial stream; the north-east, 

the sole prevailing polar current.” . 

The beauty and fresh verdure of many trees which grow 

in countries within the tropics, where for five, six, or seven 

months together there is never a cloud to be seen on the 

face of the heavens, where no visible dew or rain ever falls, 

inform us that the appendages of the stem or the leaves 

have the power, in virtue of a peculiar vital process, which 

perhaps is not one merely producing cold hy radiation, of 

withdrawing water from the atmosphere. With the parched 

levels of Oumana, Coro, and Gears, in North Brazil, the 

deluges of rain which fall in other districts of tropical 

countries contrast strongly; for example, in Havana,-where 

observations carried on for six years by Ramon de la 

Sarga show the mean annual fall* of rain to amount to 

108 Parisian inches—four or %e times as much as it is in 

Paris or Geneva On the slopes of the Andes, the 

quantity of rain that falls, like the temperature, diminishes 

with the height It was found hy my companion in 

my South American journey, M. Caldas, of Santa Pe do 

Bogota, not to exceed 37 inches at a height of 8200 feel, 

-which i.s but little more than the quantity that fulls on 
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some of the west coasts of Exirope. At Quito, when the 

temperature was from 12° to 13° C., Boussingault some¬ 

times saw Saussure’s hygrometer recede to 86°; and in his 

great aerostatic ascent Gay-Lnssae saw the same instru¬ 

ment at 25°-3, Ms elevation at the time being 6600 feet, 

and the temperature of the air 4°‘6 C. The greatest degree 

of dryness yet observed in a low countrywas seen by Gus- 

tavus Rose, Ehrenberg, and myself, between the valleys of 

the Irtisch and Obi, in Northern Asia. In the Platowskaja 

Steppe, after the south-west wind had been long blowii;>g 

from the interior of the continent, the temperature of the 

air being 23°'7, 0. we foimd the dew-point 4°'8 below 

the freezing-point. The air only-contained of 

watery vapour (*^7). Several able observers, Kaemtz, Bra- 

vais, and Martins, have of late years called in question 

the great degree of dryness of the mountain air, which 

seemed to follow from Saussure’s observations among the 

Alps, and my own among the heights of the Cordilleras. 

The relative inoistness of the air in Zurich -was conteasted 

with that of the air of the Faulhom, a mountain wMch 

indeed conld only be called high in Europe (®^®). The 

moisture with wMch the peculiar species of large-flowered, 

myrtle-leaved Alpine shrubs are almost perpetually be¬ 

dewed in the region of the Paramos of the tropical Andes, 

between 11,000 and 12,000 feet above the sea level, and 

not far from the line where snow begins to fall, does not, 

however, necessarily imply a great absolute moistness of 

the air in this region; like the frequent fogs in the beautiful 

plateau of Bogota, it only proclaims the frequency of pre¬ 

cipitations. Banks of fog at these heights form ai,d dis¬ 

appear several times in the course of an hour when the air 
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is calm; such rapid changes characterize the lofty plateaus 

and paramos of the Andes. 

The electricity of the atmosphere, whether con¬ 

sidered in the lower regions or in the cloudy canopy 

aloft, Yiewed prohlematioally in its silent periodical 

diurnal progression, or in the brilliant and noisy explo¬ 

sions of the thunder-storm, stands in manifold relation- 

sliip with all the phenomena of thermal distribution, of 

atmospheric pressure and its disturbances, of hydrometeors, 

and apparently also of the magnetism of the outer crust 

of the earth. It exerts a most powerful influence upon 

the whole of the animal and Tegetahle world, and this 

not merely through the meteorological processes, preci¬ 

pitations of watery vapour, of acids, or of ainmoniacal 

compounds, which it occasions, but also immediately as 

the eleotrical force, that force which excites the nerves and 

occasions or assists the circulation of the juices. This is 

not the place to renew the contest in regard to the source 

of the electricity of the serene sky, which has at one time 

been ascribed to the evaporation of impure fluids, i. e. 

fluids loaded with earths and salts at another to the 

growth of vegetables or other chemical decomposi¬ 

tions proceeding on the sui’face of the earth’, to the unequal 

distribution of heat in the fifiereht strata of tlie atmos¬ 

phere finally, according to Peltier’s able inquiries 

(383), to the infliience.of a constantly negative charge of 

the globe. Limited to the results which electa'ometrical 

observations, particularly those which the clever arrange¬ 

ment of an electro-magnetieal apparatus, first proposed 

by Colladon, have given, Physical Cosmography ought 

to indicate the unquestionable increase of the general 
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positive aerial electricity with the height of the station 

and freedom from surrounding trees its daily ebb 

and flow (according to Clarke’s Dublin experiments, 

in more intricate periods than Saussure and I had de¬ 

tected), and its differences according to season, distance 

from the equator, and the continental or oceanic nature 

of the surface. 

If the electrical equilibrium on the whole be less dis¬ 

turbed w'here the atmosphere is resting on the sea than on 

the land, it is the more remarkable to observe how smay 

clusters of islands surrounded by an extensive ocean act 

upon the state of the atmosphere and give occasion to 

thunder-storms. In fogs, and at the beginning of falls 

of snow, I have in the course of a long seri^ of observa¬ 

tions seen the previous permanent vitreous, change sud¬ 

denly into the resinous electricity, and these alternate 

repeatedly, as well in the plains of the frigid zone as 

under the tropics in the Paramos or Alpine wildernesses of 

the Cordilleras between 10,000 and 13,000 feet high. ^The 

alternate fransition was in all respects similar to that 

which the electrometer had shown shortly before during 

the continuance of a thunder-storm When the 

vesicles of vapour have become aggregated into clouds 

with determinate outlines, the electrical tension of the 

outer layer or surface (385)\}ip6n which the electricity of 

the insulated vesicular vapour overflows, increases with the 

measure of the condensation. Slate-grey coloured clouds, 

according to Peltier’s Paris experiments, have resinous, 

white, rose, and orange-coloured clouds, have vitreous 

electricity. Thunder clouds not only involve the highest 

summits of the Andes, (I have myself observed the vitri-' 
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fying eflfeots of liglitiiiiig on one of the rocky crags which 

rise from the crater of the Volcano of Toluca, 14,300 

feet high; but storm clouds have been measured, which 

were floating over low lands in the temperate zone, at 

a vertical height of 25,000 feet Occasionally, Iww- 

ever, the thundering and lightning stratum of cloud 

descends to an altitude of five, and even of three, thousand 

feet from the ground. 

According to Arago’s experiments, the most comprehen¬ 

sive we yet possess upon this difficult portion of meteorology, 

there are discharges of lightning of three kinds: zig-zag or 

forked lightnings, sharply defined on their edges; lightnings 

tliat illuminate whole clouds, which seem to open up at 

once; lightning in the form of fire-balls If the two 

first of these scarcely last for the ' /, „ „ „ of a second, the 

globular kind of hghtning, on the contrary, moves much 

more slowly, and continues visible for several seconds. 

Occasionally—and late observations confirm the descrip¬ 

tion of the phenomenon already given by Nicholson and 

Beccaria—single clouds show themselves high above the 

horizon, which, without atidihle thunder, without any 

appearance of a storm, continue steadily Imninous for a 

long time both in the interior and around the edges; 

hail-stones, drops of rain, and flaies of snow, have also 

been observed, which' were luminous as they fell, without 

any precursory thuudei»storm. 

In the geographical distribution of storms, the coasts of 

Peru, in which it never thunders or lightens, present the 

most remarkable contrast with all the rest of the tropical 

zones besides, in which at certain seasons of the year, four 

or five houre after the culmination of the sun, thunder- 
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stortns occur almost .fevery 4?y- FEOffl tko eoncnrring 

testimony of northern navigabors^—Scor^by/'^airy, Boss, 

Franklin—which has been collected by ^ago, ij is* im¬ 

possible to doubt that in high northern latitudes^, such 

as the parallels from 70° to 75° eleetaical explosions are 

extremely rare . " ’ • • 

The meteorological portion ofiour Belineation of Nature, 

which we here conclude, shows that all the processes— 

absorption of light, evolution of heat, alteration pf 

elasticity, hy^rometrical state and electrical tension, which 

the immeasurable atmospheric ocean preseiit, are so 

intimately connected, that each individual meteorological 

process is simultaneously modified by any one, or by 

all the others. These varied disturbances, which in- 

,voluntarily remind us of those that the nearer and 

particularly the smaller of the heavenly bodies, the sa¬ 

tellites, comets, and shooting stars, experience in their 

course through space, render the interpretation of the 

complex meteorological processes difficult; they circum¬ 

scribe, and, for the most part, make impossible, the predic¬ 

tion of atmospherical changes, which for horticulture and 

agriculture, for navigation and the enjoyment and plea¬ 

sure of existence, would be so important. Those who place 

the value of meteorology not in a knowledge of the sub¬ 

ject itself, but in such problematieal prognostications, are 

penetrated with the belief that this portion of natural 

science, on account of which so many journeys have been 

made into remote mountainous „ countries of thd globe, 

cannot boast of any advance for centuries. The confi¬ 

dence which they refuse to natural philosophers, they yield 
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ductive organs of tlie liverworts and sea-weeds which hawe' 

the feeultyof uncoilttig themselvesj and in which Meyen, 

snatch^ too 'soon away Iroiii science, believed that he, 

recc^nized the analogues of the spermatozoa of the animal 

creation. -If to’the multifarious excitements and move¬ 

ments we add those that belong to endosmose and the 

processes of nutrition and growth, and farther to the pene¬ 

tration [and exhalation] ’of air, we have a picture of" the 

forces which, almost unknown to us, are active in the silent 

•hfe of the vegetable world. . ' >. 

Since I first portrayed the universal life of the surface of 

the earth, and the distribution of organic forms, both in 

the line of the height and of the depth, in my “ Views of 

Nature,” our knowledge in this direction also has been 

surprisingly increased by Elirenberg’s brilliant discoveries, 

“ on the demeanor of minute life in the ocean as well as 

in the ice of the polar lands,”—discoveries made not by the 

way of induction, but by that of simple accurate observa¬ 

tion. The sphere of vitality, we might almost say the 

horizon of hfe, has extended itself before our eyes. “ There 

is not only an invisibly small, or microscopical, incessantly 

active life in the neighbourhood of both poles, where larger 

organisms are no longer produced; but the microscopical 

forms of life of the South Polar Sea, collected in the 

Antarctic Voyage of Sir James Boss, comprise a wonderful 

variety of entirely nei^ and often extremely beautiful forms. 

Even in the remains of the liquefied rounded masses of 

ice that were picked up swimming about under the latitude 

of 7'8° 10', more" than fifty species of silicious-shelled 

polygastrica, coscinodisca, vdth their green ovaries, and 

consequently lir-ing and successfully stmgghng widi the 
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extreme of severe cold, were discovered. In the hay of 

the Erebus, in from 1242 to 1620’feet of water, sixty- 

eight silicious-shelled polygastrica and phytolitharia, and 

with them only a single calcareous-shelled polythalanlium, 

were drawn up by means of the lead. • 

The oceanic microscopic forms have hitherto been in 

vastly preponderating proportion of tlie silicious-shelled 

kinds, although silica does not appear among the consti¬ 

tuents of sea-water discovered by analysis, and the earth 

can only be well conceived as mixed with or suspeflded in- 

the waters. The ocean, however, is not only in particular 

spots, and in arms and bays, or near the shore, thickly 

peopled with invisible, i. e. by the unassisted eye, unseen 

living atoms ; it may be assumed from the samples of 

water drawn to the south of the Cape of Good Hope un¬ 

der 57° S. latitude, as well as from the middle of the 

Atlantic under the tropics, by Schayer, in his return from 

Van Diemen’s Land, that in its ordinary state, without 

showing any particular colour, without being filled with 

floating fragments of the sihcious-shelled filaments of the 

genus Ohsetooeros, which so much resemble the Oscillatoria 

of our fresh waters, but when perfectly transparent to the 

naked eye, the ocean still contains numerous uidependent 

microscopical organisms. Several polygastrica fi’om Oock- 

hurn Island, mixed with the«excrements of Penguins and 

sand, appear to be spread over the-whole earth; others, 

again, are common to either pole 

From this (and all the more recent observations confirm 

the view) it appears that in tlie eternal night of the depths 

of ocean, animal life especially prevails, whilst upon conti¬ 

nents, vegetable life, which requires the periodic stimulus 
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of the sun's rays, is the more extensively diffused. Con¬ 

sidered witli reference to mass,* the vegetable far exceeds 

the animal world on the face of tlie globe. What is the 

number of great cetaceans and pachydermatous tribes, in 

comparison with the bulk of the thick-set trunks of lofty 

trees, from eight to twelve feet in diameter, that grow in 

the forests of the trojhcal zone of South America between 

the Orinoco, the Amazon’s Eiver, and the Eio de Madeira! 

Even allowing the character of the several countries 

of the earth to depend on the aspect of external phe¬ 

nomena at large ; if the outline of mountains, the phy- 

‘ sioghomy of plants and animals, the blue of the sky, the 

contour of the clouds, and the transparency of the atmos¬ 

phere, produce the general impression, still it is not to be 

denied that the principal element, in this impression is 

the vegetable covering of ttm surface. The animal king¬ 

dom wants mass, and the motions of individuals withdraw 

them frequently from our sight. The vegetable world 

works upon our imagination by the mere force of quan¬ 

tity ; its mass indicates its age; and in vegetables alone 

are age and the expression of inherent power of renovation 

associated In the animal kingdom—and this con¬ 

sideration is also the result of Ehrenberg’s discoveries— 

it is precisely the life that we are vvont to designate as the 

smallest in point of room, which by its subdivision and 

rapid increase (*9*) prasents the most remarkable relations 

in respect of mass. The smallest of the Infusoria, the 

Monad®, only obtain a diameter ot 'Iof a hne, yet 

do tliese silicious-shelled organisms, in moist countries, 

compose, by their accumulatiou, subterraneous strata 

several fathoms in thickness. 
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The impression of an all-animated natare, so exciting 

and so salutary to feeling man, belongs to every zone; bnt 

it is most powerfully produced towards ^e equator, in 

the peculiar zone of the palms, the bamboos, and the 

arborescent ferns,—^in regions where, from sea-shores 

covered with molluscs and corals, the ground rises in 

stages to the line of eternal snow, and the relations of plants 

and animals, in respect of local position, embrace almost 

every height and every depth. Organic fomm even descend 

into the interior of the earth, and occur not merely in plac^ 

where, through the operations of the miner, great excava¬ 

tions have been made; in natural cavities, also, which 

have been opened for the first time by blasting, and to 

which meteoric water alone could have penetrated through 

fissures, I have found the snowy stalactitic walls covered 

with the delicate reticulatioifc of an Usnea. PodureUse 

penetrate into the icy circles of the glaciers of Monte Eosa, 

of the Grindelwald, and the Upper Aar. Ohionoea arenoides, 

described by Dalman, and the micBoscopic Discerea 

nivalis, or Protococcus, as it used to be called, lives among 

the snows of the polar regions as well as of our loftier 

mountains. The red colour of old snow was known to 

Aristotle, and was probably observed by him.among the 

mountains of Macedonia Whilst upon the lofty 

summits of the Swiss Alps, • Lecideas, Parmelias, and 

Umbilicarias alone, and sparingly, <'tint the rocks left bare 

of snow, in the elevated regions of the tropical Andes, at 

the height of 14,000 and 14,400 feet above the level of 

the sea, single specimens of beautiful phanerogamous 

plants are still encountered,—the tomentose Calcitium 

rufescens, Sida Pichinchensis, and SaxifragaBoussingaulti. 
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Hot springs contain sniall insects,—Hydroporus thermalis, 

GalionellsBjOscillatoria, and ConferviB; they even irrigate 

the roots of phanerogamous plants. As water, earth, and 

air, are peopled by animated beings at the most dissimilar 

temperatures, so also is the interior of the most dissimilar 

parts in tlie bodies of animals inhabited. Animated or¬ 

ganisms have beenfound in the blood of the frog, salmon,6ec. 

According to Nordmann, the whole of the fluids of the fish’s 

eye are often filled with a suctorial worm (Diplostbmum); 

md in the gills of tlie brasse lives that extraordinary 

double animal, denominated by the naturalist just men¬ 

tioned the Diplozoon paradoxum; a creature consisting, 

as it seems,' of two perfect animals, grown cross-wise 

together, having two heads and twd caudal extremities. 

Granting the existence of meteoric infusoria, as they have 

been called, to be more than doubtful, stiU the possibility 

must not be denied, that as the poUen of the pine-tree h^s 

fallen year after year from the so may minute infusoiy 

animalcules be passively raised -with the watery vapoim, 

and floated for a season in the atmosphere This 

circumstance deserves to be tahen into serious considera-, 

tion, in connection with the old dispute in regai-d to 

spontaneous generation (generatio spontanea); all 

the more, since Ehrenberg, as alre'ady observed above, has 

discovered in the kind of du^-rain which navigators fre¬ 

quently encounter in .the neighbourhood of the Cape de 

Verd Islands, at a distance of 380 sea miles from the 

coast of AMca, the remains of eighteen species of silicious- 

shelled polygastric animalcules. 

The exuberance of organisms whose distribution in 

space is studied in the geography of plants and animals. 
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is considered either according to tfie diversity and relative 

number of the types of formation, according to the con¬ 

figuration of the existing genera and species, or according 

to tlie number of the individuals which each particular 

species presents upon a given superficial ai’ea. Among 

plants, as among animals, it is an important distinction in 

their mode of life, whether they are met with singly or 

living in company. The species which I have designated 

social plants (^97) cover large tracts of country with one 

unvarying growtli. To this class belong many species 

of sea-weed in the ocean, Cladoniee and-Musci in the 

waste levels of Northern Asia, Grasses and tubular look¬ 

ing Cactuses, Ayicennia and Mangrove in the tropical 

world, forests of coniferous trees and birches in the Baltic 

and Siberian plains. This kind of geographical distribution 

of plants, along with the individual aspect of the species, 

their size, the form of their leaves and flowers, determines 

in an especial manner the physiognomical character of a 

country. The shifting image of animal life, so varied and 

attractive, appealing so immediately to our feelings of liking 

or disgust, remains almost wholly* foreign, dr at least is 

much less powerfully felt, in connexion with the members 

of the vegetable kingdom. Agricultural nations increase 

artificially the domain of various social plants, and so in¬ 

crease the aspect of uniformity presented by nature in several 

districts of the temperate and northern zones; they also 

root out and destroy various wdld-growing plants, and 

unintentionally propagate others that follow man in his 

wanderings. The luxuriant zone of the tropical world resists 

more powerfully this forcible metamorphosis of creation. 

Observers who have perambulated extensive districts 
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of country in short int^vals of time, who have ascended 

mountain ranges in which the climates lie stratified one 

over another, must soon have been awakened to the regular 

distribution of vegetable forms. They collected the raw 

material of a science whose name rvas not yet pronounced. 

The same zones or regions of plants which Cardinal 

Bembo, in the 16th century, when yet a youth, described 

as occurring on the slopes of Etna, were found repeated 

on Mount Ararat, by Tonrnefort, who acutely compared 

the Alpine floras with the floras of plains under different 

latitudes; and who first remarked that the elevation of the 

- ground above the level of the sea in mountainous dis¬ 

tricts influences the distribution of plants in the same way 

as distance from the pole in plains. Menzel, in an unedited 

Flora of Japan, incidentally used the expression. Geogra¬ 

phy OF Plants. This phrase again recurs in the fantastic 

hut pleasant “ Studies of Nature” of Bemardin de St. Pierre. 

But-the scientific treatment of the subject commenced 

when the distribution of plants was viewed in close connec¬ 

tion with the doctrine of the distribution of heat over the 

surface of the earth; when plants were arranged into natural 

orders, and it was thus made possible to distingviish numeri¬ 

cally the particular forms which increase or dimmish from 

the equator towuirds the poles, to feroeive, in the different 

regions of the earth, in whnt.numerical relationship each 

familv stands to the vdiole of tlie mass of plianei'ogamous 

vegetables which are there indigenous. It is one of the 

fortunate events in my life, that at the time vdien I was 

giving my attention almost exclusively to botany, my 

studios should have been directed to the subject of inquiry 

just mentioned, by the spectacle of nature on the grandest 
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scale, and offering the strongest 'Sontrasts in respect of 

climate. 

The geographical distribution of animal forms, upon 

which BnlFon first advanced general, and, fijr the major 

part, very accurate views, has in recent times had great 

assistance from the progress of vegetable geography. 

The curvatures of the isothermal, and particularly of the 

isochimenal lines, are displayed in the limits which certain 

species of plants, and of animals that do not roam far 

towards the north or towards the tops of snow-covered 

mountains, seldom exceed. The Elk, e.-g. lives in the 

Peninsula of Scandinavia, almost ten degrees farther to the 

north than in the interior of Siberia, where the lines 

of like winter temperature are so remarkably concave. 

Plants wander or migrate in the egg, in the seed. The 

seeds of many species are provided with peculiar organs 

for far journeys through the air. Once rooted they are 

more dependent on the soil and the temperature of the 

atmosphere, which surrounds them. Animals widen at 

will the circle of their presence from the equator towards 

the pole, and particularly in regions where the isotheral 

lines arch out towards the north, where hot summers suc¬ 

ceed the severest winters: royal tigers, which do not 

differ from those of India, roam every summer in Northern 

Asia to the latitudes of Beslin, and Hamburg, as Ehren- 

herg and I have shewn in another place (*®®). 

The groups or associations of vegetable species which 

we are accustomed to designate Flob.® (spheres or 

domains of vegetation), appear to me, from what I have 

seen of the earth, by no means to reveal the prevalence of 

individual families to such an extent as authorizes us to 
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establish geographical regions of the UmbellatoB, Solida- 

giuesB, Labiate, or Soitamine®. My particular views differ 

in this respect from those of several of my friends among 

the most distinguished botanists of Germany, The 

character of the Floras in the liigh lands of Mexico, New 

Granada, Quito, European Enssia, and Northern Asia, 

consists, as 1 believe, not in the relatively larger number of 

species which one or two natural familes exhibit, but 

rather in the much more complex relations of the aggre¬ 

gate life of many families, and the relative numerical 

value of their species. In meadow and steppe districts 

. Gramine® and Cyperaoero are the prevailing families ; in 

our northern . woods we meet especially with Ooniferse, 

Oupuliferae, and BetulineeB; but tliia prevalence of form 

is only apparent, and deceptive by reason of the mass of 

the social plants arresting the eye. The north of Europe, 

and Siberia in the zone northward ftom the Altai, no more 

deserve the title of a realm of grasses or cone-hearing 

trees, than the endless Llanos between the Orinoco and the 

mountain chain of Oaraccas or the pine forests of Mexico. 

In the associate life of the vegetable forms which partly 

replace one another, in their relative numbers and group¬ 

ing, lies the aggregate impression of richness and variety, 

or of poverty and monotony of vegetable nature. 

In this brief consideration of the phenomena of 

organized beings, I Jiave ascended ftom the simplest 

cell(*®V), and so, from the first breath of life, to higher 

and higher forms. “ The aggregation of mncus-gi-annles 

into a definitely formed cell-germ, around wliich a mem¬ 

brane in form of a vesicde being developed, it is connected 

into a closed cell,” is either effected by a pre-existing gpll. 
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so tlml cell arises from cell or the evolution of cells 

is involved in tlie obscurity of a chemical process, as in 

the case of the torula oerevisise, or yeast fungus. The 

most mysterious subject of Incipiency can only be 

lightly touched upon here. The geography, of organized 

beings—plants and animals—treats of the germs already 

developed, of their habitats from migrations effected on pur¬ 

pose or accidentally, of their respective relations, and their 

aggregate distribution over the surface of the earth. 

The general delineation of nature, which I here en¬ 

deavour to present, would remain incomplete, were I not to 

yield to the disposition I feel, with a few touches, to portray 

the HUMAN KIND in its physical gradations, in the geo¬ 

graphical distribution of its'simultaneously existing ty'pes, 

in the influence wdiioh it derives from the forces of nature, 

and on the contrary, though in a less degree, the influence 

■udiicli it has exercised on these. Dependent, although not 

to the same extent as plants and animals, on the ground 

and the meteorological processes of the atmosphere, more 

readily escaping from under the dominion of some of the 

natural forces through activity of piind, and intelligence 

exalted by degrees, as w'ell as through a wonderful pliabi¬ 

lity of constitution, wliioh adapts itself to every climate, the 

human kind takes an bssential part in the whole vitality 

of the earth. Through these relations we are brought into 

contact -with the obscure and much (Agitated problem of the 

possibility of common descent in the circle of ideas which 

the physical cosmography embraces. The investigation of 

this problem, if T may so express myself, shall, through 

ennobled and purely human interests, he made the last aim 

of my work. The immeasurable realm of language, in the 
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diverse organizations of wliich, tlie capacities of nations 

are foreshadowed, as it were, is most intimately connected 

with the subject of alliance of race; and what even slight 

diversity of race is competent to produce, is taught us hy 

the Hellenic world in the bloom of its mental culture. 

The most important questions in the history of the pro¬ 

gress of society connect themselves with ideas of descent, 

community of language, and immutability in an original 

direction of the affective and mtelleotual nature of man. 

So long as extremes in diversity of colour and con- 

ffguration were alone considered, and the first liveliness of 

sensible impression was jdelded to, there might ha,ve been 

the disposition to consider races, not as mere varieties, but 

as originally different kinds of men. The permanency of 

certain types even amidst the most inimical operation 

of external, particularly climatic influences, appeared to 

favour such an assumption, short though the time be 

through which historical infonnation has come down to us. 

But vouching far more strongly, according to my views, 

for the iiriity of the human race, are the many middle 

tints ('*°‘‘) in colour of skin, and grades in form of skull, 

which the rapid spread of geographical knowledge in 

recent times has made known to us; the analogy of variety 

in other wild and domesticated olasees of animals, and the 

sure experience which has been collected in regard to the 

limits of fruitful hybrids of Tlifferent kinds The 

greater nxmiher of the contrasts which in former times were 

believed to have been discovered, have ^een disposed of 

by tbe industrious work of Tiedemann, “ On the Brain of 

the Negro and the European,” and by the anatomical inqui¬ 

ries of Vrolik and of Weber, “ On the Form of tJie Pelvis.” 

VOL. I. s 
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.1 r wo cmljj'iico the dark-skinned African nations, on which 

Prichiird’s admirable work* has thrown so much light, in 

their universality, and compare them with the races of the 

South Indian and West Australian Archipelagos, with the 

Papuas and Alfourous (Haraforans, Endamenans), we see 

clearly that black colour of the skin, woolly hair, and 

negro-like features, are by no means always conjoined 

So long as but a small portion of the world was open to 

the western nations, they necessarily came to narrow 

or one-sided conolnsions. Heat of sun in the tropical 

world, and dark colour of skin, seemed inseparable. 

“ The ^Ethiopians,” sings the old tragedian, Theodectes 

of Phaselis “ are dyed by the near sun-god in his 

course, v/ith a dark and sooty lustre; the stm’s heat 

crisps and dries up their hair.” The expeditions of 

Alexander, which -were so influential in exciting ideas of 

the physical cosmography, first fanned the dispute on the 

uncertain influence of climate upon races of men. 

“ The races of animals and plants,” says one of the 

greatest anatomists of the age, Joannes Muller, in his 

very comprehensive “ Physiology of Man,”t “ undergo 

cdianges during their spread over the sUiface of the earth, 

within the limits prescribed to species and genera. But 

they are propagated organically as types of- varieties of 

species. Prom the cooperation of different, as well inter¬ 

nal as extS'nal conditions, not to he specified in individual 

[* Researches into the Physical History of Mankind, 3rd and 4th edit. 
4 vols. Svo., 1841—44. The Natural History of Man, 1 vol. 8vo. 1843. 
2d Edit. 1845.—Tn.] 

[t Ably rendered into English, and copiously commented and 
fcrated, by Dr. Wm. Baly, 2 vols. 8vo., Lend. 1842.—Tn.] 

illns- 
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instancesj have tlie present races of animals proceeded, the 

most remarkable varieties of vdiioh are met with amongst 

those that are capable of the widest distribution over the 

face of the earth. All the races of men are forms of a single 

species, which are capable of fruitful union and of propa¬ 

gation ; they are not different specie.s of one genus; were 

they so, their mixed progeny would prove unfruitful. 

Whether the various races of men are descended from se¬ 

veral or from a single primitive man, cannot he decided 

from experience" 

Geographical researches into the ancient seat, the 

cradle, as it has been called, of the human race, possess in 

fact a purely mythical character. “ We know,” says 

William von Humholdt, in a work yet unpuhlished, on 

the Diversity of Languages and of Nations, “ w'e knotv, 

neither historically, nor hy tradition that can he trusted, 

of any epoch in wliich the human race have not been 

collected together into tribes or communities. Whether 

this condition was the original one, or first arose at a later 

period, cannot be decided historically. Isolated traditions 

met with in many different places on the earth’s surface 

negative the first assumption, and derive the whole of the 

human race fi-om a single human ptair. The wide diffu¬ 

sion of this belief has sometimes >2d to its being assumed 

as a pirimitive recollection among mankind. But this very 

circunistanco much rather infoims us, that nothing tradi¬ 

tional, and notlj^jg historical lies at the root of the per¬ 

suasion, hut merely similarity of the human faculty of 

conception wdiich leads to the same explanation of tlie 

same phenomenon ; many similar myths have very oertainly 

rtrisen, without historical connection, out of tlie simihuity of 
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tions also hear tlie entire stamp of human invention in 

tliis, that they explain the phenomenon of tlie^t nppear- 

anee of the human race (a point which lies beyond the 

roach of all experience), in a way that accords with the 

experience of the day, and proceed to show how, in times 

when the hitman kind must already have existed for thou¬ 

sands of years, a desert island, or a sequestered valley, may 

have been peopled. It is in vain, however, that reflection 

attempts to dive into this problem of original production, 

seeing that man is so hound up with his kind and with 

time, that an individual without contemporaries, and 

without a past, can by no means he conceived in human 

existence. Whether, therefore, in this question, which can 

neither he decided by the way of reasoning nor of ex¬ 

perience, tliis pretended tradition be the historical tmth, 

or the human kind from its commencement has pos¬ 

sessed the earth in the shape of tribes or communities, 

can neither be determined by Philology out of the ele¬ 

ments of its science, nor, assuming the decision on other 

grounds, can it use the conclusion come to in illustration 

of its own propositions.” 

The distribution of the human kind is no more than a 

distribution into varieties, which have been designated by 

the semewhat indefinite word races. As in the vegetable 

kingdom, and in the natural history,of birds and fishes, the 

system of grouping into many small families is more cer¬ 

tain than that into a few divisi ons, embracing larger masses, 

so does it appear to me preferable, in the determination of 

races of men, to arrange them into smaller families. The 

old classification of my master, Blmnenbach, into five 



ORGANIC LIFE. 

races—^the Caucasian, tlie Mongolian, tlie American, the 

^Ethiopian, and the Malayan, may he followed; or with 

Prichard, seven races may he assumed—the Tranian 

the Turanian, the American, the Hottentot and Busoh- 

man, the Negro, the Papuan, and the Alfourousian; still 

is there no tj'pioal rigour, no natural principle of classifi¬ 

cation, reoognizahlo in such arrangements. The extremes 

in reference to configuration and' colour are separated, 

witliout reference to the stocks that cannot he connected 

■with one or other of these, and "wliioh have at one time 

keen entitled Scythian, at another Allophylian races. Tra¬ 

nian, in reference to the European nations, is certainly a less 

ohjectionahle name than Caucasian; hut it may he main¬ 

tained in a general way, that geographical designations as 

derivative points of races are very indeterminate, when the 

country which is chosen to confer the title on the race, 

for example, Turan (Mawerannahr), has at different epochs 

been possessed by most dissimilar races,—of Indo- 

Germanio and Fmnish, but not Mongolian origin. 

Languages, as mental creations of man, as closely inter¬ 

twined with his spiritual d^elopment, iuasmuch as they 

exhibit national forms, possess high importance in connec¬ 

tion with the recognizable similarities and dissimilarities of 

races. They have this importan»e, because community of 

descent leads into the mysterious labyrinth in which the 

enchainment of physical (bodily) aptitude with mental 

power is exhibited in an endless variety of forms. The 

brilliant advances which jiliilosophical philology has made 

in Germany, especially witliin the last half century, facili¬ 

tate inquiries into the national character of languages, into 

that which descent appeal’s to have added to them. As in 
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all otlicr regions of abstract speculation, however, the 

(langc)' of being deceived is bore set beside tlie hope of 

collecting a rich and assured booty. ^ 

Positive ethnograjjhical studies, based upon solid histo¬ 

rical knowledge, warn us that the greatest caution is 

necessary in all comparisons of nations with the languages 

whioli they have made use of at determinate epochs. Sub¬ 

jugation, living long together, the influence of a foreign 

religion, and intermixture of races, though often efieoted 

by a relatively small number of more powerful and 

more civilized intruders, have produced a phenomenon 

which has recun-ed in like measure, in both continents, 

viz.: that totally different families of danguages are 

met with in use hy one and the same race; that among 

nations of very different descent, idioms of the s^e original 

tongue axe encountered. Asiatic conquerors have had the 

greatest influence upon such phenomena. 

Speech, however, is a portion of the natural science of 

mind; and if the freedom wherewith the spirit in a 

state of happy independence steadily pursues the self- 

elected course under totally "different physical influences, 

strives vigorously to withdraw it' from the power of 

the earth, still the unfettering is never quite complete. 

There ever remains something of that which belongs to 

natural aptitude, to descent, to climate, to the bright blue 

sky, or to the cloudy atmosphere of the insular world. 

And since copiousness and grace in the structure of a 

language are unfolded from thought as from the most 

delicate blossom of the soul, so would we not, that in the 

intimacy of the bond which unites the two spheres,—that 

of the physical nature, and that of the intellect and 
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light (ind colouring whicli it must derive from a considera¬ 

tion, here only indicated, it is true, of the relations of 

hereditary descent to language. 

In maintaining the unity of the human kind, wc at the 

same time repudiate all tlie unsatisfactory assumptions of 

higher and lower races of men There are races of 

men more lloxildc, more highly polished, through mental 

culture more onnohlcd, hut none naturally more noble. All 

arc in equal measure ordained for liberty; for lihorly which 

in ruder conditions of society appertains to tlie individual, 

'wlii<!h in more jjolished states, in civil life a,iid among .men 

' in the enjoyment of political institutions, is the right of the 

community. ■ “ If we would signalize an idea which is 

oonspicuouji throughout the entire emrent of history, and 

ever with, a wider import, when any one assures us of the 

mueh-disoussed, but still more extensively misappre¬ 

hended perfectibility of mankind, it is the idea of 

Humanity ; the effort to cast dmvn the baniors wdiioh 

prejudice and one-sided views of every kind have hostiloly 

raised betwixt man add mn,n, and to treat mankind at 

largo, ivithout reference to religion, to nation, or (o 

c/dour, as one great and nearly related family—as n whole, 

that exists for the accompli.shmcnt of this single end, 

THE FREE HEVELOPMF.NT OF 3NTEBN.AL FOAVEll. This 

is the extreme, the ultimate purpose of the social state, 

and at the same time it i.s the tondonoy infixed in 

the nature of man stiiving after indefinite extension of 

his being. He looks upon the ground, as it spreads out 

bencot.h his feet—on tlio heavens, as they arch over his 

head,—on the stars that shed their light upon him, as 
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intimately liis own, as given to him for contemplation and 

for reality. Tli(3 very child longs to get beyond the hills, 

the lakes that hound his narrow home ; and then, plant¬ 

like, he longs to return; for it is a touching and a beau¬ 

tiful element in the nature of man, that all his desires 

for things agreeable and for things lost, still approve him 

exclusively attached to the moment: firmly rooted in 

the inmost nature of man, and at the same time com¬ 

manded by his loftiest aspirations, this benevolent, this 

humane association of the entire race becomes one of the 

grand leading ideas in the history of mankind" ('*’*). 

With these words, which draw their <diarm firom the 

depth of the feehngs that gave them birth, be it allowed 

the Brother to conclude this general representation of the 

natural phenomena of the universe. From,^the farthest 

nebiilae of heaven, and fi'om revolving double stars, we 

have come down to the smallest organisms of the animal 

creation that hve by sea and land, and to the dehcate 

vegetable germs that cover the rocks on the flanks of 

snow-clad niountain summits. Here we have found that 

the phenomena could he arranged according to laws tvhich 

are partially known. Laws of another and a mysterious 

kind come into .play in the higher circles of hfe in the 

organic world; in those especially that are occupied by 

the races of mankind variously conformed, endowed with 

creative mental energies, and, gifted with the facidty of 

inventing language. A physical Delineation of Nature 

indicates the boundary where the sphere of inteUigenoe 

begins, and the far-piercing glance is lost in another 

world. It indicates, but does not pass the boundary. 
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NOTES TO PEECEDING SECTION. 

’ (p. 90.)—The optical considerations on the differences which a single 
luminous point or a disc of measurable angle presents, in which the power 
of light remains tbfe same at every distance, may he found discussed by 
Arago, Analyse des travaux de Sir 'William Herschel (Annuaire du Bureau 
des Long. 1842, p. 410—412, and 441.) 

® (p, 90.)—“ The two Magellanic clouds. Nubecula major and minor, are 
highly remarkable objects. The larger cloud is an aggregation of stars, and 
consists of clusters of stars of irregular configuration, of globular clusters 
and nebulous stars of different sizes and densities. Between these lie 
large nebulae which are not resolvable into stars, which apparently are 
star dust, and even with the 20-feet telescope present themselves only as a 
general Inmnionsne.ss of the field, as a brilliant back-ground, upon which 
other objects of very remarkable and incomprehensible configuration are 
scattered. In no other part of the heavens are so many clusters of 
nebulae and of stars collected together vrithin so small a compass as in 
this cloud. The Nubecula minor is much Ipss beautiful; it shows a larger 
quantity of unresolvable nebular light, and the groups of stars it includes 
are fewer in number and smaller.”*—Letter from Sir John Herschel, 
dated Feldbuysen, Cape of,Good Hope, June 13, 1836. 

= (p. 91.) — The fine expression, oaparoS, which Hesychius 
borrows from an unknown poet, I have rendered as above by the phrase 
” garden of heaven x<ip™i may perhaps rather signify an enclosed 
place, and would then he better translated: the celestial space. The 
connection of the word with the German Garten, English garden, 
(Gothic gards, according to Jacob Grimm, from gairdao, cingere, to gird,) 
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500, tor-aie OM obsei-ved by Le Roi (10th July, 1771) about 1,000, and 
for that seen by Sir Charles Blagden (18th Jan. 1783) as many as 2,600 
feet in dUmeter. Brandes (Unterhaltung. Bd. i. S. 42) assigns from 80 to 
120 feet to shooting stars; their luminous tails being from 3 to 4 miles in 
length. But there are not wanting optical grounds for belicYing that the 
apparent diameter of fire-balls and shooting stars is greatly over estimated. 
The volume of fire-halls is certainly not to be compared with the volume 
of Ceres, (even supposing this planet to be no more than 70 English 
miles in diameter, as has been estimated): see the accurate and admirable 
treatise, On the Connexion of the Physical Sciences, 1835, p. 411. I 
here add in illustration of what has been said at page 121, of the great 
Aerolite of the bed of the river Narni, the passage from the Chronicon 
ilenedioti, monachi Sancti Andrete in Monte Soracte, which has been 
referred to by Pertz, a document of the lOth century, and that is preserved 
in the Biblioteca Chigi at Rome. The barbarous writing of the time is 
preserved unaltered : “ Anno—921—temporibus domini Johannis Decimi 





chronicle is republished in the 2d p art of the Scriptores r erum Bohemi- 
carum von Pelzel nnd Dobrowsky, 
1839). 

1784, (Schum. Astr . Nacbr. Dec. 

Night of Nov. 9—10, 1787, many shooting stars observed by Hemmer 
in South Germany, particularly in 
237.) 

Manheim.—(Kiemtz, Meteorol. iii. 

Midnight, Nov. 12, 1799—The extraordinary fall of stars, which 
Bonpland and I have described, and i 
plirt of the globe.—{Vide Relat. Hist 

^hich was observed o’ ver the greater 

Nov. 12—13, 1822, shooting star ’s mingled with fire-1 jails, in great 
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Paolo Maria Terzago, 1660, on the oceadon of a fall of ealroBtes at 
Milan, in which a monk was killed, waa the first who spoke of the possi¬ 
bility of aerolites being moon-stones: “ Labont philosophonnn mentes,” 
says he, in his work, Musaeum Septaliannm, Manfred! Septalae, Patricii 
Mediolanensis, industrioso labore constmotuin, Tortona, 1664, p. 44, 
“sub horum lapidum ponderibusj ni dioere velimus, Innam terram alteram. 



laWe indeed that this amount has been greatly 
;urate observer and measurer of the jjower of 
d the greatest velocity of stones cast out from 

eet per second. Observations on the Peak of 
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of 6ho6ting stars has yet been noticed ; nevertheleBS I myeelf observed a 
remarkable number of shooting stars on the I5th of March, 1803, in the 
South Pacific Ocean ; and a shower of the same was seen in the city of 
Quito shortly beforeothe tremendous earthquake of Riobantba (4th 
Feb. 1797). The following epochsadeserve the particular attention of 
observers;— 

22—25 April, 
17 July (17—26 July?) ( Quet. Corr. 1837, p. 435), 
10 August, 
12—14 November, 
27—29 November, 
6—12 December, 
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(56S, 574, 1337, and 1385,) have been reckoned exblusively from 
Chinese data. Vide John Russell Hind, in Sebum. Astr. Nachr, 1844, , 
Kr. 498. . 

^ (p. 136.)—II parait qu’an nombre, qui semble inepuisable, de 
corps trop petits pour etre observes, se meuveiit dans le ciel, soil: autour 
du soelil, soit autour des planctes, soit peut-etre meme autour des satellites. 
On suppose que quund ces corps sont recoiitres par notre atmosphere, la 
difference entre leur vitesse et celle de notre planete est assez grande pour 
que le frottement qu'ils dprouvent contre Fair, les eebauffe au point de 
les rendre iiicandescents, et quelquefois de les faire eclater.—Si le groups 
des etoiles filantes forme un anneau continu autour du soleil, sa vitesse- 
de circulation pourra etre tres-differente de celle de la terre; et ses 
^aeplacements dans le ciel, par suite des actions plan^taires, pourrons 
encore rendre possible ou impossible, a differentes epoques, le pbeno- 
mene de la rencontre dansle plan de Tecliptique/’—Poisson, Recherches 
sur la probabilite des jugements, p. 306, 307. 

(p. 139.)—Humboldt, Essai politique sur la Nouv. Espagiie, (2e 
ddit.) t. hi. p. 310. 

■w (p. 137.)—Pliny shows himself to have been attentive to the colour 
of the erftst: colore adusio. The words, laierihris 2)lmsse, also refer to 
the burned external appearance of Aerolites (ii. 56 and 58.) 

(p, 138.)—Hvrmboldt, Kel. hist. t. ii. chap, xx, p. 299—302. 
(p. 139.)—Gustav Rose, Reise nach dem Ural, Ed. h. S. 202. 
(p. 139.)—rae Poggend. Ann. 1825, Bd. iv, S. 173—192. Ram- 

meisberg, Erstes Suppl. zum chem. Handworterbuche der Mineralogie, 
1843, s. 102. “ It is,” says the acute Gibers, “a remarkable though 
unnoticed fact, that fossil meteoric stones have been found, like fossil 
shells, in secondary and tertiary formations. Shall we thence feel at liberty 
to conclude, that before the last and present arrangement of the surface of 

at this there are about 700 fails meteoric stones in each year.”— 
(Gibers, in Sebum. Jahrl^ 1838, s. 329.) Problematic nlckelifevous 
masses of native iron have been lately found in North Asia, (Gold- 
seiferwerk von Petropawlowsk, 20 miles south-east of Kusnezk,) at a 
distance of 31 feet deep, and in the Western Carpathians (Rlagm'a, 
near Szlanicz.) Both of these masses are extremely like Aerolite'* ’ 
Vide Erman, Archiv fiir wissenschafiiiclie Kunde von RusslapAuenon, 
S. 315, and Haidinger^s Bericht uber die Szlaniczer Schm'’ 









forebd^g him misfortune, to the*“ estrella que humeava’^ (properly 
which sparkled; Mexican^holoa, to leap, to sparkle). On the connec¬ 
tion of this vapour with the star Citlal Choloha (Venus) and the stai;;=^' 
mountain (Citaltepetl, the volcano of Orizaba), see my Mon.^’ 

^ (p. 148.) — Laplace, Expos, du Syst. da Mondej. , 206 
nique celeste, t. ii. p. 169 and 171. Schubert, Ast^ Herschel’s 

(p. 149.)—Arago, in Annuaire, 1812, p. 40'“ 
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extended witJj conatantly increasing ratensity of lustre quite to the sun, 
(in opposition to Poisson’s view, which you communicate to roe). The 
lummoas ling, which shows itself abput thq sun under a total eclipse, I 
have r^rded as constituted by this most brilliant portion of the zodiacal 
light. I have persuaded myself that this light is very different in different 
yearsthat for several years in succession it is extremely bright and 
extensive; in others, again, that it is not even to be seen. I fancy I can 
see the first indications of a recognition of the zodiacal light in a letter 
from Rothmann to Tycho, when he says, that in the spring, he had found 
the sun 24° below the horizon at the end of the evening twilight. Roth¬ 
mann must certainly have confounded the disappearance of the sinking 
zodiacal light, in the vapours of the evening horizon, with the actual end 
of the evening twilight. I have not myself observed any risings and 
fallings, probably by reason of the weakness with which the zodiacal light 
appears in our latitudes, But you are assuredly correct when you 
ascribe such sudden alterations in the light of the heavenly bodies, which you 
observed within the tropics, to our atmosphere, especially to changes in 
its higher regions. This is especially shown in the tails of great comets. 
One frequently sees, especially in clear weather, pulsations in these tails, 
which begin from the head of the comet as the lowest point, and tremble 
through the entire length of the tail in 1 or 2 seconds,. when the tail 
appears to be lengthened and immediately afterwards to be shortened by 
several degrees. That those pulsations, to which Hooke and Schroeter and 
Chladni paid particular attention, do not take place in the comets tails 
themselves, but are produced by our atmosphere, becomes obvious when 
we reflect that the several portions of the tail (several millions of miles in 
length) lie at verv different distances from us, and that its light can only 
reach us at intervals of time, several minutes apart from one another. 
A^Tiether what you observed on the Orinoco, not at intervals of seconds, 
but of minutes, w^ere true corruscations of the zodiacal light, or belonged 
whoUy»i and solely to the upper strata of our light-dircle, I will not 
pretend to determine. Neither do J know how the remarkable luminous¬ 
ness of entire nights, and the anomalous increase and protraction of the 
tivilight in the year 1831, are to be explained, especially as it was observed 
that tlie brightest parts in these extraordinary twilights did not correspond 
w'ith the sun’s place below the horizon.”-—From a letter of Dr, Gibers 
to me, dated Bremen, 26th March, 1833. 
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I have thought it important thus to bring together these data in rela¬ 
tion to the absolute and relative depths that have been readied by man, a 
subject in connection with which many errors have been constantly com¬ 
mitted, principally, as it seems, through faulty reductions of the measure¬ 
ments from one standard to another. On proceeding eastward from 
Jerusalem to^iyds the Dead Sea, a prospect is gained which, according to 









tion of this experimeut carried through in a most masterly manner by 
Prof. Reich, the original mean result was 5’4J (with a probable error of 
but 0-0233) ; a result which, increased by the quantity by which the cen- 

tudE of Freiburg (50° 55'), must be changed unto 5-44. The employment 
of masses of cast-iron instead of lead gave no difference of result that 









(p. 189.)—Gauss and W/iber, Resultate des magnetischen Vereins 
in J. 1838, § 31, s. 46. 

(p. 189.)—According to Faraday (London and Edinburgh Philoso¬ 
phical Magazine, 1836, vol. viii. p. 178), pure cobalt is totallywithout 
magnetic power. Rose and Wohler, again, do not admit this as absolutely 
ascertained. If one of two masses of cobalt (both of which are believed 
to be pure) shows itself totally indifferent to magnetism, it seems to me 
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(p. 189.'»—Arago, in the Annales de Chiraie, tom. xxxii. p! 214; 
Brewster, Treatise on Magnetism, 1837, p* 111 ; Baumgartner, in the 
•Zeitschrift fur Phys. und Mathem. Bd. ii, s. 419. 

(p. 190.)—Humboldt, Examen critique de ITiist. de la Gdographie, 
tom.iii, p. 36. 

The western nations, the Greeks and the Romans, knew that magnetism 
could be communicated for a great length of time to iron—(“sola haec 
materia ferri vires a magnete lapide accipit retinetque longo fempoj'e,” 
Plin. xxxiv. 14). The great discovery of the terrestrial directive 
force therefore depended alone on this, that no one in the west happened 
to observe a longisli piece of magnetic iron ore or a magnetized iron rod, 
floated at liberty upon water by means of a piece of wood, or balanced 
and suspended freely in the air by means of a thread. 
■ (p. 191.)—A very slow secular progression or a local invariability 

with the boundaries of property: “ The whole mass, of West India pro¬ 
perty,’' says Sir John Herschel, “ has been saved from the bottomless pit 
of endless litigation by the invariability of the magnetic declination in 
Jamaica and the surrounding archipelago during the whole of the last 
century ; all surveys of property there having been conducted solely by 
the compass.” Vide Robertson, in the Phil. Trans, for 1806, pt. ii. 
p. 348, On the Permanency of the Compass in Jamaica since 1660. In 
the parent country (England) the magnetic declination has varied by Id'^ 

(p. 191.)—I have elsewhere shewn that from the documents which 
have come down to us in connection with the voyages of Columbus,' we 
can with great certainty fix upon three places in the Atlantic line of no 
variation for the I3th September, 1492, the 2lst May, 1496, and the IGtb 
August, 149S. This line ran at these dates fron North-East to South-West, 
It touched the American continent somewhat to the east of Cape Codera, 
whilst at present the conjunction is observed on the north coast of Brazil, 
(Humboldt, Examen critique de ITiist, de la Geogr. tom. hi. p, 44—48.) 
From Gilbert’s Physiologia nova de Magnete, we see plainly (and this fact 
is very remarkable) that in the year 1000 tbc variation was still nil in the 
region of the Azores (lib. iv. cap. 1), precisely as in Columbus’s time. 



sea-weed, shew themselves differently constituted, where cooling wi 
begin to blow, and (for so erroneous observations of the polar 
made him imagine) where the figure (the sphericity) of the earth is 
longer the same.” 

(p. 192.)—It is a question of the highest interest in the ^oblem of 
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“S (p. 196.)—Gaass, Resultate der Beob. des magn. Vereins im Jahr 
1838, -5 21 ! Sabine, Report on the Variations of the Magnetic Intensity, 
p. 63. 
™ (p. 196.)—The following i.s the history of the discovery of the law of 

the (general)iiicrease of intensity in themagnetieforcewithmagnetic latitude. 
When in 1798 I was anxious to attach myself to the expedition of Captain 
Baudin, fitting out. for a voyage round the world, I was requested by 
Eorda, who took a warm interest in my project, in different latitudes 
of both hemispheres, to observe the swing of the vertical needle 
in the magnetic meridian, with a view to determine whether the 
intensity of the force was the same or different in different places. This 
investigation I made one of the principal points in the course of my 

'voyage to the tropical countries of America. I observed that the same 
needle which in Paris performed 245, in Havannali 246, in Mexico 242 
-oscillations, in the course of ten minutes; at San Carlos, Rio Negro (10° 
53' N. lat.,’80° 40' W. long.) in the same interval of time, performed 
216 oscillations ; on the magnetic equator, i. e. the line on which the 
inclination is = 0, in Peru (7° 1' S. lat., 80° 40' W. long.) it performed 
only 211 oscillations j in Lima (12° 2' S. lat.) it again performed 219 
oscillations. I found further, from 1799 to 1803, that the whole force 
taken at 1,0000 on the magnetic meridian in the Peruvian Andes, between 
Micnipampa and Caxamarca, at Paris will be represented by 1,3482 ; in 
Mexico by 1,3155 ; in San Carlos by 1,0480 ; in Lima by 1,0773. When 
I made known this law of the variable intensity of the terrestrial magnetic 
force, and adduced the numerical value of observations made in 104 
diflerent places, in illustration of the conclusions, in a paper which was 
rea'd before the Parisian Institnte at its sitting of the 26th Frimaire, An, 
xiii., and of which the mathematical portion belongs to M. Biot, the sub¬ 
ject was regarded as entirely new. It was only after the reading of this 
paper, as Biot himself says expressly, (Lametherie, Journ. de Physique, 
t. lix. p. 440, note 2,) and as I repeat the statement in my Relation 
Historiqne (t. i. p. 262, npte 1), that M. de Eossel communicated to M, 
Biot his observations on oscillation made six years previously in Van 
Dieman’s Land, Java, and Amboyna; from these observations was de¬ 
duced the saine^w of declining intensity in the Indian Archipelago. It 
is almost to be supposed that this excellent man, in his own work, was 
not aware of the regularity of the increase and decrease of the intensity, 
as before the reading of my paper he never mentioned this certainly 









tlon instrament by Gambey, shewed, by means of simultaneous observa¬ 
tions of perturbation made at Kasan, what advantages resulted from, 
corresponding measurements of variation. When I returned to Berlin, 
after a residence of eighteen years in France, I had a small magnetic 
house erected in the autumn of 1828, not only with a view to carrying 
out the wort begun in 1806, but especially that simultaneous observations, 
at hours previously agreed upon, might be made at Berlin, Paris, and 
Freiburg (at a depth of 35 fathoms under the surface). The simnlta- 
neousness of the perturbations, and the parallelism of the movements for 
October and December, 1829, were there graphically represented 
(Poggend. Annal. Bd. vi.v. S. 357, Tab. i.—ni.) An exptoion into the 
Worth of Russia, undertaken in 1829 by command of the Emperor, gave 
me an opportunity of extending my, plan upon a great scale. This jdan 
was unfolded to a comnwttee especially named in one of the imperial 
academies of science ; and under the protection of the chief of the 
mining corps. Count von Cancrin, and the excellent superintendence of 
Prof. Kupffer, magnetic stations were fixed over the whole of the north 
iof Asia, from Nicolajeff by Catherinenburg, Barnaul, and Vertschinsa, 
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tVie double fruits of important geographical discoveries, in the neighbour¬ 
hood of the South Pole, and a series of simultaneous observations in eight 
or ten new magnetic stations, 

(p. 201.)—Instead of ascribing the internal heat of the earth to the 
transition of matter from a state of gaseous fluidity to the solid condition 
on the formation of the planets, Ampere has broached what to me appears a 
very improbable opinioUj.viz. that it might be a consequence of an incessant 
chemical action of a Central mass of earth and alkali-metals upon the 
external crust undergoing oxydation. “ On ne peut douter,” he says, in 
his masterly Theorie des pheaomenes electrb-dynamiques (1826, p. 199), 
“ qu’il existe dans I’interieur du globe des courantselectro-raagn6tiques, et 
que ces courants sont la cause de la chaleur qui Ini est propre. Hs naissent 
d’un noyau metallique central compose des metaux que Sir Humphry 
Davy nous a fait connaitre, agissant sur la couche oxidee qui entoure le 
noyau.” 

(p. 201.)—The remarkable connection between the curvature of mag¬ 
netic lines and that of my isothermal lines was first observed by Sir David 
Brewster (Transaaions of the Royal Society of Edinburgh, vol. ix. 1821, 
p. 318, and Treatise on Magnetism, 1837, p..42,44, 47, and 268). This dis¬ 
tinguished natural philosopher admits two “ poles of maximum cold” in the 
northern hemisphere; one American (73° N., Lat. 102° W. Long., near Cape 
Walter) ; another Asiatic (73° N. Lat. 78° E. Long.) ; whence, according 
to him, arise two hot and two cold meridians, i, e. meridians of greatest 
heat and greatest cold. In the I6th century, however, Acosta (Hist. nat. 
de las Indias, 1589, lib. i. cap. 17), resting what he says on the observa¬ 
tions of a highly experienced Portuguese pilot, taught that there were 
four lines without variation. This view' appears, if we may judge from 
the controversy of Henry Bond (author of the work—The Longitude 
Found, 1676) with Beckborrow.to have had some influence upon Halley’s 
theory of magnetic poles. my ^xamen critique de I’hiat. de la 
Geographie, t. iii. p. 60. ^ 

(p. 201.)—Halley^in the Philosophical Transactions, vol. xxix. (for 
1714__1736, No. 341). 

(p. 201.)—Dove, in Poggendorft’’s Annalen, Bd. xx. S. 341, Bd. xix. 
S. 388; “ The dipping needle comports itself very nearly as an atmos¬ 
pherical electrometer, whose difference in like manner shows the increased 
tension of the electricity before this has riseii to such a heiglit that a 
spark is elicited. Vide also the escellent observations of Prof. Kaemtz, in 



vide Cassclmanii’a Bcoh. (Marburg, 1844), S. 66—62, 
202.)—Argelauder’s important observations on the 

emboilied in his Vortrage, gchalten in der physikalisch-i 
;scUscliaft zu Konigsberg, Bd. i. 18.84, S. 257—264. 
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(Pita. ii. 79 ; in Seneca, Nat. Qnaest. vi. 4—31). In these words'we sea 
the germ of all that has since been said soberly, oi dreamed on the causes 
of earthquakes. 

[Mr. Edmonds—Cornwall Journal (?)—has endeavoured to connect 
the oocurrence of earthquakes with the period of the moon. He shows 
that a great number of the most disastrous have occurred the day after 
the first quarter.—Tr.] 

(p. 216.)—I have given data which shew that the hourly variation 



•> oI- i. ]). 281—30S. In the Piedmontese county of Pignerol, gUSBCB of 
■water wliieh were filled to the brim continued for houra in incessant motion. 

(p. 222.)—In Spanish they say: “ rocas ijue hacen pnente. With 
Hub phenomenon of non-transmission through superior strata, is connected 
the remarkable fact tliat, in the beginning of the present century, shocks 
of an earthquake were felt in the deep silver mines of Marienberg, in the 
Saxon Erzgebirge, which were not perceived at all on the surface. The 
miners rushed up in alarm. Contrariwise, the people at work in the 
mines of Falun and Persherg felt nothing of the smart shocks (Nov. 1823) 
which threw all the inhabitants above ground into a state of great alarm. 

(p. 223.)—Sir Alex, Burnes, Travels into Bokhara, vol. i. p. 18 ; 
and 'Wathen, Mem. on the Ushek State, Journal of the Asiatic Soc. of 
Bengal, vol. hi. p. 337. 

(p. 224.)—Philos. Transact, vol. xlix. p. 414. 
(p. 225.)—On the frequency of earthquakes in Cashmir, vide 

Troyer’s Uehersetzung des alien Eadjatarangini, vol. ii. p. 279; and 
the Reise von Carl v. Htigel, Bd. ii. S. 184. 

(p. 226.)—Strabo, lib. i. p. .100, Casaub. That the phrase irnkou 
SictTTupoa TToTapov does not mean mud, hut lava, appears plainly from 
Strabo, lib. vi. p. 412. Vide M'altei' liber Abnahtne der vulkanischen 
Thatigkeit in historischen Zeiten, 1844, S. 25. 

(p. 228.)—BischofF’s comprehensive work, Warmelehre des inneren 
Erdkorpei's. 

(p. 228.)—On the Artesian fire-springs (Ho-tsing) in China, and the 
ancient use ofportatle gas, in bamboo tubes, in the city of Khiung-tscheu, 
vide Klaproth, in my Asie centrale, t. ii. p. 519—530. i 
™ (p. 229.)—Boussingault (Annales de. Chimie, t. lii. p. 181) observed 

no escape of hydrochloric acid in the volcanoes of New Granada, whilst 
Monticelh found this acid in enormous quantities during the eruption of 
Vesuvius of 1813. 

(p. 229.)—Humboldt, Recueil,d’Observ. astronomiques, t.p. 311 
(Nivellemeut barometrique de la Cordillere dej, Andes, No. 206.) 

(p. 229.)—Adolph Brongniart, in the Annales des Sciences natu- 
relles, t. xv. p. 225. 
™ (p. 230.)—Bischoff, op. cit. 324, Aum. 2. 

(p. 231.)—Humboldt, Asie centr. t. i. p. 43. 
(p. 231.)—Ou the Theory of the Isothermal lines, see the clever 

papers of Kupffer in Boggend. Ami. Bel. xv. S. 184, and Bd. xxxii. S. 



temperature, in consequence of the place of their formation, and fartlier 
bring down a portion of the higher colder air; and then by moistening 
the ground and giving occasion to evaporation. Such are the nsnal rela¬ 
tions of the phenomenon. When, in rare cases, the rain-drops are warmer 
than the lower strata of the atmosphere (Humboldt, Relat. Hist. t. iii. p. 
513), the reason may perhaps be sought for in superior warmer currents, 
or in a higher temperature acquired by extended and not very dense clouds 
exposed to the action of the rays of the suu. How, for the rest, the phe¬ 
nomena of supplementary rainbows (explained by the interferences of light) 
are connected with the size of the falling drops and their increase, and how 
an optical phenomenon, when righay observed, may enlighten us in regard 
to a meteorological procass, according to diversity of zone, has been shown 
with great acuteness by Arago, in the Annuaire for 1836, p. 300. 

Vi (p. 232.)—Boussingault’s careful experiments satisfy me that in the 
tropics the temperature of the ground a very short way below the surface 
coiTesponds exactly with the mean temperature of the air, I have pleasure 
in quoting the following table :— 
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(p. 234.)—Acta S. Patricii, p. 555, ed. Ruinart, t. ii. p. 385, 
Mazociu. l^reau de la Malle first directed attention to this remarkable 
passage, in his Recherches snr la Topographic de Carthage, 1835, p. 276. 
{Vide Seneca, Nat. Quaest. iii. 24.) 

*** (p. 237.)—Humboldt, Rel. hist. t. iii. p. 562—567 ; Asie centrale, 
t. i. p. 43, t. ii. p. 505—515 ; Vues des Cordilleres, pi. xli. On the 
Macalubi (the Arabic Makhlub, cast down), and bow the earth ejected 
liquid earth, vide Solinus, cap. v.; idem ager Agrigentinus eructat limosas 
scaturigiues, et nt venae fontium suflicimit rivis subministrandis, ita in 
hac Siciliae parte solo nunquam deficiente, aeterna rejectatione ten am terra 

(p. 238.)—See the interesting little map of the island Nisjros, in 
Rose, Reise auf den griechischen Inseln, Bd. ii. 1843, S. 69. 

(p. 239.)—Leopold von' Buch, Phys. Beschveibung der Canarischen 
Inseln, S. 326 ; and on Erhebungscratere und Vulcaue, in Poggend. Ann. 
Bd. -37, S. 189. Strabo distinguishes very finely between the two modes 
in which islands are produced, when he speaks of the separation of Sicily 
from Calabria. “ Some islands,” he says (lib. vi. p. 258, ed. Casaub.) 

event that still happens at the present day : for the islands of the great 
ocean have probably been lifted from its bosom, those that lie off promon¬ 
tories have probably been detached from the main land.” 

» ( p. 239.)—Ocre Pisove (Mons Vesuvius) in the Umbrian language, 
(Lassen, Deutung del' Eugubinischen Tafeln, im Rhein. Museum, 1832, 
S. 387); the word ocre is probably genuine Umbrian, and means, as Festus 
informs us. Mountain. jEtna, if AlWc be, as Voss says, an Hellenic 
sound, and be connected with ai'^w and af^ivas, may signify a burning and 
shining mountain. But this etymological derivation seems doubtful. 
The word jEtna would probably be fosud a Sicilian word, had we hut 
any remains of the Sicilian language. The oldest eruption of Etna 
spoken of is that referred to in PiifUar and Aischylnsunder Hiero (Olymp. 
75, 2.) But it is proffable that Hesiod was aware of eruptions of the 
mountain before the settlement of the Greek Colony. The word Afrvt) in 
the text of Hesiod, is of doubtful origin, as I have shown elsewhere. 
(Humboldt, Examen. crit. de la Geogr. t. i. p. 168). 

■ (p. 239.)-Seneea, Epist. 79. 
(p. 239.)—Aelian. Var. hist. viii. 11. 

186 (p. 242.)—Petri Bemhi Opuscula (Aetna Dialogus), Basil. 1550, 
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Tides, qaae mare in radicibus habeat, quae sulfurea sit, quae cavernosa, 
qaae a 'Biari dfajuando perforata ventos admiserit aestuantes, per quos 
idonea flammae materies incenderetur. 

“5 (p, 257.)—See Gay-Lussac, sur les Volcans, in den Annales de 

claimed by the ermptions of smote and aqueous vapour, which are ob¬ 
served at different times in Lancerote, Iceland, and the Kurile islands 
daring the eruptions of neighbouring volcanoes. 
“ (p. 258.)—Abel-Uemusat, Lettre a Mr; Cordier, in the Annales des 

Mines, t. v. p. 137. 
(p. 258.)—Humboldt, Asie centrale, t. ii. p. 30—33, 38—52, 

70—80, and 426—428. The existence of active volcanoes in Cordofan, 
135 miles from the Red Sea, has lately been denied by Ruppell, (Reise 
in Nubien, 1829). 

■ ™ '(p. 239.)—Dufrenoy et Elie de Beaumont, Explication de la Carte 
gdologique de la France, t. i. p. 89. 

* (p. 260.)—Sophocl. Philoctet. v. 971 and 972. On the conjectural 
epoch of the extinction of the Lemnian fire iii the time of Alexander, vide 























NOTKS. 

enormons pressure which these 

no llevan pinas [fir-tops or cones], pero por tal orden compue'Stos por 
natnraleza, que (los fratos) parecen azeytunas del Axarafe de Sevilla.” 
The great botanist, Richard, when he produced his excellent work on the 
Cycadere and Coniferse, was not aware that<lbng before L’Heritier, at the 
close of the 15th century, Podocarpus had already been distinguished 
from the pines,—by a seafaring ipan, too. 
” (p. 302.)—Charles Darwin, Journal of the Voyages of the Adven¬ 

ture and Beagle, 1839, p. 271. < 
(p. 302.)—Goppert describes other three Cj'cadese (species of C%a- 

ditere and Pterophyllum) from the lignitic clay-shists of Altsattel and Com- 
motau in Bohemia, perhaps from the Eocene period (Goppert, in the 
work quoted in Note 90). 

(p. 303.)—Buckland, Geology, p. 509. 
“ (p. 304.)—Leopold yon Buch, in Abhandl. der Akad. der Wiss. zu 
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Bd. ix. S. 575 ; Elie de Beaumont, in Annales des Sciences nat.' t. xix. 
p. 60. 

(p. 305.)—Vide Elie de Beaumont, Descr. g^ol. de la France, t. i, 
p. 65; Bendant, Geologic, 1844, p. 209. 

* (p. 309.)—Transactions of the Cambridge Philosophical Society, 
vol. TX. pt. 2, 1837, p. 297. According to others, as 100 : 284. 

** (p. 310.)—In the. middle ages the prevalent opinion was that the 
sea covered but one-seventh of the surface of the globe, an opinion which 

, Cardinal d’Ailly (Imago Muftdi, cap. 8) founded on the Apocryphal 4tK 
Book of Eera. Columbus, who always derived much of his cosmological 
knowledge from the Cardiu^’s work, was much interested in upholding 
this idea of the smallness of the sea, to which the misunderstood ex¬ 
pression of “ the ocean stream” coniributed not a little. Vide Humboldt, 
Examen critique de I’Hist. de la Geographie, t. i. p. 186. 

(p. 311.)—Agathemeros, in Hudson, Geographi minores, t. ii. p. 4. 
Vide Humboldt, Asie centr. t. i. p. 120, 125. 

(p. 311.)—Strabo, Ub. i. p. 65, Casaub. Vide Humboldt,Examen 
-crit. t. i. p. 152. 

(p. 312.)—On the mean latitude of the Northern Asiatic shores, 
and the true name of Cape Taimura (Cape Siewero—Wostotschnoi), and 
Cape North-East (Schalagskoi Mys), vide Humboldt, Asie centrale, t. iii. 
p. 35 and 37. . ■ 

(p. 313.)—Ib. t. i. p. 198—200. The southern point of America 
and the Archipelago, which we call Terra del Fuego, lies in the meridian 
of the north-western part of Baffin’s Bay, and of the great uncircum¬ 
scribed polar land, which perhaps belongs to West Greenland. 

(p. 313.)—Strabo, iibiii. p. 92 and 108, Casaub. 
(p. 313.)—Humboldt, Asie centrale, t. iii. p. 25. I had already, at 

an early period of my . work, De distributione geographioa plantarum 
secundum coeli temperiem et altitudinem montium, directed attention to 
the important influence, of compact or divided continents on climate and 
bqmau civilization: “ 8,egi6nes vel per sinus Innatos in longa cornua por- 
rectae, angulosis littornm recessibus quasi membratim discerptae, vel 
spatia patentia in immensum, quorum littora nullis incisa angulis ambit 
sine anfractu Oceanus” (p. 81 and 182). On the relations of the extent 
of coast to the area of a continent (at the same time as a measure of the 
accessibility of the interior), vide the Inquiries in Berghaus, Annalen 
der Erdkuude, Bd. xii. 1835, S. 490, and Physikal. Atlas, 1839, No. in. 
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Essai e«r te Cisement des Roches, 1822, p. 57, and Relat. hist. t. iii.- 
p. 244—250. 

® (p. 324.)—Asie oentrale, t. i. p. 284—286. 
** (p. 324.)—De la hauteur moyenne des continents in Asie centrale, 

t. i. p. 82—90 and 165—189. The results which I obtained are to be 
regarded as bounding numbers (nombres-limites). Laplace estimated the 
mean height of continents at 3078 feet; at least three times too high. , 
The immortal author of the Mecaniqne Celeste (t. v. p. 14,) was led to 
this conclusion by hypothetical views of the mean depth of the sea. I 
have shown (Asie cent. t. i. p. 93) that the old Alexandrian mathema¬ 
ticians, on the testimony of Plutarch, (in AJmilio Paulo, cap. 15) believed 
this depth to depend on the height of the mountains. The height of the 
centre of gravity of the volume of the continental masses is probably sub¬ 
ject to slight variations in the course of thousands of years. 

(p. 325.)—Zweiter geologischer Brief von Elie de Beaumont an 
Alexander von Humboldt in Poggendorff’s Annalen, Bd. xxr. S. 1—58. 

® (p. 327.)—Humboldt, Relation hist.^ iii. chap. xxix. p. 514—530. 
(p. 328.)—See the series of my observations ill the South Sea, from 

■ 0° 5'to 13° 16' North latitude, in my Asie centrale, t. iii. p. 234. 
(p. 328.)—“ On pourra (par la temperature de I’Ocean sous les 

tropiques) attaquer avec succes uue question capitale restee jusqu’ici in- 
decise, la question de la Constance des temperatures terrestres, sans avoir 

nant du deboisement des plaines et des montagnes, du dessechement des 
lacs et des marais. Chaque siecle, en leguant aux siecles futurs queiques 
chiffres bien faciles a obtenir, leur donnera le moyen peut-etre le plus 
.simple, le plus exact et le plus direct de.decider si le soleil, aujourd’hui 
source premiere, a peu pres exclusive de la cbaleur de notre globe, change 

contraire cet astre est arrive a un etat^iermanent.”—Arago, hi Comptes 
rendus des seances de I’Acad. des Sciences, t. xi. p. 2, p. 309. 

^ (p. 329.).—Humboldt, .Asie*ceutr. t. ii. p. 321 and 327. 
** (p. 329.)—See the numerical results, loc. cit. t. ii. p. 328—333. 

From the geodetic levellings which my friend of many years, General 
Bolivar, had performed, at ray request, by Lloyd and Falmarc, in the yeans 
1828 and 1829, it was ascertained that the level of the South Sea is at least 
S'/j feet higher than that of the Gulf of Mexico ; indeed, that at different 
hoars of the respective times of the ebb and flood, it is now the one sea, 
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rnca, Viags la Magellanes, 1793, p. 15; and on a remarfcible expression • 
of Colnmbas, which his son Don Fernando Colon has presented to ns in 
his Vida del Almirante, cap. 55, see Humboldt, Examen critique de I’hist. 
delaGdogiapbie, t. iv. p. 253. 

(p. 344.)—Mcnsun, or monsoon (Malayan musim, the hippalos of 
the Greeks), is derived from the Arabic word mansim, set time, season 
of the year, season, when the pilgrims for Mecca assemble (Laffen, Indische 
Alterthomskunde, Bd. i. 1843, S. 211). On the opposite of the fixed or 
fluid substratum of the atmosphere, vide- Dove, in den Abhandl. der 
Akad. der Wiss. zu Berlin aus dem J. 1842, S. 239. 

(p. 350.)—Humboldt, Recherohes sur les causes des Inflexions des 
Lignes isotbermes in Asie centr. t. iii. p. 103—114, 118, 122, 188. 

(p. 351.)—Georg Forster, kleine Schriften, Th. iii. 1794, S. 87; 
Dove, in Schumacher’s Jdirbuph fur 1841, S. 289 ; Kiimtz, Meteorologie, 
Bd.-ii. S. 41, 43, 67, and 96; Arago, in Comptes rendus, t. i. p. 268. 

(p. 352.)—Dante, Divina Commedia, Purgatorio, canto iii. 
(p. 354.)—Humboldt sur les Lignes isotbermes, in M6moires de 

physique et de chimie de la Societe d’Arcueil, t. iii. Paris, 1817, p. 143— 
165; Knight, in Transactions of the Horticultural Society of London, 
vol. i. ji. 32 ; Watson, Remarks on the Geographical Distribution of Bri¬ 
tish Plants, 1835, p. 60 ; Trevelyan, in Jameson’s New Edinburgh Phil. 
Journal, No. 18, p. 154 ; Mahlmann, in his admirable German transla¬ 
tion of my Asie centrale, Th. ii. S. 60. . 

(p. 355.)—“ Haec de temperie aeris, qui terram late circumfundit, 
ao in quo, longe a solo, instrumenta nostra meteorologica. susp.ensa habe- 
mus. Sed alia est caloris vis, quem radii soils nullis nubibus velati, in 
foliis ipsis et fi-uctibus maturesceutibus, magis minusve coloratis, gignunt, 
quemque, ut egregia. deraonstrant experimenta amicissimorum Gay- 
Lussacii etThenardi de combustione chlori et hydrogeuis, ope thermometri 







NOTES. 

Roylc, C. von lliigel, and Vigne, who are all familiar with the Himalaya, 
IVora personal examination, are agreed as to the higher elevation of the 
snow-limit on the Tliibetic declivities of the range, the fact is called in 
question by Gerard, Mac Clelland (the editor of the Calcutta Journal), 
and Lieut. Thomas Hutton (assistant-surveyor of the Agra division). 



If the memi hcnght of the Thibetic high lands be 10,800 feet, they may 
then be com^red with the delightful and fertile Peruvian plateau of 
Caxamarca. But on this estimate still they would be 1200 feet lower than 
the plateau of Bolivia, the lake of Titicaca, and the causeway of 
the town of Potosi. Ladak, from Vigne’s measurement by the boiling 
point of water, is 1563 toises high. This is probably also the height of 
H’Lassa (Tul-jung), a town of monks, which Chinese writers speak of as 
the “realm of pleasure,” and which is surrounded by vineyards. Must not 
these lie in deeply cut yalHes ? 

(p. 365.)—Vide Dove, Meteorologische Vergleichung von Norda- 













NOTES. 481 

(p. 389.)—The late aiTis.al of the Tarhish and Mongolian races, as 
well on the Oxus as in the Kirgius-steppes, is opposed to the view of 
Niebnhr, that the Scythians of Herodotus aud Hippocrates were Mon¬ 
golians. It is far more probable that the Scythians (Scolote,s) are to be 
reckoned as among the Indo-Germanic Massaget® (.Mans). The Mon- 
goles, probably Tartars, (a title whioh has lately been erroneously applied 
to pure Turkish races in Russia and Siberia,) were then established far in 
the east of Asia. Vide my Asie centr. t. i. p. 239 and 400 ; Esamen 
critique de I'hist. de la Gcogr. t. ii. p. .320. A‘distinguished philologist. 
Prof. Buschraan, reminds us that Firdiisi, in the Slianahnieh, in his half- 
mythical iialf-historical commencement, “ The Feast of the Alans,” 

. refers to the sea on whioh Seim, the eldest son of King Feridun (certainly 
two hundred years before Cyrus) wishes to take flight. The Kirgbis of 
the so-called Soythi.au steppe are originally a Finnish race : in their three 

tribes of men that now exist: in the 6 th century they dwelt in the very 
steppes where I lately sa«' them. The Byzantine Menander (p. 380— 
382, Ed. Nieb.) relates how the Chakan of the Turks (Thu-Khiu), in the 
year 569, presented Zemarohus, ambassador of Justin II., with a Kirghi- 
sian slave. He calls her in Abulgasi (Historia Mongolorum 
et Tatarorum) the Kirghis are styled Kiridz. Similarity of manners, 
where the nature of the country plainly gives the impress of these manners, 
is a very uncertain evidence of common descent. The kind- of life in the 
steppes engenders among Turks (Ti, Tukin), Baskirs (Finns), Kirghis, 
Torgods and Dsungarians (Mongoles), the same customs of the nomadic 
life, the same use of felt-tents, which are moved forward on carriages, and 
pitched near the flocks and herds. - . 

■“* (p. 389.)'—Wilhelm von Humboldt iiber die Verscliiedenheit des 
menschlichen Spracbbaucs, in the grejt work on the Language of the 
Island of Java, Bd. i. S. xxi. xlviii. and ccxiv. 

(p. 391.)—^That most unsatisfactory, and, in later times, frequently 
renewed discussion,on'the unequal rights of mankind to liberty; and on 
slavery as an in.stitution consonant to nature, may be found, alas! very 
systematically developelfcn Aristotle’s Politics, i. 3, 5, 6. 

‘*'3 (p. 392.)—^Wilhelm von Humboldt iiber die Kaw'i-Sprache, Bd. iii. 
S. 426. From the same work I add the following passage: ” The 
stormy conquests of Alexander; the political forecast of the Romans, the 
savage cruelties of the Me.vican3, the despotic annexations of lauds by 
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