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PREFACE.

Tue object of the following Essay is to throw some
light on those phenomena which consist in the develop-
ment of subterranean activity in the form of Volcanos and
Earthquakes, the investigation of which appears to me of
primary importance to the progress of Geological science.

The science of the History of the Globe has, I conceive,
for its object—the examination of the nature of the in-
organic substances observable within the limits of our
planet and its atmosphere, with a view to discover its
origin and the changes it has undergone.

It is thus naturally divided into two branches, viz.

I. The examination of these substanees and their mutual
relations.

II. The establishing conclusions from the results of this
examination, as to their origin, and the changes
they have undergone.

The first division is properly called Geognosy. The
term Greology should of right be restricted to the second.

Geognosy embraces the subordinate sciences of Mine-
ralogy, Chemistry, and the study of the relative positions
of Rocks ( Geognosie positive of Humboldt.)
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Geology has for its business a knowledge of the pro-
cesses which are in continual or occasional operation
within the limits of our planet, and the application of
these laws toexplain the appearances discovered by our
Geognostical researches, so as from these materials to
deduce conclusions as to the past history of the globe.

The surface of the globe exposes to the eye of the
Geognost abundant evidence of a variety of changes which
appear to have succeeded one another during an incalcu-
lable lapse of time.

These changes are chiefly,

I. Variations of level between different constituent parts
of the solid surface of the globe.

11. The destruction of former rocks, and their reproduc-
tion under another form.

III. The production of rocks de novo upon the earth’s
surface,

Geologists have usually had recourse for the explana-
of these changes to the supposition of sundry violent and
extraordinary catastrophes, cataclysms, or general revolu-
tions having occurred in the physical state of the earth’s
surface.

As the idea imparted by the term Cataclysm, Catastrophe,
or Revolution, is extremely vague, and may comprehend
any thing you choose to imagine, it answers for the time
very well as an explanation ; that is, it stops further in-
quiry. But it has also the disadvantage of effectually
stopping the advance of the science, by involving it in
obscurity and confusion.

If, however, in lieu of forming guesses as to what may
have been the possible causes and nature of these changes,
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we pursue that which I conceive the only legitimate path
of geological inquiry, and begin by examining the laws of
nature which are actually in force, we cannot but perceive
that numerous physical phenomena are going on at this
moment on the surface of the globe, by which various
changes are produced in its constitution and external
characters; changes extremely analogous to those of ear-
lier date, whose nature is the main object of geological

inquiry.
These processes are principally,

I. The Atmospheric phenomena.

1I. The laws of the circulation and residence of Water on
the exterior of the globe.

III. The action of Volcanos and Earthquakes.

The changes eflfected before our eyes, by the operation
of these causes, in the constitution of the crust of the
earth are chiefly—

I. The Destruction of Rocks.
II. The Reproduction of others,
~III. Changes of Level.

1V. The Production of New Rocks from the interior of
the globe upon its surface.

Changes, which in their general characters bear so
strong an analogy to those which are suspected to have
occurred in the earlier ages of the world’s history, that,
until the processes which give rise to them have been
maturely studied under every shape, and then applied with
strict impartiality to explain the appearances in question;
and until, after a long investigation, and with the most li-
beral allowances for all possible variations, and an unlimit-
ed series of ages, they have been found wholly inadequate
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to the purpose, it would be the height of absurdity to
have recourse to any gratuitous and unexampled hypo-
thesis for the solution of these analogous facts.

The study of the processes by which these effects are at
present produced on the surface of the globe forms there-
fore a most important, but unfertunately most neglected
branch of Geology.

It comprehends the following divisions, viz.

I. Meteorology, or the knowledge of the atmospheric
phenomena, including the decomposition of rocks
by the air and light, Electricity, Magnetism, &c.

I1. Hydrology, or the study of the laws that regulate the
conduct of water on the surface of the globe, and
its mechanical effects on the solid parts of that
surface.

ITI. That of the phenomena produced on the exterior of
the globe by the development of its internal and
subterranean activity.

Each of these is equally necessary for a due apprecia-
tion of the effects which such agents are capable of pro-
ducing, during an unlimited series of ages, on the constitu-
tion of the globe; and at the same time offers in itself a
subject of extreme interest,

The following work is an attempt to pursue the last
branch of study ; and, however imperfect, I am not with-
out hope that it may be found useful in clearing up much
of the obscurity and doubt which at present exists as to
the nature and mode of action of the volcanic forces.

The opportunities which I have enjoyed for the pro-
secution of this study were sufliciently favourable to claim
for me some confidence in the general facts I advance on my
own authority.
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My attention was first directed to the phenomena of
Volcanos in the winter of 1818, which I passed within
sight of Vesuvius, then in permanent eruption. In the
course of the next year I visited Atna and the Lipari Isles,
particularly Stromboli, where T spent some days. After
having examined the phenomena of these active voleanos,
I turned my attention to the extinet vents of Italy and
France; passed six months in Auvergne, the Velay, and
Vivarais, contiuually occupied in geological researches,
and afterwards revisited Vesuvius (which I reached just in
time to witness the stupendous eruption of October 1822),
examined the Ponza Isles, and all the different volcanic
districts of Italy from thence to the Euganean Hills,
returning to England by those of the Rhine, the North of
Germany and the Eiffel.

In addition to these original sources of information, I have
availed myself of many of the facts that are to be met with
in the works of Humboldt, Von Buch, Beudant, Brieslak,
Brocchi, Monticelli, De la Torre, Mackenzie, Bory de
St. Vincent, and other writers who have published descrip-
tions of phenomena or countries of a volcanic nature,

. The short sketch of a History of the Earth with which 1
have been tempted to terminate this essay, may probably be
considered as premature; but the coneclusions to which I
arrived in the body of the work, on the nature of the vol-
canic phenomena, unavoidably led to their generalization
in this form ; and since the theory is confessedly imperfect,
requiring much further development, room is left for the
corrections and improvements that may be hereafier sug-
gested by other researches, hydrological and meteorolo-
gical, which should perhaps have been made to precede
even the rough draft of such a history,

The Appendix will be found to contain a list of all the
volcanos known to be at present in habitual activity, taken
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in great part from that published at Paris in the Annuaire
du Bureau des Longitudes, for the year 182%4; to which
Messrs, Humboldt and De Buch contributed.

To this list has been added brief accounts of some of
their most remarkable eruptions and other contempora-
neous phenomena, from the descriptions of eye-witnesses.

An article is also appended to the work, on the re-
markable volcanic eruption of Xorullo in 1756, in which
I have taken the liberty to dispute the inferences drawn
by M. de Humboldt from the traditionary account of the
phenomena, and the appearances at present visible on the

spot.

I trust the theory I have ventured to put forth will be
considered impartially and without prejudice; and, if so,
I think it can hardly fail to satisfya candid and enlightened
reader,

For myself, when the idea was first urged upon me by
the same chain of inductive evidence which is given in the
work, I was incredulous; but the more I investigated its
results, the more closely did they appear to correspond
with, and explain the problematical appearances of the
carth’s crust, which bave so long presented a stumbling-
block to Geology.

Just as these pages are going to press, I have met with
the work of Mr. Knight on a new theory of the earth,
which I had not previously known. I observe that some
of his ideas as to the mechanical deposition of gneiss,
mica-slate, &c., and the erystallization of rocks by the
admixture of an aqueous vehicle in very small proportions,
correspond with mine. We differ however folo calo on
most points. He supposes mountains to have been origi-
nal protuberances of the granitic surface of the globe, and
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does not admit of the subsequent elevation of their strata ;
and notwithstanding this, he conceives the strata hardened
by heat, He imagines that the admission of water to the
metallic nucleus of the globe produces voleanos, &e.;
ideas which are completely at variance with the opinions
as to the nature and modes of operation of the subter-
ranean forces, developed in the following Essay.
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CHAP. 11.—Page 17.
Fxplanation of the Volcanic Phenomena.

———

Their moving power, the expansive force of aeriform fluids
generated by the action of heat in a subterranean body of
lava.

The phenomena of Stromboli, Etna, the Isle de Bourbon,

&c. and the counstant expulsion of liguefied fragments
(scoria) prove the existence and ebullition of such a mass.

I'ts liquidity very imperfect, not amounting to fusion. Ap-
pearance of lava when proceeding from a source in the
flank of a volcano during some tranquil eruption—radiates
very little heat.

Opinion of Dolomieu confirmed as to its liguidity being
caused by some other circumstance than fusion, from its
crystalline texture both when suddenly and slowly cooled.

. Nature of its liquidity. The suspension of its crystalline

particles in a fluid.

Aeriform, the same which explodes from the mouth of the
vent, and elevates the lava by its expansive force ; aque-
ous vapour or steam; proved to be this by direct experi-
ment, and by the totrents of rain which fall from the clouds
evolved when a volcano is in eruption—the escape of this
vapour causes the instantaneous consolidation of the lava.

Recapitulation.

Examination of the effect which must be produced in a
crystalline substance of this nature, by diminution of pres-
sure or increase of temperature 3 partial vaporization of the
water ; disaggregation ; intumescence, and liguefaction of
the mass—vapour collects into parcels and bubbles, and
finally rises to the surface—cendition of such rise.
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§. 16. Fissures formed, some opening outwardly, some downwards
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sion and liquefaction, by which the fissure is filled with
intumescent lava. This is the case both with the fissures
formed in the upper strata of the heated erystalline mass,
(contemporaneous veins) and in those broken through the
overlying strata of schistose, sedimentary, or other pre-ex-
isting rocks. (Injected veins or dykes.) Immediate con-
solidation of the matter filling these veins, by which the
fractured rocks are repaired and strengthened.

§.17. An interval of tranquillity succeeds, until a similar expan-
sion again occurs. These processes must succeed one an-
other continually in such circumstances.

§. 18. Atlength, perhaps, some fissure broken entirely through the
overlying rocks so as to open directly into the atmosphere
alone.—Consequent ebullition and intumescence of lavaup
this opening—circumstances which accompany and modify
its rise,—Sometimes checked by the predominance of the
repressive force before the lava reaches the aperture, so as
to occasion an abortive eruption, vapour aloue being dis-
charged from the fissure.
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But if the width of the fissure and other circumstances
permit it, the lava reaches the mouth of this orifice, and a
volcanic eruption commences.
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with earthquakes—after which, either lava alone, or elastic
fluids alone, or both together, are expelled from the vent,
The two first cases rare, the last most frequent.

Explosions of vapour and fragmentary ejections—emissions
of lava en masse—crisis of eruption—gradnal decrease in
violence, lava ceases to flow, scoria continue to be ejected,
oscillations in the eruptive force—trituration of fragments
and scoriz—expansive force finally stifled—eruption ter-
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Condition of the dilated mass below, or focus, at this
time.
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Its temperature inferior to that of the surrounding erystal-
line mass.—It abstracts therefore caloric from thence.
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nent,
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mutual relations of these opposite forces.—Conduct of the
expansive force in any individual lava bed, uniform.—The
irregularities must therefore proceed from changes in the
repressive force, and first, for the examples of complete
equilibrium.—Stromboli.—The peculiar form of its crater
alone occasions the permanence of its phenomena.— Vol
cano of Bourbon, its figure.—Lava boils over the lips of
the crater down the slope of the cone.

Interesting comparison of the phenomena of Stromboli and
Bourbon.
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b 2
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culty of distinguishing those which are formed in situ from
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vapours escaping from a subterranean mass of lava.—Erup-
tions may be obviated, and the temperature of the focus
diminished, or rendered uniform, by this placid escape of
caloric.—Mineral substances held in solution, and after-
wards deposited by them.—Intermittent hot-springs—
Geysers.—Formation of thermal spri Jgs by atmospheric

water filtering through heated lava.—Jorullo.—Bertrich-
bad.

§. 12. Permanent gasses evolved from lavas—mephitic exhalations
—Lago d’Averno.

§. 13. Duration of the process of conselidation—circumstances
that determine it.—Examples of the time during which
lavas may retain a high internal temperature.

CHAP. VI.—Page 134.

Divisionary Structure assumed by Lavas on their
Consolidation.

§. 1. The process of consolidation must be accompanied at all
times by contraction.—If it commence at the eentre of
the mass no separation takes place ; but if at the surface,
different centres of contraction must establish themselves,
and fissures of retreat be formed between them—the
figures they circumseribe approximate to the hexagon.

§. 2. But since no fissure will be formed in a direction parallel to
the surface at which the process commences, the hexagons
will be lengthened into hexagonal prisms. Proofs of the
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contractile force—diameter of prisms—irregularity, what
causes it—regular divisions confined to interior of the mass
—hence, error of supposing none but the earliest basalts
to be prismatic.— Prismatic configuration general in dykes.
—Columns perpendicular to the surface on which they form.
Effect of a concave and convex surface—influence in facili-
tating or preventing the degradation of the rock.

§. 3. Jointed columns—Ilaws which regulate the frequency of
joints.

§. 4. More than one divisionary structure may be found in the
same rock—smaller columns included in large.

§. 6. Globiform structure—subdivision into prisms, or concentric
folia.

§. 6. Process of recrystallization which accompanies the contrac-
tion of the rock—globular concretions—angulo-globular
structure.

§. 7. Tabular structure—lamellar, and slaty or schistose—accom-
panied or not, by the columnar.—Roche Tuiliere.—Re-
union of some crystalline particles in the planes of the
lamella,

§. 8. Cubical or rhomboidal structure.

§. 9. Recapitulation.

§. 10. Divisionary structure confined to rocks solidified by loss of
temperature—no contraction occurs where the solidification
is produced by increase of pressure.

§. 11. Question as to the cause of the difference of mineral com-
position in lavas.—Probability that they all derive from a
granitic rock.—How these changes may be conceived to
have occurred.

§. 12. The varieties of lava rock are found in nature to have been
usually produced, successively, by the same or proximate
vents. Contrary opinion combated ,—examples,—error of
limiting the production of trachyte or basalt to particular
ages of the globe—both the product of recent and still
active volcanos—necessity of restricting these terms to a
mineralogical meaning.
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CHAP. Vil.—Page 150.
Volcanic Mountains.

§. 1. The simple cone produced by a single eruption is enlarged
by the repetition of eruptions from the same vent into a
volcanic mountain, strengthened by continual additions

both of solid and fragmentary products.

§. 2. Rupture of the sides of this cone by the pressure of the co-
lumn of lava within the vent. Lava flows out through
openings formed successively at different levels; confirmed
by observation.—Elastic fluids generally discharged from
the central crater—while the lava usuvally flows out from
orifices in the side of the mountain, or at its foot.—Exam-
ples from the eruptions of /Etna, Vesuvius, Iceland, &c.—
Minor and local earthquakes produced by these rendings—
mountain sometimes nearly split in two—examples.

§. 3. The consolidation of the lava that occupies these fissures,
produces vertical dykes, those of Somma—no fissure ever
opens a second time.—These dykes add greatly to the
strength of the mountain.

§. 4. Thus, with the height and bulk, the strength of the moun-
tain increases, without any limit—examples—false notion
that at a certain height eruptions can no longer take place
by the summit of the cone.

§. 5. Parasitical cones produced at these lateral vents by the
gaseous explosions.

§. 6. Torrents of sand or ashes and water—alluvial deposits—
examples from Iceland—Vesuvivs—vegetable remains en-
closed in them. :

§. 7. Mixture or alternations of volcanic products with marine or
lacustrile deposits,

§. 8. Craters of compound cones or volcanic mountains—subject
to change—under what circumstances,—Large crater left
by a paroxysmal eruption, filled up by degrees by sub-
sequent minor eruptions—replaced by a convex plain.—
The occurrence of a second paroxysm breaks up this, and
guts the mountain once more—features of the crater thus
formed, elliptical—examples of these changes.—Crater of
Vesuvius during the last century—that of /Etna—Remarks
on these changes.
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§. 9. Dimensions of such a crater—under favourable circum-
stances the greater part of the cone, or even the whole
occasionally, blown into the air—examples of such pa-
roxysmal explosions, and craters produced by them—often
occupied by lakes—their characteristic features,

§. 10. Other lakes—Dbasins of this character are formed by ex-

losions from a deep focus on a fresh point—example—
those of the Eiffel, Paven, &c.

§. 11. Bursting of lakes formed in the interior of volcanic craters
—eluvial deposits—trass, moya, and some tufas—peculiar
to trachytic volcanos—divisionary structure assumed by
these conglomerates on desiccation, veins in them —organic
remains. )

§. 12, Minor eruptions prebably take place from an upper focus
within the velcanic chimney.—Paroxysmal eruptions, from
the deep subterranean lava-bed.

§. 13. Occasional shifting of primary vent, and extinction of the
central erater,—examples,—lIsle of DBourbon—crater re-
duced to a solfatara by the slow escape of vapours from the
lava beneath,

L]

CHAP. VIII.—Page 171.

Subaqueous Volcanos.

§. 1, Probability that they are very numerous—can rarely he ohae
served, and never until the volcanic apex approaches the
surface of the sea.

§. 2. Instances known—their phenomena—difier little from those
of a subaerial vent.—No reason for supposing the strata at
the bottom of the sea to be elevated always.

§. 3. Great increase of the repressive force owing to the weight
of the column of water above the vent—its results—1. ex-
trerae tension of the confined lava: 2. condensation of
escaping vapour which will not rise to the surface, except
when the vent is near that surface. Hence such an erup-
tion can rarely be visible ; and, when visible, the apex of
the cone cannot be far removed from the surface of the
o
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§. 4. Mineral substances held in solution in the vapour of the
lava are condensed with them, and mixed with sea-water.

"§. 5. Disposition of fragmentary products—I{ormation of cone—
suspension of finer particles, and their disposition in hori-
zontal strata—examples—alternation with calcareous and
other marine deposits—solidity and coherence of some
tufas—its cause—similarity to trass, &c.

§. 6. Disposition of lavas beneath the sea—follows the laws an-
nounced above.—Superior fluidity occasioned by the den-
sity of the medium checking the escape of the elastic
fluids, and retarding the consolidation of the lava—agrees
with observation—comparative ahsence of scoriform parts,
but frequency of vesicular lavas—amygdaloids, infiltratory
process favoured by subaqueous position.

§. 7. Difficulty of distinguishing new from habitual vents in sub«
aqueous eruptions—examples of either kind.

5. 8, When the summit of the cone is raised above the level of
the sea, it becomes an ordinary sabaerial volcano. This
elevation may take place in two modes, 1. by the accumu-
lation of matter produced by repeated eruptions; 2. by
elevation en masse, owing to the expansion of the inferior
lava-bed.

§. 9. Characteristic features of the rocks elevated above the sea-
level by these different modes—examples of either kind—
the latter accompanied by elevations of the neighbouring
strata—examples—Isle de France, Pnlo Nias, &c. Coral-
line islands of the Pacific nearly all probably based on
volcanic submarine eminences—the Madrepores only build
within a short distance of the surface of the ocean—subse-
quent elevation of these beds.—Leeward isles.

CHAP, IX.—Page 187.
Systems of Volcanos.

§. 1. Law which determines the position of a new vent of vol-
canic action ; geaerally on the prolongation of a previous
fissure of eruption, or in the vicinity of a former vent :
hence groups, or lincar trains of volcanic vents—examples
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—France, Germany, Italy, Leeward Isles—remarkable
train of openings encircling the Pacific—error to suppose
them always parallel to the meridian. Connection of in-
sulated vents by intermediate links.

§. 2. Of these systems some vents remain active, others closed ;

the former acting as safety-valves,—In case of their ob-
struction, fresh vents produced, or old one reopened, pre-
ceded by earthquakes and elevations of strata—examples—
proofs that the existence of active volcanos obviates the
occurrence of destructive earthquakes.

§. 3. Appearances in the constitution of the known surface of the

globe, indicating frequent and violent elevations of strata
by subterranean expansion—particularly in mountain
ranges.

§. 4. Proofs that these elevations have been in general inversely

proportionate to the development of the volcanic pheno-
mena in the same quarter of the globe.—Answer to objec-
tion drawn from the continental voleanic range of the
Andes.—The elevation of some neighbouring mass of
strata (continent) must precede the formation of any pri-
mary volcanic fissure.—Remarkable parallelism of insular
volcanic trains to the outline of the neighbouring conti-
nental ranges—and to the direction of the elevated strata
near them.

§. 5. Wherever any great elevation of strata has occurred, vol-

canic eraptions are proportionately rare—proofs,

§. 6. Answer to objection derived from the fact, that earthquakes

occur chiefly in volcanic districts,.—1. An earthguake of
some kind must precede every eruption ; but numerous
earthquakes may yet take place without occasioning a
single eruption. 2. On those parts of the globe which
have suffered greatest elevation, the repressive forces are
in excess, owing to the diminution of the expansive force
brought on by its successful development, and the escape
of caloric in other modes.

&. 7. General extension of the subterranean bed of heated crys-

talline rock beneath the whole surface of the globe.—
Volcanos the incidental and secondary effects of expansions
—of which the primary result is the partial elevation of
the solid crust of the globe.
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CHAP. X.—Page 200.

Development of Sublerranean Expansion in the Elevalion
of Strata, and Production of Continenls above the Level
of the Ocean.

§.1. Nature and order of the elevated strata—lean against crystal-
line rocks—stratified and unstratified—the latter appear to
be portions of the subterranean lava-bed protruded en
masse through the stratified rocks.

§. 2. Correspondence of the fractured strata on either side of the
axis of elevation—replication of the schistose strata forced
along with the expanding granite from either side towards
the fissure of elevation through which they are protruded—
sometimes entirely covering (mantelformig) the crystal-
line rock below ; sometimes disclosing it—superficial in-
tumescence and extravasation of this rock—portions of
lava will also be included between the folds of the lower
schists; forming the axes of secondary ridges of elevation.

§. 3. At the same time the upper beds recede from the axis of
elevation, sliding down the planes of their stratification by
the influence of gravity, and become also contorted by the
resistance opposed to this subsidence.

§. 4. By the denudation of the extreme flexures of these replicated
strata, they appear to alternate frequently in a recurring
series—some members occasionally wanting, &c.

§. 5. Occupation of cracks by intumescent matter from below—
dykes and veins of intruded crystalline rocks—where the
strata break rather than bend they will be often raised in
craggy masses, and left in insulated positions, separated
from one another by wide fracture chasms.—Dolomitic
pyramids of the Tyrol—basalt of that district—explanation

~of a remarkable fact mentioned by De Buch in this lo«
cality.

§. 6. Parallelism of the linear trains of volcanic vents and proxi-
nate mountain ranges accounted for—the formation of ele-
vation fissures, and eruption fissures contemporaneous—
the latter torn through the prolongation of the lower strata
by the force which urged them towards the fissure of ele-
vation—such a fissure widened and fresh vents produced
on it by subsequent elevating shocks ; orif this fissure is
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sealed up, a new one may be formed by the same cause ;
hence the peculiar difference between the fissures of ele~
vation and eruption.

§. 7. Thus of the fissures broken through the elevated strata, the
largest and deepest occasion extravasations of the inferior
lava-bed, dykes, &c.—others gave rise to mineral veins;
others to faults and slips; the least, to breccias and veined
marbles, serpentines, &c.

§. 8. Elevation of strata preserving their horizontality—examples
inciuded between two elevated ranges.

§. 9. Longitudinal valleys—formation of in the concave flexures,
or abrupt fractures of the elevated rocks—examples.

§. 10. Distinction between primary and secondary anticlinal
ridges, or axes of elevation—circumstances which inter-
rupt the parallelism of the latter to the former.—The
intervals between the secondary anticlinal ridges are lon-
gitudinal valleys—examples from Scotland and England—
subsidence of the upper limestone strata from off the se-
condary ridges, leaving anficlinal valleys—examples.—
Transverse fractures, generally effect the drainage of the
basin,

§. 11, Transverse valleys of mountain ranges—their origin partly
from transverse fractures in the elevated strata—examples—
enlarged and partly filled by the retreat of the ocean from
the elevated surface, Diluvium—other transverse valleys
excavated by the retiring waters alone, and perhaps by the
causes still in action.

§. 12, Conclusion from analogy of velcanic phenomena, that these
elevations took place by successive shocks—generally of
minor violence, lilke the earthquakes felt so frequently at
present—sometimes perhaps paroxysmal.— Elevation of the
Alps, and perhaps of the whole of Europe, attributable to
such a catastrophe.—The traces of diluvian action pro-
duced by the waters of the ocean retreating by successive
oscillatory movements,— Boulders of the Alps and of the
North of Europe, &c.—since that epoch none but minor
clevations accompanied by scarcely perceptible shocks.—
Doubt whether the elevation of the other principal conti-
nental masses was contemporaneous or not to that of the
Alps—if so, probably the result of the near approach of a
comet—other paroxysmal elevations probably preceded this;
that of the old red sandstone—their repetition attested by
geological facts.
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§. 13. Proofs that the developments of subterranean expansion,
whether in the form of volcanie phenomena, or elevation
of superficial rocks, must have progressively diminished in
frequency and violence from the commencement of the
globe’s history.

§. 14, Mineral nature of the general subterranean bed of crystal-
line rock—most probably granitic.—Its conversion during
the process of repeated intumescence and reconsolidation
into syenite, greenstone, porphyry, compact felspar, ser-
pentine, diallage rock, &c,—all pass into one another—
they may therefore all have derived from the same original
rock. '

CHAP. XI1.—Page 220.

Ovigin of the Strala composing the Crust of the Globe,
involving a New Theory of the Earth.

§. 1. Regular structure of the globe’s solid surface previous to any
elevation above the sea-level.—Concentric coats, consist-
ing, first, of the fundamental granite ; next, the laminar
rocks, gneiss, and the schists ; above these, the transition
and secondary series, or a part of them.—(QQuestion as to
the original formation of these zones,—The uvpper beds,
analogous to the arenaceous and sedimental deposits from
water actually taking place.—Their differences to be ac-
counted for—how.

§. 2. By the denuding force of waves produced in the ocean by
the sudden elevation of continents from its bottom.— Anti-
podal rise; oscillalory movements.— Fragments deposited
at different distances according to their size and weight—
the finest mingled with calcareous and bituminous matter,
&c.—consolidation of such rocks—not effected by heat,
but by a concretionary process, assisted by pressure, and
the exudation of the aqueous vehicle.—Seams of strata,
chalk-flints, &c. occasioned by this process.—Crystalliza-
tion facilitaled by fineness of grain—the greater the pro-
portion of precipitated to sedimental matter, the finer the
grain ; and therefore the more crystalline and compact
the rock.—The oldest rocks usnally the most crystalline,
explained by the greater proportion of Ifrl‘l‘l‘.il!iti,lffltl to
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sedimental matter in the ocean of early times—causes of
this—origin of the waters of the globe’s surface—greater
pressure sustained by the elder rocks.—proofs of the incom-
plete consolidation of the strata at the time of their eleva-
tion.—Different characters of the stratified rocks suffi-
ciently explained by these considerations without recurring
to the idea of their being hardened by heat.—Even the
more completely erystalline, viz. statuary limestone, quariz
rocks, &c. probably precipitations; when the sediments
predominated, mica, talc, and chlorite slates produced.

§. 3. Question as to the origin of gneiss—its laminar structure
analogous to that of clinkstone and the laminar volcanic
rocks.—Owing probably to the same cause, the pressure
sustained by an intumescent mass of granite between the
expansive force of the mass confined below, and the weight
and cohesion of the sedimental and arenaceous rocks,
which had settled above it, as well as of th= atmosphere
and ocean.—This structure further increased by the fric-
tion of the lamin® against one another as they were pro-
truded.

§. 4. Sketch of a Theory of the Globe—granitic exterior—dimi-
nution of pressure when it arrived in its actual position in
the planetary system—consequent superficial expansion—
flattened spheroidal figure—rise of great bodies of aqueous
vapour to the outside of the globe—its partial condensation
forms the primaval ocean—cooled down by superficial va-
porization—contains mineral substances in solution and
suspension.— Formation of gneiss by the subsidence of the
felspar, quartz, and mica, as the steam escaped from the
disintegrated granite.—Termination of the inward progress
of expansion—momentary cquilibrinm between the oppo-
site forces of attraction and repression—state of the globe
at this time—its division into zones of more or less dilated
matters—beds of granite, gneiss, mica-schist, and transition
rocks—ocean and atmosphere.—The mica-schist and tran-
sition beds formed the first solid envelope or crust of the
globe.—Beneath this a new process took place, viz. the
increase of temperature and expansive force of the granitic
beds which had been cooled down by their dilatation,
caloric passing towards them from the heated nucleus of
the globe.—This increase must sooner or later produce the
disruption of the outer and solid crust, forming through it
fissures both of elevation and eruption, and giving rise to
the phenomena described in former chapters.—Minor fis-
sures accompanying the elevation of the strata, producing,
1. injected veins—2. contemporaneous veins—3. mineral
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veins—4. gquartz veins—5. Dbreccias, marbles, &e.—Dis-
turbance of the ocean broke up the outer rocks, and pro-
duced the conglomerate strata—their passages into clay-
slate, quartz-rock, transition limestone, &c. — Organic
nature—coal sirata, secondary strata, &c.—Gradual de-
crease of the quantity of water circulating through the
atmosphere, and over the earth’s surface, and consequenily
of its effects,—Similarity of coeval deposits—their strictly
local nature, alternations, &c.—Opinion with regard to
the destruction and reproduction of rocks in different ages
effected by the same causes which are still in operation,
but to which rare combinations of circumstances sometimes
gave a prodigious force.

§. 5. Conclusion—that the formation of the grand mineral masses
of the globe are owing to three distinct processes, often
however confused in their results, viz.—1. Precipitations ;
2. Subsidence of suspended matters ; 3. Intumescence by
subterranean expansion.—These causes still in action, and
therefore obviate the invention of unexampled hypotheses,
suggested by the wonderworking spirit which is inherent in
our nature.

APPENDIX.—Page 245,

No. 1. List of known Volcanos in habitual or recent activity.

No. 2. Observations on the circumstances accompanying the ernp-
tion of Jorullo in Mexico, as related by M. de Humboldt.






ON VOLCANOS, &c.

-—-&-ﬁb—ﬁ-—

CHAP. L

Descriptive account of the Volcanic Phenomena.

§. 1. Tue action of a Volcano, in its simplest and most
general form, may be described as, the rise of earthy sub-
stances in a liquefied state and at a high temperature,
(Lava,*) from beneath the outer crust of the earth; accom-
panied by prodigious volumes of elastic fluids, which, ap-

* Lava, is properly any rock in a state of natural lignefaction by heat s
and this term does not imply its existence in the form G?R current (couleé),
or any other mode of disposition. Scoria have been in the state of lava, as
well as the more compact blocks, The oldest trachytes were produced
from the earth as lavas. It isidle to attempt to confine the term to those
rocks which exist as currents, and deny it to those which have the form of
dykes, masses, &c, s since these different dispositions are often assumed by
separate portions of the same continuous rock. Thus, when a current of
lava has flowed over a surface in which any fissures had been previously
formed, by earthquakes, or other causes, the liquid matter has occupied
these cavities, producing veins, or dykes, which take off, like roots, from
the overlying bed.

Those geologists who insist on confining the term lava to a rock in the
form of a current, must, in these and similar instances, assert the vertical
dykes to be a different rock from the flat bed of which they form the pro-
longation, and with which they are identical in mineralogical character ;
which would manifestly be absurd. This untenable distinction is in reality
dictated by a remnant of the spirit of the Wernerian seeplicism on voleanic
subjects: those who have long combatted the Plutonian opinions naturally
retain an extremely sensitive antipathy to the terms lava and volecano, and
are anxious to confine their meaning within the narrowest possible limits.

When beaten in an argument as to facls, the necessity of a retractation,
and the mortification of the peceavi may be often evaded by a skilful stick-
lin%ahuut words.

pon their consolidation, lavas become rocks of trachyte, basalt, &c.
according to their mineral composition.

A
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pearing to be evolved from the interior of the mass, burst
upwards with violent successive detonations, scattering into
the air, to a considerable height, numerous fragments, still
in a liquid state, of the lava, through which they tear their
way, together with shattered blocks of the solid pre-existing
rocks, which obstructed their expansion.

§. 2. These phenomena, which are currently designated as
Volcanic Eruplions, are not confined to a few particular
localities, but take place, either continually, or at intervals
of greater or less duration, from numerous points, in all
quarters of the globe.

The known active volcanos, or habitual vents ﬂ{' voleanic
energy, have been reckoned to amount to mearly 200 in
number.

This calculation must be considered as greatly below the
amount of those that really exist on the glu%e.

I. Because a large proportion of the earth’s surface re-
mains unknown to us, and it is probable that volcanos
exist in that part as well as in the rest.

I1. Because these phenomena are most frequent and ener-

etic exactly in those quarters of the globe which

ave been least explored ; viz. in the interior of N.

‘and 8. America, and amongst the innumerable archi-

pelagos of the great Pacific Ocean. There is therefore

gr&nl reason to suppose, that, when these districts are

etter known, we shall find them to contain more

volcanos than those of which we have as yet received
intelligence.

ITI. Because the intervals of rest, which occur between
the eruptions of a volcano, are sometimes of such
long duration, that all accounts of their former occur-
‘rence are forgotten, and the volcanic character of the
mountain remains unknown, until a fresh eruption
Frm:lnima the continued activity of its subterranean

ocus,

IV. Because there is good reason to believe that very
many volcanic vents exist at the botlom of the sea;
few of which can be brought under our observation
before the orifices of eruption have been raised above
the level of its surface.

Taking all these circumstances into consideration, it is
surely allowable to suppose that we are not acquainted with
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more than one half of the occasionally active volcanos exist-
ing on the surface of the solid crust of the globe,

n running ever the catalogues* of active velecanos which
have been framed from the accounts of such phenomena re-
ported by eye-witnesses on different parts of the globe, we
find them irregularly scattered over the whole surface of our
planet, occurring indifferently in all latitudes, and under
every meridian ; sometimes detached singly, and at a consi-
derable distance from each other; but generally either con-
centrated into close groups, or forming a connected linear
chain or series; in some verf- rare instances seated in the
interior of a continent: usually, however,.rising as insular
mountains from the depths of the ocean, or at very little dis-
tance from its borders, upon a maritime coast.

§. 3. Amongst the circumstances which must most mate-
rially characterise any individual development of the vol-
canic forces, are those which relate to the situation of the
point on which the eruption breaks through the solid crust of
the earth : and most particularly whether this point is placed
above or below the surface of any of the great bmﬁes of
water, which cover so large a portion of our planet.

In the first of these cases, the eruption takes place in open
air; in the second, in water; and the different density of
these media must considerably modify the nature of the
phenomena, and the conduct of the substances, whether

aseous or solid, produced from the interior of the earth.

e shall therefore consider separately these different kinds
of eruptions, of which the first may be called sub-aerial, the
second sub-agueous.

The latter class of eruptions, though we have reason to
believe them by no means of rare occurrence, can at least be
but very rarely observed ; and their phenomena, even when
the attention of those who chance to be passing near the spot,
is called to them, can be only partially and imperfectly per-
ceivable. The water may be observed to be more or less
agitated, heated, and discoloured, and to be traversed by the
rising column of gaseous fluids emitted below, and even by
Jjets of the fragmentary matters they carry up with them ; but
it is only when the accumulation of the solid substances pro-

* Vide Histoire des Voleans de M. Ordinaire—Brieslak, . Institutions
Geologiques, tom. iii. Annuaire du Bureau des Longitudes, "An. 1824,
A catalogue compiled from these and other sources is given in the Appen-
dix, No, 1.

A2
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truded from below, have at length elevated the vent above
the water level, and the phenomena consequently take place
in open air, that they become more immediately liable to
direct observation, and they then enter into the first class of
eruptions—sub-aerial.

It is therefore to this class principally that we must direct
our attention, in studying the laws of volcanic action.

Phenomena of Sub-aerial Eruptions.

§. 4. The character of a volcanic eruption tuking place in
open air will vary considerably, according as it proceeds
from a new or an habitual vent. Since, in the first case, it
must force a passage through rocks previously uninfluenced
by catastrophes of this nature, and in which an immense re-
sistance is, in all probability, opposed to the rise of the lava
and aeriform fluids, by the cohesive force, as well as the
weight, of solid and undisturbed strata of various kinds.

In the second case, on the contrary, the eruption has been
preceded by a long series of similar explosions from the same
point, an issue has been previously broken through the con-
tinuous strata of other formations, a road opened for the
occasional discharge of superabundant activity, and the only
resistance to be overcome will consist in the greater or less
obstruction of the vent thus established, by the accumulation
within and above it, of the solid substances produced by prior

eruptiuns,

§. 5. It is obvious that an eruption occuring from a vent
newly opened on the surface of a continent, must be modi-
fied, both in its circumstances and results, by the nature and
disposition of the solid rocks it traverses. Iixamples of such
rhmmmena are of very rare occurrence ; indeed few or none
iave been recorded that may be strictly reckoned such.

The eruption of the Monte Nuovo, in the bay of Baiwe,
can scarcely be allowed to bear this character, since it occur-
red in the midst of the volcanic soil of the Phlegrean fields.
The same must be said of the eruptions on the Mexican
plateau which produced Yorullo and five other volcanic
cones (as described by Humboldt), where the country around
exhibited previous traces of volcanic action. These  xam-
ples, therefore, belong rather to the class of subsidiary : per-
tures to habitual, or previously active volcanos.

But in those districts where the volecanic activity appears
to have been but recently extinguished, if it is in reality yet
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quenched for ever, we have many remarkable instances of the
occurrence of single eruptions on fresh and isolated points.

The high plateau of granite, for example, which rises to
the west of the Limagne, in the French province of Auvergne,
and separates the waters of the Allier and Sioule, presents a
chain of above seventy distinct cones, produced in this man-
ner. And upon the same linear band, prolonged through the
provinces of the Velais and Vivarais, are to be seen a string
of similar cones, amounting in number to more than 200.
Each of these is visibly the produce, usually of one, at the
utmost, of three or four eruptions; and, throughout the
whole line, the ejections of each separate eruption may be
distinguished, and their number counted, with more or less
accuracy : so that this country presents a field for the study
of the different modifications of volcanic eruptions, infinitely
superior to that which can be offered within any limited
period, by any one active volcano existing,

The district of the Eiffel, and that lying on the left bank
of the Rhine, above Andernach, afford similar observations ;
and though on a less extensive scale, and generally of a less
recent date, are remarkably instructive, from the diversity of
the rocks they have produced, from the varied nature of the
strata broken through, and from the peculiar deposits of an
igneo-aqueous character® by which they are accompanied,
and the origin of which their state of great preservation suffi-
ciently discloses,

§. 6. Still, however interesting the deductions we are
enabled to draw from the study of rocks produced by vol-
canos only recently extinct, it is from positive ohservations
on the volcanic phenomena in full activity, that we must
expect to derive the soundest knowledge of their nature and
mode of operation. And for this purpose it is necessary to
direct our attention more particularly to those habitual
vents of volcanic enery, from which eruptions take place,
either unceasingly, or at intervals of greater or less duration,
and which by the accumulation of their produects have uni-
versally been surrounded by a mass of considerable size, con-
stituting a volcanic mouniain.

§. 7. A rapid review of the information we possess on the
phenomena of the different known volcanic mountains, or

* Trass
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habitual sources of voleanic products on the globe, leads to the
conclusion that there exists the most complete irregularity
with respect to the periods and intensity of their activity.

Some volcanos are for ever in a state of incessant eruption; |
some, on the contrary, remain for centuries in a condition of
total outward inertness, and return again to the same state of
apparent extinction after a single vivid eruption of a day’s
duration ; while others exhibit an infinite variety of phases
intermediate between the extremes of vivacity and sluggish-
ness.

But upon a closer examination, it is easy to discern that,
amidst all this primé facie irregularity, a certain degree of
order and harmony exists ; a general correspondence of conse-
quences to preceding circumstances is perceivable ; and we
are led to suspect that the apparent anomalies are but oscil-
lations about a fixed course of action, determined by the pe-
culiar condition of the individual volcano, and as subject to
the influence of a general law, as any other of the great
recurring phenomena of nature.

§. 8. The various conditions hinted at above, as exhibited
hf); the different active volcanos, may be distinguished into
three general classes, viz.

I. In which the volcano exists incessantly in outward erup-
tion—Phase of permanent eruption.

1I. In which eruptions, rarely of any excessive violence,
and which continue in a comparatively tranquil
manner for a considerable time, alternate frequently
with brief intervals of repose.—Phase of moderate”
activity. :

IIL. In which eruptive paroxysms, generally of intense
energy, alternate with lengthened periods of complete |

external inertness.—Phase of prolonged intermit- |
tences,

Crass 1.
Phase of Permanent Lruption.

From a variety of circumstances it may be suspected that
this condition can be but of rare occurrence, and indeed we
know of but one well authenticated instance in which it is
exhibited. The volcano of Stromboli, one of the Lipari
islands, is always in a state of ceaseless eruption, and there is
good reason to believe this condition to have lasted without
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intermission during the last 2000 years at least, The aeri~
form fluids here continue to escape by successive explosions
from the same habitual vent, apparently as fast as they are
generated within the subjacent mass of ebullient lava, which
never overflows the lip of the orifice, and is rarely, if ever,
emitted otherwise than as projected scoria.* -

The voleano in the lake of Nicaragua, called by our sailors,
the Devil’'s mouth, is likewise represented as existing in
the state of continual activity—incandescent scoria are con-
stantly thrown up from it in jets: but, as at Stremboli, the
lava is seldom, or never, discharged in any quantity.

Perhaps amongst the numerous volcanos of the Oriental
Archipelagos, utEer similar examples may be hereafter dis-
covered.

Crass 1L
Phase of Moderate Activity.

§.10. This condition is common to a great number of volca-
nos, and particularly exemplified in those which, from theig
proximity to the seats of civilization and science, have been as
yet almost exclusively studied.

It is characterised by the alternation of minor eruptions, or
periods of prolonged external activity, with brief intervals of

uiet.
; Such was the condition of Vesuvius, from the commence-
ment of the present century, up to October, 1822: during

* 1 was assured by the inhabitants of the island, who are almost solely
fishermen, and therefore have the volcano constantly under their observa-
tion from the sea—that the intensity of its eruptive violence is much greater
in winter than in summer, and usually encreases in proportion to the stor-
miness of the season, so much so that they augur fair or foul weather hy the
state of the volcano. If their accounts are to he believed, the abrupt face
of the cone, which shelves down alinost perpendicularly from the volcanic
orifice to the sea, is occasionally split open in the storms of winter, and dis-
charges a current of lava into the sea, by which the water is heated and dis-
coloured, and fishes destroyed se as to be cast on shore ready boiled. The
volcanic phenomena of this island are remarkably interesting. 1 shall
hereafter return to the consideration of the circumstapces which may he
the cause of the extraordinry equilibrium that, in this rare instance, seems
to be perpetually mnintﬂ.iuetl‘ between the voleanic force, and the resistance
opposed to it, by the weight of the elevated lava and the obstruetion of its
vent. Sir W. Hamilton, in his Campi Phlegrai,” also mentions, and
g"':j.rcs an engraving of the lateral escape of a current of lava from the side of
this singular cone.
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which time the volcano has remained frequently in eruption,
for the space of five or six months together, discharging jets
of scoria and sand, from some temporary orifice at the summit
of the cone; while diminutive streams of lava, sometimes
two or three in number at a time, welled out with the tran-
quillity of a water-spring, from openings in its side.

These periods of activity were succeeded by intervals of rest,
lasting perhaps some few months, till interrupted by the re-
commencement of eruptions, resembling the preceding ones,
but always from new orifices, broken through the summit of
the cone ; the prior issues being apparently choked by the
consolidation of the lava they produced, and the weight of
the small cones raised by the loose ejections.

In October, 1822, this state of things terminated in an erup-
tive paroxysm of great violence, which, in all probability
(like that of 1794), will have effected a change in the condition
of the volcano, and bring it into the third phase, or that of
prolonged intermittences.

The same volcano appears to have existed in a smilar phase
of continued activity, Frnm 1767 to 1779, when a violent erup-
tion, analogous to that of 1822, put a period for a time to the
continuance of the phenomena, and reduced the volcano again
to the third phase in which it remained till about 1803.

The actual state of /Atna offers another instance of the
voleanic phasis under review.

During the last 20 years four principal eruptions have taken
place, viz. in 1805, 1809, 1811—12, and 1819, each of which

roduced a considerable quantity of lava; but the intervals

etween these epochs of remarkable excitation, were not with-
out various minor phenomena attesting the continued activity
of the focus. Frequent earthquakes were felt, not only by
the inhabitants of the mountain’s flanks, but often through the
whole island; one of these shocks (16th February, 1810) is
said even to have extended its influence as far as Cyprus.
Smoke was almost continually emitted by the erater; accom-
panied occasionally by detonations, and probably by jets of
scoria, since the appearance of flames so often mentioned by
Signor Gemmelaro,* was in all likelihood caused by the light
of the jets which took place at the bottom of the deep crater,
reflected from the impending cloud of smoke and vapour.

Many of the volcanos studding the Pacific, as well as some
of that great train of active volcanic vents which stretches in

* Vide Aunals of I'hilosophy, 1522.
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a sinuous line from the N. extremity of the Peninsula of
Kamskatchka through the Japan, Loo-choo, and Philippine
isles, the Moluccas, and Java, into Sumatra, and the island
chain of the Andamans, &c. seem, from the meagre informa-
tion we possess concerning them, to exist in this state of pro-
longed but moderate activity ; since the same volcanos, are
seen to be constantly in eruption by the crews of the different
vessels that navigate these Archipelagos.

This is probably the condition of the volcanos of Barren
island, of Arjuna in Java,* of the small island between Timor
and Ceram, of that of New Britain, seen successively by
Dampier, D’ Entrecasteaux, Lemaire, and Schouten, in erup-
tion ; of that of Tanna in the .flrchi}BalEgo of the New He-
brides, seen in activity by Cook, D’Entrecasteaux, and
Forster; of the Peak of Ternate in the Moluccas; of those of
Mutova and Tharma in the Kurile islands, and some others in
Japan, and the Aleutian Isles,

Amongst the American volcanoes we may instance as
existing in this phase that of Popocatepetl in Mexico, which
has been continually active since the period of the conquest of
Mexico, (see Humboldt) and that of Sangay in Quito, which
has been in incessant activity since the year 1728.

The volcano of the Isle de Bourbon offers another remark-
able example of the phase under consideration.—From ac-
counts given by M. Hubert, who is described by Bory de St.
Vincent, to have directed his attention to its phenomena ever
since the year 1760, we know it to have existed during the
last 60 years in a continual state of moderate activity, vomit-
ing lava, at least twice in every year—eight of its currents
produced in this space of time have reacheﬁ the sea, and, with
the others, cover a wide slope called Le Pays bruté, of a
horrible aspect, almost entirely destitute of vegetation, unin-
habited, and, from the peculiar glassy asperity of the scoriform
surfaces of the currents, nearly impassable.

Crass 111.

Phase of Prolonged Intermitlences.

§. 11. This last class of phases, viz. that of prolonged in-
termittences, is by far the most usual condition amongst the

* Sir 5. Raffles’s Java.
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aetive volcanos of the globe. It has been described above:
as characterised by the rare oceurrence of eruptive paroxysms,
generally of intense energy and brief duration, separated by
very long intervals of complete outward tranquillity.

he epochs of sudden and vielent eruption almost peculiar
to this phase, as being the meost striking and terrific of all
the volcanic phenomena, are those of which we have the most
frequent and copious relations.

ew persons are induced to direct any particular attention
to the appearances exhibited hF the generality of volcanos
during their periods of continual moderate aetivity, which, as
well from theirinferior grandeur, as from the constancy with
which they take place, pass almost unnoticed.

But the occurrence of one of the greater paroxysms neces-
sarily attracts the observation of the most careless spectator.

The stupendous and terrific character of these catastrophes,
the rarity of their display, and the dreadful extent of injury
often resulting from them to the lives and property of the
inhabitants of the surrounding country, make them a subject
of general remark and relation, during, and long after the
period of their development.

Hence accounts of such voleanic eruptions find a place in
the earliest annals of history :—play their part occasionally in
the fabulous mythology ﬂlyﬂti] remoter ages: and form a
not unfrequent source of sublime imagery to the poets of an-
tiquity.

§. 12. When we compare together all the accounts of such
occurrences, observed in every quarter of the globe,and at dis-
tant periods, we cannot but be struck by the excessive simi-
larity of the facts and appearances recounted ; nay more,
when due allowance is made for the effects of terror upon the
minds of ignorant, and perhaps superstitious, observers, for
the universal proneness to exaggeration of the marvellous,
the want of scientific language, and the errors necessarily in-
cidental to the relations of inexperienced persons, it is impos-
sible not to recognise a complete uniformity, and even identity,
in the main phenomena; no further discrepancies existing,
than what are fairly referable to the modifications produced
by local accidents, or by differences in the intensity of vol-
canic force developed, and in the mineral quality of the sub-
stances elevated.*

— =
e . ——

* For some remarks on the only exception whieh I can find to this gene-
ral assertion, (that of Jorullo) see Appendix, No. 2.
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The following is a brief sketch of the circumstanees, which
universally appear to characterise these great eruptioms, or
volcanic paroxysms.

They are usually preceded by earthquakes more or less vio-
lent, extensive, frequent, and prolonged ; whichare obviously
caused by the efforts of the lava, swelling on all sides from
the encreasing elasticity of the aeriform fluids it contains, to
force a passage through the superincumbent rocks. Repeated
loud subterranean detonations are heard, resembling, so as
frequently to be mistaken for, the firing of heavy artillery, or
the rolling of musketry ; according to its intensity.

These sounds are proved, by the immense distance to which
they are propagated, and with a rapidity wholly out of pre-
portion to their loudness near the spot from which they pro-
ceed, to be conveyed not by the air alone, but chiefly by the
solid strata of the earth.

Often, it is said, the state of the atmosphere assumes a pecu-
liar character, offering an unusual closeness, stillness, and
pressure.

These threatening indications of an approaching crisis are
prolonged for a greater or less time, an«f are accompanied b
the disappearance of springs, the drying up of wells, and such
accidents as the cracking, splitting, anﬁ heaving, of the sub-
structure of the mountain, must naturally occasion. The
eruption begins ; generally with one tremendous burst, which
appears to shake the mountain from its foundations. Explo-
sions of aeriform fluids, each producing a loud detonation, and
gradually encreasing in violence, succeed one another, with
great rapidity, from the orifice of eruption, which is in almost
every instance the central vent, or crater, of the mountain.
This vent has usually been obstructed, during a long preced-
ing ﬁerind of repose, by the ruins of its sides, brought down
by the wasting influence of the weather, and the shocks of
earthquakes, or by the ejections of previous minor eruptions.

The elastic fluids therefore, in their rapid escape, project
vertically upwards these loose accumulated matters, and the
fragments of the more solid rocks, through which they have
forced a passage.

The violence and rapid repetition of these projections, to
which the same fragments are exposed upon falling again
towards the orifice, reduce them to such tenuity that they are
carried upwards by, and remain suspended for a time in, the
heated clouds of aqueous vapour which are dicharged, at the
same time, in prodigious volumes, from the volcanic aperture.

The rise of these vapours, thus mingled with pulverulent
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matter, produces the appearance of a high column of thick
smoke, based on the edges of the crater, and appearing from
a distance to consist of a mass of innumerable gluEular clouds,
pressing on each other, and incessantly urged upwards by the
continued explosions. At a certain height, determined of
course by its relations of density with the atmosphere, this
column dilates horizontally, and (unless driven in any parti-
cular direction by aerial currents) spreads on all sides, into a
dark and turbid circular cloud. In very favourable atmos-
Eheﬁc circumstances, the cloud with the supporting column

as the figure of an immense umbrella, or of the Italian pine,
to which Pliny the younger compared that of the eruption of
Vesuvius, in A. p. 79, and which was accurately reproduced
in October, 1822. Forked and branching lightnings of great
beauty are continually darted from different parts of the cloud,
but principally its borders. Its continual encrease soon hides
the light of day from the districts situated below it, and the
gradual precipitation of the sand and ashes it contains, and
which fafl as the velocity of its progress is diminished, contri-
butes to envelope the atmosphere in gloom, and adds to the
consternation of the inhabitants of the vieinity.

Meantime the lava boils up the chimney of the voleano.
The elastic fluids, by which it is traversed, rend and carry
upward portions of its surface, as they explode from it, and
form a continual fiery fountain of still liquid and incandescent
fragments, which from the velocity of their motion, present
an appearance at a distance that has frequently been mistaken
for Eame. The internal column of lava continuing to rise, it
finds an issue, at lengih, either over the lowest lip of the
crater, or from some crevice forced through the side, erhaps
even at the foot of the mountain, from whence it flows
torrents. By night, the running lava appears at a white
heat wherever the liquid interior of the current is visible ;
but as upon contact with the air its surface is instantaneously
congealed into a thick scoriform crust, the general tint of the
outside is a glowing red, which gradually darkens as the soli-
dified coating encreases in thickness.

During day the lava is almost concealed from view by the
torrents of aqueous vapour which rise {rom its whole surface
in immense volumes, and unite themselves to the clouds of
similar nature that hang over the mountain,

In some cases, no absolute escape of lava, in streams, takes
place, scoriz alone being projected.

In all cases where lava is emitted, its protrusion marks the
crisis of the eruption; which usually attains the maximum of
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its violence a day or two after its commencement. The stop-
ping of the lava in the same manner indicates the termination
of the crisis, but, by no means, of the eruption itself. The
caseous explosions continue, with immense and scarcely
diminished energy.

At length they cease to throw up liquid or red-hot scoriz ;
the fragments projected are either blocks of older rocks, or
consolidated scorie. By degrees, these fragments, most of
which fall back into the crater, become more and more com-
minuted by;the immense trituration theysustainin the process
of repeated projection and fall ; till at length clouds of sand
alone and as]ines, reduced in the end to an extraordinary de-
gree of fineness, are carried upwards by the eructations of the
aeriform fluids.

"These explosions gradually decrease in violence, appearing
to be stifled by the accumulations of finely pulverised frag-
ments, which occupy the volcanic vent and impede their
expansion,

he column of ashes projected becomes gradually shorter,
until at length all struggle seems to cease : no further explo-
sions are heard ; the eruption has terminated ; usually how-
ever not for many days, or even weeks, after attaining its
maximum of violence. Soon the crumbling in of the crater’s
sides choaks up still further the volcanic orifice, and conceals
it from view. An interval of quiet then commences, of a
protracted duration, forming the other characteristic of the
phase we are considering.

These tremendous demonstrations of volecanic energy are
always accompanied or followed by more or less violent me-
teoric phenomena ; sometimes equally terrific and destructive
with the former; the atmosphere appearing to share in the
convulsion which agitates the earth. The summit of the vol-
canic mountain necessarily attracts and condenses the volumes
of aqueous vapours which have risen from the voleanic ori-
fice, and the lava emitted ; and hence a fall of rain takes
place in prodigious qlmntit}' on its sides and base, producing
torrents, which, carrying with them the ashes, sand, scoria,
and fragments, with which the slopes are strewed, rush, as
deluges of liquid mud, towards the plains or vallies below,
and cover them with vast deposits of voleanic alluvium.

As instances of Volcanic Paroxysms, amongst many on re-
cord we may point out those of

Vesuvius, in the years A. p. 79, 203, 472, 512, 685,
993, 1056, 1139, 1306, 1631, 1760, 1794, and 1822.
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Jtna, in 1169, 1329, 1535, (this eruption lasted two
years with terrific violence, and occurred after a
quiescence of nearly a century,) 1669, 1693—1,
1780, and 1800.

Teneriffe in 1704, and 17978,

San Georgio, one of the Azores, in 1808,

Palma, one of the Canary isles, in 1558, 1646, and
1677.

Lancerote, belonging to the same group, in 1730.

Kattlagaia Jokul, in Iceland, a. . 1755, which lasted
a vear.

Skaptar Jokul, in 1783. In fact, all the volcanos of
Iceland appear to exist solely in this phase.*

§. 13. Such are the phenomena which characterise the dis-
play of the volcanic forces from an habitual vent, at the mo-
ments of paroxysm. These efforts are generally preceded,
and more constantly followed, by long periods of complete
tranquillity ; the energies of the volcano seeming to be ex-
hausted, for a time, by the violence of their development.

The duration of this quiescent intervalis of very unequal
continuance, extending even occasionally to centuries; and
thus, it frequently happens, that the superficial scori@ of the
cone, and its internal cavity, or crater, become so far decom-
posed, as to afford a soil in which various vegetables find
sustenance. All appearances of igneous action are effaced ;
forests grow up and decay; and cultivation is carried on,
upon a surface, destined perhaps to be blown to atoms, and
scattered to the winds, when the crisis arrives for the renewal
of the volcanic phenomena. Thus during the quiescent inter-
val, between the eruptions of 1139 and 1306, the whole sur-
face of Vesuvius was in cultivation, and pools of water and
chesnut groves occupied the sides and bottom of the crater ; as
is at present the case with so many of the extinct craters of
Mtna, Auvergne, the Vivarais, &e.

In general, after the cessation of a paroxysm, many fima-
role, or emanations of vapour evolve themselves from the lava
currents which were then produced, as well as from the bottom
of the crater. These vapours are at first almost wholly aque-
ous, but ata later period generally contain some mineral acids,
and deposit various saline incrustations at the mouths of the
fumarole. When the acidity of the vapours is in excess, and

* In the Aslpcndix will be found some’ brief deseriptions of individual
geeurrences of this character.
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their production continued for a long period, they effect a very
‘considerable degree of decomposition on the exposed parts of
the rocks against which they act,* and the crater of a volcano
in this condition is said to pass into the state of a Solfatara or
Souffriere. Such is the actual condition of the Solfatara near
Pozzuoli, the Souffrieres of St. Vincent, Guadaloupe, and St,
Lucia, in the Caribbee Isles; of the great cemtral crater of
the Peak of Teneriffe ; of the craters of Milo in the Archi-

elago; of Velcano, one of the Lipari Islands ; of Crabla in
feeland, and of Tanna, one of the New Hebrides, according
to Dr. Forster, '

This condition is by no means a proof of the complete ex-
tinction of the voleano, as was proved by the eruptions from
the Souffriere of St. Vincent in 1812 ; which had been com-
pletely tranquil since 1119; and by a similar renewal of ac-
tivity from those of Volcano in 1786, and of Guadaloupe in
1778, 1797, and 1812.

§. 14. All the volcanos of the Atlantic, whether in Iceland,
the Azores, Canaries, Cape Verd, or Caribbee Isles, appear
at present to exist in this third phase of prolonged intermit-
tences. A great proportion of those which stud the Cordilleras
of the two American continents, and nearly all which occur
in Sumatra, Java, the Moluccas, Japan, Kamskatka, and the
numerous Archipelagos of the Pacific, belong to the same
class,

Throughout these two great volcanic trains (which perhaps
in reality form but one) we hear of terrific eruptions occa-
sionally breaking out from mountains which were not previ-
ously suspected to be of velcanic nature, or in whiclil the

accounts of former catastrophes of this sort existed but asvague
traditionary fables,

§. I5. It has been thought right thus to distinguish these
three classes of modifications under which the phenomena of
a volcanic vent habitually show themselves, in order to sim-
plify the study of their nature and mode of operation. But it
must be recollected that this distinction is purely artificial ;
and many voleanos will of course be found to exist in inter-
mediate conditions, partaking of the characters of more than
one class. The same volcanic vent also occasionally passes
from one phase into another. Thus Vesuvius, which appears

* For the effect of these decomposing vapours, see a succeeding Chapter,
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to have generally existed in the third phase, as far as can be
deduced from the imperfect accounts which are preserved of
its phenomena, and of which, of course, from the reasons
mentioned above, only the most terrible and rarest paroxysms
will have been noted, seems to have continued during a great
part of the 17th century, in the second phase, frequent erup-
tions having been mentioned between the years 1660 and 1694 ;
while again after a quiescence of ten years, it returned in
1804 into the scond phase, and was almost constantly active
until 1822. /tna in the same manner appears to have

assed into the second phase towards the beginning of the

Tth century ; since which epoch more than 40 eruptions are
recorded, with but one quiescent interval of any considerable
duration, viz. from 1702 to 17565. Some of these eruptions
however have been decided paroxysms, particularly those of
1669 and 1787.

These changes have probably often taken place in other
instances ; many volcanic mountains bearing marks of having
experienced such varieties of condition. It will be seen here-
after that they are to be expected from what we know of the
nature of the volcanic forces.



CHAP. 11.

Theory of the Volcanic Phenomena.

§. I. Tuere can be little doubt that the main agent in all
these stupendous phenomena, the power that breaks through
the solid strata of the earth’s surface, elevates lavas to the
summits of lofty mountains, and launches still higher into the
air the shattered fragments of the rocks that obstructed its
efforts, consists in the expansive force of elastic fluids strug-
gling to effect their escape from the interior of a subter-
ranean mass of lava, or earths in a state of liquefaction at an
intense heat.

It is also scarcely to be questioned that these aeriform
fluids are generated in the lava by means of its exposure to
- the intense heat, which produces its liquidity. In other words,

that this substance exists in a state of either temporary or con-
tinual ebullition.

The observation made by Spallanzani, in 1788, on Strom-
boli, first exhibited the nature of volcanic ageney in its true
light. in the spring of 1819, I had an opportumty of verify-
ing on the spot the accuracy of the circumstances related by
the Italian professor.

The phenomena which he ebserved still take place in a pre-
cisely similar manner.

The actual aperture of this voleano, at the bottom of its
semicircular crater, is completely commanded by a neighbour-
ing point of rock, of rather IHIIMS access, from whence the
surface of a body of melied lava, at a brilliant white heat,
may be seen alternately rising and falling within the chasm
which forms the vent of the volcano. At its maximum of
elevation ene or more immense bubbles seem to form on the
surface of the lava, and rapidly swelling, explode with a loud
detonation. This explosion drives upwarr]I; a shower of li-
quid lava, that, coeling rapidly in the air, falls in the form of
scoriz. The surface of the lava is in turn depressed, and
sinks about 20 feet, but is propelled again vpwards, in a few

B
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moments, by the rise of fresh bubbles, or volumes of elastic
fluids, which escape in a similar manner ; and it is evidently
this incessant evolution of aeriform substances in vast quan-
tities, which preserves the lava invariably at so great an ele-
vation, within the cone of Stromboli, and constitutes the per-
manent phenomena of its eruptions.

In this instance there evidently exists within and below the
cone of Stromboli, a mass of lava, of unknown dimensions,
permanently liquid, at an intense temperature, and continu-
ally traversed by successive volumes of aeriform fluids, which
escape from its surface—thus presenting exactly all the cha-
racters of a liguid in constant ebullition.

The IJhennmena of other voleanos which take place only at
intervals of greater or less duration do not appear to differ
from those of Stromboli in the nature of their agents. Thus,
during the eruption of Vesuvius in 1753, those who ventured
to the summit of the cone observed jets of liquid scoria
thrown up successively from the surface of a mass of lava, at
a brilliant heat, which occupied the bottom of the crater,
and conducted itself exactly in the manner of a liquid in
ebullition. '

Spallanzani remarked a similar appearance within the cra-
ter of Altna in 1788. The volcano of the Isle of Bourbon
presents another parallel fact, Bory de St. Vincent, who
twice visited the active crater of this cone, and passed a whole
night upon its borders, describes it as filled with a body of
liquid laya, apparently at an intense heat, but covered by a
thin and eracked pellicle or crust, except in the eentre, where
it was completely incandescent and continued alternately
swelling upwards, and falling again, after giving vent to a
jet of liquid lava ; the oscillatory motion, thus communicated
to the body of lava, produced a series of concentric waves that
wrinkled its surface, :

There exists indeed no account of the occurrence of any
considerable subaerial eruption, unaccompanied by the vertical
projection of fragments of liquid and incandescent lava,
(scoria or pumice); which are sufficient, though no currents
should be produced, to prove that the elastic fluids explode
from the interior of a mass of that nature.

In the case of minor eruptions from volecanic mountains of
large size having a central crater of great depth, it must of
course occasionally happen, that the incandescent scorie
thrown up from the bottom of this cavity are invisible to any
spectator placed below the summit of the mountain, (and few
have the courage or curiosity to seek this situation at such a
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moment). In these cases, however, the shock of the detona-
tions is felt, and their report heard, by the inhabitants of the
mountain’s flanks; while the brilliant Light of the jets of
scorie, reflected in flashes from the clouds of aqueous vapour
and ashes impending over the cone, produces that appearance
which is so repeatedly described under the erroneous appel-,
lation of flames, in tﬁe accounts given of voleanic eruptions
by inexperienced or unscientific witnesses,

§. 2. We must therefore allow the phenomena of voleanos
during their periods of eruption, to prove the existence at
such times, below every vent, of a subterranean mass of liqui-
fied earths (lava), of indeterminate extent, and at an intense,
temperature, traversed, more or less freely, by volumes 'of
elastic fluids, which burst from its surface, and rise rapidly
into the upper regions of the atmosphere. Such a mass of
lava obviously conducts itself exactly in the manner ofa liquid
in ebullition. '

§. 3. But the liquidity of lava, even at the moment of its
rotrusion from the orifice of a volcano, is extremely imper-
ect and of a very peculiar character. There is no reason for

supposing it to be a homogeneous liquid like water, or the
metals and earths in a state of complete fusion. On the con-
trary, every circumstance in its conduct and composition shows
its analogy to those compound liquids, such as mud, paste,
milk, blood, honey, &ec., which consist of solid particles de-
riving a certain freedom of motion amongst one another from
their intimate admixture, in greater or i:ss proportion, with
one or more perfect fluids, which act as their vekicle.

The ideas currently entertained of the liquidity and com-
plete fusion of lava, are nothing more than vague impressions
suggested by the appearances it presents of a high tempera-
ture and considerable mobility of parts. But accurate obser-
vations by no means bear out this conclusion as to its real
nature, .

During some of the tranquil and continuous eruptione,
which have been already described as constituting one of the,
habitual phases of the volcanic phenomena, opportunities
have frequently been afforded of approaching and examining
a stream of lava at its very source in some crevice of a vol-
canic mountain. At the moment of emission, it appears a,
substance at a brilliant white heat, radiating very little calorie,
compared with that which proceeds from any metal when
glowing with similar intensity. Its liquidity, when greatest,

B2
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does not appear to exceed that of honey; but is generally so
imperfect, that considerable pressure is required to cause a
pointed stick, or blunt rod, to penetrate its surface. This
surface is observed to consolidate, almost instantaneously,
upon exposure, at the same time emitting a cunsiderahﬁe
quanity of vapour. The superficial crust thus formed eracks
and splits tumultuously in all directions, and fresh vapours
escape from the crevices. [Its brilliancy of glow is at the
same time rapidly dimmed, and its colour passes through red
to black. The crust suddenly hardened in this manner, has
the same aspect and character as the scori@ which are thrown
up into the air by the gaseous explosions from the main vent
of the volcano,

The very small quantity of heat radiated by the incandes-
cent lava, is attested by the little effect it f|:ur uces on a ther-
mometer, held at the distance of a few feet from its source,
and by the slowness and difliculty with which glass melts
or iron is heated to redness, even by contact with it. The
observation has been continually made by all who have ob-
serve(l the production of lava, and impressed Delomien in
particular with the idea that its temperature is much lower
than is supposed, and that it owes its liquidity to some other

rinciple than caloric. The low radiating powers of the
mcamﬂ-scent lava may be in part perhaps attributed to the
rapid congelation of its surface ; the crust thus formed bein
known to conduct caloric with such extreme difliculty ang
slowness, that a stream of lava still flowing on in the interior
may be apErnached within the distance of a few feet, without
injury to the exposed parts of the person, and is often tra-
versed on foot.

But the thickness of this crust, and the distance to which
the process of congelation rapidly progresses inwardly, must

revent our contenting ourselves with this explanation. We
are therefore reduced to suppose with Dolomieu, that the
lava is not in a state of complete fusion, but owes the mobility
of its particles to some other circumstance than their com~
plete combination with caloric, and can part with this
quality without any intense manifestation of heat.

§. 4. 'This idea as to the nature of the liquidity of lava is
strongly confirmed, by reference to ifs composition and
characters on consolidation.

In fact if a portion of lava rock of any quality be reduced
to complete fusion h{; artificial heat, and then exposed to con~
tact with the air, it hardens into a glass without any traces of
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Jithoidal or crystalline texture ; whereas the same substance,
when naturally propelled from the earth in a liquid state,
and cuusa]idaiec}] under precisely the same circumstances, al-
most invariably presents a lithoidal or crystalline structure.
With the exception indeed of a few comparatively rare masses
which possess a vitreous or resinous texture, and in which
alone any approach to perfect fusion can be conceded, «/l the
rocks produced in this manner appear to consist of an intimate

gregation of crystals, varying in size, and frequently so
minute that their facets are not distinguishable with the
naked eye; by which the rock acquires an aspect of perfect
compactness. Even their fine grained parts are, however,
found by the lens, and by the aid of mechanical analysis, to
consist equally of a crystalline aggregation of the same
minerals that compose the coarser parts, or that are dissemi-
nated in large and visible erystals through the apparently
homegeneous base. It has been supposed that this peculiarity
of texture may be owing to various circumstances of pressure
or slowness of refrigeration, accompanying the consolidation
of the rock in natural lavas; but so far from this being the
case, it is a remarkable fact that the scoriform crust which
rapidly congeals on the surface of a current by exposure to
the open air, is found to possess the same crystalline tex-
ture, and to contain the same proportion of larger or minute
crystals, as the innermost parts of the current produced en
masse by the same eruption, and consolidated in the slowest
and most tranquil manner, The same thing exactly is ob-
servable of the scorie which congeal even stiﬁ more rapidly
by sudden projection into the air from the liguid mass of
lava within the vent; and even a fragment withdrawn with
a hooked stick from the incandescent margin of a current;
and which is consolidated instantaneously before the eyes of
an observer, offers precisely the same characters of texture
and composition, It is impossible to conceive that the pro-
cess of erystallization can take place during this instantane-
ous and tumultuous refrigeration, pm"ci{:ulgarljr with respect
to the large and regular crystals.

We are driven therefore to conclude that the erystalline
texture of most lavas is not owing to any circumstance ac-
companying their consolidation, but that the greater number,
if not all, of its component and imhedded cystals existed
ready formed antecedently to its emission from the volcanic
orifice ; and, also, which is a necessary consequence of this
observation, that this substance is seldom in a stale of ignecous
Jusion, but owes its partial and imperfect liguidity te some



22 Tutervention of a Fluid between its Particles.

other cause, by which a certain mobilily is communicated to
the solid crystalline particles of which it consists.

§. 5. No species of liquidity can exist independent of calo-
vic. But the quantity of caloric that produces the liquidity
of any substance, may be either combined in a uniform man-
ner and in equal proportions with all its molecules; which
is the case when a body is in complete fusion ; or it may
be merely combined with one ingredient of the mass; or
with a certain portion of the constituent particles, the re-
mainder existing in a solid state, but acquiring a freedom
of motion from being suspended in the surrounding fluid,

Thus water is an example of complete fluidity (or fusion),
all its particles being combined with an equal dose of caloric.
But if a quantity of clay be diluted in water, the mass will
still retain a more or less imperfect liquidity, the particles of
clay remaining solid, but acquiring mobility from their sus-
pension in the fluid, :

In the same manner the liquidity of lava, when it issues
from the earth, is by no means any proof of its fusion, but
may be caused by the suspension Dty its crystalline particles in
any accompanying fluid, aeriform or liquid. The considera-
tions specified above have already led to the conclusion that
its li?iuidily is' really of this latter kind. The degree of it3
liguidity will then depend, not upon the quantity of calorie
with which it is combined, but on the guantity of fluid which
it contains in proportion to the size and form of the solid par-
ticles: and its consolidation will be effected, not by parting
with its caloric, but by the escape or condensation of the fluid
that occasioned the mobility of these solid particles. This is
in exact conformity with the conduct of lava on exposure to
the air. It radiates very little calorie, but discharges a great

uantity of elastic vapour from its surface, which is instantly
hardened. This elastic vapour, then, is, in all probability,
the fluid to which it owed its previous liquidity ; the vehicle
in which its crystalline particles were suspended, and the
escape of which, from the exposed surface of the lava, allows
of the aggregation of its particles, and the induration of the
mass they make up. But this induration must be accompa-
nied by a diminution in bulk, or contraction, which will split
the superficial erust, and produce in it a number of fissures
perpendicular to the surface. These, again, by allowing the
escape of more elastic vapour from the inner parts of the
lava to which they penetrate, propagate the consolidation
inwardly, and give rise in turn to other fissures, by which the
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process is still further advanced. In this manner (in reality)
the superficial coating of a mass of lava, almost immediately
after it issues into open air, is split and cracked in all direc-
tions, and the violence with which the torrents of vapour
escape from these fissures, elevates into every variety of po-
sition, the ragged and scoriform fragments of the crust;
which is still further broken up by the swelling or sinking of
the stream of still liquid lava, that flows on beneath it, as
under an arched tunnel or gutter, in obedience to the incli-
nation of the ground; and acquires a similar scoriform coat-
ing upon every fresh point of surface which it successively
exposes. '

§. 6. But of what nature is the aeriform fluid which eseapes
so rapidly from the exposed surfaces of lava; and the loss of
which causes its sudden consolidation ? There need be no
doubt, at all events, that it is the same fluid which causes the
expansion, intumescence, and rise of this substance through
the volcanic aperture, until, in most cases, it overflows the
lip of this orifice ; and of which large volumes struggling
rapidly upwards through the column of liquefied earths, that
ﬁlﬁ: this vent, escape with violent bursts from its surface,
producing jets of liguid lava and red hot scoriz.

The results of all the experiments and observations that
have been made during voleanic eruptions, lead to the conclu-
sion that the elastic fluid which plays so important a part in
the phenomena of volcanos is no other than aqueous vapour,

or sleam.

The fluids that are disengaged in the greatest abundance
from the superficial crevices of a current of lava,* while
still visibly incandescent in its interior, have been often made
the subject of direct experiment, and they appear to be purely
aqueous vapour ; or if any other principle is present, it is ge-
nerally in too minute a proportion to be discovered by our
means of analysis. As the lava cools further, the admixture
of other elements with the steam is perceptible, though in
very small proportion. These are principally the sulphuric
or muriatic acids, or naphtha; and at the same time sulphur,
muriate of soda, muriate of ammonia, and other salts, are de-
posited, as sublimations, round the mouth of the fissure.+ It

* See Brieslak, Daubuisson, Humboldt, Menard de la Groye,
Monticelli, &c.

T May not these acids, &c. be generated by the slow filtering of steam
through narrow crevices of the lava at an intense temperalure, just as steam
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is possible that some permanent gasses are occasionally dis«
charged in company with the steam, but such have been
rarely, if ever, detected. The emanations of carbonic acid
gas and sulphuretted hydrogen, frequent in volcanic districts,
have rarely been observed to proceed from the heated lava.

This fact, that the great mass of elastic fluid discharged
from a volcanic vent in eruption, consists of aqueous vapour,
is with equal evidence attested by its uniformly collecting
into thick and heavy elouds above the mountain; which,
unless dispersed by violent winds, soon fall by further con~
densation in violent and destructive torrents of rain, upon
the sides of the volcanic hill, and the surrounding country.

The vapours continually evolved by Stromboli, form a per-
manent cloud, of a white or greyish colour ; which, when the
air is calm, remains stationary above the peak, or encircles it
with a wreath of mist, or falls in light showers, according to
the density and temperature of the atmosphere : when the air
is in motion it streams down the direction of the wind, likean
endless ribbon, or, more exactly like the tiack of mingled
smoke and vapour left by a steam-vessel moving against the
wind. This cloud does not consist of ashes, or finely commi-
nuted sand (for the fragmentary ejection of this voleano are
heavy and coarse, and fall immediately on their projection),
but, as far as can be perceived, l[:urely of agueous vapour, pre=
senting the same conduct and character as those prodaced by
evaporation from the surrounding sea.

The existence of water in lava may seem, at first, a strange
and almost ineredible notion; but the late experiments of
the Honourable Mr. Knox,+ as well as those performed by
Spallanzani, have proved that all the rocks of volcanic origin
contain a certain proportion of water in intimate, though ap-
parently mechanical, union with their constituent minerals ;
and the water, which so frequently occurs in the cellular cavi-
ties of these rocks, might have prepared us to expect the fact.
Mr. Knox, it appears, found likewise more or less of naphtha
or bituminous matter, in almost all the rocks which he ana-
lyzed. This volatile ingredient escaped Spallanzani, who,
however, detected muriatic acid in some of the lavas, obsi-

passed through a heated gun-barrel is decomposed i The oxygen may
unite with the sulphur of the lava to form sulphuric acid ; the hydrogen
with the chlorine, or carbon, to form muriatic acid, and naphtha. These
will be volatilized as fast as formed, and will rise with the remaining steam,
and be condensed at the mouth of the fissure.

+ Fransactions of Royal Sociely, 1824,
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dians, and pumice of Lipari. These results accord entirely
with numerous observations made during the production of
lava from a volcano, when the smell both of bitumen and
muriatic acid is often strongly sensible.*

It is sufficient for our present purpose to have fully recog-
nised the existence of water in lavas; nor is it by any means
necessary to account for its oceurrence there. Indeed this
stage of our inquiries is too early for the examination of this
question, which must be deferred to a later occasion,

§. 7. It appears then, from what has been stated above,

1. That the intumescence and rise of lava, within the vent
of a voleano, is owing to the expansive force of an
elastic fluid generated in its interior,

2. That the violent rise and escape of volumes of this fluid
through the columns of lava elevated within the vent,
produce the jets of lava drops and scoria, which con-
stitute the principal fragmentary ejections of a vol-
cano.

3. That the further rapid escape of this same fluid from the
surface of lava, when exposed to the open air, effects
its instant consolidation,

4. From these and other considerations, it appears highly

Erubable, that it is the intimate combination of this

uid with the solid crystalline particles of the lava,

which occasions their mobility, and the consequent
liquidity of the mass.

5. That there is every reason to believe this fluid to be no
other than the vapour of water intimately combined
with the mineral constituents of the lava, and vola-
tilized by the intense temperature to which it is ex-
posed when circumstances occur which permit its
expansion.

When therefore I speak of the ebullition of lava, I must be
understood to mean the vaporization of the water, or part of
the water, contained in close union with its solid erystalline
particles. In the same manner as wet sand, paste, milk,
soup, &c. may be made to boil, though it is only the water
they contain which is really vaporized.

* Menard de la Groye, Humbeldt, Monticelli, &ec.
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§. 8. Let us examine the effect of any variations in the cir-
cumstances of temperature and pressure on a substance of
this nature, viz. a solid crystalline rock containing a certain

roportion of water intimately combined between the crystal-
Fine molecules, and already possessing a high temperature,
more than equal to the vaporization of the water under the
pressure of the atmosphere alone. It is obvious that either
the augmentation of temperature, the pressure remaining
fixed, or the diminution of the pressure, the temperature
being constant, must alike have the effect, sooner or later, of
producing the commencement of ebullition in the confined
water. But the vaporization of the smallest part of this fluid
has the immediate effect of proportionately diminishing the
temperature of the surrounding mass, by the quantity of
caloric absorbed by it, (become latent,) while at the same
time the immense expansive force of the vapour thus gene-
rated, re-acting from the surfaces which confine the mass of
lava, must produce a great augmentation of the pressure it
sustains. Hence, unless a still further reduction of pressure,
or increase of temperature, takes place, a very small quantity
of the water can be vaporized; and, on the whole, the con-
version of water into steam in any part of the lava, will be
proportionate to the reduction of the pressure sustained by
this part, below the degree which prevents ebullition at the
existing {emperature ; or, to the increase of the temperature
above what is the boiling point at the existing pressure.

But since the water is merely mechanically combined with
the constituents of the lava ; that is, interposed between the
lamina of its component crystals, the vaporization of any

art of this water must affect a proportionate separation
of the crystalline lamina between which the moisture was
lodged.

‘I'he effeet of this separation is, 1. The more or less com-
plete disaggregation of the component crystals. 2. The
entwmescence of the lava, by the bulk of the vapour generated;
and its acquisition of an expansive forece equal to the sum of
the elasticities of all the portions of vapours generated; by
which it presses against the surfaces that resist its dilatation ;
and, 3. The communication of a more or less imperfect
{ quidity to the mass, resulting from the mobility and elasti-
city of the vapour generated between the neighbouring crys-
talline particles. T'he degree of liquidity thus communicated
to the lava, must be determined by the average size and form
of the component erystals or solid particles, and the quantity
or volume of the vapour which acts as their vehicle,
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- But the volume of the vapour generated on any point will,
we have seen above, depend on the ratio of the temperature
and pressure. Therefore, under the same circumstances of
pressure and temperature, the liquidity of the lava will vary
directly with the degree of comminution of the component
crystalline particles, (their form being supposed the same, or
nearly so).

It 1s obvious that, at a certain ratio between the volume of
vapour generated between the interstices of the solid par-
ticles, and their size, the mobility they acquire will be suffi-
cient to allow of the escape of the surplus of vapour from
these interstices, and its agglomeration into distinct parcels
by the force of its mutual aﬁinity. The proportion of vapour
thus liberated, or set free, to that which remains fized, on the
point where it was generated between the neighbouring
crystals, must vary directly with the comminution of the solid
particles, or fineness of grain in the lava. But here another
force acts upon these parcels of liberated vapour; viz. the
difference between their specific gravity and that of the liquid
by which they are envel{‘:ped: y this difference they are
urged to rise to the upper part of the liquid mass.

I'his force must in every situation vary in intensity exactly
with the specific gravity of the solid particles of the lava
alone, since the density of any parcel of free elastic vapour
must be equal to that of the fized vapour which occasions the
mobility of the surrounding liquid.

~ §.9. From these considerations, therefore, we derive the
following conclusions :

I. The volume of vapour generated by any change in the
circumstances of a lava, depends on the ratio of the
temperature to the force of compression.

2. The intumescence or dilatation of the lava, varying
with the volume of vapour produced, must follow the
same law,

3. The preportion of the vapour generated, which is
liberated and unites into parcels, to that which re-
mains fixed, will vary with the comminution of grain.

4. The force with which these parcels, or bubbles, tend to
traverse the liquid lava and rise to its surface, varies
directly with the specific gravity of the solid lava
rock, and the degree to which they are enabled to obey
this impulse must depend on the liquidity of the mass
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immediately above them. But the liquidity and spe- .

cilic gravity of a fluid determines its degree of fluidity

(i. €. the facility with which it yields to the impulse of

gravily ), and hence the force with which the bubbles
of vapour rise and escape from a lava, varies directly
with its fluidity.

~ It is evident that the crystals of which any solid mass of
lava is composed, are more or less comminuted, orreduced in
size, by the process of ebullition. 1In the first place, the ge-
neration of an elastic fluid between their plates or particles,
disaggregates them more or less. When this disaggregation
has proceeded to a certain extent, that is, when the volume
of vapour generated has reached a certain relation to the size
of the erystal, it escapes from the interstices of the contigu-
ous crystalline particles where it was generated, propor-
tionally disturbing their arrangement, and the relative posi-
tion of their poles, and consequently disintegraling the crystal.
Secondly, this disintegration is carried still further by the
friction of the erystals against each other, produced by the
intumescence of the lava, and still more so by the mechanical
disturbance and trituration, as it were, eaused by the rapid
and violent rise of the parcels of elastic fluid through the
upper mass of lava, when the circumstances of liquidity and
specific gravity permit their escape upwards. But the volume
of vapour, and the consequent intumescence of the lava,
depends on the ratio of the pressure and temperature ; con-
sequently, under similar circumstances of temperature and
pressure, the disintegration of the crystals of lava will vary
directly with its specific gravily, by which the latter tritura-
ting force is determined, :

§. 10. Having thus far considered the effect of an increase
of temperature, or a diminution of pressure, on a mass of lava
under such circumstances, let us examine what will follow
from the reverse ; namely, an increase of pressure, ora dimi-
nution of temperature. Upon the solid lava, it is clear, no
corresponding change will be produced ; but every diminution
of temperature, or increase of pressure, on a mass, or a part
of the mass, liquified in the manner stated above, must occa-
sion the condensation of a part of the vapour which produces
its liquidity, and so far tend to effect its reconsolidation.

The vapour that remains fired, is, by either of these circum-
stances, when in sufficient loree, recondensed into water, and
the enclosing crvstal reaggregated, vesuming its former in-

i
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tegrity and solidity. The vapour that has become fiee, and
occupies separate ramels disseminated through the mass, is
also proportionately condensed, and the disintegrated erystals
are aggregated together in a confused and irvegular manner
(the relative position of their poles baving been disturbed)
into a solid rocky which will be more or less perous, in propor-
tion to the space occupied by the parecels of liberated fluid.
The absolute escape of the vapour, by the exposure of any
part of the laya toa rarer medium, will produce exactly the
same effect in the reaggregation of the crystals, and the conse-
“quent eonsolidation of the rock, by removing all impediment
to the action of the atiractive force of the solid particles,

§. 11, It hastbeen seen, that the vaporization of the water
contained in a lava, which constitutes that process of ebulli-
tion, to which are attributed the phenomena of volcanicerup-
tions, may be equally produced either, first, by the reduetion
of the pressure upon it without any accession of caloric, or,
secondly, by the accession of caloric, and .cunseguent increase
of its temperature, the pressure remaining fixed.

§. I2. Now let us imagine the existence on any point near
the surface of the globe, of a solid body of lava, of indefinite
horizontal and vertical dimensions, at an elevated temperas
ture, and cut off from all communication with the external
atmosphere, or ocean, by overlying strata of solid rocik.

The pressure sustained by this mass is either wholly null,
or consists of the reaction of the expansive force of the elas-
tic vapours it contains, against the surfaces by which it is
enclosed.

It is obvious that no change can take place in this pressure
so long as the temperature remains fixed, and the confining
surfaces egually stable; nor can we conceive how any varia-
tion can be produced in the stability of those boundaries,
while the temperature, and consequently the expansive force
of the conifined mass, remains fixed. Toeffectany change in
this state of things, we must therefore have recourse to the
supposition of an accession of caloric to the lava. This sup-
position, so far from being gratuitous or unwarranted, is sup-
ported and confirmed with the strongest evidence by other
considerations. Thuswe know that a great quantity of caloric
is continually passing off {rom every active voleanie vent in
combination with the immense volumes of heated vapour and
incandescent lavas, emitted from it. Unless the lossof calorie
thus sustained, were made up by the accession of an equal, or
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nearly equal, quantity from below, it would be impossible for
the mass' of lava beneath a voleanic vent to continue in erup-
tion, as it is frequently known to do, for centuries; or to
‘renew its eruptions, when they had ceased. The phenomena
of thermal springs suggests the same remark.

The observations lately made as to the temperature of
mines, which encreases with their depth, lead to the conclusion
that the interior of the globe, at no great vertical distance, is
at an intense temperature. This internal accumulation of
caloric must be continually endeavouring to put itself in
equilibrio, by passing from the centre towards the circumfer-
ence, wherever the conducting powers of the substances enve-
loping the globe, permit the transmission most readily into
external space. But the conducting powers of the solid
rocks which compose the outer erust of the earth, are neces-
sarily imperfect in the highest degree, from their want of
density and frequently porous structure.

What transmission of caloric can take place through the
thick formations of secondary limestones, clays, shales, and
sandstones ? . )

The crystalline, and particularly the compact granitoidal
rocks, seem, however, far better adapted for this purpose ;
and caloric would no doubt be propagated through them more
readily than the former class, or through the schists, and la-
minar rocks,

§. I3. From these considerations it is rendered probable
that a continual supply of calorie passes off from the interior
of the globe towards its circumference, wherever its trans-
mission is facilitated or permitted by the condueting powers of
the intervening substances, or by the temporary opening of
vents for its more free escape. '

If, as I think it will appear, the phenomena of volcanos, -
under all their various phases of action and quiescence, toge-
ther with their accompaniments of earth[rllunkes, &e. &c. and
perhaps many ofthe more ambiguous and obscure indications
of congenerous causes visible in the constitution of the globe’s
surface, can be accounted for in the simplest and most satis-
factory manner, according to well-known principles of physies,
by this single assumption of the exposure of subterranean
masses of crystalline rocks, which we know to exist, to a con-
tinual accession of ealoric from below, which we have the
strongest reasons for presuming a priori—in this event we
shall be bound by common sense and the simplest rules of in-
duction to accept this hypothesis with the utmost confidence,
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and it would be the height of irrationality and scepticism to
refuse our acquiescence in it. :

§. 14, Allowing therefore this inferior source of caloric, and
supposing it to be transmitted to a subterranean mass of lava,
more rapidly than it can pass off to the outside of the globe,
through the solid crust of overlying rocks, in consequence of
their inferior density and conducting powers, it is obvious that
the caloric will be concentrated in the lava, and continually
augment its temperature, particularly that of the lower strata
which are the nearest to the source of caloric. This increase
of temperature generates an increase in the expansive force of
the contained vapour, thereaction of which from the confining
surfaces, so long as they are absolutely resistant, occasions a
cﬂrreannding increase of pressure, and this equal augmenta-
tion of the opposite forces of expansion and repression will
proceed even in a more rapid ratio than the increase of tem-
perature ; since it appears from all the experiments hitherto
made on substances of every kind, both solid and liquid, that
the dilatation positively produced in them, by equal incre-
ments of temperature, orsensible heat, progressively increases
as the temperature itself rises. It is clear that under these
circumstances, the general expansive force of the confined
mass of lava increases in an accelerated ratio, with no other
conceivable limit than the yielding of the surfaces which im-
pede its dilatation. But since the powers of resistance of the
- solid overlying rocks, occupying the surface of the earth, are
| necessarily limited, the moment will arrive when they are
 forced to give way more or less, and the first effect of the sud-
- den expansion thus afforded to the highly compressed elastic
| fluids contained in the lava, is the immediate diminution of
the pressure which consisted in the reaction of their elastic
force; The consequence must be the generation of fresh va-
pour by a rapid, violent, and transient ebullition,* which
ceases entirely as soon as the absorption of caloric by the
vapour newly generated, and by the expansion of the pre-
t existing vapour, has lowered the temperature of the li-
f quid to the boiling point corresponding to the remaining
‘ P-I'IE'E.EI.II"E.

Since the accession of caloric takes place by our assumption
[ from below, the temperature of the mass will be unequal

* Exactly similar to what takes place in the Papin’s digester; or in
the aﬂmmtus for heating water red-hot, when the valve or stop-cock is

(| open
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throughout, diminishing more or less gradually from below.
upwards. But the temperature and consequently the expan-
sive force being greatest in the lowest strata into which we
maiy suppose the body of lava divided, the superior strata will,
as long as they retain any degree of liquidity or mobility ef
parts, be subjected to a pressure out of proportion to their
expansive force, from their position between the inferior
strata, in which this force is in excess, and the overlying rocks ;
consequently the vapours contained in these upper strata
must be graduvally condensed, and their liquidity at length
entirely destroyed, the process of complete consolidation pro-
gressing from above downwards, as the excess of expansion
in the lower strata is augmented.

§. 15. Whenever the overlying rocks yield in any degree to
the general expansive force of the mass, the consequent ebul-
lition will take place first, and with the grealest violence where
the expansive force is highest, that is, in the lower strata,
The sudden dilatation of these inferior strata must foreibly
elevate the upper solidified parts, as it were, en masse; the
pressure they sustain hetween the expansion of the lower part,
and the weight and cohesion of the solid rocks above them,
suffering them to preserve the water they enclose unvaporized,
notwithstanding their intense heat.
~ This forcible elevation of solid rocks by a violent expan-
sion, taking effect at a considerable depth, cannot occur with-
out considerable rupture and dislocation.

Every such solution of continuity, suddenly produced in the
rocks composing the earth’s crust, must creaie a jarring
shock, or momentary vibration, in them, which will be propa-
§uted along the prolongation of each rocky bed, with more or

ess violence in proportion to its solidity, The strata which
are merely in contact with those that are thus affected, will |
share in the vibration, only in an inferior degree. _ '

These shocks, felt with more or less intensity on the surface '
of the globe, according to the above conditions, and accom-
panied generally by a sensation of heaving, or elevation of
the ground under our feet, are the phenomena to which we |
give the name of earthquakes ; none of which take place with-
out being accompanied bya certain, though often unapprecia-
ble elevation of the surface of the globe. -

§. 16. Fissures must be created by these disruptions, both

in the superficial rocks of low temperature which overlie the
mass of lava, and in the upper parts of this crystalline mass

-
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itself, solidified, as we have seen above, by the superior ex-
gansiva force of the lower parts. OF these crevices some must

e supposed to open downwards, towards the confined mass of
lava, and others oulwardly ; the accompanying figure will
best illustrate this position.

Fig. 1.
IfA B C D represent the

F, the accession of caloric to
e
sive force as to consolidate the
T B
by the continuation of this pro- 1\ :
the nverlfvmg rocks EE F, at last becomes superior to their

subterranean mass of lava, con-
fined by the overlying strata E E &
the lower part of the mass, viz. g o

A Jodssdadl i S wip G Ao ;' In
A B, so farincreases its expan %' g oy RS
upper mass C D (by condens- i
ing its enclosed -vapour;) and A 1\ )
cess, the general expansive :
force, acting from below upon é h ‘

' pwers of resistance, and they yield more or less to the dila-
tation of the lower strata of lava a b (as in fig. 2); the fissures

Fig. 2.

I! broken towards the centre or convex part of the space ele-
vated will open outwardly, those towards the limits of this
| space will open downwards. .
Such in factis the natural and constant effect of any forcible
| elevation of a solid crust by an impulse from below,
The distinction between these two species of fissures is
G
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~important, and will be found perhaps to lead to interesting

results. The lava of the upper strata ¢ d, though selid, is at
an intense temperature ; therefore the production of any fis-
sure in it must permit and produee the instantaneous expan-
sion of the lava forming its sides, by the vaporization of its
contained water. A rapid ebullition and intumescence, oc-
curring in the substance of these sides, must immediately fill
the fissure with liquid lava.

But the direction of these fissures will be in general moré
or less vertical, coincident with that of the expansive force by
which they were occasioned ; and, since the temperature of the
lava increases fromabove downwards, the intumescence will be
most violent and rapid in the lower part of the fissure, and
thus a rapid movement of the liquefied lava will take place
from below upwards. The friction which accompanies this
violent rise, as well as the disaggregative force of the steam

generated between the lamina of the crystals, must disinte-

grate to a considerable degree the crystals of the ebullient lava}
and hence we should expect that these veins,* if no further
“change takes place in their nature, and they become displayed
. "by subsequent circumstances to view, wil apxear of a finey
‘grain than the rock which they traverse. less strongly
marked difference is to be expected also in the texture of the

vein itself, of which the central part, having suffered less of

friction than the sides during its intrusion, ought to present a
somewhat coarser grain, ang larger crystals, than the lateral
portions,

But in the same manner each of the fissures in the cooler
superficial crust of solid rocks which opens downwards
towards the heated lava, by allowing the expansion of the
part of this mass to which it communicates, must occa-

sion a similar effect. Ebullition will take place instantane- |

ously with equal violence, and the intumescent lava suddenly
liquefied hf the generation of steam throughout its tissue,
must rapidly enter and fill up the fissure in the neighbouring
rock, giving rise to what are usuvally called injected veins, or

dykes. The analogy of these to the contemporancous veins |
must be so great, that it will be difficult to distinguish them,

except in the case where the rock which they traverse is

wholly of a different mineval composition from the veins, as |
when trap dykes traverse limestone, &c. Where the differ-

ence consists merely in the size of the grain, no positive

7

* ¢ Contemporaneous ™ veins »
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conclusion can be drawn as te the vein being of the first or
the second class.

* But the lava which fills these fissures of either kind, will
speedily be reconsolidated ; the injected veins with the greatest
rapidity, from their contact with the cooler sides of the fissure
they ﬁi{; and both by their exposure at a diminiched tempera-
ture to the expansive force of the lava with which they com-
municate, and which immediately puts itself in equilibrio
with the force of pressure on every point.

In this manner the overlying crust of rocks, which was con-
siderably weakened, perhaps by the rupture and displacement
of its parts, is again repaired; the fractures being cemented
by the solidification of the lava injected into them.

§. 17. The expansive force of the heated lava having thus

rtially satisfied itself, an interval of tranquillity succeeds ;
until the continued accession of caloric from belew again
raises its temperature, which had fallen in conseque nee of its
ebullition ; and the same process recommences, the expansive
force and the pressure again increasing together, until the
cohesion and weight of the overlying rocks are once more
overcome, and another successful effort takes place, accompa-
nied by the circumstances, of earthquakes, and the formation
of veins, already described,

It is thus that the overlying rocks which form the superfi-
cial erust of the globe must be progressively elevated more
and more, by the successive dilatations of the inferior lava,
wherever a subterranean body of this snbstance exists.

The extent of surface thus affected will depend upen the
dimensions of the confined mass of lava, upon the vertical
depth at which the expansion takes place, and upon the nature
and dispesition of the rocks composing the surface.

§. 18. At every crisis of this character, the crust is more or
less fractured, and partly repaired by the injection of lava into
those cracks which open downwards. But the fissures broken
through towards the centre of the space thus elevated, open
outwardly, towards the atmosphere ; and diminish in width to-
wards their lower extremity—these therefore will remain
‘more or less open, and effectually weaken that part of the
crust of rocks across which they are broken. The subsequent
‘expansive efforts will therefore take effect most powerfully
upon these points, widening and extending these fissures, some
of which will probably at length be prolonged across the
whele external crust, into the intensely heated crystalline

€2
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rocks (or lava) below; by which the pressure upon it at the
lower extremity of the fissure is suc{Jdent y reduced to the
weight of the atmosphere alone, (supposing as we do for the
present that the fissure thus formed opens above the level of
the sea, or of any stationary mass of water.)

In this, as in the former case, ebullition must mstanlly com-
mence. The lava at the lower extremity of the fissure is
rapidly liquefied by the vaporization of its contained water,
and this liquefaction is speedily propagated, both downwards
and lateraliy, within the mass of heated rock; the intumes-
cent lava, as it liquefies, rising rapidly up the fissure, and
part of the elastic fluids genﬂ:rateg within it escaping with
still greater rapidity, and driving upwards the fragments torn
from its sides. The violence and duration of the ebullition,
it is obvious, must wholly depend upon the ratio in which the
process of dilatation and liquefaction is propagated inwardly,
through the lava, from the point at which it commences at the
lower extremity of the fissure ; and this ratio must be pro-
portioned to thatin which the intumescentmatler is Euahle to
rise up the fissure.

The circumstances which determine the rate of this rise ar e,

. The tension, or expansive force of the cuu!med vapours,
wh]ch is the same as their lempemtme The width
of the fissure, or aperture of escape. The superl‘cml or
exlernal pressure, whether atmospheric aiune, or other, The
rapidity of the progress of dilatation towards the interior of
the heated mass of lava, and consequently the violence of the
process of expansion, mridEntly varies directly with the two
first of these terms and inversely with the last. Ifany two
of these terms be supposed fixed, the energy of the expansion
will vary with the third. lhereime, under equal ecircum-
stances of temperature and external pressure, the violeuce of
the ebullition varies directly with the size of the fissure. ‘

In the generality of instances it must happen that the fissure, '
thus broken through the superincumbent rocks, is extremely
Narrow, :rregulnr, and intricate ; and the distance great from
the external surface of these rm:l-:s to the focus of ehullltmn :
this process will therefore be prupmtlmmhly slowand power-
less, so that the refrigeration of the rising lava by contact
with the sides of the ﬁqqllre, tozether with the weight of the
columu of lava elevated, and the obstruction created by the
fall of fragments broken off by the aeriform fluids that pre-
cede the Tava in its rise, must speedily stifle the ebullition, by
‘restoring the preponderance to the forces of repression.

The lav a, so consoliduted, will seal up the lower partof the
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fissure ; and the only distinction between this case and that
of the injected veins mentioned above, (§. 16.) is, that herea
certain proportion of the vapour first generated will probably
succeed in effecting its absolute escape into the outer atmos-

here, before the fissure is finally closed. It is highly pro-

able that the vapours, clouds of smoke, and momentary pro-
jections of fragments, that are occasionally observed to be
discharged during violent earthquakes from some of the cre-
vices which they occasion, owe their origin to a subterranean
action of this nature, which may be considered as an abortive
eruption, no more prolonged or more violent manifestations
of subteranean activity being visible,

§. 19. But whenever the fissure broken through the over-
lying crust of rocks by any effort of the force of subterranean
expansion, is of considerablewidth, and consequently produces
an ebullition of such energy that the intumescence of the lava
overcomes the obstacles to its rise, and is enabled to reach the
mouth or upper extremity of the fissure upon any one point,
then all the characteristic phenomena of voleanic eruption are
manifestated on the external surface of the globe, in the more

cor less violent and prolonged discharge of elastic vapoursand
ejected fragments from an orifice in its crust.

. §.20. It may be as well to investigate more in detail the
laws by which the violence and duration of the eruption must
be determined.
The expansive force of a molecule of the contained water
at any point to which the process of vaporization reaches, varies
.of course with its temperature.
The degree to which this force is developed will vary in-
versely with the impediments that repress its full expansion.

These are,
1. The external pressure; atmospheric, oceanic, or other,

I1. The weight of the column of liquefied lava it supports,

ILI. The reaction of the vapour already generated from the
confining surfaces. If these are absolutely resistant
on every point except at the fissure, thisreaction will

vary inversely with the width of the vent.

The sum of these forces constitutes the general force of
- repression,
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The first element of this force is wholly dependent on ex-
ternal circumstances,

The second varies with the specific gravity of the lava, and
acts upon any point in direct proportion to its vertical distance
from the highest surface of the liquefied lava, It is there-
fore augmented on the lava in the focus, or seat of expansion,
in proportion as the lava rises up the fissure. '

'he third element of the repressive force varies, as has been
said, inversely with the width of the vent, and acts upon any
‘Ppoint in proportion to its distance from the exposed surface of
the lava, measured along the line of pressure, whatever its
direction.

It is seen that the two latter forces of repression encrease
rapidly towards the interior of the lava, in all directions from
its exposed sarface, where they are both null. Consequently,
if the temperature be supposed uniform throughout, the pro-
pagation ofthe expansioninwardly, and therefore the violence
of its outward development, must proceed in a retarded ratio,
decreasing more or less rapidly from its commencement : the
expansive force being the same at all the points which the
process successively reaches, while the repressive foree is con-
tinually increasing with the distance from the exposed surface
of the f:wa. The points at which all expansion is ultimately
subdued by the predominance of the latter force, would be
the limits of the space through which the dilatation is propa-

rated.

v In this manner, in reality, the progress of the dilatation in

a lateral direction must take place in a retarded ratio, and be |
completely checked at a certain horizontal distance from the
vent, since each horizontal stratum of lzva is supposed uni-
form in temperature.

But we have seen that the temperature of this confined
mass of heated crystalline rock inereases more or less from
above downwards; consequentlyi the expansive force in-
creases in the same direction; and if we could suppose it
possible that this increase could exceed or keep pace with the
rapid increase of pressure in that direction, occasioned by the
weight of the supported column of liquid, no limit would
exist to the progress of the expansion downwards, in a uni-
form, or even an accelerated ratio. But the extremely rapid
augmentation of temperature, in a vertical direction, required
for this, is wholly improbable; and we must conclude that, in
every case, a limit exists to the inward propagation of expan-
sion in a vertical, as well as a lateral, direction; a limt at
which the repressive force, compounded of the weight of the
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supported column of liguid—the reaction of the vapours gene-
rated—and the external pressure, completely prevents any
vaporization from taking place. The process of dilatation
having attained these boundaries, the limits of the dilated
mass would thenceforward remain fixed, unless the equili-
brium lis destroyed by some further change taking place in
the circumstances that influence the energy of the opposite

- It is obvious that the more rapid the increase of tempera-
ture downwards, the longer will be the vertical dimensions of
the dilated mass, compared to its horizontal extent ; and the
more will the violence of the eruption be prolonged; and,
on the other hand, the more uniform the temperature of the
successive strata, into which we may imagine the crystalline
mass divided, the shorter will be the duration of the eruption.
~ Again, the greater the specific gravity of the lava, the less
will be the vertical depth to which the dilatation is propa-
gated, and the less rapid its development.

§. 21. These considerations lead to the establishment of
the following general propositions ; viz.

1. The energy of the eruption, or absolute quantum of out-
ward expansion which takes place in given times, will
vary directly with the temperature, or tension, of the
lava to which the fissure communicates, and the width
of this aperture; and inversely with the thickness of
solid and refrigerated rocks across which the vent is
broken, the specific gravity of the lava, and the exter-
nal pressure.

2. The duration of the eruption will vary directly with the
rate at which the temperature increases downwards,
and inversely with the specific gravity of the lava, and
width of the vent,

3. The sum of expansion produced during any finite erup-
tion, as well as the volume of the dilated mass, will
be directly proportioned to the energy and duration of
the eruption.

~ §. 22, If we suppose the dimensions of the fissure of escape,
or vent, and the external pressure to remain constant, it is
obyious that the development of the expansive force will he
~most violent at its commencement, and decrease in energy by
_degrees; dying away entirely when the powers of repression
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and expansion had put themselves completely in equilibrio
throughout every point of the expanded space. But if the
external circumstances by which the force of repression is

modified, are subject to change during the development of the
expansive force, the ratio of that process must vary likewise,
and inversely to the force of repression. Now, in all cases
of volcanic eruption, it necessarily happens that the foree of
repression is rendered, in this manner, more or less variable
by contemporaneous alterations, either

1. In the dimensions of the vent; or

2. In the external pressure or resistance to its expansion,
acting upon the surface of the lava within the vent.

I. The intense energy of the dilatation that suddenly takes
place at the extremity of any newly-formed fissure of
escape, and the abrasive force of the dilated matters
(particularly of the elastic fluids as they struggle vio-
lently upwards through this aperture) must more or less

fracture and break up its sides, and thereby enlarge its
dimensions.

The extent of this enlargement will depend,

1. On the violence with which the expansive force is
at first developed, and therefore (ceteris paribus)

on the temperature or tension of the confined
lava.

2. On the degree of solidity of the rocks composing
the sides of the fissure, which may yield more or

less readily to the explosive violence of the escap-
ing matters.

3. On the absolute depth from the surface of the earth,

of the focus of expansion to which the fissure
extends.

In proportion as the aperture is thus enlarged, the sum of
the repressive forces is diminished, and the ratio of dilatation
consequently accelerated. The energy of the expansive ac-
tion—the violence of the intumescence of the lava, and the
quantity protruded up the vent in given times,—are thus pro-
oressively augmented from the commencement of the process.

II. But if the enlargement of the vent by the sudden and
violent explosions with which the phenomena of an
eruption commence, has the effect. of temporarily dimi-
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nishing the repressive force, we cannot but perceive that
another important class of circumstances is generated by
the action of the volcanic force, tending in the most
direct and absolute manner to augment the combined
forces of repression, and put a stop to the continuance
of the expansive process. We have already observed
that such an effect necessarily accompanies that peculiar
mode of volcanic expansion (subterranean eruption)
which consists in the occupation of fissures, whether
contemporaneous or injected, by intumescent lava ; where
the weight of the column of liquid oceupying the fissure,
its refrigeration by contact with the couﬁsr sides, and the
diminution of focal tdt;m perature, ultimately check any
further expansion, and produce the resolidification of the

injected mass: by which the repressive forces are re-
paired and strengthened,

A few considerations on the circumsiances that charac-
terise a volcanic eruption taking place on the outer surface of
the globe, will convince us that this  suicidal” character,
(if I may be allowed the expression,) is still more remarkabl
exemplified in these cases; and will lead us to the establish-
nil.lent of a most important and interesting general law ; viz.
that
 The development of the volcanic action necessarily and uni-
versally lends to its own exlinclion, by augmenting the opposile
forces of repression.

This law will, perhaps, be found, hereafter, to afford an
explanation of many of the changes which have taken place
in the earth’s crust, and which arve not at present generally
sul:n}msed to have any connection with voleanic action,

T'he circumstances to which this effect is owing, are princi-
pally the following, viz.

I. The liquid lava forced up the vent by its own intu-
mescence and that which rapidly takes place below it,
increases the length of the vertical column pressing
upon the inferior mass, by the whole depth to which it
rises within the fissure of escape, andp consequently
augments the compression upon every molecule to-
wards which the expansion is propagated inwardly, by
the weight of a curumn of liquid lava of that height.
The effect of this repressive circumstance will var
directly with the specific gravity of the lava, and the

vertical depth of the fissure broken through the solid
overlying crust.
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I1. The surface of the liquid lava propelled up the vent
into contact with the atwosphere, parts sap;idlp with
the elastic fluids that produce its liquidity : and 1n pro-

ortion as it thus loses the mobility of its parts and

ecomes solid, this superficial crust must oppose by
its cohesion, a considerable resistance to the expan-
sion and escape of fresh matter from beneath it, over
and above that oecasioned by its weight.

III. The fragmentary matters ejected by the violent ex-
pansion and rise of the elastic fluids that escape from
the vent, partly accumulate around its mouth, but in
great part fall or roll into it again, and thereby ob-
struct the rise and expansion of fresh matters. The

oportion of those fragments that fall or roll again
into the mouth of the orifice after their projection will
increase gradually with the sum of the ejected matters,
that is with the continuance of the eruption ; sincethe
Ezeater the accumulation of fragmentary substances

aped up around the mouth of the vent, the less
easily will the fresh fragments ejected be enabled to
arrange themselves in a stable manner on the outside
of the vent. 1In fact, the subconical crater that is thus
formed around the opening, acts like the mouth of a
funnel in directing the falling fragments into the vent;
the more the dimensions of this funnel are increased
by the addition of fresh materials to it, the greater
evidently will be the proportion of fragments directed
into the vent.

From hence it inevitably happens that the sum of the forces
of repression, which, at first, perhaps even progressively
diminished by the widening of the vent, will, sooner or later,
by the combined influence of these circumstances, begin
again to increase ; the ratio of internal expansion, which was
at first accelerated, will then be doubly retarded ; the dis-
charge of the dilated matters will by degrees diminish, with
the internal intumescence that occasions it, and ﬁnallg cease,
when the increase of compression, and the decrease of expan-
sion, have brought these opposite forces to an equilibrium.

The moment at which the compound force of repression
begins to increase, forms the crisis of the eruption ; the vio-
lence of which must progressively diminish, as this foree in-
creases in an accelerated ratio, wﬁile the energy of the oppo-
site force of expansion, which then was at its maximum, is
proportionately diminished.
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§. 23. We have seen that while the expansion of the lava
progresses inwardly, the excess of the intumescent matter must
rise up the fissure of expansion; and if this fissure communi-
cate with either of the fluid media, air or water, that out-
wardly envelope the solid erust of the globe, it will escape
absolutely upon the outer surface of the earth.

This escape may take place, according to circumstances,
either,

I. By the rise and absolute expulsion from the mouth of
the vent of the liquid lava alone—which consists, as
we have seen, of an assemblage of crystals of one or
more minerals, more or less disintegrated and commi-
nuted, merged in a vehicle of steam, proceeding from
the volatilization of the water which was intimately
united with their texture. Or,

I1. By the partial elevation, and perhaps expulsion, of the
lava, and the absolute escape, by itself, of a certain
proportion of the elastic vapours contained in it;
which traverse the mass of liquid lava, and rise from
its surface in consequence of their inferior specific
gravity.

The degree in which this escape will be effected, that is,
‘the proportion of the elastic fluids generated which ave pro-
pelled upwards and escape from the lava, to that which
remains confined within it, and occasions the augmentation
of its volume, is, as we have seen above, determned by ¢he
liquidity and specific gravity of the lava—in other words, by
its fluidily.

§. 24. Itis clear that as the dilatation pregresses towards
“the interior of the subterranean mass of solid erystalline lava,
. the gaseous fluids cannot escape from any depth below

the surface as quickly as they are formed, however great may
be the fluidity of the lava ; which must therefore.in all cases
intumesce more or less, and rise en masse up the vent.*

* It is this law that determines the intumescence of ail liquids by ebulli-
tion. The degree of intumescence varies inversely with the finidity—that
is, with the specific gravity and mobility of the liquid. In the same man-
mer as,in our Kitchens, the grealer the consistence and lightness of the sub-
stance, the greater the quantity that beils over 5 so, in volcanie eruptions,
the degree of intumescence, and consequently the quantity of lava elevated

“en ‘masse by the same volcanic force, is wmversely proportienate to ifs
Aiquidity nng specific gravily.
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There exists also sufficient reasons for believing that the
lava itself is in all cases elevated, either to the mouth of the
vent, or, at least, to within so short a distance from it, that
its surface is in free communication with the external air.

In fact, the liquidity of the dilated lava at any point (ceteris
paribus) varies universally with the compression it sustains:
and, since the pressure or resistance experienced from above
by the surface of the column rising within the vent, is one of
the elements of the compressive foree, the liquidity of the
lava, as it rises, must vary inversely with this resistance. But
the expansive force of the elastic fluids struggling to rise and
escape through the fissure, must, by its reaction from the sides
of this aperture, increase the superficial pressure on the lava
below, and consequently diminish its liquidity, thereby pro-
ducing an impediment to the freedom of their own motion,
and consequently augmenting the volume of the lava, and
forcing it to rise higher, en masze, np the vent, This re-
action, and the effect it produces, will be proportionate to the
depth, narrowness, and irregularity, of the fissure, and conse-
quently will be diminished by its forcible enlargement. The
fall and accumulation of the fragments breken off from the
sides of the fissure has a similar influence in diminishing the
liquidity of the lava, and raising the level of its surface within
the vent—and both these causes united, will, in all cases,
necessarily occasion the elevation of the lava to within a very
short distance of the mouth of the orifice, and preserve it at
that elevation, until the expansive force ceases entirely to be
developed below, or is so far diminished that the elastic fluids
escape frem its surface, by reason of their inferior specific
gravity, in a quicker ratio than they are generated below by
the retarded progress of dilatation.. The level of the liquid
lava will then begin to sink within the vent, and subside,
till all escape of the confined matters, even in a gaseous form
is impeded, by the successive augmentation of the forces of

repression.

§. 25. The phenomena rendered sensible on the outer sur-
face of the earth, by this development of the expansive force
‘of lava confined beneath it at an intense heat, constitute a
“wolcanic eruption.

This must commence with a series of jarring shocks, or
earthquakes, repeated at more or less distant intervals; the
last being immediately followed by the more obvious display
of subterranean activity at the upper extremity of the rent
that has been at length forced completely through the earth’s
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erust ; viz, by the violent expulsion and escape from this
aperture ; either

I. Of a mass of liquefied lava alone, when its fluidity is so
extremely imperfect, that none of the contained elastic
fluids are enabled to traverse it, and eseape from its sur~
face, by the influence of their inferior specific gravity.

Or,
~II. Of the aeriform fluids alone, when the fluidity of the
A lava is so great, that, after its surface has risen to the

mouth of the vent, and thus has acquired a free com-

. munication with the outer air, its intumescence is car-
ried no farther, but the elastic fluids traversing it with
facility, escape from the surface exactly in proportion
to the excess of dilatation produced in the lower strata
of the liquid mass. Or,

iIl. Of both the lava and elastic fluids in the proportions
determined by the degree of its fluidity.

~ The first of these three cases appears almost entirely con-
fined to subaqgueous eruptions; where the superior density of
the ambient fluid, and the greater external pressuve it pro-
duces, may he supposed occasionally to diminish the fluidity
of the lava to this excessive degree, :

~ Again, the extreme fluidity necessary to produoce the second
case i3 of rare occurrence, it not solely confined to such vol-
canos as are in permanent eruption. (Stromboli; and
some of the volcanos of the Andes, whose detonations are oc-
casionally heard, but which exhibit no other phenomena,)

~ Inthe generality of instances the fluidity of the lava appears
to have oscillated between these two extremes, and conse-
quently to have occasioned the absolute escape from the orifice
of eruption both of lava en masse, and of the steam evolved
from it, in varying proportions deterimmined by the degree of
its fluidity. ' :

§. 26. In such a case the external phenomena of the erup-
tion must begin by the violent escape or discharge of elastic
fluids from the vent; since the gradual intumescence of the
lava up this channel, must occupy more or less time, during
which the gaseous fluids are continually escaping from its
surface, and rising rapidly up the aperture. "

The ratio of the intumescence of the lava, and consequently
of its expulsion from the orifice, after it has attained that
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level, varies, we have seen, inversely with its fluidity, the
expansive force being fixed. But since the development of
the expansive force, or “ eruptive force,” usually increasesin
energy at first, owing to the enlargement of the vent, the
violence of the eruption, and therefore the ratio of expulsion,
both of the lava and aeriform fluids, will at first be gradu-
ally augmented. The eruptive force, however, diminishing
again in intensity, as the repressive forces are in turn aug-
mented, the eruption will shortly reach its erisis; that 1s,
the moment when the eruptive force is at its maximum of vio-
lence ; after this, the ratio of production will gradually de-
crease ; the lava will soon cease to be expelled en masse from
the vent ; the contained elastic fluids will eseape from it by
the impulse of its greater specific gravity faster than they are
generated below by the gradually retarded progress of dilata-
tion inwardly.

By this escape, the volume of the lava is diminished, and its
surface subsides within the vent. Thus the violent discharge
from the volcanic orifice of the aeriform fluids alone, consti-
tutes the concluding phenomena, as well as the commencement
of the eruption.

But at the same time that the level of the lava is slowly
lowered within the voleanic chimney, the falling of the scoria
projected upwards by the gaseous explosions, tends more and
more powerfully to obstruet this issue. The expansive force
of these fluids struggling to eseape from the lava when at
some depth within the vent, may again break up, and further
enlarge its dimensions, and thus momentarily revive the de-
caying energy of the expansive force. More than one oscil-
lation of this sort will perhaps occur, in which the eruption
will appear lo be renewed; but as, the more violent the
struggle, and the longer it continues, the greater the quantity
of obstructing fragments produced,-—these brief paroxysms
only exhaust the energy of the expansive force, and accelerate
the victory of its antagonist.

Many of the fragments ejected in this manner are more or
less triturated and pulverized, by the immense friction they
undergo in their repeated projection and fall. A great pro-
portion of the finest and lightest are entirely discharged,
rising with the escaping gasses into the higher regions of the
atmosphere in turbid clouds; but as the surface of the lava
column sinks lower, its explosions lose at length the power of
lJrujecting even these loose and fine fragments beyond the

ips of the eruptive chasm or erater. They must therefore
continually accumulate in increasing quantities, both by direct
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fall, and by rolling down th~ inner slopes of the crater, upon
the surface of the lava, and eventually must completely stifle
its ebullition.
~ The eruption then has terminated. The repressive forces
have completely put a stop to the outward development of the
expansive force ; and they continue to increase for some time
by the rapid dilapidation of the deep and ruinous ecrater,
whose debris augments the pressure on the subjacent lava.
The rain-water that collects at the bottom of the crater,
and penetrates through the fragmentary matters accumulated
there, likewise increases the forces of repression by refrige-
raling and consolidating the surface of the residuum of lava.
The escape of the steam from its superficial crust by per-
colation through the fragmentary accumulations that cover it,
propagates the consolidation still further.

 §.27. If we now examine what must be the condition of the
subterranean body of lava from which the eruption broke
forth, we shall find that a definite space of this solid, but
heated, mass, has, by the process above described, been more
or less disintegrated and dilated ; a certain quantity of its
crystalline matter, and a still greater proportion of the aqueous
vapour generated from the water it contained, having escaped
upon the surface of the earth, leaving the remainder in a di-
lated state from the quantity of elastic fluids still disseminated
through it, and at a greally diminished temperature. The cir-
cumstances that determine the absolute and relative dimen-
sions of this space, which may be properly called the focus of
-eruption, have been already laid down, (See p. 39.)

he complete obstruction of the vent has now put a stop to
the [i.u-og;ress of dilatation towards the interior of the mass,
which continued only so long as any part of the dilated mat-
ters was expelled from this avenue of escape ; and the forces

of expansion and repression are momentarily in equilibrio on
every point of the focus.

. §-28. The temperature of this dilated mass is, however,
very inferior to that of the solid lava which surroundsit; con-
sequently the latter will gradually part with its caloric to the
Sformer, till an equilibrium is attained. But this gradual aug-
mentation of temperature in the focal mass must proportion-
ﬂgly increase the expansive force of the elastic fluids it con-
tains,

* The ratio of its augmentation depends on that in which fresh
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caloric is communicated from the surrounding surfaces, and

may be supposed to vary with the temperature of the stra-
tum of crystalline rock of which it forms a part—the con-
ducting powers of the solid lava—the depth of the focal

mass, &c.

§. 29. Ifthe ratio of this augmentation should be sufliciently
rapid to counterbalance the continual increase of the repres-
sive forces by the greater or less obstruction of the vent,
(which under a combination of peculiarly favourable circum-
stances influencing the disposition of these obstructing mat-
ters, we shall presently show to be possible, and occasionally
though rarely to take place,) the eruption becomes permanent,
the increments of caloric communicated to the dilated mass
from its enclosing walls, pass off by the outward escape of
gaseous and suli&’matters, in the exact ratio of their commu-
nication; the temperature of the focal mass remaining con-
stant ; and the only change to which it is liable being, that
since a certain proportion of the solid matter of this lava (whe-
ther in a fragmentary or liquid state) must be always expelled
from the vent together with the escaping vapours, the conse-
quent diminution of pressure will propagate the expansion
proportionably further in depth, bf which means a portion of
the solid walls surrounding the dilated mass will continually
enter into ebullition, exactly corresponding in bulk to the
portion which this mass loses by the ceaseless eruptions of the
vent. This liquefaction of fresh matter apparently supplies
‘the continual expense of water, which takes place in the vo-
Iumes of vapour that rise successively from the boundaries of
the dilated mass to the exposed surface, and are visibly dis-
charged from the volcanic orifice.

In such a case it is obvious that the eruptive phenomena
must be comparatively tranquil and uniform ; affording a mea-
sure of the ratio in which fresh calorie is constantly commu-
nicated to the subterranean mass of liquefied lava, or focus,
from the surrounding and solid substance.

This condition of a volcanic vent represents what has been
named above, the phase of permanent eruption,

§. 30. But when, as almost invariably happens, the ratio of
‘inerease of the repressive force during an eruption, exceeds
that in which the expansive force of the dilated mass is aug-
wented by the slow transmission of caloric from the enclosing
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vock, the moment must arrvive when the eruption terminates,
The fissure of eruption is finally obstructed, and all absolute
escape of the dilated matters prevented. : :
 In this state of things, the continual inerease of the expan-
sive foree of the liquefied mass must have the effect of narrow-
ing its limits—the outer and lower parts, in which the increase
of temperature is greatest, gaining in volume at the expense
of the inner and upper parts, where the increase of tempera-
ture is slowest, ang which must be proportionately compressed,
and ultimately solidified by the condensation of their enclosed
vapours. DBy this process the former vent or fissure of escape
becomes still more durably and efficiently obstructed ; it is as
it were hermetically sealed by the consolidation of the lava
which occupies it,

©§. 81. But af the same time the lower parts of the focal mass
are suffering a gradual increase of their expansive force, and
this increase is limited only by their reaching an equal tem-
perature to that of the surrounding mass,

" Before this can be effected the increased expansive force of
the focal matter will probably overcome the resistance op-
posed by the overlying obstructions, produced by the last
eruption, and by creating one or more ruptures across them,
renew the eruption from the same or nearly the same point on
the earth’s surface. The repetition of such eruptions from
the same vent or fissure originally broken through the pre-ex-
isting superficial strata, occasions what is called an habituall
active volcano, and at length by the accumulation of their
products gives birth to a volcanic mountain.

§. 32. If the increasing expansive force of the focus does
not succeed in forcing a fresh issue, before its temperature has
been equalized with that of the enclosing crystalline rock, it
will then have become completely solidified, (with the excep-
tion perhaps of some few points on which the vapour it con-
tained has been forced to concentrate itself,) and assimilated
to the remainder of the mass, except in the size of its compo-
nent crystals, which have been more or less disintegrated.

§. 33. When thus resolidified and equalized in tension to the
enclosing mass, the focus shares equally in the general expan-
sive force of the whole stratum of heated rock in which it was
formed. The continual increase of this force must sooner or
later, either cause the dilatation of the mass, and, by so
doing, elevate all the rocks above, or burst a passage for the

D
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outward escape of its concenirated caloric, This will take
place of course on the weakest point of the overlying rocks,
which, in the generality of cases, will be coincident with that
where the prior eruption found a vent; and hence arises the
far greater frequency of habitual volcanos than of single
eruptions from fresh apertures. |

§. 34. Sometimes, however, it may happen that the solidi--
fication of the lava formerly injected into the eruptive fissure
has sealed it so effectually that the subterranean expansive
force finds less resistance on some previously unbroken point
of the overlying strata ; and an absolutely new vent of erup-
tion is thus produced on the globe’s surface. This will usually
be effected on the prolongation of the original fissure, whic{.
must be the direction in which the rocks will yield most easily,
having probably been shattered along that line by the earlier
shocks. This law gives rise to the long linear trains of vols.
canic vents so often noticed.

§. 35. The distance of the new vent from the former one
will be of course dependent on.local circumstances in the
structure, tenacity, and other elements of resistance, of the
overlying rocks. It may vary from a few yards to many miles. .
The expansive force, by which these ruptures are produced,
being general to the whole underlying bed of intensely heated
crystalline rock, the horizontal extent of which is by our hy-
Fnthesis unlimited; and of which the expansive power is o i
imited by the local circumstances that upon different points;
may diminish its tension.

These circumstances will be considered presently.

§. 36. On the whole it appears that wherever an habitual |
voleano exists a constant struggle is kept up between the ex-
pansive force ofthe subterranean bed of lava, and the repres- |
sive force created by the solid and fragmentary matters which |
accumulate within and over the vent,

Eruptions break out and cease ; recommence, and are again |
stopped alternately, at intervals of ﬁreater or less duration,
according as the one or the other of these opposing forces ac-.
quires the preponderance : the exercise of that superiority in |
each tending to augment the power ofits antagonist. Every"
volcanic eruption, in fact, is the means by which the calorie
emanating from the inlerior of the globe passes off inlo outer:
space through the surrounding atmosphere, each volcanie:
vent acting as a safety valve to the globe. But this outward |
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 development of internal energy is necessarily productive of
eircumstances by which its continuation isin turn impeded, and
'the temporary stop thus generally put to the transmission of
caloric, concentrates it below the impeding surfaces, and
-augments the energy of its expansive force beneath them, till
(it again forcesa passage. _

hen the two opposing forces of expansion and repression
oscillate for any length of time about an equilibrium, each
alternately acquiring the sugeriority at brief intervals, the
‘volcano exists habitually in the second phase, or that of brief
intermittences.

When on the contrary circumstances favour the excess of
the forces of repression, the intervals of rest are of long du-
' ration, and the violence of the eruptions that break forth when
' the force of expansion has at length attained the superiority,
- will be proportionately great, in consequence of the intense
temperature to which the confined lava had been raised in the
mean time, even in its superior strata.

-Such an eruption acquires the character ofa paroxysm, and
the volcano in which these circumstances are habitual, exists.
in the third phase, or that of prolonged intermittences.

§. 37. But to produce an extremely violent or paroxysmal
eruption it is not necessary that the voleanic vent should have
been wholly inactive for a considerable time. On the con-
trary, it may have existed previously either in permanent or
frequent activity, in either the first or second of the phases
noticed above. The minor eruptions of these phases, withall
their accompanying phenomena, having their origin in upper
or secondary foci, in all probability above the level of the
vent originally broken tll:mugh the superficial strata, and
within the chimney of the volcanic mountain.

1f these eruptions do not carry off the whole excess of calo-
ric communicated to the inferior bed of crystalline and heated
lava, the general expansive force of this mass, being conti-
nually on the increase must eventually overcome the opposing
resistances, and break out in earthquakes, and heavings of
the whole overlying mass. When by these a fissure is formed
penetrating to a great depth within the lava rock, its intense
temperature will occasion a proportionately violent expansion,
and produce a paroxysmal eruption,

Hence it is that many habitual volcanos appear to exist at
once in the second an({ third phases, and to have a double
system of operations, productive both of paroxysmal and mi-
nor eruptions,

n 2
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The first occur at intervals of very long duration, proceed |

from an inferior focus, take place with intense violence and
rapidity, and leave a prodigiously wide and deep crater.

The second class of eruptions, proceeding from higher and
secondary foci, throw up cones in the centre of these gigantic
craters, which they tend gradually to fill up and obliterate,
and continne in very moderate but frequent activity, until
their products are once more blown into the air, by an explo-
sive eruption of the first class. :

These alternate developments of activity, from the primary
or inferior, and the secondary or upper seats of expausion,
explain the so frequent appearance of a recent volcanic cone
rising out of a larger and older crater, as Vesuvius, from that
of Somma ;* the Peak of Teneriffe and Chahorra, from the old
circus described by M. de Buch ;t+ the different successive
circus’s of Bourbon ;I that of Volcano i’llf of the Lake of Ron-
%Iiune, of Astroni; that of the N. W. extremity of San

iguel, which is 15 miles in circumference, and contains two
or three parasitical cones on its interior ;§ Tunguragua, at
the bottom of which Humboldt saw some minor cones in full
activity, &c. &e. :

§. 38. The nature of the circumstances which determine the
relative power of the two opposite forces of expansion and
repression, and consequently, the energy and duration of
eruptions, presents an interesting subject of investigation,
which it will be as well to pursue somewhat more in detail.

By the hypothesis with which we set out, the accession of
caloric from the interior of the globe towards any individual
bed of lava in the vicinity of its surface, was supposed to be
constant and uniform.

Therefore the conduct of the expansive force would of it~
self be regular and invariable. And we must look for the
origin of the irregularities in the phenomena in question to
variations of the repressive force alone.

And first for those remarkable instances of external voleanic
action, in which the opposite forces are so nicely and con-
tinually balanced, that tEe ebullition is permanent, and the
volcano in the first phase.

Stromboli has been already cited as a rare (and perhaps
almost unique) instanee of ceaseless eruption. DBut 1t is not

* + 1 |—See ihcsuceceeding Figures.
§ Webster's Deseviption of St. Michael, Boston.—1822.
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difficult to discover the peculiar circumstances to which this,
cano owes the remal'mle constancy of equilibrium that is
ere preserved between the expansive force of its focus, and
the forces of repression mentioned above. Dolomieu and
Spallanzani both mistook the character of this volcanic moun-
taiz. They supposed the vent to have formerly existed at some
_distance from the actual one, because the latter is overlooked
- by a much higher eminence, and these Geologists had been
- accustomed to find the chief crater of a volcano uniformly at
its summit. The fact however is, that the orifice of eruption
lies as usual at the bottom of the erater,and has never changed
its position in a lateral direction; but one whole side of the
- crater has evidently been destroyed at a distant period ; {:m-_
" bably blown up into the air by some violent paroxysm, which
' may be supposed to have preceded the present phase of mode-
' rate and prolonged activity,
The present cone of Stromboli has in consequence a re-
markable figure, which will be best understood by reference
to the accompanying profile, section, and plan.

Fig. 3! Figf 4.-

~ The orifice of eruption is bounded on one side by a high
semicircular slope, forming the remaining part of the crater,
while immediately from its lip on the other side, a steep slope
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commences, reaching to the sea, and inclined at an angle of
45°; consequently too rapid for any fragments but the lightest
and smallest to stop upon it.

Hence, of the fragments thrown up by each explosion from
the vent, less than one-half can be supposed to be returned
into the orifice, either by direct fall, or by rolling down the
sides of the semi-crater ; while the remainder falling on the
other side of the vent, roll with excessive rapidity down the
inclined plane into the sea. Itis clear therefore that owing
to this peculiar conformation, a very large proportion of the
fragments created by the bursting of the steam bubbles
through the surface of the liquid lava are irrevocably dis-
charged from the vent at each explosion, and the surface of
the lava within can seldom be covered but by a limited quan-
tity at a time, which quantity cannot be increased by the con-
tinuance of the eruption.

Since it has been said that there is reason for supposing
Stromboli to have existed in its present phase at least for the
last 2000 years, it may be thought strange that the immense
quantity of fragmentary matter which must have rolled into the
sea at the foot of the inclined plane, during this lengthened
period of eruption, has not augmented the base of the sub-
marine mountain on that side. Whereas, on the contrary, the
water deepens rapidlyat the foot of the mountain, and is fathom- |
less at a very short distance from it. The cause of this extra- |
ordinary fact lies, I believe, in a powerful current whichsweeps
by the side of the island of Stromboli, and wears down the
loose and brittle scoriee that are exposed to its abrasive force,
carrying off the fragments into the distant depths of the
Mediterranean.

The very peculiar circumstances of conformation which
characterise the cone of Stromboli, and have such an effect
in regularizing and perpetuating its eruptions, will neces-
sarily be very seldom found in combination. Perhaps the '
volcano of the lake Nicaragua, called by our sailors ¢ the |
Devil’s Mouth,” which is described as not only in constant
eruption, but also as having merely a segment ol its crater
remaining, and as rising, like Stromboli, abruptly from water, |
may owe the similarity of its phenomena to parallel circum-
stances.

The volcano of the Isle of Bourbon is however another
better known instance of a similar nature. 'This vent fre-
quently remains for the space of many weeks in ceaseless
eruption,

In this instance the form of the cone is perfect, and we
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must look for the cause of the permanent superiority of the
expansive force in other circumstances; nor is this a diffi-
cult task. The appearance and phenomena of this volcano
bave been described in considerable detail by M. Bory de
St. Vincent ; and from his drawiugs and observations it ap-

rs that no central crater or cavity of any size exists upon
its cummit (see fig. 7); but three or four apertures are
 eccasionally formed, and during the continuance of the erup-
tion are filled again. He gives one particularly interesting
sketch of the ¢ Cratere Dolomieu,” as seen by him in the night
time (see fig. 6), from which it appears, that during continu-

Fig. 6.
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ous eruptions the ebullient lava remains at alevel with the' |
summit of the cone, and is continually boiling over the lips’
of the vent, like any thick or viscous liquid over the edges of
a circular vessel in our kitchens, spreading on all sides in
concentric undulations from the centre, where it is seen to-
rise and fall alternately in a liquid state, and at an intensely
white heat, owing to the continual rise of large bubbles of
vapour which escape in succession from its interior. The
scori®, or tattered lava fragments, thrown up by these aeri-
form losions, are in much less proportion than at Strom--
boli, and consist of filamentous pomice, frequently drawn out
to the finest threads, like spun glass (verre ca:Pillaire vol-
canique); instead of those rude and heavy fragments of
augitic basalt which are ejected by the other volcano.

§. 39. It is highly important to remark the difference be-
tween the phenomena of these distant voleanic vents during
their permanent state of eruption; for, notwithstanding these
diserepancies, it will plainly appear that they are regulatecl
by the same laws; viz. those which have been laid down
above, from which these discrepancies will be seen to flow of
necessity.

In Stromboli, the gaseous explosions are ceaseless and
violent, while the lava never boils over the lips of the orifice.

In the Isle of Bourbon the lava is almost continually in
extravasation over the edges of the vent, and the discharge of
aeriform fluid comparatively trifling.

The lavas of Stromboli have a high degree of liquidity, as
is manifested by their cellular nature, and an extremely high
specific gravity, being solely augitic—their fluidity therefore
is Pmpﬁrtionatel y high.

‘T'he lava of Bourbon, on the contrary, with a great degree
of liquidity (its disintegration having proceeded almost or
entirely to the integrant molecule, since the lava appears
in complete fusion, and hardens into a glass), possesses a
very low specific gravity, since it consists solely of felspar.
Hence its fluidity must be proportionately low.

But we have observed above, that the proportion of
vapour which is propelled upwards, and escapes from any
lava, to that which remains behind, varies with its fluidity.
It is therefore evident why the feldspathose lava of Bourbon
boils over the lips of its vent, while the heavier lava ol
Stromboli allows of the rise and escape of all the vapour
from it as fast as it is generated, and preserves the same -
lgvel at the mouth of the orifice, without any extravasation. -
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The glassy lava that thus is continually poured. over the
edges of the orifice on the summit of the volcanic cone of
Bourbon, forms numerous small streamlets, seldom more
than a foot wide, that descend the sides of the cone, They
are frequently hollow, like a pipe or arched gutter, the
interior of the stream having continued to flow on after the
supply had ceased, and the external erust had been conso-
lidated. This thin crust is often broken through by the foot,

The Mamelon Centrale, a small parasitical cqnei which
has been elevated in the vicinity of the Cratere Dolomieu,
by previous repetitions of the same process described above,
illustrates these observations in a beautiful manner.

But this constant extravasation of the lava over the edges
of the orifice of Eruduutiun, is obviously the cause of the
permanence of the eruption; since, by the escape of the
elevated lava in the exact ratio of the intumescence that takes
place below, the repressive forces are preserved in equilibrio
with that of expansion; while at Stromboli the same effect
is produced by the continual removal of the due proportion

of elevated matter, only in a fragmentary instead of a liquid
form.

§. 40. These examples suggest the consideration that the
oseillations about an equilibrium between the forces of ex-
pansion and repression will be more or less marked, pro-
dueing intermittences of longer or shorter duration, in pro-

ortion as the circumstances predominate which favor or
impede the complete escape of the protruded matters from
the vent.

It follows from this, that the greater the dimensions of a
voleanic crater, the longer should be its intervals of repose ;
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and we should expect that as the crater becomes gradually

filled by the quantity of matter accumulating within it, the
frequency of the eruptions will increase,

"rll‘he truth of this ]I:ornpuaitiun was strongly exemplified in
the numerous and almost permanent eruptions that took
place from Vesuvius between the years 1804 and 1822, when
the old crater of 1794 was nearly filled ; and which increased
in frequency as the summit of the cone, in place of a conca-
vity, acquired by degrees a convexity of surface; which
might have preserved the vent in ceaseless eruption, like that
of Bourbon, but for the violent paroxysm of 1822, which en-
tirely changed the figure of the cone, and excavated an enor-
mous chasm through it. If these considerations are just, it
may be confidently predicted that the volcano has now, in
consequence of the vast dimensions of this cavity, exchanged
its phase from the second to the third class, and that the
eruptions will, for some years to come, be fewer, and at long
intervals.

§. 41. It remains to be remarked, however, that although
the peculiar form of a volcanic cone, such as those of Strom-
boli and Bourbon, may prevent their vents being choked by
any great accumulation of lava, either fragmentary or in
mass, yet they remain exposed to variations in the other ele-
ments of the repressive force ; which, from the comparative
tranqguillity and uniformity of their phenomena, will be more
obvious in these volcanos of permanent action, than in others
of which the causes are more complicated. Such a variation
will, it is clear, be necessarily produced by changes in the
pressure of the atmosphere; and, however bold or novel an
assertion it may appear, to suppose the subterranean action
of a voleanic vent to follow all the minute variations in the
weight of the atmosphere, yet, on consideration, it will, 1
think, appear that such must in reality be the case; and I
have little hesitation in expressing an opinion, that the phe-
nomena of a voleano in permanent, or nearly permanent,
eruption, are modified by all the changes of atmospheric
Eressure, as effectually and constantly as the mercury in a

arometer—not only that the lava rises or falls in the vent,
as the mercury in the reservoir of the barometer, but that the
boiling point of the water contained within the lava must
vary with the weight of the atmosphere, and its ebullition be
checked by an increase of weight, and augmented by a dimi-
nution, as truly as that of the water contained in the ingenious
barometer for measuring heights, of Dr. Wollaston.
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In fact, the weight of the atmosphere is one essential ele-
ment of the repressive force by which the extent of the dilated
mass of lava is determined ; any diminution, however trifling,
in this weight, must allow the process of ebullition to be pro-
!)agated some way farther, and proportionately augment the
ntensity of its action; and, again, when the atmosphere
returns to its previous density, the slight augmentation of
pressure on the surface of the column of liquid lava, will
check the ebullition of the lower strata of the dilated mass,
until their temperature has again risen to the boiling point
corresponding to the increased pressure.

[f from theory we turn to observation, we shall find that it
has been a frequent subject of remark, that the development
of volcanic energy is often in a remarkable degree connected
with the condition of the atmosphere.

The inhabitants of Stromboli positively make use of the
volcano as a weather-glass. They are mostly fishermen; and
while engaged in their occupations at a short distance from
the island, have its orifice constantly in view; and I was
assured, by all whom I questioned on the subject, that its
phenomena decidedly participate in the atmospheric changes,
increasing in turbulence as the weather thickens, and re-
turning to a state of comparative tranquillity with the
serenity of the sky.

During the tempestuous weather of the winter season, the
eruptions of the volcano no longer preserve the uniform
march which characterises them the greater part of the year.
The explosions are then often so terrible that the island
seems to shake from its foundations; and these paroxysms,
which sometimes last for days, are succeeded by intervals
of complete quiescence, of a few hours duration, which are
in turn followed by other eruptions of similar energy. On
such occasions the steep flank of the cone, which forms the
inclined plane beneath the crater, has heen occasionally ob-
served to be rent in two by a vertical fissure, which emits
a torrent of lava into the sea, The chasm is afterwards sealed
again by the consolidation of the lava, and is covered and
concealed by the loose fragments ejected from above. After
eruptions of this energy a quantity of fish have often been

‘thrown up by the sea on the beach of the island, apparvently

killed by the sudden heating of the water, since their flesh is

 found to be loosened from the bones just as it boiled.

The connection thus observed between the intensity of the
volcanic energy in habitually active vents, and the condition
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of the atmosphere, has been frequently remarked in other

instances. *

& 42. Butthis connection is not peculiar to the development
of the force of subterranean expansion by an open volcanic
vent, for the changes of atmospheric pressure appear often to
influence in a similar mamner those more occult modifications
of the same force which are exhibited in earthquakes. These
have been frequently found to take place in stormy weather,
during hurricanes, and particularly in the winter months.

It it appear probable and obvious that a diminution of
atmospheric pressure on the narrow mouth of an active
volcano, will have a sensible effect in augmenting the
ebullition of the confined lava, it is surely not incredible that
a similar change acting contemporaneously upon a vast ex-
tent of the globe’s surface, by diminishing the sum of the
resistances that counteract the powerful expansive force of a
bed of lava confined at an immense depth below this surface,
must determine the partial development of that force, by
which these shocks are, as I conceive, produced.

In fact, the subterranean force of expansion, ever active,
and continually pressing upwards with a gradually increasing
energy, must be frequently restrained by only the slightest
degree of superiority in the forces of repression, so that the
least imaginable diminution in the elements of the latter
force may occasionally suffice to give the predominance to its
antagonist.

It is obvious how the powerful ascending draught of air
which constitutes a hurricane, and which acts o strongly in
depressing the barometer, will have an equal effect in setting
loose the imprisoned winds of the earth.

The remarkable coincidence which has been so frequently
observed between disturbances of the atmosphere and sub-
terranean commotion of every kind, is thus accounted for
by the prim:i]l)les of volcanic action laid down in this essay,
with a simplicity and facility which, it is presumed, are
. strongly conclusive as to their correctness, and the justness
of the hypothesis upon which they are founded.

It may as well be noticed in this place, that, while the
changes in the condition of the atmosphere have in this
manner a very sensible and powerful effect in modifying the

* The Peak of Ternate, in the Moluecas, is said to break out with
greatest violence during the Equinoxes,

]
]
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volcanic phenomena; these, in turn, re-act upon the atmos-
phere, producing meteoric phenomena of great importance.

They consist in

. Hurricanes, or ascending currents of air, caused by the
rapid rise of so large a column of heated vapour.

II. Rain in torrents from the clouds of aqueous vapours
that mount up from the vent. |

III. Electrical phenomena—probably in great part occa-
sioned by tll;’e violent friction of the ejected fragments
against one another, as they are driven foreibly up-
wards with intense velocity.

§. 43. It appears, therefore, that the chief circumstances
by which the quiescent intervals of habitually active voleanic
vents are produced, consist in the weight and cohesive force
of the rocks, both fragmentary and solid, which accumulate
above and around the orifice of eruption, and that but for
this tendency of every eruption to impede its own continu-
‘ance by the production of these matters, every volcano on
the surface of the globe would exist in permanent and nearly
regular eruption; no earthquakes would take place: but
the escape of caloric from the interior of the globe into
outward  space in combination with aqueous vapour, and
through-the vents of this natnre, which are scattered in great
numbers over its surface, would be comparatively constant,
tranquil, and invariable. :

§. 44. But in conformity with the important law mentioned
in a former chapter, the outward development of the sub-
terranean force of expansion is, in almost every instance,
temporarily stopped by obstacles which it creates to itself.
From hence must necessarily result a great irregularity in
the conduct of the caloric of the interior of the globe.
Wherever its escape is checked it must accumulate. This

accumulation tends to dilate the rocks in which it resides,
and by producing fractures in the overlying stratified erust,
to afford a fresh avenue of escape for the caloric, under some
form or other.

In this manner the draught of caloric is forced often to
shift its direction, and is diverted from one vent to another.
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The circumstances by which these alterations are produced,
come now under our consideration.

§.45. The liquefied mass (or focus) left by any eruption, eon-
tinually abstracting caloric from the solid lava which encloses
it, proportionately retards the augmentation of the expansive
force of its inferior strata, which only increase in temperature
as long as they are unable to part with their excess of caloric,
in the ratio in which they receive it {rom below,

Fig 9.
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Thus, let a b e d be supposed the section of the liquefied
lava mass, or focus, left by the eruption which produced the |
cone e, in the subterranean mass of heated lava, A B C D.

a b c d has been reduced by ebullition to a lower temperature |

than the enclosing mass, and therefore abstracts calorie from
it in the directions indicated by the arrows.—Consequentl

the inferior strata of this mass, viz. C D, part with their
caloric more quickly than before the eruption. [If the vent
remain permanently open, the draught of caloric thus created
is regular, uniform and constant. If the vent is shut by the
predominance of the repressive force, the draught of caloric
towards the focus @ b ¢ d takes place in a continually retarded
ratio. In the former case, the caloric may make its escape
outwardly in the same ratio in which it is communicated from
below to the inferior strata of the lava mass, in which conse-
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quently there will be no increase of expansive force; or it
may escape in a lower ratio, and the expansive force of C D
will be continually on the increase, notwithstanding the con-
stant expulsion of a certain proportion of caloric through the
permanently active vent,

In the latter case, that is, when the vent e is closed, the
draught of caloric towards a b ¢ d taking place in a gradually
retarded ratio, itcannot prevent the constant increase of tem-
perature, and consequently of expansive force in C D, the
result of which, under both these last circumstances, must be
its successive dilatations, and the progressive elevation both
of the overlying solid mass A B, and of the superficial strata
E F, producing fractions and dislocations in them, throngh
one or more of which a fresh eruption may, or may not, take
place. This will either be on the same point (¢), or on the
continuation of the fissure upon which the vent e was formed;
or, at any rate, the new fissures will most probably be paral-
lel to the old, in consequence of the overlying strata splitting
most readily in the same direction.

If we suppose such a vent of escape to produce another
eruption from a fresh point /; the same results will be pro-
duced as at e; but it 1s obvious that the draught of caloric
created by this new focus g % i, not only lessens the increase
of temperature of the underlying strata C D, but also dimi-
nishes the quantity of caloric laterally transmitted to the older
focus a b ¢ d.

Hence we deduce the proposition, that the creation of a
fresh vent, in the vicinity of a pre-existing one, diminishes
the ratio of this increase of its expansive force ; and generally
that of two or more neighbouring vents—each retards the
augmentation of the expansive forces of the others, in direct
proportion to its activity, that is, to the quantity of caloric
which passes off by it in given times, whether by permanent
or intermittent eruptions.

It is obvious that by the draught of caloric thus created in
two directions, the intermediate space d g ¢ k is proportion-
ately cooled down, and by the activity of these neighbouring
vents, this refrigeration of the intermediate space may con-
tinue so long as to diminish effectively its expansive force,
and obviate all elevation or rupture in the overlying rocks.

If we conceive a third eruptive vent g to be produced by
the subsequent efforts of the expansive force of C D, it is
clear that the former focus ¢ b ¢ d, being interposed between
two active foci, each requiring a continual lateral dranght of
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caloric, will lose proportionately in its supply, and eonse- -
quently the increase of its expansive force be proportionately
lessened. The loss thus sustained may ultimately entirely
check the increase of the expansive force of the focus e b e d
so as to give the preponderance to the forces of repression on
that point, and cause the complete extinction of the vent e.
Should, however, either of the neighbouring vents f or g
be afterwards itself permanently closed by the predominanece
of the repressive force, the draught of caloric may be again
borne towards the focus a b ¢ d in sufficient quantity to pro-
duce a renewal of its activity.
Thus it is that volcanic vents are either temporarily or com-
letely extinguished, the draught of caloric having been
Fﬂd to take another direction. -
Besides the habitual eruptions of such vents, other avenues
for the escape of caloric may be afforded in the more placid
emanations of heated vapour by percolation, thermal springs,
or even in the gradual transmission of caloric to the outer at-
mosphere or ocean, through the superficial rocks. -

§. 46. By these varying modes the caloric communicated
from below to the subjacent mass C D, passes outwardly. So
long as this transmission takes place in the same ratio as it
is received, the expansive force of C D, (* general or primary
subterranean expansive force’) remains invariable.

When, (as must generally be the case, in consequence of the
law we have already determined,) these prove ineflicient for
the purpose, the subjacent mass C D must increase in tempe-
rature and expansive force in proportion as the ratio of the
accession of calorie exceeds that uip its deperdition,

This continual increase must produce repeated rupture and
heavings of the overlying mass, by which the upper parts of
the solid lava mass together with the foci or liquefied parts
they contain, as well as the hills or accumulations of erupted
matter produced by their several vents, and the superficial
strata of the globe through which these several vents were
formed, will be progressively more or less elevated.

It thus becomes necessary to distinguish between these ex=
pansions of the inferior strata of the general mass of heated
subterranean rock, brought on by its continual inerease of
temperature, from receiving more caloric than it ean part
with through the overlying rocks, or by means of volcanic
vents, and the local expansions of minor and less deeply
seated foci. Both eoccasion the same external phenomenaj;
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viz. earthquakes,* the elevation of overlying rocks, the for-
mation of veins, injected and contemporaneous, as well as
external eruptions of dilated matter on the surface of the
earth, these effects diﬂ'ering only in the energy of their deve-
lopment, which is l]]m}i:-:rriuurma: to the tension, and conse-
11;1&11!]3' to the depth of the expansive force which produces

them. The first may be distinguished as the general, or pri-
mary subterranean expansive force. The second as local, or
secondary forces.

These secondary expansions, when in sufficiently constant
activity, may check and prevent the development of the infe-
rior primary force, by cnuveyini away the caloric as fast as it
emanates from the interior of the globe ; and in general, the
activity of the primary force of general expansion will be in-
versely proportionate to that of the secondary, in the same
part of the globe. . :

This is a conclusion, to which we shall have occasion to
revert hereafter.

§. 47. The laws which have been thus far investigated, and
which appear necessaril{ to determine the apparently irre-
gular and unequal developments of veleanic energy, (under

- our hypothesis), hold e%uall:,r good, whatever be the scale of
magnitude upon which these phenomena are developed.

he slight and scarcely perceptible tremors which precede
. any insignificant eruption of an habitually active volcano, are
- produced by the same effort of subterranean expansion, which,
~acting on a larger scale, from a focus at a greater depth, and
 in opposition to inﬁnitehy‘ more Enwerful forces of resistance,
occasions those tremendous vibrations of the crust of the
earth which extend across a quarter of the globe, spreading
ruin and desolation upon their track ; and to whose successive
. developments, the elevation of continents above the level of
the ocean, and that of most mountainchains above the average
level of the continents, must perhaps be attributed.

* ¢ Werner distinguished two classes of Earthquakes ;

1. Those which are locally connected with some active voleano, are
felt only within a radius of some miles from it, and usually cor-
respond in time with the paroxysms of the mountain.

2, Those which seem to have their focus at a far greater depth, of
which the effeets are on a much larger scale, and which are pro-

| pagated with vast celerity to an immense distance, often of some

; thousand miles,”’—

Daubuisson Essal de Geognosie, tom, 1,

E
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The same class of circumstances which, in an habitually

active volcano, repress the volcanic energy of the subterranean

local focus, and put a stop to its outward eruption for a few
hours, will, when carried to excess, creale a quiescent inter-
val of many centuries. In the same manner as a narrow fis-
sure may be obstructed by the congelation of the vein of lava
it contains, or by the accumulation of loose fragments above
it, and the local expansive force of the lava below checked
for a time, and forced at length to break out by another issue 3
the accumulation of similar obstructions, of greater magni-
tude, and during a longer period of eruption, may, and with
nu,ti]uubt does in reality, check the general expansive force
of the subterranean caloric for intervals of immense duration,
and forces it at length to find an issue insome other direetion,
at a superficial distance perhaps of hundreds of miles, the
former vent remaining to all appearance for ever extinet.

But in order to expose with greater clearness this universal |

identity in the laws of volcanic action, we will, in the next
chapter examine more at large the disposition of the solid

and fragmentary substances produced by any volcano, (vent

of subterranean caloric,) and we shall then be enabled to

see the manner in which their accumulation tends sooner or
later to obstruct this issue entirely; and, therefore, since the:
expansive force cannot be for ever repressed, force it to take

another direction.

e D e S S S S
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r CHAP. 111
e Disposition of Volcanic Products,
i
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& 1. It has been mentioned that many volcanos appear to
ave broken out from beneath rocks ofall characters, primitive,
ransition, secondary, and fertiary. We are therefore at
iberty tosu l?m the existence of the volcanic force in full ac-

ii'vity beneath any or all these different formations, stratified

or not. Let us imagine, that after perhaps many repeated
artial dilatations, by which the rocks above are more or less
isplaced, heaved upwards, and fractured, some fissure is, at
ength, prolonged entirely through to the outer surface, af-
ording one or more apertures for the escape of the matters
klrﬂ’ined belosw, and a volcanic eruption takes place.

t must be remembered that we are at present confining our
attention to the case in which the point of eruption is sub-
aerial ; no accumulation of water existing above it.

- The case of sub-aqueous eruptions will be considered se-
parately. .

§. 2. The eruption commences externally with violent explo-
ginns of aeriform fluids, that force their way through the aper-
ure, driving upwards in a vertical direction fragments torn
from its sides, in greater or less quantity, according to the in-
coherence or solidity of the rock of which these are composed.
These gaseous explosions will appear to increase continually
In violence for a certain time, during which the surface of the
subjacent lava rises up the fissure; as it approaches the
mouth of this vent, the volumes of aeriform fluids bursting
from it project upwards considerable masses of liquid lava at
a white heat, which are broken intoshowers by the resistance
f the air, and being rapidly congealed as they ascend, both
g_]r contact with so much colder a medium, and by the imme-
late expansion and escape of the vapour to which they owed
their liquidity, fall in the form of solid fragments (scorie) of
E 2
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various sizes and fantastic forms. These, together with
blocks detached from the sides of the vent, accumulate round
the edge of the orifice, forming a circular or elliptical ridge ;
which increases, by the continued projection and fall of fresh
matter, into a hillock, usually of considerable magnitude,
whose dimensions however will of course be proportioned to
the guantity of loose materials ejected, and this will vary
directly with the duration of the eruption, and inversely with
the fluidity of the lava. (See p. 27.)

The form of this hillock it 1s obvious will approximate to
that of the solid generated by the revolution of an obtuse
scalene triangle round a perpendicular axis erected on some
point of its base. The inner and outer slopes of this hill will
subtend nearly the same angle to the horizon, and this angle
will depend principally on the size of the fragments thrown
out, and their disposition to cohere, either from the heat they
have retained, or their cementation by mineral substances
deposited from vapours which may traverse them, rising from
be!}ow. The hill thus formed around an orifice of eruption
is properly called a Volcanic cone, from its having usually
more or less the figure of a truncated cone. The cavity it cir-
cumscribes, and whose form will approach to that of an in- |
verted cone, or funnel, is the eraler. Its diameter will depend |
principally on the size of the vent, which will be proportion- |
ate to the violence of the eru[?tiuns ; that is, to the explosive
energy which is developed in fixed times.

Tﬁe depth of the crater, when perfect, will be determined
by the ratio of the diameter to the quantity ufegected matter 3
but many causes, as we shall see hereafter, tend to fill up the .
crater, besides the obvious one consisting in the constant
dilapidation of the loose substances composing its sides, and
it will therefore seldom retain this regularity of form.

The circular line or edge in which the inner and outer slopes
of the cone meet, may be with propriety called the ridge, or |
circumference of the crater. |

§. 3. The form of a volcanic cone which, under the most
favorable circumstances, approaches, as we have seen, toa |
truncated cone containing a funnel-shaped concavity, will be
almost always variously modified by one or more of the fol-
lowing disturbing causes :

1. The vent of eruption produced by the sudden disruption
of the solid rocks overlying the volcanic focus will, in
almost every case, have more or less the form of a fis-
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- 'sure, that is, have one of its horizontal dimensions

s much greater than the other ; and though the volumes
of elastic fluids evolved from below, tend to assume a
ol spherical form in their escape, yet they must be forced

to conform in a degree to the shape of the aperture
through which they struggle upwards; while, in their
turn, by widening the vent, they tend to reduce its
figure to the cylindrical. The necessary result of this
mutual interference is, that the cone of scorie thrown
up around the volcanic opening will be somewhat ellip-
tical ; its longest axis coinciding with the direction of
the longest dimension of the vent. When the length
of the fissure is considerable in comparison to its width,
the gaseous explosions will escape upon more than one
point; and tend to produce as many cones : which will
really be the result when these points, or vents, are so
far removed from each other that their spheres of pro-
jection do not interfere,

When they are on the contrary so near that their spheres of
‘prr.ijractiuu cut one another, the hillocks produced will be more
or less irregular, in proportion to the degree in which the
ejections of each vent are mingled. The extreme proximity
of many vents tends to produce a long ridgy hill, in whichall
resemblance to a regular cone is lost.®

* A fine field exists for the study of the varieties of fizure assumed hy
the hillocks of scoria thrown up by single eruptions, alif of the circum-
stances Lo which they owe their numerous modifications, in the ci-devant
French provinces of Auvergne, the Velay, and the Vivarais. The chaine
des Puys, near Clermont, (Dept. Puy de Dome,) offers above 60 volcanic
cones strung together on nearly the same line, and reaching about 12 miles
in length ; and in, in the continuation of the same chain through the
provinces of the Velay and Vivarais, upwards of 200 similar cones are
‘closely scattered upon a narrow band scarcely 20 miles in leagth, From
amongst this great number, many examples may be observed of compound
‘cones, evidently thrown up from two, three, four or many more points of
‘explosion on the same fissure. That these eruptions were simultzneous, is
in many instances atlested by the circumstance that the matter projected
from each of any two proximate vents had an equal effect in disturbing the
wregular disposition of these thrown up by the other. When, on the con-
trary. eruptions from proximatejvents have been consecutive, the cone pro-
‘duced by the last eruption will appear to have been superadded to that
‘thrown up by the first, and will itself remain entire and undisturbed.

- And examples of this occurrence are equally frequent.

. Inthe Chaine des Puys, the Puy de Montchar, the groupe of the Puy da
la Rodde, and that of the Puys Noir, de la Vache, and de las Solas, may
be instanced as compound hills, each thrown up, contemporancously, by
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9. A second disturbing cause exists in the accidental un«
evenness of the ground surrounding the vent, upon|
which the ejected fragments fall and accumulate..
Whatever slope or irregularity of surface occurs within |
this space, the form of the cone raised upon it must of’
course be proportionately modified by that of the suba.
stratum. -

3. Violent winds prevailing in any onedirection during the:
eruption will cause the ejected fragments to fall most:
mentifull to leeward of the vent. According to M.

oreau de Jonnés the fragmentary matters thrown up.
by the volcanos of the leeward isles have accumulated

]

1

three different, but neighbouring vents.* The row of heights extending;
northwards from the base of the Puy de Louchadiere affords an example of{
a ridgy string of cones produced from vents so close as to confound their:
ejections, but still sufficiently removed for each cone to relain a certain de- -
degree of regularity towards its centre, by which its individuality can be:
recognised. The Puy de Laschamp is a lonz narrow-backed ridge (such
as the Italians appropriately call schiéna d’ asino) evidently thrown up by
the simultaneous action of numerous vents on the same fissure so elose Lo
each other that their products are completely confounded. Traces remain |
on this hill of twe eraters only, which were consequently the latest in erup--
tion.

it is remarkable that the long axis of this ridge and of the other groups;
mentioned above, as well as those of the neighbouring isolated cones, most
of which are more or less elliptical, have universally the same direction with |
the general chain of which they form a part; and which, as we shall sce
hercafter, probably attest the direction of the original or primary fissure, |
in which the overlying rocks first yielded to the general and deepest foree -
of expaunsion. Parallel examples might be quoted in great numbers from |
the chain of the Veluy, but that, besides being unnecessary, few of the hills ;
of this district are dislinguished by name; ang they both I::a less in the way
of examination than those of Auvergne, and are also less recent and fresh,
appearing to have lost more of their original form by subsequent denudation, .
‘11’]11;-, sides of Vesuvius afford an instance of the production of five small
cones on the same fissure immediately above Torre del Greco.  They were |
created successively by the eruption which destroyed a part of that town in |
1794. In factall the parasitical cones thrown up by lateral eruptions on
the flank of a volcanic mountain are of this simple character, and usually of *
an elliptical form.

In the Prussian provinee of the Eiffel on the left hank of the Rhine are -
a considerable num};mr of cones presenting very similar features to those of °
Auvergne, and open to the same remark.

In the island of Lancerote many such were thrown up by the terrific
eruption of 1730, described by Von Buch, upon a straight line crossing the
whole island. This chain of cones is represented as exactly analagous to
that of Auvergne. At Jorullo, in Mexico, six cones were pmduceﬁ upoin
a line of this character by an eruption in 1759, (See Appendix.) '

* See Plate 1. (opposite the Title-page.)
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in much greater quantities to the westward of the vents
than on the opposite side, evidently from the influence
of the trade, or constant east winds that predominate in
those seas ; and this observation, which, if correct in
this case, may be extended to the disposition of the

mentary products of all the inter-tropical volcanos
of every age, will perhaps be found to have exerted no

- slight influence on the geology of these regions.

4. The line of projection may by some solid impediment be
forced to swerve from the vertical, and a similar result
would be produced to that of the last-mentioned
cause.*

It is owing to the almost universal occurrence of some of

the three last disturbing causes, that in volcanic cones of great

* The Puy de Chopine, near Clermont, remarkably exemplifies this cir-
cumstance—An enormous mass consisting of pre-existing rocks (mostly
granite) appears here to have been heaved upwards by the first efforts of the
eruptive foree, and lodged in such a manner on its edge as completely to
overhang the spot where the vent seems to have existed. Counsequently, the
Ieﬁctﬁd ragments have falien and accumulated only on the opposiie side of

orifice of eruption, so as to form a semicircular ridge called the Puy

de la Goutle.

* - : Fig. 10,

Scoriz  Basalt Granite Trachyte

This ridge half encloses the extraordinary rock by which the dispersion
of scoriz in other directions was impeded, aud which goes by the name of
the Puy Chopine. The visible alteration of the granite close to the
vent was obviously produced by its long exposure to the heated and acid
vapours emanating from thence. The great vertical bed of trachyte
which backs the rock on the opposite 5i§n, apparently rested upon the
granile previous fo the eruplion: and the probability of this idea is
strengthened b the fact, that rocks of trachyte are visible in situ on many
points of the plain around the Puy Chopine, and atiest the existence of a
widely-spreading bed beneath the scorig that cover ils surface.
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regularity in other respects, the ridge seldom or never pre-
serves a uniform height thoughout its whole circuit, but ge-
nerally rises on one or more points above the remaining part.
Hence those bosses which frequently show themselves on one
or on opposite sides of the cone, and which from the gradual
depression of the intermediate parts of the ridge communicate
to the profile of the hill that saddle-shaped outline which has
been often remarked as characteristic of volecanic mountains.

- 5. The last and principal cause which tends to disturb the
regular accumulation of fragmentary substances around
a volcanic vent, consists in the emission of liquid lava
en masse from the same orifice. It has been already
observed that the intumescence produced in the lava
immediately below the vent, by the sudden reduction
of the pressure it previously endured, must elevate it
to the Eps of the fissure, if the predominance of the
expansive continues a sufficient time ; and may often
impel it, in greater or less quantity, on the outer sur-
face of the earth, according to its fluidity, and the con-
tinuation of the intumescence,

But in all cases, the discharge of lava en masse from the
orifice of eruption must be preceded, for a certain time, by
that of scori and other fragmentary matter projected up-.
wards by the rapid rise and expansion of the escaping steam.

Hence, before the column of lava ean be elevateg to the
opening of the vent, this orifice must have been already sur-
rounded by the accumulation of these fragmentary matters
into a wolcanic cone of a certain size. The liquid lava, there-
fore, on rising from the orifice, will oceupy the cavity of the
crater, surrounded by this bank of ejected fragments, and its
level must be still further elevated more or less within this
encireling barrier before it can escape laterally.

But since this barrier consists sole Iy of incoherent materials,
one of its edges will frequently yield to the lateral pressure
of the body of lava occupying the crater, which instantly
rushes out in torrents through the breach. Sometimes the
whole side of the cone is,in this manner, broken down to the
level of its foundation by the escaping lava, and the remain-
ing segment loses proportionately in the regularity of its
fizure. In other instances the breach has not proceeded so
far in depth: and only a part of the upper circumference has
been carried away, producing a sort of notch in the ridge of
the cone.  Not unfrequently the walls of the crater appear te
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have been so solid, owing to the acuteness of the angle of
their rise, or other causes, as to resist completely the pres-
sure of the interior mass of lava : which could then only es-
cape by rising to the level of the lowest part of the ridge, and
pouring thence over the lip of the crater; like any liquid
overflowing the sides of its containing vessel.* The peculiar
conduct of the lava in the first of these cases, it is obvious,
chiefly influences the figure of the volcanic cone, breaking
down and carrying away one of its sides. In the other cases,
it modifies the composition and structure, as well as form, of
the hillock ; for the lava, escaping from the crater either by
a shallow breach, or over the lowest lip of its circumference,
flows down the outer slope of the hill; and a considerable
part of it, congealing and consolidating in this descent, re-
mains fixed there as a solid and rocky prop or rib to the frag-
mentary cone ; by which its general suliditiv and resistance to
subsequent causes of destruction is materially angmented.

The residuum of lava left within the cavity of the cone,
and which congeals superficially, so soon as the diminished
energy of the expansive process checks the further protru-
Rif?d of any fresh lava over the lip of the crater, has the same
eliect.

But it has been seen above that the expulsion of lava from
a volcanic orifice attests the crisis of the eruption, occurring

-quriug its period of greatest energy, and that this emission

ends rapidly to weaken the forces of eruption, and bring on

the decline and finally the termination of their outward acti-
vity. It has been also observed that after the lava has ceased
to be propelled, the ejections of scoria, and other fragmentary
matters, must usually still continue for a certain time, with
a progressive diminution of violence, previous to the final
cessation of the eruption.

It might, therefore, be expected whenever the expulsion of
lava in currents had broken down or otherwise dezraded a
volcanic cone, that these subsequent ejections would repair
it, and somewhat restore the regularity of its figure. This

* Tnstances of these different modes of procedure are numerous, parti-
cularly among the cones of Auvergne and the Velay. The Puys de la
Vache, las Solas, Vichatel, Mongzy, and Chaumont, are remarkable exam-

les of the first case.—1L.c Puy Noir, and Louchadiére, near Clermont, of
rtaret near Murel, of la coupe d'Ayzae in the Vivarais, &c., of the se-
cond.—Graveneire and Nugére amongst the Chaine des Puys, and many of
the volcanic cones of the Prussian frontier of the Eiffel, of the third: (See
Plate 1. Frontispicce, fig. 1.)
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may be thought indeed tohave been very frequently the case,
from the numerous instances remaining of tolerably lax
cones, from the foot of which lava currents appear mm
issued, In these cases it 1s evident that the cones were thrown
up after the emission of the lava, and consequently conceal its
source.* .

Occasionally it is easy to distinguish the products of these
subsequent ejections from those of the earlier explosions that
preceded the emission of lava,t

Frequently, however, the cone remains in its breached and

* 1 may quole as examples of this common occurrence the Puys du
Petit Dome, De Come, Pourcharet, jMontchal, Montjughat, Lamoreno,
and Chaumont, near Clermont.—A great proportion of the volcanie hills
of the Velai are of this character, as well as many of the parasitical cones
occurring on the flanks of Etna, the Peak of Teneriffe, Palma, Lance-
rote, antlg probably of most largé voleanic mnountains.

t+ Thus for example the Puy de Pariou (Auvergne) presents the remains
of the cone thown up by the first explosions of this eruption in a semicir-
cular ridge, breached on one side by a current of lava, which is seen to
have issued from it, and flowed to a great distance over the neighbourin
plain. Upon this imperfect cone a second of excessive regularity was raise
by the subsequent ejections. This last still remains wholly undisturbed by
any posterior emission of lava, and contains an elliplical crater of cousi-
derable depth and freat_ beauty.

See the plan and section of the Puy Pariou, figs. 11 and 12.

i ...ﬂ:
Fig. 11. y
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imperfect state, proving the fragmentary ejections subsequent
to the expulsion of the lava to have been inconsiderable.*
‘This apparent anomaly may probably be occasioned
by the weight and rapid congelation of the lava produced in
the interior of the crater wholly repressing the disengagement
of the elastic fluids, and putting a stop to the eruption soon
after its energy began to diminish. But in many instances
there is reason to suspect that the latest gaseous explosions
found a vent from some other proximate point of the original
fissure ; that by which the lava issued being choked up, by its
abundance, the consolidation of its surface, and the weight of
fra%ments previously ejected. In this case a subsidiary cone
will have been produced in the vicinity of the former one,
and will be distinguishable from the latter by its undisturbed
form, and the absence of a lava current. "These latter cases
are obviously most likely to occur where the lava has filled
the crater without breaking down any part of its circumfer-
ence, since the repressive force, occasioned by the weight of
the mass obstructing the vent, is then at its maximum. If,
notwithstanding this, any explosions of vapour take place
after the lava has ceased flowing, the residuum which occu-
pied the crater will be blown into the air, its fragments scat-
tered on the outside of the cone, and a cavity worked out
through the axis of the cone, the sides of which will be pro-
bably steeper than those of an ordinary crater; and in lien
~ of the shelving talus of loose scori@ will present a circular
wall of dislocated lava rocks.t

§. 4. Having thus far examined the varieties of form inci-
dent to a simple volcanic cone, or, ¢ Hill produced by the
ejection of fragmentary matter by a single eruption,”’—it re-
mains to observe upon its character of composition and internal
structare. It will evidently have the aspect of a conglome-
rate consisting of the loose substances thrown out.

These are of various kinds, and may be classed in the fol-
lowing manner, viz.

* E. g. Puys de las Solas Vache, Noir, Louchardiere, &c. (See
Plate L. fig. 1.)

t This appearance is frequent among the voleanie cones whieh stud the
elevated mountain range that separate the Valley of the Allier from that of
the Loire, towards the source of both rivers, in the Department dela Haute
Lioire.

It is ehservable also in some of the cones of the Eiflel.
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1. Scoria, or portions of lava torn from the surface of the
internal column by the exploding vapour, in a still
liquid state, and consolidated rapidly by the sudden
diminution of pressure they sustain on being launched
into so rare a medium as the air; owing to which they
are instantly and violently inflated by the expansion
of the elastic fluids they contain, and rendered more
or less vesicular. The greater part of their caloric is
absorbed by the vapours thus expanded, and the re-
mainder is rapidly parted with by radiation to the
cooler atmosphere, through which these masses are
driven; and thus, though they are seen to be pro-
Jected in an incandescent and semifluid state, they

uickly lose their brightness as they ascend, and fall to
the earth in the shape of spongiform and tattered frag-
ments, which are often vulgarly called volcanic cinders,
from their resemblance to the scoriz of our furnaces.

When the lava is possessed of any considerable degree of
liquidity, in which case it always becomes proportionately
ductile and glutinous, these fragments frequently assume a
diversity of irregular forms, more or less fantastic, and occa-
sionally psendomorphous. Among the latter may be men-
tioned those of twisted cables, branches of trees, stalactites,
and in particular pear-shaped or almond-shaped nodules.
These last owe their figure to the violence of their projec-
tion in a liquid state ; the resistance of the air, and their sud-
den and superficial condensation, impeding the expansion
and escape of their confined vapour, and moulding them into
a somewhat globular form, by the same effect which produces
patent shot in our manufactories.

These rounded drops, or bombs, (Bombes, larmes volca-
nigues) often contain in their nucleus a fragment of some pre-
existent rock enveloped by a coating of lava; the fragment,
having apparently fallen into the bath of liquid matter from
the sides of the fissure of eruption, was projected into the
air by the next explosion. The ordinary scoriz thrown up
by a voleanic vent usually bear an exact resemblance to
those which form on the surface of the current of lava
produced by the same eruption, at any distance from its
source. But the most striking of these imitative forms, par-
ticularly the pear or bomb-shaped, can only be assumed by
masses of lava projected liquid to a considerable height in
theair; consuquentfy the cccurrence of a number of these upon
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any point proves it to have been the site of a volcanic vent ;
and this indication, of unquestionable evidence, may afford a
very serviceable assistance towards recognising the situation
of extinet voleanic vents, where their products have suffered
much degradation from time or outward injury. ;

These nodular bombs being generally more solid than the
lighter cellular scoriz, resist the wasting influence of the wea-
ther and other agents of destruction, much longer and more
effectually ; and hence, it is not unfrequently the case, that, in
districts of ancient volcanization, the site of an active vent,
and consequently the source of a current of lava, may be re-
cognized with absolute certainty when scarcely any thing
remains of its original cone.®

The structure and external shape of the ejected scoria is
influenced chiefly by the liquidity of the lava and its specific
gravity, as well as by its temperature, the force of projection,
and the density and temperature of the external medium into
which it is thrown up.

An excessive liquidity joined to a low specific gravity,
produces a viscous or glutinous consistence, and the scorim
are drawn out into long vitreous filaments; or are inflated
by the production of vesicles separated by thin glassy walls :
the bubbles of vapour remaining confined within the mass,
whose outer surface congeals with great rapidity into a thin

- but close erust that effectually imﬁedes their escape. (Pomice,

scoriee of glassy lavas, &c.)  The same degree of liquidity
joined to a high specific gravity, ﬁhres rise to a largely cellu-
ar or cavernous structure; thick, solid, and fine granular
walls se?}arating the cavities; the greater part of the expanded
vapour having effected its escape. (Basaltic scoria.)

An inferior degree of liquidity gives a massive, rough and
fractured aspect to the ejected scorie, which contain onl
small, irregular, and generally angular cells; while a stiﬁ'
lower liquidity altogether prevents the projection of scoria :
the intumescent lava issuing alone from the orifice of erup-
tion, and still inclosing all the vapour that has been developed
from the water which it contained in a solid state.

Since the circumstances of temperature and external pres-

* The diminutive tumulus at the source of the current of basalt at
Pradelles, on the right hand of the road from Clermont to Pontgibaut,
near la Barraque, is an instance in point ; and there are many similar ones
in Auvergne, where the numerous voleanic products of giﬂ't:rent ages
exhibit repcated cxamples of every possible gradation of the destroying
process.
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sure that accompany the consolidation of scori or any other
superficial mass of lava congealed by sudden exposure to the
air, can seldom vary to any very influential extent, the li-
quidity of the lava in this condition will depend entirely on
the comminution of its crystalline particles ; and it may be
therefore assumed as a general axiom, that the size and regu-
larity of the air-bubbles will vary directly with the fineness
of grain ; while, on the other hand, the escape of the bubbles
formed depending upon the specific gravity of the lava, the
uantity of such cells remaining will vary inversely with this
character. ;

From these ehservations it iz seen at onee, that the external
structure of scorie must differ according to their mineral com-
position, since their specific gravity varies with it. And in
reality we ohserve the scori@ of felspathic, or lLight lavas,
are highly vesicular or filamentous, (Pomice.)

Those of the heavy, or basaltic lavas, are proportionately

solid, compact, and dense, with fewer or at least smaller
pores, in direct prururtinn to their weight, - '
- The fine glassy threads produced by the explosive escape
of vapour from the felspathie lavas, when disintegrated to a
degree of comminution amounting, or nearly so, 10 a complete
fusion, sometimes, though rarvely, descend in this form, re-
sembling delicate spun glass.  (lsle of Bourbon.)

In general these viscous filaments are twisted and rolled
up together, in their ascent, into balls, or irregular masses
which imitate a tangled skein of coarse silk. (Silky filament-
ous pomice of Lipari, Mt. Dor, &ec.)* ’

On the other hand, in the heaviest or basaltic lavas, from
which the vapour rises and escapes in explosions, by reason
of its very inferior specific gravity, in opposition even to an

# The glassy coating of the air-bubbles of the coarser and heavier lavas
appears to be owing in part to the rapid disintegration of the particles that
form the sides of the vesicles by the friction of the moving bubble and its
expansion ; and perhaps, also, in great part, to such an arrangement of the
minute crystalline particles that they present their flat surfaces to the inte-
rior. 'This would necessarily be effected by the expansive force of the con-
fined vapour pressing upon them in the direction of the radii of the globule.
Where che grain is coarse, the elasticily of the vapour had not power to
alter the arrangement of the surrounding crystals, which consequently are
found to project their sharp, and often very perfect, angles into the cavity.
Where it was fine, it may be perceived by means of a lens, that the minule
cryslals have usually their facets arranged in a direction tangential to the
radii of the globule. It is pussible also that a certain degree of superficial
fusion may have been produced in the lining of these cells by the heat
trapsmitted 1o it from the proximate parts of the lava.
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extremely imperfect liquidity occasioned by great coarseness
of grain, and perhaps a lower temperature, the ejected scoria
consist of dense crystalline fragments, ragged and scoriform,
but containing few or no cells, which being triturated by
their mutual percussion as they ascend, give rise to show-
ers of isolated and often very perfect erystals of augite or
leucite. (Stromboli, Monti Rossi on Aitna, Monte Albano,
&e.)

The scorie, of all kinds, are also more or less broken,
comminuted, and even pulverized, by the mutual friction
they exert on one another in the air, and particularly by the
repeated projections to which many fragments are subjected,
falling directly back, or rolling down the slope of the crater
into the vent, to be again threwn out by the next explosion ;
consequently they are found in fragments of all sizes,

- When the average volume is small, the conglomerate is
ealled Lapillo, or Pozzolana, according as it consists of
felspathie, or augitic lava, When the trituration has pro-
ceeded still further, its result goes by the name of volcanic
sand, or ultimately ashes.

- II. The second class of fragmentary substances ejected
from a volcanic vent by an eruption, and which enter
into the composition of the cone produced, consist of

% fragments torn from the sides of the fissure of eruption
- by the expansive force of the aeriform explosions.

The rocks through which the fissure was broken, and con-
sequently their fragments, may be of any nature, primitive,
secondary, or tertiary; and even of a great variety of cha-
racters, belonging to different strata across which the vent
was foreced,

Thus the volcanic cones of the Auvergne and Velais, which
are based upon what are commonly calleg primitive rocks, inva-
riably contain numerous fragments of granite, gneiss, and mica
schist; as well as of limestone when the vent opened within
the limits of the freshwater limestone basin of the Limagne.

In the Eiffel, the fragments derive from the supporting

formation of Grey-wacke slate.
- Those ejected by Vesuvius are sometimes of granite or
gneiss, much more frequently of secondary limestone, and
occasionally of tertiary sandstone, or marls, replete with
shells—the occurrence of these latter fragments is the more
remarkable, because this formation, with the exception of
one small spot in the isle of Ischia, does not show itself out-
wardly any where nearer than the vicinity of Rome,



80 Their Alteration by Volcanic hea.

The continuance of the same formation heneath the volea- -
nic products of the Western coast of Italy is thus proved by
these accidental fragments.

Such fragments of pre-existent rocks almost always hear
signs of having suffered a certain degree of alteration, during
or previous to their eructation from the volcanic vent. Many,
as has been already mentioned, are found encrusted with
lava—others are partially fused on the exterior or throughout;
the elements of some appear even to have entered into new
combinations after their decomposition by the volcanic Leat.

Some volcanic conglomerates contain numerous fragments
of rocks differing entirely from any yet discovered in situ on
the surface of the earth, and containing many minerals never
observed elsewhere. (Somma, Monte Albano, Monti Cimini,)
lake of Laach, &c.*

The proportion of this second class of fragments to the
former (scori@) in a volcanic conglomerate, must depend
considerably on the solidity of the pre-existent strata through
which the eruption broke forth. When these are composed

# It is never doubted that these fragmenls were torn from pre-existing
strata through which the volcanic vent was forced; but it is not generally
agreed upon by geologists, whether, 1stly, these strata are of the ordinary
kinds, secondary and primitive limestones, gneiss, granite, &e. and that
their fragments have been altered by exposure, perhaps for a long pe-
riod, to the volcanic heat :ummllnicatodp by the neighbouring lava, and

I'hﬂjlﬁ to other modes of influence, by which their elements may have

een decomposed, to be re-aggregated again in different proportions, &e. ;
or, 2dly, that the strata broken ll?ruugh the eruptions are uniformly of
this anomalous character, and different from those that show the ves
any where in situ on the surface of the earth. The latter opinion presents
a striking improbability, while the former is unopposed by any argument,
and is rendered highly credible by other analogous observations—such is
the change in situ of secondary limestones to erystalline dolomite by con-
tact with volcanic lava rocks, already observed in the Tyrol, Scotland,
Ireland, Penza, and other points, and particularly by the appearances pre-
sented in a &l‘ﬂﬂ.t number of fragments of ancient lava currents which were
ejected by the greal eruption in October, 1822, These were evidently of
Augitic {H.BEI.!L, similar to those which compose the greater part of the
mountain ; but this rock seemed, in these fragments, to have suffered a
high degree of torrefaction, probably by long continued exposure in the
vicinity of the main vent to the volumes of intensely heated lava by which
it had been long filled. Parts of these rocks were fused into a basaltic
obsidian ; on some points the leucites alone were fused; in others they
were rendered carious or had entirely disappeared, their cavities being oc-
cupied or coated by numerous beautiful crystals of melanite, and by deli-
cate acicular crystals of an unknown mineral which had evidenily been
formed from some of the elements of the leucites subsequent to the conso-
lidation of the rock.
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of granite, limestone, or other compact rocks, the quantity of
their fragments broken from the sides of the fissure, and
- ejeeted, will be naturally less than in a district of schistose
and arenaceous rocks, which are of a looser texture and more
fragile. Many of the volcanic cones of the Eiffel, whose
- eruptions chiefly broke through a formation of grey-wacké
' slate, are almost wholly composed of fragments of this rock,
more or less calcined, never fused. Their proportion to those
 of scoriform lava is frequently as much as nine to one, while
'among the cones of the Auvergne based upon granite, the
fragments of this rock are very thinly scattered. Again,
{Irieces of mica-schist and gneiss occur more plentifully in the
elay, these rocks being more fragile than granite,

It is obvious that fragments of this class will very rarely
' occur amongst the ejections of the later eruptions of an

ancient habitual vent.

Thus, while they are found abundantly in the conglomerates
- of Somma, they seldom or never are thrown out by Vesuvius;
and even when this happens, they may be suspected to have

previously formed part of some of the conglomerate strata of
the old cone, broken up by the lateral extension of the avenue
of eruption.

The finest and lightest of these fragmentary ejections are
'bome upwards to a great height by the torrent of heated and .
' aqueous vapours that escape from the volcanic chimney, and
mingled with these in thick clouds, remain suspended in the
air for a considerable time, and are often carried to great
distances by atmospherie currents before they fall to the
earth in showers of ashes. The immense friction they sustain
is probably the cause of the great development of electricity

that often accompanies their projection.*

The heavier fragments describe paths of various curvature
in their ascent and fall according to their volume and weight,
and the force and direction of the impulse communicated to
them by the violence with which the E]I:lsliﬂ fluids escape {rom
their subterranean confinement,

. * The electrical phenomena that accompanied the eruption of Vesuvius
i October, 1822, were singularly beautiful. From every part of the im-
mense cloud of ashes which hung suspended over the mountain, flashes of
forked lightning darted continually. They proceeded in greatest number
from the edges of the cloud. They did not consist, as in the case of a
thunderstorm, of a single zig-zag sireak of light; but a great many corus-
cations of this kind appeare md’i’icnl; to darl n every direction from a cen-
tral point, forming a group of brilliant rays resembling the thunder-bolts

placed by the ancienl artists in the hands of the cloud-compelling Jove.
¥
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It is evident that the impulsive force acts most powerfully
in the vertical direction and from the centre of the vent—the
more the line of projection diverges from this, the less must
be its comparative energy. Again, the divergence of the
ejected matters must diminish proportionately to the depth
within the volcanic vent of the surface of lava from whence
the explosions burst, and on the contrary will be at its maxi-
mum when this surface is highest—that is, even with the lips
of the orifice. *.

The height to which fragments, even of considerable volume
and weight, are carried vertically by the maximum of the
projectile force is often surprising, and conveys a striking
impression of the powerful tension and consequent elasticity
of the escaping fluid.*

To account for this immense projectile force it need only
be remembered, that the confinement occasioned by the walls
of the vent, and the lateral pressure of the lava, must con-
centrate all the explosive force of the expanding fluids into
the direction of their escape, acting upon them exactly as the
barrel of a gun on the gasses generated by the combustion
of powder in its breech. The same cunsigeration explains
the powerful effect of the expanding vapour in breaking
uF and enlarging the fissure of eruption when the surface
of the lava is at some depth within it, just as the barrel of '
a gun bursts by the ignition of a large charge, if the length |
be out of all proportion to the bore. .

§. 5. The substance of the simple volcanic cone will there=
fore be a conglomerate, consisting of the fragmentary matters
of one or both of the two classes mentioned above. This
conglomerate will be either wholly amorphous, or composed
of more or less distinct beds, according as the falling sub-
stances varied at intervals in their general characters of size, |
colour, mineral nature, form, &ec.; in the same manner as |
a mass of alluvial soil is distinguishable into beds by vari-
ations of character in the drift matter sucecessively deposited.

These beds, or strata, will present a characteristic arrange-
ment resulting necessarily from their mode of deposition.

* Vesuvius has been seen to vomitscoria to a height of nearly 4000 feet.
Cotopaxi has projected a mass or rock of 1000 cubic feet to a distance of |
three leagues.—La Condamine, Voyages U Equateur. -

The same voleano sends up oecasionally showers of fragments to a height
of more than 6000 feet above its crater, which is itself ncarly 19,000
teet above the level of the sea. E |
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_In fact, if we consider the figure described by the ﬁd%’ﬁ
in its progressive elevation during the formation of the
hillock (and which abstracting all causes of irregularity will
approximate to the superficies of an inverted conical trun-
cation), we shall find the cone is divided by it into two
segments, the strata of which will, in the case of the inner

ent, dip inwardly, or towards the axis of the cone;—
in that of the exterior segment outwardly, at nearly the
same angle to the horizon (which angle will usually oscillate
about 25°), according to the size and coherence of the com-
ponent fragments.* '

The planes of the strata in either case will also be parallel,
or nearly so, to the external surface, or slope of the hill,
unless this has been subsequently degraded, and will have a
circular or elliptical direction, with a degree of curvature
dependent on the magnitude of the cone and their respective
distances from its axis—that is from the vent of eruption.

Fig. 13.

Such a peculiar mode of arrangement eminently distin-
guishes those stratified conglomerates that were deposited in
this manner as' part of a volcanic cone, from fragmentary
strata of any other origin, volcanic or not ; and this conside-
ration becomes of great service in the examination of extinct
volcanic regions, where the cones have been much degraded
by subsequent mechanical injury. Even where all regularity
of external figure is wholly lost, and perhaps only a fragment
of the {former hill remains, still the internal structure will
often be sufficient not only to disclose its original character,
but to point out the exact position of the vent from which it

* The promontory called Capo di Miseno, near Naples, presents a natu-
ral section, effected by the erosion of the sea-waves, of a simple voleanic
cone, one of those thrown up from the numerous vents of the Phlegraan
ficlds. 'The structure and stratification of this cone is precisely such as
would be expected from the reasons in the text.

r 2
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was thrown up, and con uemlg the source of the neighbour- -

ing currents of lava, and the direction of the subterranean
fissure ; facts of considerable geological importance in the
study of such districts.

It must however be remembered, that the disturbing causes
enumerated above, as modifying the outward figure of a vol-
canic cone, have an equal influence on its internal structure.
All the varieties of dip, direction, and comparative thickness,
that cannot fail to be produced in its conglomerate beds by
these several circumstances, will be made obvious by the sim-

le consideration that the disposition of the different strata
coincides with that of the superficies of the cone during the
successive instants of its gradual increase—the one must,
therefore, have always varied with the other.

When any quantity of lavae was protruded from the vent in
a liquid form, this circumstance will have influenced, not
merely the form and structure, but the composition also of the
cone, producing upon consolidation a hard lithoidal rock,
whose disposition either—Firstly, as an integrant part of the
cone ; or—Secondly, upon the pre-existing surface of the

soil, without the limits of this hillock, must be determined by

causes, the nature of which it will be our present object to
examine.




Mineral Characters of Volcanic Lavas.

-CHAP. 1V,

Conduct of Lava when protruded on the Surface of
the Earth.

§. I. Berore we enter on this investigation it may be as
well to premise a few general remarks on the mineral charac-
ters of the different rocks which are recognised to have been
produced as lavas from the interior of the earth, for the pur-
pose of facilitating the illustration of the laws relating to
their conduct which may be deduced from our theory.

The principal constituent minerals of these rocks are fel-
spar, augite, and titaniferous iron; and they are usually
classed by mineralogists into two great families, according to
the prevalence of the first, or the two latter of these minerals;
or of their equivalents,

Those volcanic rocks which are composed almost entirely
of felspar, with occasionally some crystals of quartz, and
more frequently of mica (augite and titaniferous iron being
either wholly absent, or not appearing in any greater pro-
portion than five or six per cent.), are denominated trachyte.

Common trachyte has generally a coarse granitoidal grain;
and a harshness of texture, owing to its porosity and the
irregular disposition of its component crystals. When the
crystals, or at least the largest of them, lie in parallel planes,
8o as to give a laminar or slaty structure, the rock is called
Phonolite, or Clinkstone.

When the grain is very fine and compact, but at the same
fime irregular and unequal, it is called Trachytic Porphyry :
when this fineness of grain is joined to a scaly structure—
Compact Felspar. When the crystalline particles have been
comminuted nearly or quite to the extremest degree, so as to
give either a resinous or glassy texture to the rock, it is des
nominated Pitchstone and Obsidian.
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On the contrary, where either augite or titaniferous iron,
or both, occur in so large a proportion as to give their general
characters of colour and weight to the rock, it is termed
basalt. In this rock olivine usually makes its appearance,
and the felspar is occasionally replaced by leucite, and the
common augite by hornblende (hemi-prismatic augite—
Jameson), in very rare instances by hauyne,

Those basalts in which the grain is extremely coarse, ap-
pearing to consist solely of visible erystals of augite, are
termed Dolerite. When hornblende is substituted in this
coarse mixture for augite, the rock is called Greenstone.

The finer grained compounds of either sort are named
Common Basalt. When the structure is slaty, from the paral-
lelism of the crystals either of felspar or augite, it takes the
name of Basaltic Clinkstone. When reduced by extreme
disintegration to a glass, it has been called Gallinace or
Basaltic Obsidian.* ;

Now the specific gravity of felspar is to that of augite, horn-
blende, and titaniferous iron, the other principal constituents
of these rocks, in the average proportion of four to five. Con-
sequently the specific gravity of a lava will vary directly with
the prol[lmrtiun in Wﬁiiﬂl it contains the heavier minerals
augite, hornblende, or titaniferous iron, which probably owe
their superior weight to the quantity of iron that enters into
their composition—and the two principal classes of lavas, the |
felspathic and ferruginous, producing severally on consoli-
dation trachyte or basalt, might with prepriety be distin-
guished as tIJ;e light and the heavier lavas,

The fluidity of a lava, or the facility with which it moves
in any or all directions in obedience to the impulse of its own
Fravi tating force, is compounded of its liquidity, or the mobi-

ity of its parts, and its specific gravity.

Cﬂnselquent]f, with an equal degree of liquidity, the fluidity
of any lava will vary with the proportion of the heavier or
ferruginous minerals in its composition, '

1
|

* 1 am of opinion that it would be found useful to institute a third and
intermediate  class of rocks, which should include those compounds in
which the proportions of felspar and the ferruginous minerals are so
nearly balanced that the general aspect of the rock is neither entirely fel-
spathic nor ferruginous, and that it appears to have an equal ri ﬁl to
belong to either class. These rocks might be called greystone; their pre-
vailing and 1 believe constant colour bemng some shade of grey. This elass
would nearly correspond to the tephrine of de la Metherie and Cuvier, and
would include many clinkstones. The lava of Volvic, and that used as
building stone at Mont Dor les Bains, may be given as examples of it.
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But the liquidity of a lava under the same circumstances
of ﬂressure and temperature varies as we have seen (p. 27)
with the average comminution of its crystalline molecules.
Hence lavas of the same mineral quality and therefore of
equal specific gravities, when produced under similar circum-
stances of temperature and pressure, will possess a degree of
fluidity inversely proportionate to the size of their grain.
And, vice versa, of lavas in which the grain averages the same
degree of fineness, the fluidity should appear to have been di-
rectly proportionate to their specific gravity,

These axioms must be attended to, because, if by observa-
tion we should find evidence of their correctness it will be
tantamount to a proof of the truth of the hypothesis from
which they are fleguced.

§. 2. It has been seen that in all cases of volcanic eruption
the intumescent lava rises to the mouth of the vent, or to such
a height within it as allows of its free communication with the
atmosphere ; and that it either remains at that level, the
aqueous vapour escaping in bursts from its surface, as fast as
it is generated below in the focus of expansion; or overflows
the edge of the vent, and is discharged on the surface of the
earth, in greater or less quantity according to its liquidity
and specific gravity, (i. e. its fluidity,) and the energy of the
eruption, i. e, the quantity of ebullition that takes place in
‘given times in the subterranean focus.

As it is elevated the lava becomes proportionately dilated,
entering still farther into ebullition as the pressure upon it
diminishes with the length of the column of liquid it has to
support, and which acts both by its weight and the reaction
of its elastic vehicle from the lateral resistances which oppose
its entire expansion.

When any portion of lava has reached the mouth of the
vent, and comes into contact with the outer fluid medium,
both these repressive forces are reduced to nullity, and the
sole remaining resistance to the full expansion of the steam it
contains consists of the pressure and density of the overlying
medium. Consequently the steam is rapidly dilated, and es-
capes in great quantity from the exposed surface. But by this
expansion the temperature of the surface is instantly lowered,
the vapour that remains proportionately condensed, and the
solid erystalline particles of the lava brought so closely toge-
ther that their forces of attraction prevail over the weakened
force of expansion, and they reunite into a solid mass. The
superficial crust that instantly hardens in this manner on the
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exposed surface of any lava will impede the expansion and
escape of more vapour from beneath it, in a degree propor-
tioned to the closeness of its texture. When this is at the
maximum, the first film that hardens on the surface will offer
an impenetrable barrier to the escape of the vapour from be-
low, and prevent, for some time at least, the progress of the
consolidation downwards. On the contrary when the lava is
porous the steam of the interior will be enabled to percolate
through the outer crust in obedience to its expansive force,
and the greater the porosity of the lava, that is the more
numerous and large interstices, the more easily and rapidly
will this escape be eflected. Consequently the depth to which
the process ulP consolidation in this manner extends inwardly
from the exposed surface of a lava in given times will be in-
versely proportionate to the compactness of its texture,®
which must itself vary inversely with the size and irregularity
of its component crystalline particles.

This law by which the poresity and compactness of a lava is
determined will be further investigated in a subsequent chapter.

In proportion as the crust that hardens in this manner on
the surface of lava, checks the expansion of the vapour be-
neath, it continues the pressure sustained by the liquid, and
even augments it by the contraction which accompanies the
process of congelation.

But the reaction of the expansive force of the compressed
steam, together with the effect of this ¢ontraction, generally
splits and breaks up the hardened crust., The fissures formed
by this shrinking allow of the expansion and escape of more
steam from the interior, and this gives rise to fresh eracks;
and in this manner the consolidation is propagated to a con-
ciderable depth, while the surface becomes more or less bro-
ken, rugged, and uneven.

In this manner, when a body of lava is exposed to either of
the external fluid media, its surface becomes instantly con-
gealed ;—the depth to which the induration proceeds valy-
ing directly with the size of its grain and the irregularity of
its arrangement.

Below the point to which the induration has reached in
obedience to this law, the matter of the lava remains long in
a state of liquidity, since it can only lose this character by
parting with the calorie it contains by gradual transmyission

* From a similar cause it is thal coarse clay desiceates inwardiy sooner
than fine grained, the water which forms the vehicle of its liquidity escap-
mf Iwilh the greater facility in proportion to the porosity of the ru&ultinr?-‘
sold, ' i
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through the slow conducting ]mw&rs ofthe erust.  In this con-
dition it obeys of course the laws that n—*:ﬁulate the motion of
all liquids, and if urged to move in a lateral direction by
any force, it instantly acquires a similar crust or solid coating
upon every fresh surface it exposes in succession.

It is therefore only at the extremity or borders of a movin

mass of lava, that it appears to be in motion, or is visibly liquig
and incandescent, and even there only when the movement is
tolerably rapid. The rough superficial crust, which forms
instantaneously on its exposure at any point, remaining sta-
tionary, or nearly so, and allowing the lava to flow en from
beneath it.
§. 3. The disposition assumed by any body of lava pro-
truded on the surface of the earth by volcanic expansion must
obviously be determined by the compound influence of the
expulsive force, of its fluidity, and of the various external
circumstances that may modify the permanence of its fluidity,
or that tend to favour or impede its progress in a lateral di-
rection.

I. The force of expulsion, by which fresh velumes of liquid
lava continue to be driven forth from the vent in
greater or less quantity, might rather be termed the
ratio of production, since it varies directly with the

% quantities of lava produced in given times.

This ratio, when the fluidity of the lava is fixed, varies as
we have seen directly with the rapidity of the internal progress
of expansion through the focus, i. e. with the energy of the
eruption. ;

It this term be fixed, it varies inversely with the fluidity of
the lava, since the degree of intumescence by which it is oc-
casioned preserves this proportion.

This law however, it must be remarked, is only applicable
when the vent of emission corresponds to the summit of the
column of lava elevated within the voleanie chimney.

Whenever, as will appear hereafter to be a frequent case,
by the sudden formation of a vent or fissure of escape through
‘the side of a voleanic mountain,—the lava is allowed to issue
at a lower level, the force of its expulsion will be compounded
of thg weight of the column of liquid already raised above
that level, and the energy of the expansive force. The influ-
ence of the force of expulsion on the disposition of the lava
expelled, is evidently to increase its superficial spread by aug-
menting the velocity of its lateral progress.
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II. We have already considered the circumstances by which -

the fluidity of lava is determined, viz.—its liquidity
and specific gravity ; and it has also appeared that the
permanence of its fluidity, that is, the difficulty opposed
to its congelation, varies directly with its fineness of
grain, ceteris paribus., It is obvious that the direct
effect of the excess of these qualities on the disposition
‘of a body of lava is to augment the rapidity of its ad-
vance in a lateral direction, and consequently the ex-
tent of its spread.

ITI. The external circumstances that affect the disposition

of lava upon the earth’s surface are divisible into
First,—~those which tend to diminish its fluidity, an

Secondly,—those which favour or impede the lateral
extension to which it is urged by that fluidity.

1. The first class of circumstances comprehends the
nature and condition of the external fluid me-
dium with which its surface is brought into con-~
tact. The pressure sustained from the weight
or elastic force of this medium, and the hin-
drance which it opposes to the escape of the
steam according to its density, tend proportion-
ately to diminish the fluidity of the gavm The
latter difficulty may perhaps be diminished by
the velocity of any currents that may traverse
this medium, and by presenting continually
fresh surfaces of contact favor the escape of its
caloric and the emanation of its gaseous vehicle.

9. The external circumstances that tend directly to
favor or impede the lateral extension of the lava
consist principally in the superficial form and
nature of the ground upon which the lava is
produced. If this slope towards the orifice on
all sides, the gravitating force of the lava op-
poses that of expulsion, and impedes its lateral
expansion. If the surface be level, the lava
must spread outwardly on all sides of the vent
with a velocity, and to an extent determined by
its fluidity and the force of expulsion. If the
ground slope away from the seurce in any direc-
tion, the lava flows in that direction with a ra-
pidity, and to an extent determined by the force
of expulsion, its fluidity, and the degree of in-
clination of the surface.
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. In the same manner every obstacle against which the lava
impinges in its course tends more or less to modify its direc-
tion. and impede the velocity of its progress. But the effect
of such impediments on the progress of a body of lava must
be far greater than what they would produce on any other
B?Ld in iggntiun. possessed of less elasticity or a greater degree
o1 hquiaity. -

: J::-i?hisgmﬂ,the will more or less not only impede the la-
teral progress of the lava in the direction in which it was
moving, but also diminish, and to a certain distance destroy,
its_fluidity, by increasing the compression on the contained
elastic fluids upon which its liquidity depends.
. In fact, while the lava moves on in obedience to its own

ravitating force, and with a velocity proportioned to its flu-
idity and the inclination of the gmumr, it acquires a certain
momentum, and when an obstacle in any degree opposes its
progress, the reaction of this momentum from the resisting
surface must occasion a great increase of compression on the
lava immediately in its vicinity. DBy this the elastic fluids it
contains, and which communicate to it the imperfect liquidit
i{. lt)lusﬁesses, are condensed, and the mass more or less solidi-

ed.
.- 'The partial consolidation thus effected is propagated back-
wards to a certain distance from the surface in proportion
to the size and angle of the resisting obstacle, ceteris
paribus.

The accumulation of the lava upon itself, as its velocity is
stopped by any impediments towards the lower part of the
current, tends also to solidify this part, by lengthening the
column of liguid itsupports, By both these causes united the
fluidity of lava is more or less destroyed to a certain distance
from every obstacle that checks it progress, and its advance
must be proportionately impeded.

Upon the compound influence ofall these circumstances will
depend the direction taken by any body of lava on issuing
from the voleanic vent—the velocity of its progress—the ex-
tent of its superficial spread—and consequently the figure and
relative dimensions of the mass it forms on consolidation.

When those circumstances prevail that are favorable to the
lateral progress of the lava, it will extend itself with a pro-
portionate rapidity* over a considerable surface, and accord-

- * A current of Vesuvius in 1776, flowed a mile and a half in 14 minuntes ;
and M. de Buch witnessed one in 1805, which reached the sca in three
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ing to the disposition of the uaiahbourin levels—either
overflow a wide, and ps gently sloping plain ; orspread-
ing more in lenﬁlh u in breadth, perhaps occupying the
bottem of a valley, or the narrower channel of its river,
stretch like a continuous stream to a considerable distance
from its source until the cessation of the force of expulsion,
and the progress of consolidation in the mass &lrmd;;! led,
gradually diminish its velocity, and finally arrest its further
progress,t

In the former of these two cases the bed of lava preserves
on solidification the form of a sheet, (nappe) or plateau.—In
the latter that of a stream or current (coulée).

When cn the contrary, the fluidity of a lava is im-
perfect, and external circumstances unfavorable to its lateral
extension, the lava must accumulate upon itself intnm
masses in the immediate vicinity of its source; and, -
ing to the direction it is led to take by the neighbouring su- -
perlicial levels,—either produce on one side of the orifice of
protrusion a huge current or bed, of great thickness in pro-
portion to its superficial dimensions, and te which we will
give the name of 8 Hummock—or accumulating on all sides of
the vent, one bed slowly spreading over another, so as to
form a series of concentric coats, the mass will assume some-
what of the figure of a dome or bell—in which the vent oceu-

ies the axis, and will remain closed after the lava ceases to

e protruded, unless broken through by the subsequent explo-
sions of vapour. .

§. 4. In adducing examples of these different modifications
of figure assumed by a mass of lava after its emission upon the
earth’s surfuice, in obedience to the laws that regulate the
motion of all substances in a similar state of semi-liquidity,
—it will be difficult not to perceive a remarkable fact, viz, |
that the lavas which are mineralogically classed as basalts, |

hours from the summit of the mountain, 3 distance of 3200 yards in &
straight line.

t+ The dimensions of some lava currents produced even by recent ‘Fﬂlﬂ-‘
nic eruptions are astonishing. Sir W. Hamilton reckoned the stream
which destroyed Catania, in 1669, to be 14 miles long, and in some parts
six wide. !

Recupers measured the length of another upon the northern side of
Aina, and found it 40 miles; Spallanzani menlions currents of 15, 20, and
30 miles, (Voyage en Sicile, vol. i. 219.) and Peanant describes one which
issued from a mﬁ:nnﬂ of Tecland, in 1788, and covered a surface of 94 miles
by 50! (North Globe, vol. i.)
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from the prevalence of the ferruginous minerals—augite,
hornblende, or titaniferous iron in their composition,—are
almost universally found to have spread into thin sheets, or
long and shallow currents, to a considerable distance from the
orifice of protrusion ;—while those lava-rocks which consist
almost wholly of felspar (trachytes) are as uniformly disposed
in massive beds, hummocks, or domes. Take for examples
the extensive and shallow basaltic plateaux of the Mt. Dor
and Cantal—of'the environs of Le Puyen Velay—of the north
of Ireland—of the plains of Iceland—and of the gentle slopes
of the isle of Bourbon—take the innumerable long and strag-
gling streams of the Auvergne—of Aitna, Vesuvius, &e.—and
compare the conformation of these and other basaltic beds,
with the massive trachytic hummocks that are closely grouped
around the volcanic centres of the Mt., Dor, Cantal and Mt.
Mezen in France, with the bell-shaped masses of the Puy de
Dome, de Sarcouy, and de Cliersou, with the numerous tra-
chytic domes of Hungary, and with the still more stupendous
beds of the American Andes, Such a comparison presents a
striking evidence of the truth of the observation.

It may be even asserted generally, that the greater the pro-

ortion of the ferruginous minerals (augite, hornblende, and
won) in the constitution of the lava, thegmatﬂ appears al-
ways to have been its superficial spread, when poured out
upon the earth’s surface, other circumstances remaining to
all appearance the same.

This so remarkable and constant relation between the mine-
ral nature of a bed of consolidated lava and the proportions
of its different dimensions, has been already recognized
by Geologists ; but many have been unfortunately led
by this remark to the adoption of a serious error as to the
origin of the trachytic and phonolitic rocks, which are consi-
dered by them as in no instance to have flowed on the surface
of the earth, but to have been always elevated en masse into
the position they now occupy.

Some writers have even gone the length of supposing that
they swelled up like a bladder by inflation from below, (De
Buch, Humboldt,) and are consequently still hollow within—
a gratuitous supposition entirely at variance with all that

*we know for certain concerning the nature and mode of ope-
ration of the volcanic energy.
~ Itis on the contrary obvious that the remarkable bulkiness
of the felspathic lavas is fully and simply aceounted for by
their imperfect fluidity, which has been already recognised to
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diminish, ceteris paribus, with their specific gravity, and I;y
no means induces the necessity of supposing any other mode
of volcanic action than that by which the basaltic lavas were
also produced. But itis likewise wholly and strikingly untrue
that trachytes never occur in sheets or currents (nappes ou
coulées.) On the contrary when reduced toa great degree of
comminution and possessing a high liquidity, the felspathic
lavas have universally assumed that mode of disposition, as in
the instance of the numerous streams of obsidian or glass
trachyte in Lipari, Teneriffe, Bourbon, Iceland, &c.; an
under favorable external circumstances—as when the incli-
nation of the ground from the orifice of protrusion was consi-
derable, lavas of this quality, even though extremely coarse-
ﬁmined, and therefore very imperfectly liquid, are frequently
ound to have spread laterally to a considerable distance, with
this only distinction, that the currents thus formed are far
thicker and more bulky than would have been the case with
basaltic lavas of the same texture, and under the same out-
ward circumstances.®

* To prove this assertion it were sufficient to instance the well-known
trachytic current of the Solfatara, the numerous ones of the Isles of
Ischia, Lipari, Palmaria, and Volcano, of Iceland, Guadaloupe, and the
Isle of Bourbon, where both compact and earthy trachyte appear in cur-
rents (massive) flowing out of craters that still exist in their integrity. But
the Geologists who uphold the contrary opinion by a strange perversity of
reasoning refuse to class these rocks as trachytes; not from any observed
difference in their mineral characters (which perfectly jagree with those
of some of the oldest trachytes) but precisely because they appear
as currents, and have been obviously produced in the manner of ordi-
nary lavas from a voleanic mouth. It might be remarked to these
gentlemen, that they are arguing in a vicious circle—that the term
trachyte is purely and essentially mineralogical as much so at least as that
of granite, mica-schist, porphyry, limestone, or basalt—and thai they have
no more right to refuse this denomination to the recent rock of the %ulfn-
tara than that of granite to the secondary granite of the Val de Lavis, or
¥urphj’r3r, to the rock of this nature, which eccurs in the red sandstone

ormation.

But to clear up all doubts on the subject, it may be as well to mention
that many of their own standard trachytes are indubitably disposed in regu-
lar sheets and currents, and have flowed to cuusideragle istances over
the surface of the pre-existing beds.  For example, in the vertical sections
of the Mont Dor which are exhibited by the cheeks of its deep central ra-
vines and gorges, many varieties of earthy trachyte may be seen forming
thick but very extensive beds or layers superposed to one another to the
number of five, six, or seven, and separated by intervening strata of tufa
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At the same time that it cannot be contested that trachytic
lavas have frequently flowed as currents and sheets (coulées)
on the surface of the earth, under circumstances of liquidity,
inclination, and propulsion, peculiarly favorable to the velo-
city of their course and consequently the spread of the mass,
yet it is certain that these currents are usually of very consi-
derable thickness in proportion to theirsuperficial extent, and
approach more or less to the mode of disposition which we have
designated by the term hummock, and which is in fact only a
current of extraordinary bulk. It is likewise equally true on
the other hand, that when all outward circumstances were re=
markably unfavorable to the lateral progression of the lava,
and its liquidity imperfect in the extreme, the protruded mass
may have remained almost vertically above the orifice or fis-
sure of eruption, scarcely spreading at all in a lateral direc-
tion and preseniﬁ the figure of a dome or hummock, which
subsequent degradation will frequently have worn into a fan-

(or pomiceous cn(uﬁglumerate], ul:j:a.siannll.zr even allernating with Hel
beds of basalt. (Cascade du Mont Dor, Val, de la Cour, &c.) All these
have beds a quiquf-versal dip from the axis of the mountain, and a gentle
and gradually diminished inclination, having evidently flowed from the lips
of the centr:g vent, (or crater,) whose remains are still observable in the deep
eircus, where the rivulets of the Dor and Dogne unite their waters without
losing their names,

The great volcanic mountain of the Cantal exhibiis numerous similar
instances; or, indeed, it would be rather more correct to say, thathere the
trachytic lavas have almost all flowed to a considerable distance from the
centre of eruption, producing immensely extended plateaux of considerable
thickness whose super-position to conglomeratesand other similar trachytic
beds (as well as to fresh water limestone strata) is frequently observable in
the steep flanks of the numerous ravines that stretch like rays from the
centre of this conical mountain. The group of the Monti Cimini, near
Viterbo, affords instances of the same disposition—trachytic currents based
on tufa may he ohserved to form the slopes of this mountain.

There can be little doubt that the trachytic groups (volcanie mountains #)
of Hungary would present many similar facts, if studied with a previous
knowledge of the usual disposition of voleanic products. That they did
not appear in this light to M. Beudant is perhaps attributable to this geo-
logist having examined them rather too muchin the spirit of the Wernerian

ool than with an eye to the laws that regulate the structure of a volcanic
mountain. It is the more allowable to presume this, because M. Beudant
himself asserts in the same positive manner, as the result of his own obser-
vations, the total absence of trachytic currents in the Mont Dor; where
it 1s no exaggeration to say, that they are as evident as those of basalt,
which are seen to compose the frame-work of Lina or Somma, in the sec-
tions afforded by their deepest ravines.
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tastic resemblance to ruined castles (¢ des chateaux-forts en

ruines,” Humboldt, Essai Geognostique.) Itisalso obvious
that the complete dome or bell will only be produced when
the aperture of emission is circular, or nearly so, and sur-
rounded by a level surfuce, If the ground slope away from
it, the dome will pass into a hummock, and by its extreme
prolongation into a current. While on the other hand should
the orilice be a longitudinal fissure,and the lava be produced
on more points than one along its extent, by accumulatin

upon itself on either side of, and above this fissure, it wi

give rise to a lengthened hummock, which will scarcely be
distinguishable from one that has flowed from a single source.

In all probability many of the massive trachytic forma-
tions of the Andes (to some of which M. de Humboldt gives
the astonishing and almost incredible vertical thickness of
18,000 metres) were produced in this manner from wide and
lengthened fissures disgorging during = long period of erup-
tion from numerous vents upon their whole extent an immense
quantity of felspathic lava, under circumstances peculiarly
unfavorable to its fluidity.

There exists even in France, though as yet almost unre-
marked, certainly misunderstood, a colossal range of elink-
stone perhaps capable of vying with many of the trachytic
formations of the American continent, and at least fitted to
raise the imagination to the conception of such enormous
lava-streams. It has its origin in the Mont Mezen, (near le
Puy en Velay) and stretches into the valley of the Loire, 30
miles off, with an average width of about six miles, covering
therefore a surface of about 156 square miles. It may be
seen to rest upon basalt in some places, and on fresh-water
marles, and elays in others ; more frequently still on granite.
This, and its gradually inclined slope, from the heights of
the Mezen into the ancient bed of the Loire, where it termi-
nates, the exiremity leaning against the foot of the granitic
range of La Chaise-dieu on the opposite bank, prove it to have

been produced rather as a continuous lava current, than from

a lengthened fissure or in any other mode. The great com-
parative fluidity of the clinkstone lavas, which will be noticed
immediately, in one direction, viz. coincident with the planes
of their crystalline laming, favours this idea ; as well as the
enormous vertical thickness of the bed, which in many places
reaches from 500 to GO0 feet,

The atmospheric agents of erosion have effected great
changes in this bed since its production, cutting entirely
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through it on some of the softer purts, and notching it into a
number of fantastically shaped eminences, generally conoidal.*

The local differences of hardness and structure, by affording
more or less facilities to the process of degradation, particu-
larly to the action of frost and rain, and the easy destruction
of tKuse parts of the rock that were based upon friable fresh-
water marles and clays, to which the fissile structure of the
clinkstone suffered the rain-water to percolate from above,
were no doubt the causes of this extremely partial weathering.

The Puys de Dome, de Sarcouy, and de Slieranu, are beau-
tiful instances of the dome or bell-shaped disposition, in its
extreme perfection. These hills, the two last of which have
been quarried to a considerable depth inwardly, present indi-
cations of a concentric foliated structure on the largest scale,
that must necessarily have been produced by the peculiar
mode of their production, one bed of semi-liquid lava lapping
over the other as it slowly boiled over the lips of the central
orifice.

Fig. 14.

Dome of Trachyte.
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P22 Profile of the Puys de Petit et Grand Sarcoury et des Gﬂui’.-:é,
Fig. 15.
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Imaginany Section of 1.':;9 same.

& MM. de Humboldt and Daubuisson have remarked the tendency of
phonelitic mountains to waste into detached masses of a conical form. No
where could the truth of this observation be better appreciated than along

G
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The explosions of aeriform fluids which preceded or fol-
lowed the emission of the lava, probably threw up the cones
of fragmentary matters, which are so closely in contact with
these trachytic domes (viz. le petit Dome, le Grand Cliersou,
and le Puys des Goules.) |

In a neighbouring instance, that of the Puy de Gromanaux,
the subsequent explosions evidently broke tl::rnugh the centre
of the trachytic dome itself, and leirt a hollow cavity or crater
there, half-encircled by cliffs of trachyte, and containing a
small but perfect cone, (Le Puy de Besace.) Another very
complete example of the bell-shaped hillock of recent forma-
tion occurs in the Mamelon centrale, described by M. Bory
de St. Vincent, as rising from the summit of the cone of the
active volcano of Bourbon ; this too has been hollowed out
by subsequent explosions.
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Profile and Section of the Mamelon centrale.

the range that now occupies us, which is entirely reduced to a series of”

rocky eminences, presenting every intermediate gradation of figure from
the rude sezment of a bulky bed to the perfect cone. :

The cause of this uniformity clearly lies in the much greater facility
with which this rock yields to meteoric influence on some’points than on
others, as well from its frequent differences of texture and c¢onsequent
aptitude to decomposition, as from its accidental varieties of structure ;
the columnar and laminar modificalions at times combining to hasten a
disunion of parts (as was remarked in the rock Tuiliére, Mont Dor,) at
others to afford the utmost power of resistance, as when a parcel of columns
leaning against one another converge into a conical cluster. The same
causes continue to influence the aspect of the mass after it has been com-
pletely isolated and reduced to a rounded form by the wasting of itsangular
portions. "

Where the phonolite is of. a quality that readiI{ decays on exposure, it
presents a smooth-sided cone, clothed with a thick layer of white earthy
soil, which frequently supports luxuriant forests of oak and fir. _

Where the rock is less destructible, its upper outline is cap-shaped,
notched, and craggy, and its base encumbered with barren and ruinous
piles of slaty fragments.

.
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As examples of trachytic hummocks may be quoted, the
reat plateau de Bozat; that of Le Puy Gros, reaching to
the village of La Queille; and that which is now divided
by weathering, into the different hills called Puys de L’angle,
Hautechaux, La Tache, Poulet, Baladou, I’ Aiguillier, and
Pessade, (Mont Dor.) That of Bort and Montagnes de Salers

~in the Cantal, &ec.

As trachytic or phonolitic sheets or currents, those of
the Plateaux de L’angle, de Rigolet, and de Chambon, in the
Mont Dor; those which extend to the town of Aurillac, in
the Cantal, and rest there on fresh-water marles ; those of the
Solfatara, and del Arso in Ischia ; finally, those which con-
stitute the substratum of Procida, Lipari, {.e Saline, Voleano,
Ustica, &ec.

It must be recollected that the quantity and escaping force
of the vapours evolved from a lava in ebullition varies direetly,
and the quantity of lava protruded en masse by its internal

‘intumescence, inversely, with its flaidity. Consequently,

there is nothing but what we should expect & priori in the
usually stupendous volume of those trachytic masses (as in
the Andes, &c.) which from the figure they have assumed,
and the nature of their mineral composition, are proved to

- have possessed an exceedingly imperfect fluidity ; while for the

same reason we must anticipate that the quantity of fragmen-
tary matters or conglomerate rocks that accompanied their
production must be inversely proportionate to their bulk. 1t
appears, indeed, far from improbable, that the protrusion of
some trachytic masses whose fluidity was to the last degree
imperfect, and particularly when from a sub-aqueous vent,
where the density of the outer medium must oppose so great
an obstacle to the absolute escape of the confined vapour,

-may have been wholly unaccompanied by any aeriform explo-

sions, and consequently by the contemporary formation of any
conglomerate.

It results from these observations, that there is no reason to
deny the trachytic rocks to have universally iscued from the

_ earth as /avas, or in a liquefied state, whether produced by
- sub-aerial or sub-aqueous volcanic vents ; that on the contrary

they appear to have been elevated by the same causes and in
the same manner as basalt, and that the remarkable compara-

- tive bulk of the masses in which the former have disposed

themselves is simply owing to their having generally pos-

sessed, by reason of their low EEEciﬁc gravity, a very inferior

degree of fluidity to that of the augitic lavas, whieh, when

produced with an equally large grain, and under the same
G 2
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external circumstances, have always spread much further, and -
were therefore evidently more fluid.

It is thus that considerations, solely based upon the charac-
teristic differences generally observable in the disposition of
lava rocks of different mineral character on the earth’s sur-
face, lead of necessity to the identical conclusion at which
we formerly arrived by a very different chain of proofs; viz.
that under the same external circumstances, and with a simi-
larity in the size and arrangement of their erystalline grainy
the fluidity of a lava increases directly with its specific gra-
vity, that is with the proportion of the heavier minerals in its
composition.

The strongest confirmation is thus obtained of the correct-
ness of the data from which these conclusions were drawn,
which include our hypothesis on the crystalline nature of the
fluidity of lava.

§. 5. After this unavoidable digression we revert to the
consideration of the mode of procedure of lavas in general
when poured out on the earth’s surface.

If open fissures exist in the ground over which a current
of lava is led to flow, part of its substance will enter and
occupy them to a greater or less depth in proportion to its
fluidity. The matter thus introduced between the cheeks of
the fissure, assumes the form of veins or dykes, which are often
with difficulty to be distinguished afterwards from the simi-
larly disposed masses, already mentioned in a former chapter
(Chap. ii. § 15), which are produced in a somewhat different
manner, viz. by forcible énjection from below ; whereas these
are filled by intrusion from above. Every voleanie district.
_ presents examples of dykes filled in this manner, and appear-

ing to branch out like roots from some overlying mass of
rock into the supporting strata. The basaltic dykes of the
chalk formation in the North of Ireland are probably in great.
part of this class; though many, and particularly those which
appear to have affected the nature of the rocks forming the.
sides of the vein to some distance, were evidently the vents,
throngh which the lava rose, and was protruded to the sur-.
face. The friction produced by the resistance of the sides of'
the fissure to the lava entering into it in either mode, must aug-
ment the comminution of its grain,  'We should therefore ex-
pect to find the substance of these veins to be somewhat finer
in grain and closer in texture than the overlying mass with.
which they communicate,—and again, that the lateral parts,
should be more comminuted than the centre. This observa-
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tion has indeed been often made, though as yet no explanation
- has been offered of the fact.

- When lava has once been poured forth on the earth’s sur-
face, it is urged forwards by the influence of its own fluidity,
independently of the force of expulsion, so that a current
continues to advance slowly for a great length of time after
it has ceased to receive any supply from the volcanic aperture,
and indeed after the final obstruction of this vent, and the
termination of the eruption. This effect of the weight of the
mass will be the greater in proportion to the slowness with
which the lava yields to consolidation, its specific gravity,
and the inclination of the surface on which it flows,

Thus, in the year 1819, on the flanks of [tna, 1 ohserved
a current still slowly progressing, at the rate ef about a yard
per day, which hac{b&en emitted nine months before; and
other currents of the same volcano are cited by Ferrara and
Dolomieu, as still moving on Zen years after their emission.

As the still liquid interior of the current escapes outwardly
in this manner, the upper crust must generally subside in

roportion. Sometimes however the subsidence is prevented

y the solidity of its structure, and it remains suspended as a
sort of roof over the vacuity left by the lateral expansion of
the inferior liquid. In this manner it is probable many of
the caverns were formed which so frequently occur in volcanie
rocks of this nature; particularly in Iceland and the island
of San Miguel. :

According to M. Bory de St. Vincent, the volecano of
Bourbon has poured forth at various times from the lips of
its crater numerous diminutive lava currents of extreme
liquidity, the interior of which escaping by the influence of
its own gravity and the great inclination of the surface of the
cone on which they rest, has left a sort of hollow gutter,
arched over by a thin and brittle crust, that frequently yields
to the weight of any person stepping upon it, so as to
occasion dangerous falls.,  As the lava retires gradually from
beneath these arched crusts, pseudo-stalactitic projections,
like icicles, form upon its inner surface, which are coated with
a glazing or glassy varnish by the fusion of their superficies,
occasioned probably by the same process as in the smaller
ve:icular cavities of fine-grained lavas.* (See Chap.v. §. 5.)

We have already noticed that, owing to the extremely im-

Be* Bee t!h} plates of sach caverns in Bory de SL \?i"g‘{‘ﬂt*ﬁ VU}'“&“ aux
isles d'Afrique; and their description 1 Mackenzie’s Iceland, and
Websler's San Miguel,
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perfect liquidity of lava, and the sluggishness with which it

consequently moves, the slightest obstacle must have a very
considerable effect in retarding its progress. And this suppo-
sition i1s entirely confirmed by observation. A bush, a tree,
a wall, a large stone, have often been seen to check the ad-
vance of a current to an extent quite unequal to the resistance
they can he conceived to oppose to the weight and pressure
of the lava pouring upon them ; and only to be accounted for
by the idea of its semisolid condition, and the extremely low
degree of mobility possessed by its particles, which the in-
creased compression resulting from the least impediment suf-
fices to destroy to a certain distance from the opposing surface.

Even the resistance offered by the minor asperities of the
ground over which a stream of lava extends itself, destroys
or lessens the liquidity of this substance to a certain distance
upwards, and hence the rotatory motion with which a current
appears to advance. The lower stratum being arrested by
the resistance of the ground, the upper or central part pro-
trudes itself, and being unsupported from below, falls to the
ground ; becomes stationary there; and is in turn covered by
a mass of more liquid lava which rolls or swells over it from
above. In this manner the scoriform crust that forms upon the
surface of lava immediately on its exposure, is continually
brought to the lower part of the current ; and it is seen from
hence why rocks of this origin generally rest upon a thin
stratum of fragmentary scorie. A current which I had the
opportunity of observing on /Etna in 1819, and which was

advancing down a considerable slope at the rate of about a-

yard an hour, had all the appearance of a huge heap of rough
and large cinders, rolling over and over upon itself by the
effect of an extremely slow propulsion from behind. This
motion was accompanied by a crackling noise, occasioned by
the contraction of the crust as it solidified, and the friction of
its scoriform cakes against one another; and on the whole
was fitted to produce any other idea than that of fluidity.*
Yet within the crevices of this sluggish mass a dull red heat
might be still seen by night, and a considerable quantity of
issuing vapour was visible hy day.

Whenever the advance of a lava is checked by any material

* 'The crackling noise and rotatory motion of this current, strongly re-

- called the rythm of the famous Homerie line,
Avrae eTaTH wedoy O wuAodeTo Aaos :xrm-am‘,

when repeated very slowly.
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obstacle, it accumulates upon itself, rising in height until it
is able either to surmount and cascade over the obstacle, or
to turn round it by a lateral deviation. 'T'he extreme diffi-
culty with which any such diversion from the straight line of
its course appears to be effectuated, is very remariahle, but
by no means surprising, since this circumstance is common to
alyl liquids of great viscosity or consistence,which when urged
forwards down an inclined plane by their gravitating force,
move, as it were, er masse; the component particles re-
taining almost completely their relative positions, without
rolling over one another in that free :uu;i3 voluble manner
which characterises the motion of more perfectly liquid
bodies.

In fact, we must represent to ourselves the mode in which
the crystalline particles of lava move amongst one another,
rather as a sliding or slriﬁping of their plane surfaces over
each other, facilitated by the intervention of the elastic fluid,
than as the rotatory movement which actuates the globular
molecules of most other liquids. When, in a liquid of this
character, a rectilinear motion has once commenced, the par-
ticles will arrange themselves in such a manuer as is most fa-
vourable to their easy progression in that direction, but this
very arrangement will increase the difliculty opposed to any
change in the direction of the movement,

If, for example, we take the clinkstone lavas, which we find
composed of crystals generally having one or two dimensions
gveatly superior to the third; (in the trachytic clinkstones
the crystals of felspar being thin tabular secales, or long, nar-
row, and shallow rhomboids ; and the occasional crystals of
augite or hornblende which occur in them being generally
acicular ;) it is obvious that the communication of liquidity
and motion to such a mass will cause the crystals to arrange
themselves in such a manner as to have their longest axis in
the direction of the motion. This effect will be necessarily
produced by the mutual friction of the particles against ﬂuc?i
other, to which those thatlie transversely, across the direction
of the motion, are most exposed, and are consequently forced
to accommodate themselves to that direction.

After such an arrangement, a very small quantity of vapour
interposed between the parallel .ﬁ_curﬁmes of the proximate
crystals will suffice to allow of their gliding past one another
in the direction of their longest dimensions; while motion in
any other direction transverse to their parallel planes is ren-
dered far more difficult, and requires a proporticnately
greater force to produce it,
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In the same manner, in every species of lava when once set -

in motion, the crystals will take such an arrangement as
offers least impediment to their moving amongst one another
in the direction impressed on the lava, their longest axes
assuming a coircidence with that direction : so that should
the direction of the motion be subsequently changed by any
external force, the actual arrangement of the crystalline par-
ticles being unfavourable to their new motion, will offer con-
siderable resistance to it, and check it more or less, untila
new arrangement is impressed on the particles consonant to
the new impulse. Until this is accomplished the quantity of
vapour which communicated great mobility in the former
direction may be insufficient to permit it to take place at all
in the latter. Hence it is seen how a lava often possesses
great fluidity in one direction, and little or none in another;
this difference being always proportionate to the average dif-
ference between the longest and shortest axis of its component
crystals. This sliding or glissant mode of progression ac-
counts not only for the extreme difficulty with which a stream
of lava is induced to alter the direction it has once been led to
assume, but also for the fact that so few of the larger crystals
occurring in rocks of this origin are broken or rounded at the
angles, as would have been the case supposing them to have
moved freely amongst one another in a rotatory manner
through the medium of their elastic vehicle.

It is however impossible, but that a considerable mutual
friction of the particles must accompany the progression of
every lava current, and this will be increased by the occur-
rence of obstacles forcing it to swerve repeatedly from a rec-
tilinear course. Itisa remark which I have frequently made,
that the grain of a lava rock is generally finer at the extre-
mity than at the source of the current, particularly if it has
flowed to a considerable distance. Analogous to this fact, is
one mentioned by De Buch, with regard to the lava currents
of the island of Lancerote, produced by the eruption of 1730 ;
which contain near their origin innumerable knots of olivin,
many of them as large as a man’s head. These dwindle away
in size towards the extremity of the currents, where scarcely
any are visible ; the olivin being there uniformly mixed up
with the other crystalline grains of the lava.—(De Buch on
Lancerote.)

It frequently must happen that some of the superficial parts
of a lava current, or those which are consolidated by the
resistance opposed by some obstacle to the motion of the cur-
vent, are broken up by the renewal or continuance of its
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aotion, and their fragments enveloped in the still liquid lava,
and rounded by the friction of its particles.

Hence the brecciated aspect which is occasionally met with
in rocks of this nature, and the imperceptible manner in which
the fragments often appear to graduate into the base.—(See
Memoir on Ponza Isles, GGeological Transactions.)

Many other appearances presented by masses of lava after
their solidification are also obviously accounted for by these
considerations: thus in the clinkstones or slaty lava-rocks, of
which the characteristic feature is the parallelism of their com-
ponent crystals, the directions of the longest axis of these
erystals will, I believe, be found uni versalfy coincident with
the direction of the motion of the mass in a liquefied state;
and, as might be expected a priori, it will, I think, be gene-
rally recognised from observation, that the lavas of this cha-
racter possessed a much higher fluidity in proportion to the
size of their component erystals than ordinary trachytes and
basalts, in which the crystals have their different dimensions
more nearly equal, and which are consequently irregularly
agoregated.*
~ The circumstances by which this peculiarity of erystalline
form was probably occasioned will be adverted to at a future
opportunity. (See Chap. v. §. 2.)

n the same manner the zoned or ribboned structure of the
trachytes of Ponza, of the trachytic porphyries and pearlstones
of Hungary, Lipari, and the Andes, in which layers of differ-
ent texture repeatedly alternate together, or a base of one
texture encloses elongated lenticular masses of another, is
evidently owing to the irregular parts of unequal texture, of
which the lava consisted, having been drawn out or elongated
during its fluid state in the direction ofits motion.t+

In these, and I believe in all lava rocks, those imbedded
erystals of felspar, augite, or hornblende, which have any
one dimension much longer than the others are found to have
their longest axis generally disposed in the direction of the
movement.

Owing to its sluggish and peculiar motion, a lava current

—

* The great clinkstone current from the Mont Mezin in the Department
de la Haute Loire, already quoted, offers a remarkable instance in corro-
boration of this assertion. ]]n the Mont Dor and Cantal, the same fact is
observable, viz. that the eurrents of elinkstone have generally spread to a
greater distance from the centre of ernption than these of granitoidal or
amorphous trachyle.

+ Memoir on the Ponza Isles, Geol, Trans. 1825,
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increases considerably in depth and bulk wherever any impe-

diments retards its progress. Thus for example, those which,
in the Provinces of Auvergne and the Vivarais, have occupied
the granitic channels of mountain torrents, flowing to a dis-
tance of five, ten, or fifteen miles from their source, may be
observed to swell out in width and thickness wherever the
sinuosities of the valley produced a deviation in their direc-

tion ; so that every concave elbow of these gorges is filled by

a bulky mass of basalt, while the intervening parts of the cur-
rent present comparatively narrow and shallow strips,

These latter portions have in some instances been subse-

uently, in part or altogether, worn away by the erosive ac-
tion of the torrent ; and the huge patches of basalt, which are
thus left alone and unconnected in the bosoms of the alternate
angles of the valley, have a strange and a striking appear-
ance, heightened in general by the excessive regularity of
their columnar configuration. "(Vals d’Antraigues, de Mon-
ézat, &c.)

If the obstacle be of importance, and so extensive in a hori-
zontal direction that the lava cannot turn, but is obliged to
surmount it, the accumulation necessary for this purpose will
often attain a much higher level in front of the obstacle than
the surface of the current at some distance behind it, so that
the stream has the appearance of having flowed up hill. The
cause of this is that the hardened crust acts the part of a co-
vered canal, in which the liquid rises to its level like water in
a pipe.
g hen a lava current has met in its course with a flat
and extensive surface perpendicularly opposed to its direction,
such as the wall of a house, &e., it has been observed to stop,
as if by magie, at the distance of 10 or 12 inches, without
coming into actual contact with the obstacle. This extraor-
dinary fact, denied by those who have not witnessed it, per-
haps only because it appears at first inexplicable, is perfectly
reconcileable to our hypothesis as to the nature of the fluidity
of the substance.

A vast quantity of elastic vapours, at a high degree of ten-
sion, escape from every fresh surface of lava successively dis-
closed as 1t moves onward; but as the lava approaches close
to a resisting surface of considerable extent, their freedom of
escape must be prevented in proportion, and the reaction of
the elastic fluids evolved from the lava, and filling the narrow
space or crevice intervening between its surface and that of
the opposing wall, must create a resistance sufficient sooner
or later to check its further advance,

1
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. The lava is then consolidated to some distance back by the
pressure of the current behind. If the momentum of this
mass be considerable, the wall may give way ; but should the
motion of the lava be slow, and its ﬁuiditj,r very imperfect, it
may rise without overthrowing or even touching the wall,
until it is sufficiently elvated to cascade over it, or deviate in
a lateral direction. 'This curious observation has been
repeatedly made during all the destructive eruptions of
Vesuvius, and there seems no reason to doubt its correct-
ness.

When there has existed a wooden door in the wall, it has

been observed, that the heat radiated from the lava, after
some time, sets fire to it, and when thoroughly consumed, the
lava enters the aperture thus produced, but continues to
respect the wall on either side. The reason of this is ob-
vious; for, since the lava is only checked by the reaction of
the elastic fluids it evolves from any resisting surface to which
it approaches, on those points where no such surface exists,
or, having existed, has given way,—the lava experiencing no
obstacle advances in the usual manner.
- The dry grass or shrubs which a current meets with are
frequently set on fire, and the flames produced in this manner
and seen from a distance, have no doubt often been mistaken
for the volcanic phenomena.

When trees are rapidly enveloped in lava, the upper parts
alone blaze and are reguwd to ashes, the trunk is merely
carbonized, and if suhsequeml{ removed by meteoric injury,
may leave its impression in a hollow eylindrical tube within the
solid rock. Such moulds occur very commonly in those cur-
rents of the Isle of Bourbon, which have extended their
ravages through forests of palm trees, (Bory de St. Vincent,
Voyage.) and one of these is to be seen in the cabinet of the
Jardin des Plantes at Paris.

The fragments of pre-existing rocks accidentally enveloped
by lava in its advance, are observed to be variously affected
by the heat. In general they are ?Ell"tiﬂ]lj‘ fused on the ex-
terior, and incorporated so closely with the surrounding
substance that it is difficult to trace their outline with clear-
ness. Kragments of limestone still preserve their carbonic
acid, but have often acquired a crystalline grain, probably
from having been partially fused under pressure, as in the ex-
seriments of Sir James Hall. Near Aurillac in the Cantal,

have found fresh-water shells of this character incorporated
in the lowest stratum of a basaltic current, which appears to
have flowed from the heights of the mouatain into the lake
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that existed atits foot. Fragments of sandstone enveloped in -
this manner are usually hartﬁ&neﬂ,and clay is frequently con-
verted into a substance resembling jasper (porcelain jasper)
—in other instances into Tripoli. : '

Owing to the immediate anidiﬁcation of lava flowing in the
open air, as soon as it impinges on any obstacle, it cannot of
course radiate suflicient heat to produce any important change
in the substance of these impediments. The numerous lava
currents which in the Auvergne have flowed to a great dis-
tance over both granite and limestone, have rarely effected an
alteration except on'the mere surfaces of those rocks with whic
they have come in contact. When Torre del Greco, however,
was overflowed by the lava of 1794, some curious circum-
stances were observed as to the effect of its caloric on the
metallic and earthy substances with which it came in contact,
Both were in part volatilized, and deposited as crystalline sub-
limations on neighbouring points. 'll)‘he component metals of
some alloys crystallized separately.®

If a current of lava flows over marshy ground, the sudden
vaporization of the humidity confined below must occasion
explosive discharges, that will disturb, and occasionally tear
their way thlr't:tugii’r the superincumbent mass, scattering its
fragments into the air, and thus creating either rude hollows
or scoriform protuberances on the surface.

When a current enters the sea, or any other body of water,
a similar effect may be in part produced, but these explosions
are of no very extraordinary violence. It has been supposed
that on such an occasion a violent combat must ensue between
the two elements, and many very poetical images have been
employed to heighten the colouring ofthe picture ; but the fact
appears to be quite otherwise, A certain quantity of the water
that approaches nearest to the incandescent lava, as it is pro-
trudec!) from the extremity of the current, will be reduced to
vapour ; but the superficial consolidation that instantly ensues
will preventany further contact. The fissures that open in this
crust as it solidifies, emit torrents of vapour the instant they
are formed, which must impede the entrance of the surround-
ing water lill their sides are consolidated and comparatively
cooled, -

From these considerations, as well as from all the direct
observations that have been made on the subject,t we must
believe that a current of lava advancing belew water con-

——

“ See Brieslak, Vovage dans la Campanie, fom. i. page 278,
1 See Monticelli, Brieslak, &c. passim,
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duets itself in much the same manner as on dry land. Its
lateral progress will however be necessarily much slower,
since its liquidity will be diminished by the superior deusity
and weight of the surrounding medium acting in opposition
to the expansion of the vapour it contains. At the same time
the density of the water will proportionately impede the
escape of the steam, and the superficial consolidation will
rather take place by the cnﬂling and condensation of this va-
vapour by contact with the cold water, than by its absolute
escape,
T}'JIE' caloric abstracted from the lava, both by actual con-
tact, and by the condensation of its heated vapour, soon com-
municates a proportionately high temperature to the water in
its vicinity, which on such occasions is observed to be heated,
discoloured, and rendered turbid to some distance. Fish have
been often found killed, in very considerable numbers, by this
sudden change of temperature in their native element.* It
is far from improbable that the Icthyolites of Monte Bolea
were destroyed by an occurrence of this nature ; since the fis-
sile limestone, in which they are imbedded, is immediately
capped by a bed of basalt and calcareous peperino.

he latter rock proves the eruption that produced the ba-
salt to have been submarine, and the remarkable attitudes of
some of the fish bear evidence to the extremely sudden nature
of the catastrophe that at once destroyed, and buried them in
the soft calcareous sediment, which was at that time habitually
deposited at the bottom of the sea. :

* During the great eruptions of Lanzerote, one of lhe Canaries, which
continued unceasingly, and with intense violence, during the years 1730—
1736, immense multitudes of fish are said to have been cast ashore dead..
The same in Iceland, 17588 ; in the eruplion of Vesuvius, which destroyed.
Torre del Greeo ; at Stromboli, &c.
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CHAP. V.
Consolidation of Lava.

§. 4. Tue consolidation of any mass of lava is effected,
either, by the condensation of all the aqueous vapour which it
contains, and to which alone its liquidity is owing : or, by the
escape of a part of this vapour. and the condensation of the
remainder,

§. 2. We have seen that wherever the expansive process
has been so far developed as to disinfegrate any of the compo-
nent crystals of the heated lava, the vapour formed in it
exists in two different conditions—part being fized, i. e. still
imprisoned between the crystalline laminea, where it was ge-
nerated from the water mechanically contained there, and
creating by its elasticity a sort of repulsion between these
lamina, without altering the relative positions of their axes ;
~—the remainder fiee, having liberated itself from the points’
on which it was vaporized, by displacing the confining lami-
ne, and thus more or less disintegrating the whole crystal in
which it was formed ; that is, breaking it up into smaller
crystals unconformahly disposed towards one another, be-
tween which the liberated vapour remains in irregular parcels.

The condensation of the vapour in either of these condi-
tions, is occasioned by an increase of pressure, or a diminution
of temperature. In the first instance, the forces which tend
to bring the particles together, being augmented so as to ac-
quire tﬁe ascendancy over the expansive force of the vapour;
—in the second, the elasticity of the vapour being diminished,
so as lo give the ascendancy to these unaugmented forces,
which consist of the weight of the overlying lava ;—the resis-
tance of the remaining general expansive force of the liquid,
from the obstacles toits full development ; and the attractive
forces of the crystalline molecules.




Resaggregation of crystalline Parlicles. 111

By the gradual condensation of the fixved vapour, the lami-
n@ of those crystals which the ?mcess of expansion has only
disageregated, are again thﬁ it together, and ultimately by
the complete condensation of the intervening vapour, without
any derangement in the position of their axes, are reaggre-
gated into whole crystals, of precisely the same form as before

their disaggregation. '
'~ The condensation of the free vapour, in the same manner
allows the approach of the disintegrated erystals, which its
elasticity kept asunder, but the poles of these crystals no lon-

r correspond, and their proximate plane surfaces are no

onger parallel: consequently their reaggregation, in their
actual relative positions, must leave a number of irregular
interstices between them, and produce a confusedly crystal-
line, (granitoidal) and more or less porous rock. But by
this forcible reunion, in so irregular a manner, it must be ex-
pected that many angles of the crystals will be broken up, and
forced into the interstices of the larger crystal : by which the
porosity of the resulting rock will be reduced, and in propor-
tion to the force with which the reaggregation is produced.
This must be greater when the condensation of the interstitial
fluid takes place by increase of pressure, than when it is occa~
sioned only by the diminution of temperature; hence the
compactness of the lava rock will be greater in the first case
than in the last,

Again, should the condensation of the intermediate elastic
fluid proceed with extreme slowness, so that, while the dimi-
nution of its elasticity brings the particles by slow degrees
within the sphere of their reciprocal attractive forces, the re-
maining elasticity leaves a sufficient mobility to permit of the
reversion of their poles in obedience to these forces: many
of the particles may be enabled to unite into larger erys-
tals; and thus more or less of a partial recrystallization
ocecurs.

It is easily perceived how this result will be facilitated, and
therefore how the number, size, and perfect form of the crys-
tals reproduced from the comminuted and disintegrated crys-
talline particles, will be augmented, in proportion to the
slowness with which the interstitial fluid is econdensed : whe-
ther this condensation take place by increase of pressure, or
diminution of temperature. And this reasoning agrees entirely
with the results oFexperiment, and is particularly confirmed
by those of Sir James Hall and Mr. Watt, on the crystalliza-
tion of rocks, from fusion, by slow refrigeration.

It is obvious that the particles of such an imperfectly liquid
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mass, will experience a2 much greater resistance to their mo-

tion in the direction of the pressure to which they are sub-

jected, than in any other; and that the resistance will be least
to movements taking place in directions at right angles to that

of the pressure. Consequently the process of crystallization

will be soonest impeded in the direction of the pressure; and
the crystals formed will have their shortest axes in that line,

and their longest in the plane to which it is perpendicular;

and the whole mass will have more or less of a lamellar or
foliated structure, such as is observable in the clinkstones,
gneiss, &ec.; the lamina taking an arrangement perpendicular
to the direction in which the opposite forces of expansion and
repression are exerted. It is highly probable that the lamellar
and foliated lava rocks owe this peculiarity of structure to
their having more or less CﬁlllplEl&lP recrystallized within the
volcanic vent, during the continued predominance of the re~
ressive force over the expansive efforts of the more heated
ava beneath.

§ 8. But of the vapour contained in a mass of lava under-
going the process of consolidation, that portion only will be
condensed which cannot effect its absolute escape.

In those masses which are consolidated, wﬁ:ther by pres-
sure or loss of calorie, beneath an overlying crust of rocks,
or confined within a narrow fissure, as in the case of dykes,
little or no vapour can effect its escape in any manner, and
the whole will be condensed.*

The condensation in either of these cases will be necessarily
very slow, and the resulting rock proportionately compact.

In those masses of lava, on the contrary, which are consoli~
dated by exposure to a fluid medium of great rarity compared
to the elastic fluid which acts as its vehicle, a certain propor-
tion of this fluid may be enabled to effect its escape, in one or
both of the following methods, viz. :

I. By the ascent of the vapour in obedience to that eleva-
ting force which consists of the difference of its specific
gravity to that of the surrounding liquid mass.

"T'his rise will be accompanied by the agglomeration of the
neighbouring parcels, in consequence of their mutual affinity,
as their motion brings them within the sphere of exertion of
this force. The more perfect the liquidity of the lava, that is,
the finer its grain, the more nearly will these compound par-
cels, or bubbles, approach to the spherical form, the pressure

being the more completely equalized on all their sides.

=
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« If the lava which contains them moves by the influence of
its own gravitation in any direction, these bubbles will be
drawn out, or elongated, in the direction of the motion. If,
on the contrary, the motion already acquirec is impeded by
any obstacle, the bubbles will take the form of flattened
 spheriods, having their shorter axis in the direction of the
impulse. These will be the necessary results of the pressure
being diminished in the first case, amf increased in the last, in
the direction of the movement. For the same reason, if the
vertical pressure upon any of these bubbles is at any time
diminished, their expansive force, taking effect in that direc-
tion, will occasion a vertical elongation of the globule,*
As these bubbles traverse the lava, they are continually en-
larged by the accession offresh parcels of vapour, which they
- approach in their ascent: consequently their volume will be
proportioned to the space they have traversed, and this will
' depend in turn on the specific gravity and liquidity, or the
fluidity of the lava ; which alone determines the velocity of
their ascent, as well as the proportion of the whole quantity
of vapour contained in the lava which effects its escape in this
manner, to that which remains behind. (The latter quantity
is always either exactly, or, less than, what is necessary to
communicate a liquidity suflicient to permit this union of the
several parcels in their ascent). Of this latter quantity a
~certain portion will subsequently escape in another and very
different manner, which forms the second mode of escape.

II. While the rise of vapour in bubbles requires a high
degree of fluidity in the superior mass of lava this se-
cond mode of escape is facilitated—on the contrary
by the lowest degree of fluidity amounting almost, or
entirely, to solidification. It takes place by the in-
fluence of the expansive force of the steamn, which
urges it in every direction where an avenue is afforded
for its passage, either thrnu?h the pores that are left
in the external parts of the lava as it solidifies, or the
fissures that are formed by its contraction during the
same process.

~ The partial escape of the vapour in this manner, by dimi-
‘nishing the elastic spring of what remains, acts in precisely the

' * Examples of these various forms are common in fined-grained lavas.
“The last is particularly exemplified in the obsidian streams of Lipari and
Iceland.

H
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same manner as its condensation, in producing the reaggre-
gation of the disintegrated crystals; but their reunion, in
this case, usually occurs in too rapid and tumultuous a man-
ner for the process of recrystallization to take place, and will
therefore be irvegular mn:l)r nonconformable, (or granitoidal,)

and more or less porous, little or no change taking place in

the position of their poles. -

The porosity of the rock, that is, the space occupied by the
interstices of these crystalline particles, when reaggregated by
the partial escape of the interstitial fluid, will be determined

by,
1. The arrangement of the particles, whether more or less
conformable ; the compactness of the rock being di-
rectly ]Ym]mrtiu'md to the parallelism of the proximate

crystalline surfaces.

2. The average size of the crystalline particles. If these

are uniformly minute, the rock must be proportions
ately compact ; the small particles, by reason of their
mobility, fitting closely into one another, so as to
leave few or no interstices. |

If the grain is uniformly coarse, the interstices of the parti-
cles will be large, and the rock proportionately porous.

If the grain is unequal, consisting of large crystals merged
in a basis composed of much more minute particles, which
acts as their vehicle, the compactness of the basis will be pro-
portioned to the comminution of its component particles.

The compactness of’ the imbedded crystals will also vary
directly with that of their basis : since in proportion to the
liquidity of this basis (that is the fineness of its grain) will
be the degree of pressure to which they are subjected previous

to the consolidation of the surrounding mass. After this has |
taken place, but not till then, the vapour fixed between the |

Elates of the larger crystals may also in part effect its escape,
y percolation through the interstices of the enveloping solid,
leaving the crystals themselves more or less cracked, fibrous,
and disintegrated ; no pressure acting upon them to bring their
lamine again into complete contact. Hence the striated and
cracked appearance of so many of the large imbedded crystals
of the trap-rocks. '

The heat radiated from the enclosures of these crystals,
after their contained vapour has partly escaped, may have
produced that partial fusion of theiv fibres which is occasion-
ally visible, as in the trachytes of the Mont Dor, &c.

)
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This solidifying process must begin from withount, and
spread inwardly, with a rapidity, and to a depth, proportioned
to the porosity of the rock resulting from the external con-
solidation of the lava; which, we have seen, varies directly
with the size of its crystalline particles, and the irregularity
of their mutual arrangement.

The depth to which the fissures penetrate that are formed
by contraction as the mass solidifies, must obviously coincide
with the depth of this process, and consequently follow the
same law,

Hence we deduce as a general proposition, that

The process of consolidation effected by the exudation of
the vapour through the porous interstices of the outer
parts of the rock already consolidated, proceeds from
the exposed surfaces inwardly, in all directions, witha
rapidity directly proportionate to the size and irregu-
lar arrangement of the component crystals; and that
the looseness of texture, or porosity of the rock is de-
termined by the same law.

The penetrating power of the elastic vapour, urged to
escape in this manner, is probably very great ; and there are
few of the granitoidal, or confusedly aggregated rocks, which
are not more or less permeable to it.

As a corollary of the above proposition, we observe that
the compactness of a rock, supposing the size and arrange-
ment of its erystalline mnlecufes fixed, will vary inversely
with the quantity of vapour which escaped from it by exuda-
tion. And again generally—that of the whole quantity of
vapour generated in a mass of lava, the proportion that
escapes, by rising in bubbles, will vary directly with the specific
gravity of the lava, ceteris paribus;—that which escapes E.-Iy
exudation, with the size and irregular position of the crystal -
line particles ;—that which remains enclosed, and is condensed
by pressure, varies inversely with the specific gravity, and ir-
regularity, and directly with the size of the crystalline parti-
cles: and therefore will be inversely proportionate to the
?_pe.ciﬁc gravity, and comminution, and direcily to the con-

ormable arrangement of the compound erystals.

§.4. From the foregoing propositions we deduce the fol-
lowing considerations, as to the conduct of a mass of lava pro-
truded on the surface of the earth,

HZ2
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I, Ifits crystalline particles average an extreme degree of
comminution, and at the same time the specific gravity
is at the mininum, the superficial crust that instanta-
nenusl{ congeals upon exposure will be thin, com-
pact, close-grained, and more or less glassy. The va-
pours of the interior will unite perhaps into bubbles,
owing to its extreme liquidity, but wiﬁ not be enabled
to escape by percolation through this crust, in conse-

uence of its close grain : nor to break it up by the
force of their ascent, since, by reason of the low spe-
cific gravity, this force is at its minimum. Consequently
the lava will intumesce considerably ; and the reaction
of the confined vapours from the ecrust will create
a pressure, by which their further expansion is pre-
vented.* Such a mass will retain its heat very long,
cooling down only by slowly transmitting its caloric
(by radiation) to the surrounding bodies, and subsiding

radually as its contained vapours are condensed by
ﬁle diminution of temperature,

Its fluidity would be considerable, the extreme comminu-
tion of its grain compensating in part for its low specific gra-
vity ; and the vapour bubbles that form within it will there-
fore be almost perfectly spherical.

As it flows, these bubbles will be elongated in the direction
of the motion. At the same time those parts in which the
vapours had first collected into bubbles, will be likewise
drawn out, in the same direction, into lenticular masses, or
zones, alternating with the intermediate or envelopin

rts, in which the vapours remain fixed—these masses wi
be still further flattened, by the slow subsidence of the mass.
The bubbles occasion a certain degree of resistance to the

* The same cause that produces the vesicles in our loaves while baking,

occasions those of obsidian, pomice, scorim, and cellular lavas in general,

viz. the generation of elastic vapour in a substance of imperfect liquidity,
which is prevented from escaping by the induration of a superficial crust
on the outside of the mass.

The mixture of butter in the dough desiroys its cohesiveness when ex-
posed to heat—prevents the formation of an impervious crust—renders the
substance granular, and allows the escape of the vapour generated within it,
by exudation.

Hencethe different lexture of cakes, which may be compared to the larger
grained and porous trachytes. and bread, which resembhles close-grained
and compact, or fine basalt, or obsidian currents. May 1 be excused this
homely but aptillustration ?

e —
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motion of the enclosing liquid, and therefore those parts in
which none exist, will hear the appearance of having moved
faster than those in which they have formed.

In the same manner, whatever large crystals or fragments
of unequal dimensions are contained in the lava, will be ar-
ranged by the friction of the moving mass, so as to have their
longest axes parallel to the direction of the movement.

Such are precisely the appearances of the ohsidian currents
of Lipari, Voleano, Iceland, Teneriife, Bourbon, and the
Andes. Whatever crystals appear imbedded in these rocks,
rendering them porphyritie, (pitchstone porphyries, &e.) are
clearly not of subsequent formation, but existed in them prior
to the emission of the lavas, as is proved by their broken, and
half-fused state. The surface of these currents is usnally ex-
tremely vesicular and harsh, or in the state of pomice, which
is merely vesicular, filamentous,and highly disintegrated tra-
chyte.

Whatever ejections of scorim accompany the production of
such lavas, they will consist of pomice, &e.

But it has been observed above, that the solidification of
any lava by the slow condensation of its contained vapour,
whether by gradual loss of temperature, or increase of pres-
sure, creates circumstances favorable to the exercise of the
forces of aflinity among the component particles, and we
should therefore expect some appearances of this process hav-
ing taken place in the case under consideration.

Such an arrangement seems in fact to have occasioned the
globular concretionary structure which characterises peari-
stone ; and which is seen also in the fine-grained trac{:}rtes,
and trachytic porphyries, of Ponza, and Hungary. It would
appear that the formation of these globular coneretions requires
considerable freedom of motion amongst the particles, and is
therefore favored by an excessive fineness of grain, and a low
pressure : their structure being more perfect and frequent,
according to these circumstances. When most complete, the
globules are radiated from the centre to the circumference, as
well as divided into concentric coats.

This process is evidently a species of erystallization, the
finer cgstalline particles reuniting according to the laws of
their affinity around some nucleus, which acts as a fuleram for
the crystals to turn upon. This nucleus is generally a minute
pre-existent crystal, at other times a small solid grain of the
glassy base.

Th.s partial recrystallization occasions a fine crystalline
grain in the globules: which, when they have formed from a
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lava disintegrated, almost or eutirely, to its integrant mole-
cules, (that is, in complete fision) produces a strong contrast
between their dull or litheidal texture, and that of the glassy
mass which envelopes them. Hence they have been called
vitro-lithoidal globules, or erystallites.*

These globular concretions seem generally confined to the
felspathic lavas. This is obviously owing to the circumstance
that this structure, requiring a low pressure, can only take
place when the specific gravity of the lava is low. Occasion-
ally, however, it is observable, in a less perfect degree,
amungst the greystone lavas, when the disintegration has pro-
ceeded sufficiently far; siving rise to what has been called
the variolitic structure. This is frequently rendered visible
only by a commencement of decomposition, which, acting first
upon the globular coneretions, in which the felspar is in ex-
cess, and reducing them to a sort of kaolin, gives to thesea
much lighter tint than the more augitic base. The globular
coneretionary structure prevailing generally amongst the
felspathic lavas, felspar is of course usually the mineral
which has agglomerated in this manner by the force of
its affinity. 'This is universally the case in the pearlstones,
trachytic porphyries, &e.; but where augite bore any propor-
tion as an element to felspar, and the grain of the lava was
sufficiently comminuted, the former mineral has occasionally
concreted into globules, more or less imperfect,as in the spot-
ted clinkstones (phonolites tachetées) of Sanadoire, Mt. Dor,
Merceeur, and Mezen ; of Helsburg in the Cobourg territory ;
of the Mittcl Gebirge, and other parts of Germany.

In the former case, the spots are light on a darker ground;
in the latter they are dark, and greenish, or giey, on alighter

round.
. These globular concretions have the same effect which was
aftributed above to the vapour bubbles, of diminishing the

* We know that when commen glass is allowed to cool very slnwlf from
fusion, a similar process takes place, coneretionary crystalline globules are
formed in it, which have been called vitrites.

This species of crystallization is the same which gives rise to the globu-
lar pyrites of chalk and clays which usually collect around some pre-exist-
ent nucleus.

The globular granite of Corsica is a similar instance in a more coarsely
crystalline rock.

The flints themselves of chalk are imperfect agglomerations of the same
kind, all tending more or less to the globular form, when the force of gra-
vity and pressure did not interfere too powerfully, during the imperfect
hiquidity of the mass,
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liquidity of the lava: and hence, if after this process has
ta?cen ace, it should continue in motion, or a fresh impulse
should be communicated to the mass, the parts in which
this structure ocecurs will move more slowly than the rest, and,
as in the former case, these parts will be drawn out into long
streaky or lenticular masses, enclosed in and alternating with
zones of a finer grain, in which no concretions occur.*

If a diminution of pressure accompanies the motion of the
lava, the globular concretions will be more or less disaggre-
gated by the vaporization and expansive force of the water
they contain : in the same manner as the more perfect crystals
of coarser lava.

- This disaggregation, together with the friction they sustain
from the more fluid substance which envelopes them, will
perhaps disintegrate them {urther, and draw them out into
long parallel zones or streaks in which all traces of the glo-
bular structure will be lost, and which will distinguish them-
selves from the intervening matter only by their coarser crys-
talline texture, and purer mineral composition, producing a
ribboned and marbled aspect in the mass, and occasionally a

schistose, or lamellar structure,
The different rates of fluidity of these different parts occa-

sioned by the variations in the size of their grain, will often
five rise to curvatures, and irregular contortions in the paral-
el zones—these are sometimes of the most complicated cha-
racter.

The trachytes of Ponza offer an example of lava-rocks, in
which all the several stages of this process may be distinctly
followed, (See a Memoir on Ponza Isles, Geol. Trans.)

I1. If we suppose a hi?her specific gravity to be united to
extreme fineness of crystalline grain, the fluidity of the
lava will be proportionately increased ; and with this,
the extent of its lateral spread, under the same circum-
stances of slope and productive ratio.

The bubbles of steam formed in the interior will also rise,
with a force, and in a quantity, proportioned to the specific
gravity : tossing up the liguid as they burst from its surface ;
and since the rapidity of superficial congelation varies with
the liquidity of the lava, (i. e. its fineness and irregularity of
grain, ceteris paribus) the fresh surfaces, exposed by this tu-

* Instances of this are common to all the pearlstones of Hungary, the
Andes, Kamskatka, dec.
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multuous agitation, will be instantly consolidated; and the
external parts of a fava current of this character, will present
the utmost roughness and irregularity, bristling with glassy,
ragged and frothy asperities, so as to suggest the idea of a
stormy sea congealed at the instant of its wildest agitation.

Those bubbles which, by the suddenness of the superficial
congelation, are imprisoned within the lava, will remain near
its surface, forming vesicular cavities, the size, number, and
sphericity of which, will be proportioned to the specific gra-
vity, and fineness of grain.

Where these are at their maximum, large cavernous blisters
may be formed, such as occur in the lavas of Iceland, Bour-
bon, Lanzarote, &c. Some of them will burst, and allow the
escape of the steem through the aperture, previous to the con-
solidation of the entire surface, but after the process had suf-
ficiently taken place to prevent the falling in of the sides when
the elastic fluid has escaped, The walls of these cavities,
both on a small and large scale, exhibit in general the traces
of a certain degree of superficial fusion, in a glassy varnish
which appears to be more or less remarkable, in proportion
to the fineness of the grain, and the size of the vesicles. The
same kind of glazing appears on the exposed surface of the
lava when rapidly consolidated.

It may be accounted for perhaps by the consideration that
the instantaneous vaporization and expansion of all the water
contained in the superficial pellicle of lava, suddenly lowers
its temperature at the moment of its solidification, In the
next moment, therefore, the equilibrium will be restored, by
the rapid transmission of caloric from the intensely heated
lava immediately beneath, which mustact upon the superficial
pellicle, in the same manner as an increase of temperature
preduced in any other mode, and occasion its parlia? fusion;
which will be the more easily accomplished in proportion to
the fineness of its grain.

When the vesicular cavities are large, pseudo-stalactitic
protuberances of lava will form upon its upper and lower sur-
faces, by means of the tenacity of the mass as it is forced
asunder; and if the lava contain solid crystals, or knots of
any substance, the weight of these will occasion them to pro-
iect in lumps, or at the extremity of pendulous filaments nto
the interior of the blister. (As the olivin masses of the lava
currents of Lanzarote, described by De Buch,)

The large hollows that are frequently formed immediately
under the upper crust of a loaf, when bgked in a hot oven,
afford a homely but apt illustration of these natural caverns,
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which are produced by the operation of extremely analogous
causes,

But in proportion to the quantity of vapour that escapes
entirely in this manner,wi]l%e the compactness of the lower
parts of the lava current ; and therefore, with the same size and
arrangement of grain, the compactness of the lower part of a
lava current will vary directly with its specific gravity ; and
vice versd, when this latter term is fixed, the compactness va-
ries with the comminution, and regular arrangement of the
erystalline particles,

On the other hand the asperity, glassiness, and harshness of
the surface, will vary directly with the compactness of the in-
terior ; and since the sharper and more ragged the surface
the more brittle will it be, and the more easily must it ji&lﬁi
to mechanical destruction, it is obvious why the upper parts
of the older and compactest basaltic currents, having been
long exposed to violent denudations, seldom present any re-
mains of the scoriform and vesicular surface which they pro-
bably once possessed. The results of the play of affinities
which takes place during the consolidation of such a lava will
be considered in the next section.

ITI. When the specific gravity of a lava is high, but its
grain more or less coarse, as well as irregular, its
fluidity, and the lateral extension of the current is
proportionately reduced, and its bulk of course in-
creased.

The erust that in this case forms by superficial consolida-
tion, is more or less thick, massive, and porous ; a certain
proportion of the vapour escapes by percolation and through
the cracks of retreat, which are wide and deep in proportion
to the size of the grain.—But owing to the high specific gra-
vity, the bubbles formed in the interior may still possess a pow-
erful force of ascent ; and will therefore, as they rise, break up
the outer crust into flat, thick, and scoriform cakes or solid
angular blocks. The contraction of the mass, which produces
fresh horizontal fissures at right angles to the vertical ones
first formed, assists in breaking up t!ﬁe surface : and the mo-
tion of the lava still flowing or rolling on below still further
displaces the fractured crust. Hence, the surface of such lava
currents will be extremely rugged and uneven, presenting
rude heaps of sha{:eless and fissured blocks, suggesting no
idea of a previous liquidity, but resembling rather the rocky
debris of a shattered mountain. Such in fact is the aspect of
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all the coarse-grained basaltic lava currents which cover the.

slopes of /Etna and Vesuvius, of the cheires de Come and de
Nugére in Auvergne, and of many of the lava currents of the
Puys brulé of Bourbon. In the latter spot the contrast be-
tween the rude and ruined surface of the coarse-grained lava-

streams; and the smooth, and, as it were, varnished, outside

of the finest grained,* affords a strong confirmation of the
principles on which we are proceeding.

The compactness of the interior of the current will be di-
rectly proportionate to the quantity of vapour that effects its
escape in bubbles, and inversely to that which escapes by
percolation, consequently it will vary directly with the spe-
cific gravity and fineness of [grain.

When the comminution of the grain bears so small a ratio
to the specific gravity of the lava as to prevent the ascent and
absolute escape of any steam, except in bubbles from the
immediate neighbourhood of the surface, the vapour below
may still unite into irregular compound parcels, which will
remain disseminated through the mass, more or less generally,
in proportion as they have been permitted, or not, to rise from
the points on which they were formed ; producing the small
cellular cavities of indeterminate and often angular forms,
which characterise many cellular lavas (as for example those
of Volvic and the Puy de Come, and that used as building-
stone at Mont Dor les Bains in Auvergne; that of la Scala,
at the foot of Vesuvius, &ec.

IV. A still lower specific gravity joined to considerable
coarseness of crystalline grain, will wholly prevent
even the union of the parcels of free vapour into bub-
bles, and preserve them uniformly disseminated through
the mass, between the disintegrated crystals, whence
they slowly escape by percolation, as the mass conso-
lidated from without inwardly; leaving pores, i. e.
minute irregular interstices, between the crystalline
particles, which unite in & confused and irregular,
or granitoidal manner, as their elastic vehicle

escapes. The fluidity of such a lava is extremely |

low: and the bulk of the currents or beds, in which it
is disposed, proportionately great. Such are all the
loose earthy 'T'rachytes; the Lava Sperone of the
Alban hills, the Pietra di Sorrento, and Piperno, of
Naples, &ec.

* Bory de St. Vincent.

i
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- Previous to the solidification of a lava of this nature, a
separation of the different component minerals appears oeca-

- sionally to have taken place ; exactly similar to that concre-
. tionary process by which flints were formed within chalk,
solid marl-balls, or fine-sandstones, within clay. Thus in the
lava-rock called Piperno, of Pianura, and the Pietra di
 Sorrento, near Naples, as well as in the lava Sperone, and
that of St. Agata, on the road to Rome, the finer particles of
auﬁilic matter have agglomerated into innumerable impure
and irregular concretions, within the mass of the roclk, which
is principally felspathic. In the disposition and aspect of these
masses, a sirong confirmation is afforded of the views dis-
closed above, on the conduct of lavas of different qualities.
Thus, while the felspathic base is of loose texture, and ex-
tremely porous, the augitic concretions are finer grained, and
comparatively compact, and, from their superior specific gra-
vity, filled with vesicular cavities, instead of irregular porous
interstices. The form of these masses is either lenticular or
venous; their shortest dimension being in a vertical direction,
and their longest in the direction in which the mass flowed.
The subsidence of the mass during its consolidation, was pro-
bably also in part the cause of the horizontal extension of
these nodules. Their elnnFatiun in the direction of the cur-
rents, as well as the vesicular cavities produced by the ebul-
lition of their aqueous garticles, prove the coneretionary
separation to have preceded the settling of the lava in its
present position. :

V. When the specific gravity is equally at or near its mi-
nimum, but the size of the component crystals still
coarser, that is, less disintegrated ; the greater pro-
portion of the vapour will remain fixed, and therefore
will be condensed, by gradual cooling, being unable
to effect its absolute escape in any manner ; and con-

se%uently the resulting rock will be more compact,
and freer from pores.

If the arrangement of the erystals be irregular and non-
conformable, the fluidity of the lava will be at its minimum ;
‘as in the large-grained Trachytes, Syenites, Diallage rock,
‘granite, &c. But should they be conformably arranged, the
Java may possess a considerable fluidity in the direction of
‘the longest plane surfaces of the crystals, as appears to have
‘been the case with the trachytic clinkstones.®

* And perhaps with gneiss, and the other schistose crystalline rocks, &c.
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In the former case, the lava, when protruded on the sur-
face of the earth, may remain almost perpendicularly above
the vent, and have scarcely any, or no, ]Jateml spread. In
the latter, it may assume the disposition of hummocks, sheets,
or long extended currents.

VI, When the rock has been scarcely, if at all, disin-
tegrated, being elevated, en masse, in a solid state, by
the expansion of lava at a great depth beneath (after
having been gradually cooled down by the parting
with its caloric ; or, perhaps, when preserved from
ebullition, though at an intense temperature, by the
weight of the solid noncrystalline overlying strata
(schists, sandstones and limestones), which it supports,
and raises by its own elevation); in such a case, the rock
will cool down superficially, gradually transmitting its
caloric to the outer strata ; and its contained vapours,
if any, be by degrees wholly condensed. It will be
then entirely cnmﬁmct, and void of pores, and preserve
nearly the same characters as previous to its elevation.

It is, I think, probable, that many very considerable masses
of crystalline rocks occurring on the surface of the globe, for |
instance, many granites, sienites, and perhaps porphyries, |
and even some trachytes, have been elevated to their pre- |
sent situation in this manner. The facts confirmatory of this

idea will be found in a subsequent chapter of this essay.

§. 10. The vapour that escapes by percolation from lava
masses through the pores and crevices of the outer and al-
ready consolidated part, is generally found to be accompanied
by a variety of mineral substances, in a state either of solution,
or sublimation ; or finally as permanent gasses. These sub- |
stances, it has been already observed, are not discoverable in |
the vapours that rise in immense voluines from lava immedi- |
ately upon its protrusion; and which appear to be either
purely aqueous, or to contain but a very small proportion of
mineral matter. But, as the quantity of steam evolved di-
minishes, and is at length reduced to thin columns, or fuma-
role, that are exhaled from the narrow and intricate crevices
of the superficial lava, the proportion of extraneous sub-
stances that accompany it is found to increase. Upon coming
into contact with the external air, a certain proportion of the
steam is condensed by refrigeration, and depesits most of the
substances it holds in solution, on the sides and edges of the
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fissure. The principal of these are the sulphuric, muriatic,
and carbonic acids, either in a state of purity, or combined
with various alkaline or earthy bases,
~ Amongst the latter, the sulphates of lime and ammonia,
soda and potass, the muriates of soda and ammonia and the
carbonate of soda predominate. It appears probable that the
first of these acids Is occasionally, if not always, formed on the
' spot, by the union of a part of the sulphur, conveyed in the
'aqueous vapour, with the oxygen of the atmosphere. The
' remaining sulphur, when it is produced abundantly, is depo-
 sited in a state of purity, in angular or octchedral crystals, or,
when most copious, in stalactitic concretions, at the edges of
 the orifices, and those neighbouring points where the vapour
in which it is suspended, undergoes condensation.

The compounds of boracic acid are rare.

The metallic sublimations are condensed in the same man-
ner on the sides of the fissures of escape. The most frequent
of these is specular iron. The muriates of copper and iron
and sulphuretted arsenic are occasionally found in similar
situations.

It is no easy matter to determine the origin of these dif-
ferent substances, and to distinguish those which were origi-
nally contained in the lava, and are merely volatilized from
the expansion afforded them by the formation of the fissures
of retreat, and the escape of the elastic vapour by which they
were repressed, from those which are the product of the dif-
ferent chemical combinations operated during the consolida-
tion of the lava, between its various elements and those of the
water, which may be partially decomposed during its perco-
lation. Soda, potass, E]ime, and iron, are constant ingredients
in almost every variety of lava. Chemical analysis has occa-
sionally discovered in them, ammonia, bitumen, and muriatic
acid. Sulphur in combination with iron or copper is also fre-
quently present. ¢ .

. These substances when brought into contact by the motion
and aggregation of the lava at an intense temperature, will
necessarily act upon each other, and give rise to various com-
binations which rise in a vaporized state, or are dissolved in-
stantly by the aqueous vapour, which ascends with them from
the interior of the lava.
. The intense heat of the lava in the interior of the mass is
sufficient of itself to effect the decomposition of some ofits
ingredients, as the pressure occasioned by the expansive
| force of the interstitial fluid is diminished by its expansion
| and partial escape through the pores or fissures of the solid
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surfaces ; and the progressive increase of these mineral com-
pounds in the exhaled vapours, as the lava cools down, that
1s, as the elasticity of its confined vapour is diminished, war~
rants the conclusion that such a decomposition is, in reality,
the immediate cause of their production. The specular iron,
so frequently met with in lava-rocks, is evidently sublimed by
this action, and it is remarkable that it is always found in the
upper parts of the bed or current; and, moreover, that where
the fissures or interstices of any lava rock are lined with an
abundance of this mineral, the ?rower parts of the rock do not |
influence the magnet, having obviously lost all, or the greater |
part of their iron by sublimation. In many of the currents of °
/tna, the upper parts, which are at the same time very

orous and ce“ular, contain much specular or oligistic iron 3
while on the contrary the lower and compacter division
abounds in magnetic iron, in grains, or octohedral erystals.
Here the magnetic iron originally contained in the central
and upper parts of the current, has been evidently volatilized,
and deposited again in the form of specular iron, while that
of the lower part, from which little or no vapour was enabled
to escape by percolation, remains unchanged.

In the same manner the other mineral ingredients of a
lava are occasionally volatilized, and again deposited, not
unfrequently under new combinations and forms in the cavi-
ties of the lava, as its temperature is gradually lowered.

This was in all probability the origin of those delicate,
and often capillary erystals of hornblende, augite, melilite,
and other minerals, which occur in the cellular cavities of
many lava rocks. (Capo di Bove, &e¢.)

Crystals of augite are also said to have been formed by
sublimation in the interior of some of the houses of Torre del
Greco, destroyed by a current of lava in 1794.% !

The substances taken into solution by the aqueous vapour |
are often also deposited in a similar manner, either in erys+ |
tals, or stalactitic and mammillated concretions, which line
the interior of the vesicles, or the interstices of the mass. The
minerals found in this situation are principally either siliceous,
or calcareous, consisting of carbonate of lime, ealcedony, fio-
rite, and some of the numerous varieties of the zeolite family.
They all bear the character of having been deposited from
aqueous solution. We know indeed that water ata high tem-
perature, and particularly with the assistance of soda, readily
takes both silex, and carbonate of lime, into solution.

* Brieslak Voyage dans la Campanie, tom. i.
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It is obvious, therefore, how the aqueous vapour, in its
Faﬂsage through the lava, whether by percolation, or in the
orm of buhbTes, may become impregnated with either, or
both, of these ingredients ; and when prevented from any fur-
ther escape, may force these substances, as it is grafuaily
condensed, to crystallize on the sides of the containing cavity.

Sometimes the water remains in the centre of this geode
accompanied by a portion of some permanent gaseous fluid,
as in the Calcedonies of the Monti geri{:i, and in the cavities
of numerous quartz crystals in granitic rocks, In general
the water has escaped, probably by filtration, towards the
lower parts of the mass after these had been entirely consoli-
dated. During this filtration, it perhaps continued to deposit
the substances it still retained in solution in the cavities,

ores, and minute fissures, through which it slowlly rco-

ted ; and hence, it probably is, that many of the cellular ca-
vities of these rocks, have been entirely filled with the calea-
reous or siliceous deposit; which could not have been all
held in solution by the minute quantity of steam, to whose
expansive force the original formation of the vesicle was
owing,

In amany cases the subsequent filtration of water, carrying
in solution mineral particles from overlying rocks, may have
produced the same effect. This is particularly credible with
respect to the amygdaloidal basalts, which are found so fie-
quently underlying calcareous strata, or in such positions as
make it probable that they were once covered by them, and
which therefore were consolidated beneath an ocean of water
holding calcareous particles in suspension.

The sulphuric and muriatic acids which are evolved in a
state of freedom, when deposited by condensation on the lava
which forms the edges of the crevices of escape, act upon its
substance, and give rise to fresh changes. The sulphurie
acid uniting witE the alumine of these rocks, produces a sul-
phate of alumine, which is often carried away by the rains
and deposited in vast accumulations in lower situations. The
mining operations of the different alum-works of Hungary,
]t%{y, &c. are carried on in deposits of this nature.

he sulphuric acid uniting with the lime, produces a gyp-
seous efflorescence, which is often found coating these decom-
osed lava-rocks, in considerable quantities. I'he iron of the
ava is either attacked by the acid, and aggregated into erys-
talline, or concretionary pyrites, disseminated through the dis-
integrated rock; or assuming various degrees of oxvdation,
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stains it with stripes of different shades of brown, yellow, red,
green and blue. The silex alone remains untouched, and
when all, or a large proportion, of the other ingredients have
been washed away, the lava appears occasionally changed
into a light, harsh, carious, and highly siliceous rock, bearing
no resemblance whatever to its original character. Where
the exhalation of vapours strongly impregnated with this acid
have continued for a great length of time, the change thus
effected in the neighbouring rocks are, from the continued
shifting of the fumaroles, extensive and remarkable, and have
acquired for such spots the common appellation of Solfataras
or Souffriéres. These usually are found in the interior of a
voleanic crater, as might be expected ; since the evolution of
vapours from a eurrent of lava that has flowed away from the
volcanic vent upon the surface of the earth, must be extremely
limited in quantity and duration; whereas, after most erup-
tions, a vast body of heated lava must remain beneath the bot-
tom of the crater, in which the process of solidification goes
on slowly for an indefinite, and often very long period, afford-
ing a continual source of aqueous vapour, charged more or
less with various mineral substances,

§. 1I. When the superficial parts of the mass of lava under-
going consolidation have cooled down to the temperature of
the atmosphere, or when its vapours escape through fissures
in solid overlying rocks of any heterogeneous nature, and at a
low temperature, they are more or less condensed by refrige-
ration, before they issue into the air, and make their appear-
ance in the shape of springs of water at a variety of elevated
temperatures, occasionally even many degrees above the boil-
ing point.

These hot springs are common in all volcanic districts, and
in those where any more energetic external development of
volcanic action has been long wanting, are the only indications
of the still remaining activity of the focus below. There
can be no doubt that the quantity of caloric which is enabled
to pass ofl through permanent fissures, in this way, materially
contributes to maintain the outward tranquillity of this sub-
terranean foeus.

It may be even conceived highly credible that this regular
and placid transmission of caloric, may be exactly proportioned
to the supply constantly communicated from below to the
volcanic lava-reservoir ; and by thus preserving the focus at
an uniform temperature, may entirely prevent that accumu-
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zlaﬁon of heat, by which alone fresh eruptions could be pro«
uced.

I'he quiescence, or what is usually called the extinction of
these volcanic foci, will then have been occasioned by the pro-
duction of the fissures through which the excess of caloric is
thus enabled to escape in combination with water.

The water of thermal springs holds in solution the various
mineral substances, which, in the form of vapour, it carried
upwards from the heated lava below.* Some ofthese are de-
posited immediately on its coming into contact with the air,
while others remain permanently combined with it. The sili-
ceous sinter deposited by the hot springs of Iceland is well
known, as well as the calcareous incrusting springs of numes
rous volcanic districts, (Auvergne, La Tolfa, tﬁat of the bridge

~of the Incas in the Andes, &c.)

Even when the latter sources no longer retain any elevation
of temperature, and derive from rocks which do not present
any indications of recent volcanic action, there is still reason
for supposing them to have the same origin as the hot springs,
but to have parted with more of their heat by a longer passage
through l:ﬂl[f rocks, and perhaps by their mixture with other
superficial springs of atmospheric origin. (Derbyshire, &c.)

Where on the contrary the traces of volcanic action are re«
cent, and the intensely heated lava very close to the surface
whence the springs issue, the curious phenomena of intermit-
tent fountains are sometimes producad, such as afford so mag-
nificent a spectacle in the Geysers of Iceland.t

Hot springs of a similar character are also produced by the
filtration of atmospheric water through the crevices or inter-
stices of a mass of lava not yet cooled. An example of this
occurrence on the large scale is afforded near the voleano of
Jorullo in Mexico. The rivers Cuitemba and San Pedro
which lose themselves on one side, beneath the vast sea of

* From the heights of the volcanic mountain of Puracé (Peru,) there
flows a rivulet so strongly impregoated with sulphuric acid that the inhabi-
tants call it Vinegar river, and no fish are found in it till four leagues after
its junction with the Cauca.

The other volcanos of Popayan and Pasto evolve also copiously hot va-
Eours abounding with sulphuric acid, and accompanied by sulphuretted
bydrogen gas. (Humboldt, Foyage Historique.) i

+ The theory of these springs has net been very satisfactorily ex-
plained. The {nﬂuwing considerations will perhaps sufficiently account

|
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lava that forms the Malpays,* issue on the opposite side, ag
permanent springs of large bodies of water, at an elevated

for their phenomena. The lavas of Iceland are replete with hollow blisters
or caverns, Let us suppose C such a cavity in a vast bed of heated lava,
which may be either isolated and cooling slowly, or connected with the
voleanic focus below, and receiving a constant supply of caloric from

Fig. 18.

thence. The steam emanating from numerous fissures, a, b, ¢, d, ¢, &c. col-
leets in C and is partly condensed into water by the pressure of the column
in the fissure of discharge, A B. The increasing temperature of the floor
and sides of the cavily, and the aceumulation of steam evolved by the feed-
ers, a,b, ¢, d, &c. augment the expansive force of the steam collected (in C
till it at length overcomes the resistance of this column of water A B, and
discharges it from the orifice A. As the waler issues from A, the pressure
on the steam in C is diminished, more of the water D E is vaporised, .and
the ratio of its expansive force to that of repression in the column A B,
increased. The jets therefore that are thrown up from A must augment in
violence. As the water decreases still more in quantity, some of the steain

*_ Vide Appendix, No. 2.
&
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temperature. When Humboldt visited Jorullo in 1804, forty-six
vears after the eruption by which the lava was produced, their
temperature was 52 cent. but I understand, from the authority
of Mr. Bullock, jun. who has recently visited the spot, that they
have since that time been lowered considerably, in consequence
of the refrigeration of the lava bed through which they flow,
and are now scarcely more than a few degrees above the mean
temperature of the air.

At Bertrich-bad, in the territory of Luxembourg, a ther-
mal spring rises immediately below a spot on which three
proximate vents of volcanic eruption were formed at no very
distant period; and probably owes its qualities to having per-
colated through partof the focal lava reservoir of these erup-
tions, not yet entirely refrigerated. It may be suspected that
the temperatare and mineral nature of this spring has pro-

ressively diminished. It isat present below blood-heat, and

as as nearly as possible the taste of pure fountain water.
In earlier times its thermal and mineral qualities must have
been more striking to have acquired for it t%e great reputation
which it formerly enjoyed as a bathing-place.

| §.12. The permanent gasses that emanate from the crevices
of lava, during its consolidation, are less palpable, and not so
easily recognized, mixing of course immediately with the at-
mospheric air, and leaving no trace of their existence.

Those which have been occasionally observed are princi-
pally the carbonic acid, azote, and sulphuretted hydrogen

asses,
. The first of these gasses was detected by MM, Monticelli
and Covelli, in the exhalations from the fumarole of the lava
of Vesuvius while still visih]?r incandescent. The same gas,
mingled perhaps with azote, frequently escapes in very consi-
derable quantity from numerous crevices in the sides of a vol-
canic mountain immediately after the termination of an erup-

escapes together with it, and at length, when all the water has been driven
oul, the whole remaining body of steam issues in one powerful burst.

But by the evaporization of all the waler it contained the temperature
of the cavity C. is reduced to the boiling point in the pressure of the at-
mosphere alone; and its sides prupurtimmteij refrigerated. The vapour
therefore, that rises from the feeders is condensed into water, and cellects
at the bottom of the cavity in B. 'This water rises in the pipe A B, as the
steam accumulates at C, preserving an equilibrium with ils expansive
foree, until the equilibrium is broken by this latter having acquired suffi-
cient power to discharge the water from the orifiee of the crevice A, when
the phenomena ofaqueous eruption recommence.

1 2
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tion, that is, when the crater or central aperture of escape is
completely closed.

These mephitic emanations are extremely destructive to
vegetation, and do great injury to the plants growing near
the points from which they proceed. During the great erup=
tion which convulsed the island of Lancerote in 1730—1734,
these exhalations appear to have been equally deleterious to
animal life ; all the cattle of the island are represented to
have been suffocated by them, M. Hubert, as quoted by
Bory de St. Vincent, mentions that during an eruption of the
volcano of Bourbon, he observed seven or eight birds, flyin
at gun-shot height above the current, drop suddenly, as if
“ asphixiés,” upon its surface the moment they entered the
cloud of vapours that emanated from it. This circumstance
lends some colour to the fables related of lake Avernus, which
is certainly a volcanic crater of no very ancient date, and from
whence carbonic acid and azotic gasses may once have been
so copivusly exhaled (rising through the atmosphere in con-
sequence of their elevated temperature) as really to affect the
birds that flew over it. It is much more probable that this
fable should be founded on a fact of this kind, than that any
fortuitous invention of a poetic imagination should coincide =
so well with known phenomena. The banks of the Lago
D’Agnano in the immediate vicinity of the Avernus still ex-
hale carbonic acid gas, as well as sulphureous vapours, on
many points.

§. 13. The period that intervenes between the deposition
of a bed of lava upon the surface ot the earth, and its com-
plete refrigeration, that is, its attaining the mean temperature
of the atmosphere, must be determined by the combinations of
numerous circumstances, such as .
I. The figure of the mass. It is obvious that the more |

equal its dimensions in every direction, the longer will |
the central part retain its heat; and, vice versi, the
greater the superficial extent of the bed in proportion
to its thickness, the more rapid will be the process |

- of refrigeration,—other circumstances remaining the

same.

II. The situation of the bed; by which it is more or less
exposed to the influence of refrigerating media—such
as currents of water or air, &c.; and the conducting
powers of the solid masses with which it is in contact.
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III. The tendency of the lava to part more or less rapidly
with its caloric, either in combination with aqueous
vapour or by radiation—dependent upon its compact-
ness, and perhaps its mineral composition.

We have already seen that the coarser the grain of the lava
and the more irregular its disposition, the greater the quan-
tity of vapour that is enable to escape by percolation ; and
the more rapid therefore, ceteris paribus, will be its solidifi-
cation,

The loss of caloric by radiation follows perhaps the inverse
ratio, since the conducting powers of the mass will be pro-
bably proportioned to its compactness, and therefore to the
fineness of its grain, or the regularity of its disposition.

Under favourable circumstances a body of lava will retain
an intense heat and liquidity in its interior, during a very long

riod. :

PeSir W. Hamilton lighted small strips of wood, by inserting
them into the fissures of a lava current from Vesuvius, nearly
four years after its emission. Currents of /tna are men-
tioned by Ferrara and Dolomieu as still moving down the
sides of the mountain ten years after the eruption by which
they were produced, and other as emitting vapours 26 years
after their escape from the volcano. In the case of Jorulloe,
already cited above, a massive bed of lava appears to have
retained an extreme internal heat, attested by the exhalation
of steam in considerable quantity from numerous fissures in
almost every part of its surface, till within a very few years,
though the eruption by which it was emitted dates from 1739,
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CHAP. VI.

Divisionary Structure assumed by Lava on its
Consolidation.

§. I. Boru the partial escape and gradual reftigeration of
the interstitial fluid, by diminishing the elastic spring of what
remains in the lava, brings its solid particles into closer union.

As they approach within the due distances, their mutual at-
tractive forces are developed, and cause them to aggregate
together (condensing the intermediate vapour) into a solid
mass, which will be more or less porous according to the size
of the crystalline particles, and the previous irregularity
of their polar arrangement. This aggregation cannot take
place without occasioning a shrinking, or diminution of
volume. '

If this process commence in the centre of a liquid body,
which will yield from all sides towards the part that con-
tracts, no separation of parts will ensue. Such is the case
when a mass of lava is consolidated by external pressure;
the globular concretions then formed are not separated by any
crevices.

Butif the rrnc&ss of consolidation begin at the surface of a
mass, as is always the case when it is effected by contact with
either a rarer or colder body, the tendency to contract is ex-
erted with equal energy on all points of the then superficial
layer which is undergoing the process. The action of the
contractive force in a direction perpendicular to the surface,
effects no rent; since the lava that remains much more per-
fectly liquid beneath this surface yields or subsides freely in
that direction ; but on the contrary, that portion of the con-
tractile force which is exerted in the plane of the surface, or
in one parallel to it, is opposed on any one point by the con-
temporancous shrinking of all the surrounding parts.

m—— s
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By the action of these opposite forces the layer must be
divided, by a greater or less number of rents, into distinct
portions, in each of which the individual force of contraction
overcomes the opposite contractile forces of the proximate
parts. In each of these portions, therefore, a centre of at-
traection establishes itself; the crystalline particles that
occupy the centre remaining stationary, while those that sur-
round it are drawn more or less from all sides towards the
centre. The rents or fissures of retreat will be obviously

rpendicular to the plane of the surface at which the conso-

idation commences, and are produced along those lines in

which the contractile forces of the proximate centres of at-
traction balance one another. If the process was perfeetly
eontemporaneous throughout the whole layer, and its sub-
stance completely uniform, it is clear that the points on
which the centres of attraction establish themselves would be
symmetrical and equi-distant, and their contractile forces per-
fectly equal.

In this case all the spheres of attraction would be equally
similar in size and form, and would arrange themselves as
closely as possible, that is, in the manner of the cells in a
honey-comb, or as the cireles in fig. 19. :

The fissures of retreat produced by the contractile force of
all the spheres, acting contemporaneously, must evidentl
therefore divide the consolidated layer into hexagons; each
straight fissure being tangential to the opposite sp%erea of at-
traction between wﬁich it is formed.
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_§ 2. But since the liquidity of the lava beneath this super-
ficial layer allows it to yield to the contractile force acting in
a direction perpendicular to the surface, no fissure will be
produced parallel to that surface ; but by the continued pro-
pagation inwardly of the process of consolidation, the fissures
of retreat already formed will be prolonged towards the inte-
rior, and must divide the mass into so many hexagonal
prisms ; in each of which the line described by the centres of
attraction forms the axis.®* The diameter of the hexagons, or
the distances of the proximate centres of attraction, will vary
inversely with the intensity of the attractive force, and there-
fore, with the circumstances which favour the activity of this
force, viz. the slowness of the consolidating process, and the
mobility ofthe solid particles. Butin all lavas the roughness
and irregularity of the outer surface prevent the uniform pro«
pagation of the process of consolidation in true planes; and
their substance can never be completely uniform ; hence con-
stant irregularities must arise in the diameter, and in the
number and length of the sides of the polygonal prisms into
which the mass divides itself; it is, however, a well known
fact, that their figures usually oscillate about the hexagon ;
and that the more well-defined the columns, the more nearly do
they approach to the true hexagonal prism. - It is obvious
that the greater the liquidity of the lava, and the more

* It has been denied that the prismatic configuration was produced by
contraction of the mass, the demal being grounded on the assertion that
the prisms are often in such close contact, that it is impossible to inserta
knife or a sheet of paper between them.

It must be recollected, however, that the force by which the contraction
is produced acts only within the most minute and imperceptible distances,
andthat a space cousisting of a great number of Lhese distances, may yet be
almost insensible to our powers of observation. 1tis also certain that the
fissures of reireat are subsequently narrowed, and often filled up by infiltra-
tions, usually of iron oxyde, which are deposited on the surfaces of the co-
lumns. The reality of the contraction, and the extraordinary force it
exerls, are altested by a circumstance which I had an opportunity of ob-
serving at Burzet in the Vivarais, The basalt of this locality containg
numerous large kuots of olivin, often of the size of a fist; it 15 at the same
time very regularly columnar, and the columns are in very close contact.
Yet it has happened in many instances that the fissures of retreat have di-
vided one of the large olivin nodules into two ; half being enclosed in one
column, and the other half in another proximate column. Though the
division is complete, and th. fracture surlaces smoothed probably by time,
and aqueous filtration, they correspond so completely that it is impossible
4o doubt their former union in the same nodule. ‘Their separation can
enly be accounted for by o powerful contractile force exerted during the :
formation of the columas. e
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homogeneous its substance, the more uniformly will the
force of attraction be dispersed through it; and also that
the more slowly the consolidation is propagated, the greater
will be the regularity with which the centres of attrac-
tion arrange themselves. And this accords entirely with the
known fact, that the most perfect columnar division has al-
ways taken place in the interior, and generally in the lowest
part of the lava current, and particularly where any consider-
able accumulation of the liquid has been formed in some con-
cavity of the underlying surface; that is to say, exactly on
those parts which cooled most slowly ; and again, that the
regularity of the columnar structure is, ceteris paribus, pro-
‘portioned to the fineness of grain,and homogeneity of the lava;
since, wherever the consolidation was suddenly effected, the
‘prismatic masses circumscribed by the fissures of retreat must
-Ee-rude, shapeless, and iregular. This will uniformly be the
case with the outer and exposed parts of the current; and
when the grain of the lava is extremely coarse and irregular,
‘it will happen even in the interior, since its solidification will
‘be rapidly effected by the percolation of the elastic vehicle
through the pores and fissures of the upper part.

Hence has arisen the error which has so long and so gene-
rally prevailed of supposing the prismatic eonfiguration to be
golely confined to the earliest lava-rocks. In reality this
structure is common to the interior of the lava masses of every
age whose composition and circumstances of liquidity and
disposition were favourable to its production. Such masses,
when of an early date, have been worn through, denuded, and
excavated, by long exposure to aqueous erosion, and other
destructive processes; owing to which the prismatic configu-
ration of their interior has been disclosed to view ; while, in
the currents of modern volcanos, such opportunities of obsery-
ing their internal configuration are more rarely afforded.
But where this is the case, as in the sections afforded by the
deep ravines, or vertical cliffs of Aitna, Iceland, Bourbon, and

“even Vesuvius, the most regular columnar structure is often
observable, even in lavas of which the date is known.*

The consolidation of lava, occupying fissures of a solid

-rock, (dykes or veins,) must take place entirely by the con-
_densation of the interstitial fluid, and will be much more

-# The basaltic rock of La Motte, near Catania, is regularly columnar

in the interior, and exhibits this structure on one side, where it has suffered

_ great degration from the waves of the sea; the other sides, as well as the
' , are amorphous. Ferrara, Campi Phlegrei, p. 522,
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slowly effected than that of a body of lava exposed su=
perficially to the contact of air or water, Hence its pris.
matic configuration will be far more regular in proportion te
the size of its grain. The prisms in this case will, of course,
be perpendicular to the sides of the fissure. -
he correctness of this reasoning is' proved by the regur
larly columnar division of numerous dykes in basaltic coun-
tries. ' :
As the process of solidification propagates itself towards the
interior of the lava-mass, the fissures of retreat, and conse-
quently the columnar prisms they circumseribe, are prolonged
in a direction perpendicular to the outer surface, or at least to
the plane in which the process of solidification acis atany one
moment of its progress. If any circumstances change the di-
rection of this plane, or produce irregularities in the propa-
gation of the process, the direction of the columns suffers a
proportionate deviation, :
The columns will be usually more or less perpendicular to
the surface on which the Euligifyin process first acts ; (as is
the case in the desiccation of starch, clay, &ec.) Therefore
when they are formed upon a convex surface (as a ¢) they wili

Fig. 20.
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diverge towards the exterior of the mass ; when upon a con-

cave surface, (as ¢ b,) they will converge in the same direc-
tion.*

* One of the main causes of the rapid degradation of volcanic rocks, par-
ticularly basalt, lies in the facility with which the rain-water penctrates
between its prismatic divisions, and the consequent effect of frost in rendin
them asunder. It is obvious that this disaggregation will be greatly faci-
litated by the prisms WII.\‘-:?iug l]nwnw::‘%g, owing to which their own
weight assists in disuniting them; while itis on the contrary most efféct-
ively opposed by the contrary arrangement.
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- §. 3. But the prolongation of the columns is dependent on:
the lava of the interior always yielding to the contractile
force, which actsin the direction of the columns themselves, or
allowing of the subsidence of the outer solid crust in that di~
rection,

If its liquidity should be too imperfect for this, or the sup=
ply of liquid from a higher source wanting, the columns are
themselves divided by transverse fissures, or joinis, which
separate them into so many portions or articulations,

he frequency of these joints will vary with the difficulties
opposed to the supply of liquid lava in the interior, or to the
subsidence of the part already consolidated ; and, therefore,
the length of the columns without a joint is favored by an ex-
cess of liquidity, and consequently by fineness of grain. In
the same manner the columns that form within any accumula-

—

This consideration explains theorigin of those insulated conical peaks of
frequent occurrence in basaltic districts, and which have been so often ap-
propriated to the sites of feudal fortresses; these will for the most part, if
not universally, be found to owe their existence to the extreme stability oc-
casioned by a pyramidal grouping of columns, and the freedom from joints,
which has enabled them to outlive the destruction of the remainder of the
beds to which they belonged. :

One of the most magnificent columnar peaks of the kind is to be seen at
Murat (Dept. Cantal) in France. See pl. 11, fig. 4.

A segment of the basaltic current, of which this group once formed a
part, is still visible in the distance.

The general nature of this fact suggests the imporlant remark, that the
destruction of the basaltic beds in which such conical eminences were once
included, has been the result of the slow operation of the causes now in ace
tion. Auy violent rush of waters, of the nature of a deluge, would swee
away a pyramidal cluster of columns as easily as a vertical one s it is the
long continued alternation of rain and frost alone that will explain the uni-
form destruction of the one and preservation of the other. :

If the insulation of such peaks has been produced by these apparently
powerless agents, it will follow that they are capable of effects of ter
magnitude than is yet generally allowed, and their influence in the destrue-
tion of ether rocks has been probably far greater than many Geologists of
th%rmnt day are willing to concede. 33 e i

herever seams of stratification or divisionary structure exist, water will
introduce itself by capillary attraction, and the expansive power exerted by
its erystallization is known to be immense. When a mass has been in this
'waly loosened, it is easily displaced ; either by ils own gravity, or an exter-
nal impulse such as that of water. :

Another frequent cause of dilapidation, particularly amongst voleanie
rocks, but which must not be enlarged on in this place, is their super-posi-
tion to beds of clay, tufa, scoria, and other loose matters, which are easily
washed away, and the overlying rock consequently undermined. The pris-

- matic structure, by allowing the percolation of water to these lower beds,

obviously accelerates the process.
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tion of lava on a concave surface, should be long in proportion
to the supply of liquid lava from the higher parts of tﬁ: o5
rent, and those formed on a convex surface short for the op-
posite reason (see fig. 20).

By an extreme frequency of joints, the columnar tends to
pass into the globiform structure.

§.4. The distance of the proximate centres of attraction,
it has been said, varies inversely with the circumstances that
favour the energy of the attractive force; and this accords
with the fact, that the finest-grained lava-rocks usually pre-
gent the smallest concretions.

When the circumstances of texture and composition are ex-
tremely favourable to the increase of the attractive force, more
than one concretionary separation of parts may take place
successively in the same mass.

The first may accompany the diminution of bulk which en-
sues from the escape of a part of the elastic fluid by percola-
tion.

A second series of fissures may subsequently be formed, per-
pendicular, or nearly so, to the first, when the temperature of
the interstitial fluid, which cannot escape, is so far lowered
by slow loss of caloric, that its expansive force yields to the
mutual attraction of the neighbouring particles. In this
manner the prisms first formed may be divided into numerous
smaller prisms perpendicular to their bounding surfaces,

The former will be large and very irregular, owing to the
rf:piciity of the formation. The latter small and more per-

ct. ;

§. 5. Tt may occasionally happen that the lava refuses to
yield in any direction towards the centres of attraction; in
this case the fissures of retreat will be equidistant on all sides
from their centres, and will circumscribe a polygonal mass
approaching in form to an angular spheroid, ( ilu iform struc-
ture.) Subsequent contraction may divide this mass either
into prisms having their axes perpendicular to the surface of
the spheroid, and therefore converging to its centre, or into
concentric lamelle ; according as the contractile force, in its
progress from the superficies to the centre of the mass, expe-

* Amongst the basaltic colonades of the Vivarais are some beautiful
examples of this mode,— A partof one may be seen in fig. 21. It isremark-
able that the lowest part of the bed in which the colunans are regular, large,
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riences least resistance in the direction of the radii, or of the
tangents, to the sphere.

The former will require a high liquidity, and therefore
fineness ofgrain in the lava; the latter will take place where
the mobility of the particles is very imperfect.

At St. Sandoux, in Auvergne, is a beautiful example of the
former variety of divisionary structure, in an enormous sphe-
roid of basalt, more than 50 feet in diameter,composed of very
regular and jointed columns diverging from its centre, where
they are closely united, to the circumference, where a consi-
derable space is left between them.* :

The division into concentric lamellar spheroids is common
and well known.

§. 6. During the advance of the concretionary process
through those parts of a lava-bed in which the exercise of the

long, and almost always vertical, is separated by a decided line from the
upper and less regularly columnar part, in which thereis generally a double

Fig. 21.
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system of concretions—this line runs always very evenly, and parallel to the
lowest surface of the current, without regard to the irregularities of thick-
mness in the upper part. This inferior division, I am inclined to think,
parted with its caloric downwards to the substratum, and the line in ques-
tion appears to have been the separation between the paris which lost their
heatby transmission upwards, from this. The lower cooled solely by con-
densation of 1'a£uur. the upper both by eondensation and escape by exuda-
tion. Hence their difference of mgulari{’y.

The prismatic trachyte of Ponza and Pa'marola offers examples of a si-
milar nature. . -

* See an engraving of this rock in Faujas de St Fond, Sur le Vivarais
et le Velay. Sy ’ :

-
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attractive forces is most favoured by the extremely slow re-
frigeration of the interstitial fluid, it may happen that some
of the proximate crystalline particles of the prevailing mineral
will be enabled to overcome the resistance that opposes any
change in the direction of their poles, and unite into large and
regu%ar crystals. Such an arrangement appears to have pro-
duced many of the long and delicate crystals of felspar or
hornblende, which are found imbedded in some of the com-

ctest and finest-grained basalts, and which appear to have
crystallized since the settling of the lava, and thus to form an
exception to the otherwise general remark of the pre-
existence of the component crystals of such rocks.

When the lava is extremely comminuted, in the place of
crystals, globular concretions, or crystallites, are produced by
t!lei same partial reversion of the poles in neighbouring par-
ticles.

This arrangement must occasion a diminution of volume,
which if not compensated bg]' subsidence, or a supply of liquid
lava from without, will ﬂPm uce numerous separations of con=

tinuity, which taking efiect in those planes in which the at- .

tractive forces of the neighbouring centres balance one ano-

ther, divide the mass into numerous polyhedral or angulo-

elobular concretions.

This is, in fact, a species of divisionary structure very
common amongst pearlstones, and variolitic greystones, or
felspathic basalts,

§. 7. Where the component crystals of a lava are disposed
~more or less conformably, owing to their generally unequal
dimensions, it has been already observed that its fluidity is

great in the direction of their longest plane surfaces, and
very little, or entirely null, in the transverse direction.
Owing to this cause the formation of retreat fissures is, more
or less, prevented in the first direction, but takes place with

the greatest frequency in the latter; and thus the lava is
divi(ﬁad into concretionary plates or lamell®, of greater or
less thickness, according to the greater or less difference in
the fluidity of the lava in these opposite directions. When
the thickness is comparatively great, the structure is called
tabular ; when less so, lamellar; and when the plates are
very thin, slaly or schistose.

’].:’]H.‘,SE different structures are, as might have been expected,
abundantly exemplified in varieties of the clinkstone or scaly
lava-rocks, both felspathic and augitic; and the same cause

may not improbably be looked to, to account for the flat

T -
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prismatic divisionary structure of syenites, granites, gneiss,
and the earliest traps.*

This structure is often accompanied by the columnar, of
which it is wholly independent, The latter being produced
first by the earliest diminution of bulk, while the lava Ii?ﬁ-
sesses a certain degree of fluidity in all directions. The

ruptures occasioned by this are as usual perpendicular to the

exposed surface, and therefore generally (though not neces-

sarily) transverse to the planes of the lamelle; which being
always parallel to the direction in which the lava moved, are

also, of course, mostly parallel to the outer surfaces of the
bed, eurrent, or dyke.

A remarkable example of this united structure occurs in
the Roche Tuiliere in the Mont Dor. The clinkstone of
which this rock is composed (an insulated fragment of the
vast current descending from the Puy Gros), is regularly
divided into nearly vertical columns. It is also extremely

schistose, as the vulgar name of the rock implies, the lamina
being used as slates for roofing.

Fig. 22.

S

* In fact, the stratification of rocks of all kinds, where the strata are
separated by seams, is produced by this concretionary process.
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The direction of the lamell® in the centre of the rock is
horizontal, and therefore perpendicular to the axis of the

risms, but gradually declines towards the North, until it

ecomes parallel with their axis; the fact, that the former
arrangement communicates great solidity to the prisms, while
the latter affords an easy access to the agents of division and
degradation, perfectly accounts for the isolation of this rock;
the part, in which the latter arrangement prevailed, being
wasted away.

This curvature of the lamellz appears to be owing to some
involution of the current while flowing, owing perhaps to the
intervention of some obstacle, on its fall down a steep slope,

During this lamellar concretionary process a great many
of the proximate crystalline particles oipthe prevailing mine-
rals must be expected to reunite into large and complete
crystals ; since, in this case, the particles are already more or
less conformably arranged, and require therefore little or no
change in the direction of their poles to recrystallize com-
pletely. In this manner were probably formed the great

roportion of the imbedded crystals of clinkstones and slaty
ava-rocks in general. Their longest dimensions are necessa-
rily in the direction of the lamellar planes, since the free
motion of the crystals is alone permitted in that direction;
and their excessive compactness, so different from the loose
and fibrous aspect of the imbedded crystals of most earthy
trachytes, is thus accounted for. Where the heterogeneous
minerals were too intimately mixed, or the liquidity too low,
to allow of this complete recrystallization, imperfect globular
concretions were produced; as in the scaly greystones of
Auvergne and the Mittel Gebirge, &c.

§. 8. In the same manner as the incomplete supply or sub-
sidence of the lava in a vertical direction, occasions the trans-
verse fissures by which the columnar coneretions are divided
at intervals, when the fluidity of the slaty lavas in the direc-
tion of the scales, or plates, is insufficient entirely to com-
pensate all the tendency to contract in that direction, trans-
verse fissures of retreat are produced at intervals more or
less distant; and by the frequency of these, the tables assume
a cubical or rhomboidal form, such as is conspicuous in the
earlier traps, in syenite, and even in granite.

§.9. It has heen seen that the Divisionary Structure, or
regularity of internal form, which a mass of lava may as-
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sume during its refrigeration, according to circumstances

~comprehends the following classes::

1. The Prismatic or Columnar,

2. The Tabular, Lamellar, and Schistose,
3. The Rhomboidal or Cubiform.

4. The Globiform.

5. The Angule globular.

And that two, or even more, of these varieties of form may
be taken by the same mass.

§. 10. It is obvious that the Divisionary Structure can only
be produced in lavas consolidated by loss of calorie, or of
their fluid vehicle. Where they arc solidified solely by
increase of pressure, their temperature remaining fixed, the
concretionary or crystalline arrangement of particles will
take place (and still more easily and completely than in the
former case, because the process is slower), but no contrac-
tion, and therefore no rupture or fissures of retreat, can be
produced.

§. 1. As ty&t I have purposely avoided entering into any
discussion of the circumstances which may have given rise to
the variety of mineral composition observable in the lavas.

This variety must be supposed owing to one or other of
two causes, viz.

I. An original difference in the nature of the subterranean
crystalline rock, whose extravasation produced them
on the surface of the earth; or,

2. To changes produced in this rock, originally of an uni-
form compeosition, during the process of elevation,
which was probably accompanied in many instances by
repeated intumescence and reconsolidation, before the
final emission of the lava.

1 own that [ incline to the latter alternative, although I
am far from being able to explain the mode in which every
such change can have taken place.

Our knowledge, indeed, of the laws which determine the

formation of different minerals from their elementary ingre-

dients, i1s at present too limited for the solution of such a
uestion. If, however, we have sufficient evidence of the
ct, that the heat and fumes issuing from a mass of ncan-

h
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descent lava, car alter a rock with which it comes in contact
under greatest pressure, from a compact carbonate of lime to
a highly crystalline dolomite, containing 45:00 of magnesia,*
it will not certainly appear incredible that very considerable
changes of mineral character may be effected in a mass of
lava itself, during the repetition of the processes of intu-
mescence and consolidation, under variations of pressure and
temperature ; that crystals of augite, or olivine, or leucite

may have been produced from some of tEY comminuted, and
perhaps vaporized, elements of mica and felspar; even that
the same original granitic lava may, under some circums
stances, have been altered into a trachyte, under others into
a hasalt.

It would not indeed be difficult to conceive the production
of ordinary trachyte, by a very slight change, from a granitic
original ; for the process of intumescence, when carried far,
may easily be supposed to change the felspar erystals from
compact to glassy ; to dissolve the whole or the greater part
of the quartz in the aqueous vehicle; forcing it to assume
the crystalline form of felspar on consolidation (as in graphie
granite) ; finally to volatilize the mica, of which part would
recrystallize in more perfect erystals, either of mica or augite,
on cooling ; and a part perhaps give rise to specular or mag-
netic iron disseminated through the rock, or }lining its pores
and fissures,

In like manner we may imagine the production of basalt
to have been caused by the exposure, within the vent of a
volcano, of an intumescent mass of granite to reconsolidation,
effected by the augmentation of temperature, and consequent
expansion, of its lower beds. In these parts the extreme heat
may be supposed to volatilize the mica and other ferruginous
minerals, while the intense pressure would separate them in a

~gaseous state from the felspar, thus leaving a felspathose lava
with very little iron in one part of the chimney, and oceasion- |
ing the crystallization of a highly ferruginous lava in another. |
he subsequent intumescence and protrusion of these lavas
might produce alternate eurrents of trachyte, clinkstone, or
compact felspar, and basalt, or grey-stone,

Where the felspar, ora part of it, was reduced to an ex-

treme degree of minuge division, amounting perhaps to com-

* As in the Tyrol (see Von Buch, Lettre a Humboldt); in Sky (see
Maceunlloch’s Western Islands, vol. i. p. 825, &c.); in the Isle of Zannone
(see Memoir on the Ponza Isles, Geol. Transactions); and in many of the
dykes cutling the chalk of the north of Ireland. The well-known expe-
riments of Sir James Hall are confirmatory of these observations, '




A

Alternation of the varieties. 147

lete fusion, the circumstances under which the rock was
reconsolidated within the focus or vent, may have given rise
to the crystallization of its elements in the proportions which
characterise olivine or leucite; and other peculiar circum-
stances, the nature of which it is impossible to anticipate from
our incomplete knowledge of the laws of mineral erystalliza-
tion, and of the effect of high pressures and temperatures in
determining it, may have occasioned the casual and local
R;oductiml of the rarer volcanic minerals, such as Haiiyne,
elilite, Stilbite, Analeime, Ice-spar, Sommite, Vesuvian, &c.
With regard to the occurrence in Nature of these varieties
of lava, the fact is, that they are often, nay generally, found
to have been produced successively, sometimes alternately, by
the same volcano, or at least from the same system of vents.
Thus in France, in the Mont Dor, Cantal, and Mezen,
(three habitual voleanic vents,) currents of basalt, trachyte,
and clinkstone, may be seen to alternate,*—See the annexed
section of the rocks worn through by the waterfall immedi-
ately above Mont Dor les Bains.

Fig. 23.

.~ Earthy Trachyte with large felspar crystals.

o L
. % B........ Tufa, with Pumice, &c.
: = %0, . ==.. Basaltic Phonolite in regular columns

e

! ; - P, PP Dasaltic Breecia,

@.-.Basalt, highly ferruginous.

e iTufa,with dykes
5 of Basalt.

o

Natural Section at the Cascade of Mont Dor, above the Baths.

* It has been justly remarked by Beudant and other writers, that when
trachyte and basalt are found within the limits of the same voleanic group,
the trachytes form the central eminences, and the basalt is chiefly found at
the out-skiris of the growp. The superior fluidity of the basaltic lavas,

K 2
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In the Cantal similar alternations are visible. In the Mezen .
a very felspathose clinkstone (slaty trachyte) rests upon
basalt, and supports in turn a bed of the same rock ; and this
fact may be observed on many points. In the Chaine des
Puys, near Clermont, eruptions of basaltic lavas have almost
constantly succeeded those of trachyte, from the same vents.
(Grand et petit Puy de Dome.) (Grand et petit Cliersou.)
(Grand et petit Sarcouy,) &e.

In the Euganean Hills, in the Monti Cimini, at the Lago
di Bracciano, in the Campi Phlegrei, in the Ponza Isles, and
Ischia, amongst the Hungarian groups, the Siebengebirge, in
Teneriffe, and at Guahilagua and at Xalapa in Mexico,
trachyte and basalt occur together, and appear to have been
successively erupted from the same or very neighbouring
vents. :

It is strange that, in the face of fthese instances, MM. de
Humboldt and Beudant should speak of a repulsion or anta-
gonism as existing between the trachytic and basaltic forma-
tions.* It is natural, and to be expected, that where basaklt
has been the latest and most copious production of any vol-
canic vent, its currents should conceal entirely or partly from
our view those of trachyte, which preceded it, and vice versa.
Again ; the great difference in the fluidity of these lavas will
have led them to accumulate in greatest abundance, the one
at a distance, the other in the immediate vicinity of the cen-
tral vent.—(See note, last page.) But, instead of their mu-
tually repelling one another, the production of trachyte pre-
venting that of basalt, and vice versa, as the above writers
assert, the general law seems to be, that they occur together,
being prﬂ[ﬁmﬂd successively from the same or proximate
vents, though in general at {m]g intervals of time. The com-

lete isolation of basaltic or trachytic formations stands in
the light of an exception to the general rule, and may be
accounted for by the concealment of so much of the earliest |
productions (perhaps subaqueous) of the vent.t ]

-
=

roved in a former chapter, will evidently account for this general fact.

hus, in the Mont Dor, the trachytic currents have in no instance flowed
more than three, or at most four, miles from the central crater of the vol-
cano; the basaltic currents, on the contrary, have reached a distance of
fifteen miles or more.

# Humboldt Essai Geognostique, p. 349, Beudant, Hongrie, iii. p.587.

t "The same spirit of generalization from pre-conceived hypothesis,
has led M. Beudant to assert that all trachyles are of submarine origin.
This is evidently false of the trachyte of the Cantal, near Auwrillac, which
has overflowed a freshwater deposit, and is wholly without foundation in
most other wstaneces,
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The same able geologists have likewise, perhaps, committed
another error in attempting to limit the production of vol-
canic rocks characterized by varieties of mineral composition,
to separate periods of the history of the globe.

According to M. Beudant, all trachytic formations are
parallel to the secondary strata, and universally prior to the
tertiary. '

The trachytes of the Cantal and Mezen which rest on
freshwater limestone ; those of the Montamiata, and Monte
Cimini, on the tertiary marls and clays of the Sub-Appenine
hills ; that of the Euganean hills, which cuts through and
covers beds of calcaire grossier, might alone set this question
at rest ; but it is still more completely decided by the certain
fact that the eruptions of many recent volcanos have produced
trachvtic lavas. Most of the active volcanos of America, par-
ticularly Popocateptl, Orizava, Capac-urcu, Cotopaxi, Sotara,
and Rucupichinca, are trachytic, and Elject pumice. Those of
Sumatra, Java, and the Moluccas, also appear to produce
principally felspathose lavas. The seas in the vicinity of
these islands are represented sometimes, after an eruption, to
be covered to a considerable extent with floating pumice.*

The Peak of Teneriffe, which has certainly been eruptive
at no very distant period, is trachytic.

Volcano, one of the Li[nlari isles, when in erurlian in 1786,
threw up pumice. The Lava del Arso, in Ischia, and that
of Olibano, near Pozzuoli, both recent streams, are mineralo-
gically trachytes. The lavas of the voleanos of Bourbon,
still in almost permanent eruption, are highly felspathose.

These facts are not unknown to the geologists who advocate
the antiquity of trachyte; but they escape their evidence by
deciding that recent lavas shall not be called by this name.
The term however has been, by its inventor Haiiy, and sub-
sequently by Daobuisson, Cordier, &c. restricted to a mine-
ralogical meaning ; in addition to which so many difliculties
lie in the way of the determination of the age of a volcanic
rock, that it would be absurd to make the primary name of
any one depend on a character of such uncertainty.

* Bee an Account of the Eruption of Tomboro, in Java.~Journal of
the IRoyal Tnstitution, vol. i. p. 255.
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CHAP. VIL

Volcanic Mountains.

§. 1. Having thus far investigated the laws which deter-
mine the disposition and salidi%ﬂcaﬁun of lava, when pro-
truded in a liquid form on the surface of the earth, we may
continue our examination of the structure of volcanic forma-
tions, into which this substance, when consolidated, enters
largely.

{{’I?eylmve, in a former chapter, discussed the form and com-
positions of those Cones, or Hillocks, both simple and com-
pound, which are produced by a single eruption of fragmen-
tary matter, from one or a few neighbouring vents ; and it
has been observed, that the weight and pressure of the lava,
ascending within the funnel-shaped cavity of such a cone
ofien breaks down one of its sides, and allows the latera
escape of the liquid matter, which disposes itself at the foot
of tde cone, according to the circumstances already enume-
rated.

If the cone, on the contrary, is sufficiently solid to resist
this pressure, the lava will often rise until it is enabled to
escape over the lowest part of the ridge of the crater, and
pour itself down the outward slope of the cone. 1In this case
a part of it congeals in its descent, and remains fixed as a
more or less solid rib or prop to the fragmentary cone,

We now proceed to consider the structure of those larger
volcanic hills, which are the produce of repeated eruptions
from the same vent. The eflect of every subsequent erup-
tion from the same orifice, which has already produced a cone
of scoriz and a lava current, must be to cover these with
fresh productions of a similar character ; and the repetition
of such phenomena will create an alternation of the hithoidal
or consolidated lavas, with the conglomerate strata produced
by the contemporaneous ejections ; these different beds accu-
mulating together, into a mass of more or less magnitude, in
proportion to the violence and number of the eruptions by
which it was produced. "

The original cone thus, by degrees, assumes the size and
dignity of a mountain. Those currents of lava, which are
able to force their way through the side of this hill, harden
into massive buttresses at its foot, or upon its skirts; while
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those which overflow the edge of the crater, add still more

efficiently to the strength of the cone, remaining, as so many

solid ribs, interstratified with its looser materals. In this.
manner the mass becomes gradually more and more fortified ;

and while the outward pressure of the column of lava, raised

by ebullition within the chimney, or central aperture, of the

mountain, increases with its growing elevation, the strength

and solidity of its sides, and, consequently, the resistance

afforded to this force, is augmented in the same ratio,

§. 2. These sides, however, frequently give way to the in-
tensity of this force ; but not, as in the case of the similar
cones, formed solely of fragmentary matter, where the whole
side of the cone is broken down, and carried away at once.
Where the cone consists of alternate fragmentary and solid beds,
knit together into a compact frame-work, should the force of
the lava, ascending in the central vent, and acting like an im-
mense wedge driven from below upwards into the heart of the
cone, overcome the cohesion of its sides, one or more fissures
will be split through them in a vertical direction ; and by these
the lava makes its escape, with a velocity and volume, deter-
mined by its fluidity, the dimensions of the fissure, and the
relative height of the internal column. As the lava flows out
ofany lateral orifice thus established, the surface of the inter-
nal column must gradually fall, until it reaches the level of
the orifice of emission. |

The stream will then, or shortly after, cease to flow : but
will probably be succeeded by jets of the elastic fluid from the
orifice by which it is brought into communication with the at-
mosphere. Meantime, the pressure and intense heat of the
lava remaining within the volcanic chimney, perhaps enlarges
and lengthens the fissure, so as to afford another opening for
the emission of lava at an inferior level. From this point the
same phenomena take place, and are perhaps repeated from
other openings successively produced, one below another, in
the side of the mountain, until the weight of the internal co-
lumn of lava is so far diminished, that it can no longer over-
come the resistance afforded by the solid substrueture of the
mountain ; all discharge of lava in currents then soon ceases;
and as the column is still further lowered within the vent, its
vapour alone escapes, projecting scori@ upwards, either from
the last formed aperture, or the central crater, perha
from both; and the eruption gradually terminates in the
usual manner. i

Observations made on the phenomena of known volcanos
confirm this reasoning. [In fact, it appears that whenever the
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volcanic action has forced a new vent upon any fresh poiut of

the earth’s surface, the elastic fluids are almost invariably
discharged by the same aperture through which the lava is
emitted.

When, however, repeated eruptions from the same vent
have raised a volcanic mountain of considerable dimensions,
the aeriform explosions take place for the most part from its
principal or central aperture, which is usunally at the summit
of the cone ; while the lava is rarely discharged from the same
orifice, but finds an issue from one or more rents in the side
of the cone, or even at the plain at its base. The cause of
this is extremely clear. The principal aperture or great cra-
ter of the mountain must necessarily be situated immediately
above the fundamental volcanic vent, formed by the first ex-
plosions of the volcano through pre-existing strata ; since the
clastic fluids evolved from thence, and tending to rise per-
pendicularly into a rarer medium, will of course for the most
part escape by that aperture. The density of the lava on the
contrary opposing the greatest impediment to its elevation to
the summit of the mountain, the immense lateral pressure of
the ascending column on the internal walls of the passage, or
chimney, through which it swells upwards, must, in most
cases, aided b tﬁe intensity of its heat, force acrevice in these
walls, through which it issues into open air, upon the flanks,
or at the foot, of the mountain.

Examples of eruptions characterised by these circumstances
are abundantly common in the annals of all compound vol-
canic mountains.

Let us take /tna for example :

In the eruption of 1536, twelve different mouths opened
successively, one below another, on the same line or fissure;
cach producing lava, while the central crater vomited vapour
- and scoriz.

In 1669, the S. E. flank of /Aitna is described as having been
split open by an enormous fissure, reaching from the summit
two-thirds of the distance down the mountain. From its
lower extremity issued the vast current of lava, which, tak-
ing the direction of Catania, destroyed a third of that town,
and formed a large promontory projecting half a mile into the
sea.* After the emission of the lava current had ceased, that is,
when the internal column of lava had subsided to the level of
the lateral vent, aeriform explosions succeeded from the same
orifice, and continued to be discharged with violence during
fourteen days. The fragmentary matters eructed by them pro-

* Ferrara. Campi Phlegreei.  (Borelli. Storia del Eruzoine.)
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duced the large cone called Monte Rosso, near Nicolosi, and
covered a circuit of about two miles radius, with a deep de-
“posit of black sand containing innumerable separate crystals
of augite. This district is only now beginning to support a
scanty vegetation, in spite of the assiduous efforts made by
the inhabitants to fertilize it. Part of the fissure then formed
is still visible behind the Monte Rosso.

In the eruption of 1792, Ferrara observed that a fissure
was broken through the side of the mountain ; whence, during
ten days, the lava boiled out very tranquilly, while the aeri-
form explosions took place only from the principal crater. At
the end of this time the explosions ceased from the main erater,
and commenced from the extremi}ly of the fissure, at the same
moment that the lava ceased to flow out; the liquid column
within the vent having evidently lowered itself, by continual
emission, to the level of the lateral aperture. 1In 1780 the
earth sunk along astraizht line from the great crater to a new
lateral vent which produced the eruption, showing the exist-
ence of a fissure in that direction. In 1809, numerous points
emitting lava opened successively, upon one line, or fissure,
reaching downwards from the margin of the great crater. A
similar circumstance occurred during the eruption of Etna in
181112, according to the relation given to me by Signor
Gemellaro, who was a witness of the fact. It appears, that
after the great crater had by its violent detonations for some-
time testified that the ascending lava had nearly reached the
summit of the mountain by its central duet, an unusually vio-
lent shock was felt, and a stream of lava broke out from the
side of the cone, at no great distance from its apex. Shortly
after this had ceased to flow, a second stream burst forth at
another opening, considerably below the first; then a third
still lower, and so on till seven different issues had been thus
successively formed, all lying upon the same straight line,
prolonged from the summit nearly to the base of the moun-
tain. This line was evidently a perpendicular rent produ-
ced in the internal frame-work of the mountain; which rent
was probably not produced at one shock, but prolonged suc-
cessively downwards by the lateral pressure and intense heat
of the internal column of lava, as it subsided by gradual dis-
charge through each vent.

The flowing of lava from each of these orifices was followed
by the eructation of scoriae, by which as many small parasitical
cones were produced.

In fact, in every lateral eruption of Atna such a fissure has
been formed ; the lava issuing from its lower extremity, and



17  Instances of lateral Orifices.

successively from different points, as the fissure was prolonged -

downwards.

Other volcanos present the same phenomena. We may
particularize the great eruption of Vesuvius in 1784 ; when
five small cones were produced at the east base of the moun-
tain. They still exist, and mark the points whence the lava
torrents issued, by which Torre del Greco was overwhelmed.

In all these cases the central craters of the two volcanos
continued to discharge torrents of elastic fluids, carrying up
scoriz, sand, and ashes, while their lavas escaped in currents
at a much lower level. When, however, the aeriform explo-
sions took place from the lateral vents, those of the central
crater ceased for a time, but recommenced when the former
had in turn stopped.

But one of the most remarkable and instructive instances of
analogous facts is to be found in the eruption which tor-
mented Iceland in 1783, when the lava issued in enormous

uantity from three sources opened successively in a plain at
;]he foot of the high volcanic cone, (Skapta Joeul) from which
the gaseous explosions had been, and for some time continued
to be, discharged.

These scources were about eight miles distant from one an-
other, and were formed along the same straight line, which
obviously marked the direction of a fissure created in the su-
perincumbent strata of the plain, by the upward pressure of
the lava below, in communication with that which was forced
up the internal chimney of the neighbouring mountain. A
fourth source seems to have npeneﬁ itself in the prolonga-
tion of the same line, but beneath the sea, and at a distance
of 30 miles, producing a rocky island, now reduced to a mere
shoal by the erosive action of the waves and submarine cur-
rents. The lava produced by the three terrestrial sources
geluged the plain to a superficial extent of more than 40 miles

y 30.

In this instance it appears that the frame-work of the volca-
nic mountain offered a more solid texture and a greater degree
of resistance to the pressure of the internal column of lava,
than the superincumbent beds constituting the plain at its
base, which in consequence were the first to give way, and
open an issue to the fluid.

The immense quantity of lava produced, and the velocity
with which it flowed forth, were obviously in direct propor-
tion to the great height to which the column had ascended in
the interior of the mountain, before the fissure was formed.
The distance of the apertures by which the lava was poured
out, from the crater or central vent of the velcano, which




Rending of Voleanic Mounlains. 155

discharged the aeriform fluids, proves the vast horizontal
extent of the subterranean reservoir of lava; which is the
less astonishing from our knowledge that the whole island of
1celand has been produced from the bottom of the sea by the
successive eruptions of the same volcanic system, we might
almost say, of the same volcano. ;

The gigantic volcanos of S. America appear to have fre.
quently presented examples of eruptions takmﬁ place under
similar circumstances, but the accounts of which we are pos-
sessed are not sufficiently detailed for the purpose of compa-
rison.

It may very plausibly be suspected that each of the shocks
by which the environs of a volcanoare so repeatedly agitated,
during, and previous to an eruption, is occasioned by the
rending of some part of the solid frame-work of the mountain
or its supporting strata, by the action of the force we have de-
scribed as resulting from the pressure in all directions of the
liquid which is in communication with that elevated within
the volcanic chimney. The prolongation or widening of a
fissure previously formed would have the same jarring, or
vibratory effect, as the creation of a new one, Itisindeed a
remark common to the observations made on almost all vol«
canic eruptions, that local carthquakes always precede the
emission of lava currents, and cease while the lava is flowing,
to recommence when it has stopped. Those shocks, on the
other hand, which are felt to a considerable distance, are pro-
bably caused by new rents produced in the solid subjacent
strata supporting or surrounding the mountain, and enter
into that class of earthquakes which were discussed in a former
chapter.

The rents produced in the frame of a volcanic mountain by
the disjunctive force in question, are sometimes of such width
that the whole mountain appears cleft in two, as occurred to
the volcano of Machian, one of the Moluccas, in 1646. The
crater of the Souflriére of Montserrat, and the volcanic cone
of Guadaloupe, both appear to have been thus split through
- by a large fissure. The Montagne Pélée of Martinique offers
a similar fact, (Moreau de Jonnes.) KEven the eruption of
Vesuvius in October, 1822, which was peculinri_? fertile in
interesting phenomena, offers also an example of this rend-
ing of the mountain. 'The crater or rather chasm left by that
eruption is itself an enormous fissure broken across the cone
in a direction N. W.—S, I£. It was prolonged through the
whole frame of the cone on the S. E. side, and produced a
deep notch in the mountain, which though considerably ef-
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faced by the beds of scorie and fragments thrown into it, is
still 500 feet lower than the neighbouring point of the ridge
of the actual crater. '

§. 3. The fissures thus formed in the frame-work of the
mountain and instantly occupied by the liquid lava, become
hermetically sealed, by its subsequent consolidation, and as-
sume the character of dykes. These being usually formed, as
has been said, in a vertical direction, and therefore trans-
versely to the lateral beds or currents of lava, communicate
a vast accession of strength’to the structure of the mountain,
acting as ties to the latter, which may be likened to the main
beams of the edifice, .

The section of Monte Somma presented by the steep cliffs
above the Atrio del Cavallo, which are the remaining walls
of the ancient and principal crater of this voleano, exhibits
an infinity of such dykes traversing the mass of the mountain
in numerous directions, all approaching, however, more or less
to the vertical, and crossing each other, and the more massive
and nearly horizontal beds of lava and scori®, so as to give a
veticulated appearance to the rocks. They are of very com-
pact basalt, and frequently divided into prisms lying at right
angles to the walls of the dyke. The recent crater of Vesuvius
(1523) at present exhibits similar features, which are common
in faet to all volcanic mountains of which the internal struc-
ture is sufficiently exposed.

From this consolidation of the matter occupying the rents
of a volcanic mountain, it happens that at every fresh effort of
the expansive force a rent must be forced in a new place. In
fact, tﬁem is no instance extant of an old lateral aperture
having opened a second time.

§. 4. Thus it is clear that the augmentation of the cause
that tends to destroy the fabric of the mountain, viz. the
height of the internal column of lava, is compensated by
a parallel increase in its strength; and no other limit would
appear to be set to the increase of a volcanic mountain, in
height as well as bulk, than the cessation of the phenomena
which erected the whole, the absolute extinction of its out-
ward activity.

In fact, we are acquainted with examples of such mountains
reaching to an extraordinary altitude. /Etna, the Peak of
Tenerifle, the volecanos of Kamskatehka, of the Aleutian
Isles ; those of the Andes and Mexico, which a short time
back were supposed the highest on the globe, are of this na-
ture, and have been appareotly raised in the mode above
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described by the continued accumulation of loose ejected mat-
ters fortified by lava currents and dykes. It is true the in-
stances of the Pic de la Teyde, Chimborago, and some other
very elevated volcanic mountains which have not for some
centuries exhibited eruptions from their summits, would ap-
pear at first sight to show that another limit exists, and that
when the mountain has acquired a certain height it becomes
unable to resist the pressure of so enormous a column of
lava, which in consequence invariably finds a vent at its side
or foot, -

But it must be recollected that these lateral eruptions tend
continually to fortify the sides of the mountain by the accu-
mulation and consolidation of their produets; and, it may be
foretold, therefore, that should these volcanos continue in acti-
vity, the time will come when they will be sufficiently propped
on all sides, to be able to sustain the pressure of the lava;
which, in thiscase, will be again poured forth from the summit.

§. 5. These lateral eruptions proceeding exactly in the
manner of those from fresh vents described above (chap, iii.)
like them produce a more or less regular cone on every point
where they find an issue.

The slopes of /tna are loaded with above 70 such para-
sitic cones ; many of them of considerable magnitude,* each
has its crater, and each marks the source of a current of lava ;
that from the Monte Rosso destroyed Catania in 1669,

Vesuvius has occasionally produced similar hills—that on
which stands the Camaldoli della Torre is an example, and
eastward of this point rise five other small neighbouring
cones thrown up by the eruption of 1760. The lava from
these apertures overwhelmed Torre del Greceo.

But the great cone of Vesuvius was itself in fact originally
but a parasitic cone thrown up in the centre of the old
crater of Somma, of which the remaining circumference com-

letely embraces Vesuvius from east to west by south.

Exactly in the same manner has the cone of the island of
Vulcano, which contains the large crater now in the state of a
solfatara, been thrown up in the centre of a still larger and
more ancient crater, which still incloses it by a semicircular
range of cliffs, composed of alternating beds of lava and ashes,
See the accompanying plan of the island of Vulecano, and also
its profile in Plate I1.

* The Monte Rosso was estimated by Hamilton to be half a mile high
from its base, and three miles in cirewinference. s
It is probably about 500 fect in height, and two wiles round.
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fsland of Fuleano.

§. 6. Of the fragmentary matters ejected, whether by the
central or by lateral vents of a voleanic mountain, the lightest
and most pulverized particles are scattered by the winds, often
to a considerable distance.

The fragments of intermediate size and weight are carried
down the slopes of the mountain by aqueous torrents. These
have their origin in the quantity of rain which as has been
noticed above, generally falls during every voleanic erup-
tion, the consequence of the vast volumes of aqueous va-
pour evolved, and to which every such mountain is the more
exposed in proportion to its height. If its elevation, or geo-
graphical position, cause it to retain frozen snows upon its
sides or summit, still more sudden and terrific deluges of
water are created by the showers of red-hot scorie which
fall upon them, or the contact of the still hotter lava.

In Iceland phenomena of the latter kind accompany almost
every eruption from its snow-clad heights, and constitute by
far the most destructive part of the volcanic catastrophes, to
which the inhabitants of this immense sea-girt cauldron are
exposed.*

* During the ervplion of Katlegiaa in 1756, torrents of ice, rocks, and
sand, occasioned by the melting of the glaciers, produced three lel
Ilrunmniuries, reaching three leagues into the sea ; which remain above its
evel in places where the fishermen formerly found 40 fathoms of water.
(Olafseen and Povelsen.)

|
|
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The inhabitants of the slopes of Vesuvius designate these
torrents of mud and scori@, by the name Lave dacqua, in
contra-distinction to the lava currents or Lave di firoco.

Thus, alluvial deposits of fragmentary matter may be ex-
pected to fill up the hollows, cover the skirts, and extend to
some distance from the base of every voleanic mountain, and
often to alternate with those of its lava currents, which from
their superior finidity have extended farthest from the cen-
tral summits. And such appears to be the structure of these
mountains wherever they have been geologically examined.
(Mt. Dor, Cantal, Mezen, Teneriffe, l-gl?mgary, &e.)

The trees -and plants growing on the slopes of a volcanic
mountain must be ofien rooted up and carried away by these
aqueous debacles, and buried amongst the alluvial strata at
its foot,

This is no doubt the origin of the fossil wood frequentl
met with in the Tufas of the Mont Dor and Cantal, of Hun-
gary, and Iceland, (Surturbrand.) This is occasionally mine-
ralized, but not always. In Hungary it is sometimes silici-
fied, and changed into opal. In the Mont Dor, I have seen
the trunk of a tree, which at one extremity was reduced to
perfect jet, and at the other retained the colour and texture
of wood, and was not at all carbonized.

These alluvial matters often acquire on desiccation a great
degree of solidity, even without being cemented by ferrugi-
nous or other infiltrations. The ashes of the eruption of
Vesuvius in 1822, carried down the slopes of the hilrb}r tor-
rents of rain, caked into a hard rock, which required a sharp
blow from a hammer to break it.

§. 7. If the sea, or any inland lake, washes the base of the
mountain, such fragmentary matters as are carried down into
it by torrents, or fall there by the mere force of projection,
may be distributed on the bottom or shores of the ocean by its
currents, and mixed or interstratified with its other more
purely marine deposits.

This appears to have occurred in the stratified Tufas of
the Terra di Lavoro, and the campagna di Roma. In Hun-
gary pumice conglomerates alternate with tertiary limestone
strata, &c.* '

In the neighbourhood of Pont du Chateau, (Auvergne,) a
calcareous peperino alternates with the strata of limestone

# It is by no means necessary to conclude, as M. Beudant has done,
from this, that the trachytic volcanos of that country were submarine. It
15 clearly sufficient that they were insular, or washed at their bases by the
sea, to produce this result.  Foyage en Hongrie, 1ii. 570,
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containing numerous fresh-water shells ; and on Gergovia, in
the same neighbourhood, currents of basaltic lava are inter-
bedded with fresh-water limestone.

The accompanying figure presents an ideal section of a
voleanic mountain after one of its paroxysmal eruptions.

§. 8 In the case of simple cones, notice has already been
taken of the fizure and origin of their eraters, or the cavities
included in their interior slopes,and having the orifice of erup-
tion at the bottom. Those cones or volcanic mountains which
are the produce not of one but repeated eruptions from the
same vent, usually possess a similar central cavity, which how-
ever is subject to various changes and modifications, and occa-
sionally altogether disappears. These changes, it will be
seen, are the necessary consequence of the repetition of suc-
cessive eruptions from the same orifice ; for

I. When, in any individual eruption, the force with which
the fragmentary ejections are launched into the air,
is inferior to that of the preceding eruption, these
matters will all fall within the circumference of the
crater, formed at that time, and tend to fill it up by
the production of a parasitical cone within this enclo-
sure,

II. The lava also, swelling up through the volcanic orifice,
must occupy the bottom of the crater ; and if its
weight does not succeed in forcing a passage through
the side of the mountain, it will fill up this cavity to a
height proportioned to its volume,

The repetition of these circumstances always accompanying
every minor eruption, tends to fill up the whole cavity of the
erater produced by the last violent or paroxysmal eruption,
until the matters elevated, both liquid and fragmentary, find
their way atlength over the ridee of this basin. By this suite
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of operations the crater of a large voleanic mountain becomes

temporarily replaced by an irregular plain, at length possessed
of a degree of convexity, and often rendered still more un-
equal by the small parasitical cones which every minor erup-
tion throws up on its surface.

In this state of things the external repressive forces which
consist in the weight and resistance of the matters obstructing
the habitual vent of their volcanic energy are at the maximum ;
the products of subsequent minor eruptions escaping down
the outer slopes of the cone,

If after this moment any violent eruptive paroxysm take
place, by the creation of a deep fissure penetrating into an
“intensely heated point of the volcanic focus,—the rapid, pow-
erful, and tremendous explosions that ensue, soon break up
and shatter the mass both of solid and fragmentary rocks
which had accumulated within the interior of the ancient
crater, and project them in fragments to a vast height into the
air, whence a part falls on the outer slopes of the mountain,
while the remainder which fall back towards the orifice of
projection are again and again driven forth till they are tritu-
rated to the finest possible degree of comminution. The final
result of this process is, to leave a crater bearing marks of
the violence with which it has been torn through the bowels
of the mountain, and of a diameter and depth proportioned to
the energy of the eruption.

The encircling walls of such a cavity will be more or less
Kerpeudicular, and presentsections of the beds both of conso-

idated lava and conglomerate, through which the aeriform
e:[rlusinns forced their way. In process of time these walls
will cramble in, and their fragments, forming a talus at the
bottom, will soften off the abrupt features of this cavity, and
diminish the steepness of its enclosure.

The crater of a volcanic mountain, as well as of a simple
cone, usually deviates considerably from the circular form,
being lengthened in the direction of the fissure from the en-
largement of which it proceeds. |

The phenomena of Vesuvius, during the last century, will
serve to exemplify the series of changes we described as in-
cidental to the principal or central crater of an habitual
volcano.

In 1766 the t crater, which previously existed, is de-
scribed by Sir W. Hamilton as entirely choked up, and in the
place of a cavity he found an irregular circular plain at the
summit of the cone,

£ L
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This plain was subsequently broken up, and the cone com-
pletely gulted, by the great paroxysmal eruption of 1794,
which left a vast cavity, described as of tremendous depth and
width, and surrounded by perpendicular crags. The process
of replenition then again commenced, till this crater was

olice more S0 com plete?y choked by the accumulation of mat-

ter produced by minor eruptions from its bottom, that during
the years 1813—1822, a rude plain of the same character as
that described by Hamilton, again existed at the summit of
the cone. The plain towards the latter part of this period

had acquired a convexity of form, and supported many minor
parasitical cones. 'T'his state of things continued until, in

October 1822, another eruptive paroxysm occurred, similar
to that of 1794 ; which, breaking up the plain and launching
its fragments into the air, reproduced a central cavity, or
crater, of vast size and depth, and of an irregular elliptical
form, being obviously the result of the forcible enlargement,
by rapid and vielent explosions of steam from below, of a fis-
sure broken through the framework of the cone in the direc-
tion N. W. by 8. k.

The great crater of Atna is, in its actual state, an exam-
ple of one in which the process of replenition has already
made considerable progress. When I visited it in 1819, there
existed a small parasitical cone in full activity at its bottom,
whose frequent eruptions must tend materially to lessen the
depth of this cavity.

Elence it is observable, that the principal or central crater
of every veolcanic mountain, or cone produced by numerous
eruptions from an habitual vent, is the result of tlz,e last pa-
roxysmal eruption of the voleano.

Thus too it appears, that besides the operation of time and
external causes in damaging or totally destroying the figure
of craters, there exists in the volcanic phenomena themselves
a tendency to obiiterate their forms—a series of causes alter-
nately scooping out the interior of a volcanic mountain, and
ﬁradﬂully filling up again the cavity, or ecrater, thus pro-

nced.

The neglect of this observation has been the source of nu-
merous errors amongst those Geologists who have turned
their attention to voleanic districts; many of whom have
frequently overlooked or rejected some of tlyle most decidedly
marked craters, from their want of perfect symmetry; while
others have drawn negative conclusions as to the volcanie na-
ture of a mountain, from the absence or obliteration of its
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(erater, which is in fact as rezular and necessary a result of the
voleanic phenomena as their formation.*

It must be observed, that the explosions by which a crater
i8 hollowed out from the centre of a volecanic mountain, are

 chiefly those which take place subsequently to the emission of
the lava in a liguid form, and by which the eruption termi-
nates.

This consideration would have prevented Dolomieu from
the error of supposing that the large crater of Volcano {one
of the Lipari isles) must have heen filled to the brim with
liquid glass before the small current of obsidian which flowed
from its summit in 1786, could have been produced. The
emission of this lava was here, as in most similar cases, an-
tecedent to the excavation of the crater.+

§. 9. The dimensions of the cavity formed in this manner
will be determined by the violence of the eruption, and the
more or less yielding nature of the walls of the eruptive fis-
sure. When these circumstances are favourable in the ex-
treme, the terrific explosions that ensue, and which forcibly
enlarge the crevice that propagates the expansive process
to the intensely heated lava below, may not only break up
and drive into the air the matters which have during a long
previous period accumulated in the old crater, and obstructed
this habitual vent of the voleanic heat, but even tear up their
way through, and destroy, the greater part or the whole of
the volcanic mountain itself, leaving in its place a wide cavity
encircled by the ruins of the shattered cone. Examples of
such an occurrence have been met with even in present times,}

~* In Hamilton's Campi Phlegrei are drawings of the variations of form

of the cone of Vesuvius, from the years 1766 to 1780, which illustrate the
rogressive elevation of a minor cone in the interior of a crater, until this
asin is gradually filled and obliterated.

_t For an ideal section of a volcanic mountain after a paroxysmal erup-
tion, see page 83, fig. 13.

+ Such a catastrophe destroyed, in the year 1638, a colossal cone called
the Peak, in the Isle of Timor, one of the Moluccas, The whole moun-
tain, which was before this continually active, and so high that its light
was visible, it is said, three hundred miles off, was blown up and replaced
by a concavity now containing a lake.

_ The isle of Sorea, another of the Moluccas, disappeared entirely in a
* similar manner, during a violent paroxysmal eruption in 1693.

Again, according to M. Moreau de Jonnes, in 1718, on the 6—37 March,
at 5t. Vincent's, one of thé Leeward Isles, the shock of a terrific earth-
quake was felt, and elouds of ashes were driven into the air with violent

L2
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and in the remains of ancient volcanos now apparently ex-
tinct, or at least dormant, we may observe proofs of these
phenomena having not unfrequently taken place. |

Explosions of this extreme violence are naturally to be:
expected to characterise the return of a voleano to a condi-
tion of external activity, after a long period of apparent
repose occasioned by the long predominance of the repressive:
forces. And such a burst seems to have taken place in the
great eruption of Vesuvius, a.n. 79, by which half of the old
cone of the pre-existing mountain was blown into the air, and
buried Herculaneum, Ei}ﬂmpﬂia, and Stabiz, under its tiitu-
rated ruins. The remaining half of the cone exists in the
Monte Somma, and there can be little doubt that the modern
cone of Vesuvius owes its origin to that eruption.

The still active volcano of the Isle of Bourbon presents a
remarkable analogy of situation to Vesuvius, rising in a simi-
lar manner from the centre of a vast semi-circular enclosure,
formed by precipitous cliffs, which consist, like those of
Somma, of alternate beds of basalt and scoriz, whose inclina-
tion and direction prove them to have been produced by a
volcanic vent, nearly in the same position as the present one.
In this case, as well as that of Vesuvius, the appearances are
only to be explained by supposing half of the cone of an
ancient voleano existing on the spot to have been suddenly
blown up by a severe paroxysmal eruption of the nature of
those we have supposed above, which had been preceded by
a longer than ordinary interval of outward inactivity.

This paroxysm seems to have been succeeded by the length-
ened phase of moderate and prolonged activity which has
characterised this interesting volcano from the period at
which the island was first colonized unto the present time.
Indeed these circumstances arve common to many volcanie
mountains. The island of Stromboli presents a cone risin
from within the circuit of an older crater. De Bunﬁ
observed, in the island of Teneriffe, a semi-circular wall
of precipitous rocks 2500 feet in height on some ﬂuiuts,
and of immense diameter, which partly encloses within its
limits both the cone of the Peak and that of Cahorra, almost
the rival of the former in magnitude. This enclosure is evi-
dently the remains of a yast crater or chasm formed at some

detonations from a mountain situated at the eastern end of the island.
When the eruption had ceased it was found that the whole mountain had
disappeared. A hurricane accompanied this catastrophe, caused, it may
be presumed, by the ascending draught of air created by the explosions,
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distant epoch, when the upper half of this voicanic island was
blown into the air by one intense eruptive paroxysm. .

The voleano of Pichinca, in Mexico, visited and described
by Humboldt, has an elliptical crater of this nature 1400

rds in diameter, and between four and five thousand feet
in depth : its inner sides consist of steep and tremendous pre-
cipices. Many parasitical cones are observable at the bottom;
one of which at least is in activity, since the red-hot scorie it
projects are visible by night.

The circular hollow called Astroni, in the Campi Phlegrai,
near Naples, as well as the Solfaitara, may be mentioned as
additional examples of craters produced in this manner. The
former exhibits, in the middle of the plain which forms its
bottom, a small parasitical cone, the result of a minor erup-
tion subsequent to the formation of the enclosing cavity,
Precisely the same fact is observable in the basin of the lake
of Roneiglione, a much larger specimen of such a erater, from
the centre of which rises a secondary cone of considerable
dimensions, itself possessing a very regular crater. 'This last
also is one out of many examples of the occupation of these
craters by a lake ; a circumstance which necessarily results
from their form, whenever the conglomerates which line the
interior slopes of the basin are not permeable to water.

It is indeed highly probable that all those remarkable cir-
cular lakes which are so commonly met with in volcanic
districts, and particularly in the west of Italy, central France,
and the left bank of the Rhine, owe their origin to the destruc-
tion of the upper and central part of a yolcanic cone by a

paroxysmal eruption. |

The skirts, or talus, of the mountain would, after such a

catastrophe, remain as an enclosure to the cavity if produced,
and in most cases present an abrupt precipitous escarpment
towards the interior, and a gradual and shelving siope out-
wardly, Such are, in reality, the characteristic features of
almost all these natural basins.
- Their forms have been of course, in some degree, smoothed
down and softened by the accumulation of fragmentary matter
ejected by the paroxysmal eruption, and occasionally by
those of subsequent explosions of a minor nature, which,
as was observed with respect to the Lagodi Roneiglione, have
sometimes raised up parasitical cones within their interior,

~ Thus, where the volcanic mountain consisted of a more

than ordinary proportion of incoherent matters, and those of
a dight and loose texture, such as lapillo and felspathic tufas,
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the basin is encircled by ridgy elevations composed of these
substances, to which the influence of time and meteoric denu- |
dation has since given a still gentler outline, '

As examples of such basins may be instanced, those of [
Agnano Averno, and Roneiglione in Italy ; of Laach, on the
left bank of the Rhine ; the Pulver-Maar of Gillenfeld ; the
Ulmener, Dreiser, and Mosbrucher-Maare, in the Eiffel. In
the island of San Miguel is a crater of this kind occupied by
two lakes, and fifteen miles in diameter.*

§. 10. But all the circular lake basins of volcanic districts |
do not result from the destruction of a voleanic mountain and
the enlargement of its central erater. Many such are to be
met with, which have been evidently produced by a single
eruption from a new vent, through rocks previously intact;
consisting of a circular elliptical cavity hollowed out of these
rocks, whether primitive or secondary, and surrounded by a
greater or less accumulation of fragmentary ejections. In
fact, if we suppose the focus of an eruption from any fresh
point to lie more than ordinarily deep; while, at the same
time, its expansive force is extreme, the explosions of steam
which discharge themselves with vast rapidity through the
fissure of communication with the outer air, will enlarge the
point of this fissure, on which they escape into an opening of '
very considerable diameter ; hrEaﬂ,ing up and shattering into
fragments the rocks on either side ; while, at the same time,
from the depth of the fissure, the lava will be unable to rise
to its mouth, and only a small proportion of this substance
will be discharged outwardly in the form of scoria@; the
weight of the lava, elevated in the vent, alone sufficing to
stifle the focal ebullition, and prevent any farther intu-
mescence. The result of such an eruption would be the
formation of exactly such a crater or cavity as we have de-
scribed above; and examples of which are to be seen in the
Lacs de Thalaba Guéry and Paven (Auvergne); in the
Meerfelder Maar, and more than twenty other similar lakes
in the Eiffel.

The very frequent occurrence of these basins in the Eiffel,
where they have been opened through a formation of grey-
wacke slate, confirms the above theory of their origin; not
only because of the comparatively friable nature of this rock,
but also since, in this instance, the focus may be reasonably

* Webster’s Account of the Island of San Miguel.—Boston, 1818.
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conjectured to lie deeper than where the primitive rocks
show themselves on the surface. )

Among the lakes of this kind quoted asexisting in France,
that of Thalaba is excavated in granite ; the others in the ba-
saltic or'trachytic beds of awast volecanic mountain, The latter
are of course to be considered in the light of subsidiary aper-
tures subordinate to the great eentral crater of the volcano.

The lake of Gustavila in Mexico, deseribed by Humboldt,
and of which an engraving is published in his ¢ Vues des
Cordillerés,” is a remarkable example of the same kind.

&. 11, This leads to the consideration of another cause.
destructive of the regular form of volcanic cones, which has
not as vet been alluded to. ot

This consists in the bursting of lakes which have formed
themselves within their eraters. Whenever the pulverulent
ejections of a voleano are of such a nature as to form a clay
or paste on mixture with water (aud this is the case with the
felspathic lavas in general), it is obvious that the quantity of
these ashes, which always accumulate at the bottom of a
voleanic crater, mixing with rain water, must soon form an
impervious coating to the interior of this basin, and force the
water falling from the skies to collect into a lake, This bedy
of water, under favourable circumstances, will increase gra-
dually in depth and volume, until it finally overcomes, on
some point, the resistance offered by the loose and fragmentary
matters forming the sides ot the cone: breaks through this
inefficient barrier, and rushes downwards to the lower levels,
carrying with it the mass of loose substances through which
the torrent has forced a channel, and spreading them over the
surface on which it discharges itself. Thus producing alluvial,
or rather eluvial, formations of considerable volume. .

The bursting of such lakes may also be occasioned by other
more immediate causes than the mere weight and lateral
pressure of their waters ; viz. by the occurrence of an earth-
quake, or a fresh eruption from the volcano beneath; which
in this case will give rise to what are vulgarly called mud
eruptions, and igneous eruptions, at the same time,

‘hese agueous or eluvial eruptions appear to play a great
part among the phenomena of the South American volcanos.

‘orrents of mud or fine voleanic ashes mixed into a paste with
water, occasionally burst from the sides or summit of these
stupendous volecanic mountains, carrying destruction into the
vallies and plains at their base. (Moya of Quito.)

Vast numbers of fish are occasionally found enclosed in the
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matter of these torrents. 'These have obviously been the .

inhabitants of the crateral lakes, the bursting of which occa-
sions those deluges; which are always preceded, and of
course caused, by violent earthquakes.

The carbonaceous matter which so remarkably characterises
the substance of these mud eruptions, is probably owing to
the Alga or other water plants that grew within the lake.

This explanation of the origin of such phenomena is con-
firmed by the fact, that they only take place amongst the
trachytic voleanos, the triturated particles of the basaltie
lavas seldom mixing into a retentive paste with water.

Amongst the volcanos of the European continent, such
¥henumena have formerly occurred; although, at present,

rom the non-existence of trachytic volcanos in a state of
activity, they are not observable,

To such circumstances are obviously owing the trass of
the Andernach district, of the Eiffel, and Siebengeberge ; and
many of the tufas and breccias of the Mont Dor, Cantal
and iiezen; of the Campi Phlegrei, and Ischia; and in all
probability of Hungary.

The variety of these fragmentary eluvial deposits originates,
of course, in the different mineral characters of the commi-
nwuted lavas, and their being, in consequence, more or less
permeable to water, more or less apt to set or cohere to-
gether on reaggregation, as the water gradually drained off
from them, &ec. :

The contraction which they experienced in the process of
desiceation, joined to the influence of the forces of attraction,
has, in many instances, given them a divisionary structure,
occasioned, no doubt, by exactly the same process, and regu-
lated by the same laws, which we have traced above in the
se of lavas consolidated by the condensation or exudation
their fluid vehicle; productive also of the same modifica-
tions of form, viz. the tabular, lamellar, globiform, prismatic,
and columnar, in all their variety.

The divisionary structure in these conglomerate rocks is,
however, less frequently observable, and when it occurs less

erfect and reﬁmliu ble than in lithoidal lavas.

When fissures of any width were formed in these conglo-
merates, during the process of desiccation, they have been

filled by exudation of the finest matter remaining fluid in the
vicinity of the crevice.®

* Veins of a very fine-grained tufa vertically cutting through beds of a
coarser grain and porous texture, and to which this origin alone can be
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These conglomerates, like those produced by ordinary
alluvia, are Emnd of course to contain occasionally organie
vemains, such as trunks of trees growing on the slopes of
the mountain at the time of its disruption, or the bones of
animals which were destroyed by this catastrophe.* The
trass of the Rhine district isremarkable for enveloping a great
quantity of vegetable remains ; they are always in a carbon-
ized state, and occasionally are found to contain passagesinto
jet. The Surturbrand of Iceland was no dou[l}:: deposited
under somewhat similar circumstances.

§. 12. The minor eruptions of an habitual volcano, particu-
larly when in the first or second phase, will usually take
place from foci seated in the axis, or what may be called the
chimney, of the mountain, and above the level of the funda-
mental vent, originally forced through the superficial strata
by the first explosions of the volcano, and through which all
the materials of the mountain have been successively pro-
truded. These secondary phenomena being caused by the
expansive force of the heated, butsolidified lava, elevated into
this position.

The paroxysmal eruptions on the contrary must be sup-

sed to proceed from the penetration of some deeper cleft
mto the more intensely heated lava mass below this vent,
occasioned by the general expansive efforts of this subterra-
nean bed.

§. 13. So long as a voleanic mountain preserves a suffi-
ciently conical form, it will be obvious that the eruptions have
remained constant to the same fundamental vent.

Occasionally, however, the ancient and central crater of a
volcano appears deserted or ¢ extinet ;” the aeriform explo-
sions habitually escaping by some new aperture, at a greater
or less distance from it on the flank or at the foot of the
mountain. In this case the mountain loses its regularity of

form, a new cone gradually accumulating around the actual
orifice of eruption.

attributed, are observable in the formations of the Campi Phlegrei, and
particularly at Capo di Monte.

* Thus, after the great eruption of Tomboroe in Java, in 1818, the sea
in the vieinity of the island is deseribed by eye-witnesses as covered by float-
ing pumice and half-burnt trunks of trees, torn of course from the shattered
-;ifea of the mountain, and launched with its fragmenis into the air, by this
great paroxysmal eruption.—Journal of Science, vol. i. p. 255.
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There is then reason to suspect that the original fundamen-
tal vent has been permanently obstructed by the immense:
weight and cohesion of the matters accumulated above and
within it ; and that a new vent has been produced through
the pre-existing rocks, corresponding to the new and habi-
tually active aperture.

The island of Bourbon offers an example of such a change.

'The vast central crater occupying the peak of the immense
submarine mountain which constitute the greater part of this
island, has been to all appearance completely inactive for a
very long period. Since its extinction the habitual eruptions
of the volcano have apparently twice shifted their position ;
once to a distance of about 15 miles to the 8. E. in the Plain
des Calaos, and a second ‘time to point at a much less dis-
tance, but on the prolongation of the same line or subterra-
nean fissure. At the first of these two spots a mountain of
considerable magnitude has been formed, though inferior te
the principal eminence. At the latter, the cone of the actual
volcano has been thrown up, and continues rapidly increasing
in height and bulk, from the frequent, and almost permanent,
eruptions, which take place from its summit. :

‘When the principal crater of an habitual volcano has been
in this manner deserted, it is often reduced to the condition of
a Solfatara, by the continued emanation of acid vapours from
the mass of heated but solidified lava remaining in the chim-
ney of the mountain. These vapours force their way by per=
co{ati{m through the pores of the rock or crevices too narrow
to permit any fresh intumescenee below, and by the gradual
loss of caloric thus sustained the residuum of lava is eventu«
ally cooled down. The process may, however, last for centu-
ries, as has been the case with the Solfatara of Pozzuoli, which
from the white colour of the altered lava-rocks was called
Asvinysos by Homer.

These slow emanations of vapour appear to be almost en-
tirely confined to the trachytic volcanos of which the lava, as
has {seen remarked in a former chapter, when solidified, is
usually more porous than basalt; and this is a strong confir-
mation of the correctness of the origin here attributed to
them. Ona former oceasion instances of Solfatare have been
oiven, and the process of alteration which the lava and con-
glomerate rocks undergo by the percolation of acid and
heated vapours through their pores or crevices, described.
The various saline and metallic depositions, which result
from these changes, have also been already enumerated.
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CHAP. VIIL

Subaqueous Volcanos.

§. 1. As yet our attention has been confined to the pheno-
mena of those volcanic vents which open at once in the atmos-
here ; but it must not be forgotten that such apertures are
liable to be created on any point of the globe’s surface, and
therefore, as well on those which are covered by permanent
bodies of water, as on the dry surfaces of our continents.

Indeed, from the far greater extent of surface of the former
character, which exceeds that of land in the proportion of
three to one, we might expect the mumber of subaqueous
eruptions infinitely to exceed those that take place in open
air. It must, however, be remembered, that the repetition of
eruptions from the same vent has the effect of raising the apex
of the submarine volecanic mountain above the level of the
sea ; and that, with the greater number of habitual submarine
vents, this limit of elevation has already been reached, and
they have become visible as insular volcanos.

It is necessarily very seldom that an opportunity is afforded
ol observing a volcanic eruption from the bottom of the ocean,
or-any inland sea. The resistance creaied by the greater den-
sity of the medium must, as we shall shortly see, prevent the
explosions, in most instances, from reaching its surface, and at
all times from attaining any great height above that level ;
and, consequently, from being visible at any considerable dis-
tance; and it is only to the crews of vessels casually passing,
that such an epportunity can occur, We must not expect,

thevefore, to be possessed of many accounts of such pheno-
mena.

§. 2. Instances, however, are not wholly wanting, and the
details of what has been observed on these occasions, lead us
to conclude that the volcanic phenomena take place exactly
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in the same manner from the bottom of the sea, as from the
open surface of a continent, subject only to the modifications

roduced by the greater density of the surrounding medium,
and the greater external pressure, caused by the weight of
the overlying column of water, which in this case becomes one
of the elements of the repressive force. In fact, it cannot be
otherwise, since we know that the instant the cone of the sub-
marine volcano raises its peak above the waves, it enters into
the class of subaerial volcanes, and the nature of its activity
is, in all respects, precisely the same as that of a continental
vent. :

The instances, which have been witnessed, of submarine
eruptions, are ;

1. An eruption off 8t. Michael one of the Azores in 1638,*
other eruptions took dplace from the spot in 1691 and
1720, which produced an island six miles in circum-
ference.

2. That which gave birth to the Isola Nuova off Santorini
in the Grecian Archipelago in 1707.+ Santorini itself
is reported by Pliny to have been produced in the same
manner B C 236, as well as two other neighbouring
Islets, Jera and Thia. These were enlarged by sub-
sequent eruptions,

3. T}mtl g{' lsabrina, near St. Michael, one of the Azores,
in 1811].

4. An island thrown up at some distance from the coast of
Iceland during’the violent eruption from Skapta Jokul
in 1782,

5. A new volcanic island formed in the Aleutian groupe
near Uanalashka in the spring of 1814, called Bojus-
law by the Russian hunters.*

On all these occasions columns of smoke by day, and flames
(jets of red hot scoriz) by night, were seen to rise from the
sea, which was considerably agitated, discolored, and heated
to such a degree as to kill numbers of fish,

* Sanderson’s Iist. of Charles I. Memvoires del " Academie, 1721.
t Hist. de I’ Academie, 1708.
& Kolzehue,
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At length the dark coloured rocks shewed themselves above
the sea-level. These, in the case of Santorini, were both
fragmentary and lithoidal (lava), and the island produced by
that eruption has consequently remained firm;—in the other
instances the fragmentary cone alone appears to have risen
above the water-level, and the action of the waves and marine
currents upon those loose matters, soon mined and degraded
them, reducing the island to a submarine shoal.

The result of actual observation in these instances, and of
the whole mass of reasoning & priori, is, that a volcanic
eruption taking place from a vent opened below the level of
a body of water, conducts itself in a manner very little if
at all different, from a subaerial eruption. The same explo-
sions of aeriform fluids are observed:—rocky fragments,
ignited scorie, and their comminuted ashes, are thrown up-
wards; the heavier in falling must accumulate round the
vent, into a cone with a central crater, while the lighter will
be borne to a distance by the tides and currents of the sea.
Lava issues, and epreads over the subaqueous bottom, seeking
the lowest levels, or accumulating upon itself, according to
its liquidity, volume, and rapidity of congelation ; following
in short the same laws as when flowing in open air.

Humboldt and De Buch have both published as their opi--
nion, that in submarine eruptions the strata previously form-
ing the bottom of the sea, are uniformly elevated, and that
positive eruptions do not take place from the vent until these
strata have been raised above the surface level of the sea.
There is, however, no reason & priori for supposing such an
anomalous distinction between the mode of action of suba-
queous and subaerial volcanos ; and still less is the supposition
warranted by observation of such phenomena, since,in all the
cases already mentioned, the only rocks which showed them-.
selves above the sea-level were uniformly either lithoidal or.
conglomerate lavas, the products of the eruption by which,
they were raised.

§. 8. Itis troe that the vast augmentation of the repressive
force occasioned by the pressure of the column of water
above the vent must proportionately impede the ebullition of
the lava to which the fissure of escape penetrates; but the:
resistance to elevation of the solid strata, which form the
pavement of the ocean, is augmented exactly in the same pro-
portion ; so that these are not more likely to give way to
the effects of the expansive force, than when exposed to the
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pressure of the atmosphere alone. The consequence of this
vast increase of the repressive forces will, however, be

Ist. That, when the expansive force of the confined lava
has at length overcome its antagonist, the tension of
the mass, and its temperature, must be proportionately
intense ; and

2dly. That the vapour which escapes from the lava, owing
to its excessive tension, will be speedily refrigerated,
by contact with the colder strata of water through
which it passes in its ascent, and condensed by the im-
mense pressure; so that, unless when the eruption
takes place where the water is shallow, no volumes of
vapour will rise to the surface, and consequently no
aeriform discharges will announce the oceurrence of
the eruption in the depth of the ocean.

Torrents of lava will be produced, and scorie and other
fragmentary matters thrown up to a certain height, by every
such eruption ; but until their accumulation shall have raised
the orifice of the mountain to such an elevation, that the
aqueous vapours it discharges are no longer wholly condensed
by the pressure and refrigerating action of the surrounding
water as they rise, no other appearance of its eruptions will
be visible from without, than what consists in the partial dis-
coloration, and heating, of the water above the volcano.

- When therefore the eruption becomes visible, and the va-
pours produced below are discharged from the surface of the
sea, and particularly when they are seen to throw up scorie
above its level, it may be safely argued that the summit of
the submarine volecano is at no great depth, and that few
more eruptions are required to raise it above the sea-level,
and create a new island, or insulated sub-aerial volcanic
mountain.

§. 4. The mineral or saline compounds which, in greater or
less quantities, always accompany the aqueous vapour evolved
from a volcanic vent, will on the condensation of this vapour
mingle with the waters of the ocean, and add to the ingredients
of the same nature with which it is impregnated.
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Dizposition oF ProbucTs.

§. 5. Though the volcanic phenomena seem to be essentially
the same, whether acting from a subaqueous vent, or one in
open air, yet the difference of the medium into which the
eruption breaks forth, must considerably modify the disposition
of the substances produced.

Fragmentary Rocks.

A large Fnrtion of the fragments thrown up will accumulate
immediately round the vent, into a cone; but those which are
scattered to any height by the gaseous explosions, and parti-
cularly the lightest and finest of the fragmentary matters, will
be suspended for a considerable time in the agitated fluid,
imparting to it a turbid colour, and upon the cessation of the
disturbing causes will be gmdunllg' and evenly deposited,
over a large surface of the bottom of the ocean, in the form
of sedimentary strata,

- Hence the stratified and conchiferous tufas, which cover the
maritime plains of Western ltaly, the Campagna di Roma,
and the Terra di Lavoro; and which have penetrated the
proximate vallies of the Appenines, then maritime creeks or
@stuaries. Pumice, it is well known, floats upon water;
when therefore the fragmentary ejections are of this nature,
they may be driven by winds or currents often to very great
distances, and deposited on the shores towards which the cur-
rents set.

If the waters, beneath which the eruption occurs, are im-
pregnated with calcareous matter, the tufas formed in this
manner will have a calcareous cement, and will contain sea-
shells, &ec. ; or will occasionally alternate with the limestone
deposits of the surrounding ocean.

n this manner were produced the calcareous and conchi-
ferous Peperinos of the Veronese, Vicentino, and the Euga-
nean hills ; of Southern Sicily ; those of the fresh-water basin
g:'ihgcl.imagne D’Auvergne, the Puys de Menton, de la Poix,

D BE L

On all these points basalt, as well as calcareo-basaltic con-
glomerate, alternate repeatedly with regular strata of lime-
stone.

When the comminuted and pulverized ejections are of such
a nature as to mix into a paste with water, it appears that the
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mass constituting. the cone, and which, from the vicinity of
the vent, is intimately mingled by frequent agitation with the
surrounding water, and perhaps influenced by the intense
heat emanating from the voleanic orifice, assumes a greater
consistency and solidity than the strata which are deposited
as sediments at a distance from the volcanic mouth; or even
on the surface of the cone itself, after the cessation of the
voleanic explosions. '

Thus the tufa which constitutes the mass, or nucleus, of
the eminences surrounding the submarine craters of the Phle-
grean fields is sufficiently solid to be worked as a building
stone ; while the intervening flat spaces consist of loose tufa,
identical in composition with the other, and differing only
from it in the incoherence of its parts. These beds of loose
tufa are scattered also on the surfaces of the harder cones.
The difference of solidity between these varieties appears to
consist in the former having set, or effected a degree of attrac-
tive cohesion, during its desiccation ; in consequence, proba-
bly, of having been intimately mingled into a paste with
water by the violent agitation of the fluid surrounding the
vent,

The solid tufa, or trass, of the Rhine voleanos, is precisely
similar in coherence and quality with that of the Phlegr®an
fields, and owes also its consistency to being violently agitated
with water, though under different circumstances, as has been
seen in a former chapter. IKven some of the finest ashes
ejected by the eruption of Vesuvius in 1822, and carried down
by torrents over the slopes of the mountain, caked to
ther, on desiccation, into masses of such solidity, as to require
a sharp blow of a hammer to break them. They also occa-
sionally assumed a prismatic configuration on the small scale,

Litnoinarn Proovers or Susaqueous Eruprions.

There can be no doubt that the same laws will influence
the disposition of lavas produced below any body of water
from a subaqueous volcanic orifice, as when emitted in open
air. They will in the same manner spread laterally beneath
the cover of a scoriform envelope, with a rapidity, and to an
extent, proportioned to the expulsive force, their fluidity, and
the permanence of that fluidity, and the accidents of level in
the surrounding surfaces.
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Of these circumstances the first, viz. the expulsive force, de-
pending chiefly on the energy of the eruFtiun, is not probably
influenced in any way by the pressure of the upper column of
water, since the augmentation this produces in the expansive
force is balanced h{ the corresponding increase in that of re-
pression by which the energy of its development is diminished
in an equal ratio. The same may be said of the actual flu-
idity of the lava, at the moment of its emission from the
vent; but the permanence of this character is materially af-
fected by the overlying body of water. The great density of
the medium with which the liquid lava is brought in contact,
by the resistance it offers to the escape of its elastic vehicle,
must have the effect of prolonging its fluidity, and conse-
quently, ceteris paribus, must augment the extent of its lateral
spread upon the same inclination of surface,

Thus we should expect lava beds produced at the bottom
of the sea to exhibit a greater lateral extension compared to
their thickness, than those which have flowed under the pres-
sure of the atmosphere alone; and that this extension should
be proportionate to the depth of the column of water they sup-
ported. This reasoning is strongly confirmed by the universal
remark of the great horizontal dimensions of those lava beds
which are considered as of submarine origin; such as the ge-
nerality of fleiz-trap formations; e. g. those of Iceland,
Ferroe, Ireland, the Hebrides, Germany, &c.

Again; it must be expected that currents of lava which
have flowed at great dept‘lls under water, will present compa-
ratively few scoriform parts; the surface of the lava being
instantaneously consolidated, and the escape of the vapour
bubbles, (by the ascending force of their inferior specific gra-
vity) rapidly checked, by the intense external pressure acting
on the surface of the current; and this almost total absence of
scoriform surfaces has been so generally ebserved amongst the
older submarine traps, as to be a frequent cause of perplexity
to geologists.

Vesicles or air-bubbles, on the contrary, should be expected
to abound in the interior of the rock, whenever its liquidity
was suflicient to permit the agglomeration of the vapour into
parcels; the extreme tension of the elastie fluid causing the
expansion of the bubbles as the lava flows on: while, for the
reason mentioned above, very few will make their escape by
rising outwardly. -

Hence the numerous vesicular lavas, or amygdaloids of the
fleetz-trap formation.

M
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I have already noticed, in a former chapter, the ocensional
occupation of the vesicular cavities and pores of a lava-rock
subsequently to its consolidation, by crystallized minerals,
deposited from water percolating ﬂ‘lrnug{l these interstices 3
and it is obvious, that a bed of lava, existing for a long period
under the surface of the sea, and exposed to an intense pres-
sure, will he far more liable to the percolation of water in
this manner through its substance, than when consolidated
in air. As those elastic fluids, which remain in it subsequently
to its consolidation, are slowly condensed by refrigeration,
they tend to produce a vacuum in the various cavities they
occupy, and oppose no resistance to the penetration of water
rom above, which is urged to descend, not by its own weight
alone, and that of the atmosphere, asin the case of a subaerial
rock, but by that of the whole supported column above, in
addition,

It is also obvious, that the various mineral substances con-
tained in the water of the sea, by entering into new combina-
tions with the silex and other substances, volatilized, or sus-
pended, in the condensed vapours of the lava, may occasion
the crystallization of new minerals within the vesicles and
minute interstices of the rock; and this appears to be the
origin of the numerous varieties of zeolites, and other mine-
rals, that characterize the amygdaloidal basalts and traps, of
which the greater number have been certainly ﬁmduce{l by
subagueous volcanos. The slowness with which these sub-
stances are separated from their aqueous menstruum, is pro-
bably the cause of the great regularity and perfection of their
crystalline form. :

§. 7. In the case of subaqueous eruptions it will be rarely
possible, of course, to distinguish whether they take plaece
from a new or an habitual vent. Both cases, no doubt, will
occur, as on terra firma.

In the neighbourhood of Milo, one of the islands of the
Archipelago (itself a polystomalous volcanic cone rising from
the depth of the sea), there exists certainly a submarine
habitual voleano, which, at diflerent epochs, produced the
two isles Thera and Therasia (now Santorini), Jera, B.c.
10G,. Thia, A.n. 4; another near Thera, A.p. 47; in 727
united the two islets of Thia and Tera, and enlarged it in
1427 ; produced in 1573 the isle called the Little Kammeni,
and added to it in 1707. The insunlar cones thrown up
by these different eruptions, are so near to each other, that
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they must be supposed parasitical or subsidiary apertures of
~the same fundamental volcano.
- On the other hand, the Phlegrean fields, as the volcanic
district of Pozzuoli and Cume, near Naples, have been called,
resent an instance of numerous submarine eruptions, each
om a fresh point on a shallow shore. Some of the cones
left by these phenomena are very regular and entire ; others
present lengthy circuitous ridges, embracing crateriform ba-
sins, of which some contain lakes. They are all formed of an
indurated felspathose tufa, containing occasionally sea-shells
and fragments of wood, both unmineralized, and are covered
by strata of loose tufaceous conglomerate, similar to that
which is %ene:’all dispersed over nearly the whole neigh-
bouring JJ ain of Campania, and which appears to have been
deposited there at a time when the Mediterranean washed the
foot of the nearest Apennine.

§. 8. When, at length, the summit of an habitual volecanic

cone is permanently elevated above the surface of the sea, it
enters into the class of subaerial volcanos, and produces one
of those volcanic islands which are of such frequent occur-
rence in the Atlantic, Pacific, and Indian Oceans.
- Bat it is not solely by the accumulation of matters eructed
by its successive eruptions that thisincrease of height can take
place. It may be produced without any addition of bulk to
the mountain 1tsel F,Pb}r its elevation en masse from below, oe-
casioned by the general expansion of the subterranean bed of
lava, which may also raise, together with the volcanic cone,
a greater or less superficial extent of the neighbouring strata
forming the pavement of the sea.

- This has probably happened to the coast of Italy, just de-
seribed. The volcanic cones of the Phiegraean fields have
certainly sustained a great change of level, relatively to the
surface of the sea, since their formation, but without having
received any addition to their bulk by subsequent eruptions.
Again, the flanks of /Etna are in many erts formed, to a very
considerable height, of alternating beds of lava and tertiary
limestone full of shells.

We are thus led to distinguish between the islands of vol-
eanic origin, or those parts of them which were produced by
subaqueous eruptions, and subsequently elevated above the
sea-level (with or withount any superincumbent calcareous or
arenaceous strata), by successive expansions of the subter-
ranean Java-bed; and those islands, or their parts, which have
progressively risen above this level, by the graduval accomula-

M 2
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tion of matter expelled during repeated eruptions from an-
habitually active vent, and in which this process has conti-
nued long after their emerging into open air.

§. 9. The latter will have all the characters of a volcanic
mountain, viz. a pyramidal or conoidal form, and a structure
of alternate beds of lava-rocks and conglomerate, dippin
more or less rapidly away on all sides from the centra
summits.

The former class of voleanic formations will seldom exhibit
this regularity of form and structure. In fact, the lava beds
which are produced at any depth under the sea level, spread,
as we have observed, to a far greater lateral extent than those
emitted in open air; and, again, the abrasive action of the
marine currents will generally disperse the accompanying
fragmentary ejections to a greater distance from the vent.
Hence, a submarine volecanic mountain will not present by
any means so decidedly conoidal a form as one thrown up in
open air, but will be far more depressed and {lattened, and
composed of comparatively horizontal beds, .

Again, the forcible elevation of such a mountain, or of any
part of it, by subterranean expansion, will probably still fur-
ther derange its figure; and, in lieu of a gently sloping coni-
cal mountain, as in the prior case, its outline will probably
present vast plateaux with little or no inclination, enclosed
by precipitous cliffs, or separated from each other by deep
fissure-like chasms ; and compesed of alternate beds of litho-
idal and fragmentary lava-rocks, exhibiting the marks of their
submarine origin, as well in their great compactness of tex-
ture, in the absence of scoriform parts, [th perhaps in the
numerous amygdaleidal minerals they enclose, as in their
peculiar disposition and general forms,

The island of T'eneriffe will present us with an example of
both these volcanic formations geographically united. Its
principal mass consists of an immense volcanic mountain, of
which the central cone, or peak, reaches an elevation of
12,200 feet above the sea, In form, this mountain approxi-
mates to an oblong cone, although its regularity has been
greatly disturbed by the products of uumerous lateral eru
tions, The principal erater evidently once occupied the
centre of the ellipsoidal base, and corresponded with it in
shape and dimensions. Of its enclosing walls, one half only,
as has been already said, remains, in a vast semicircular range
of cliffs, within the area of which rise the more recent cones of
the Peak and Chahorra. But this immense mountain consti-

1
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tutes little more than two-thirds of the superficial extent of
the island. On its north-east side, and in the prolongation of
the longer axis of the ellipsoid, projects a remarkable head-
land, differing from the other part totally in form, structure,
and composition ; having rather a flat and terrassed than a
conical outline, and being made up entirely of vast horizontal
beds of basalt and basaltic conzlomerate, while the rocks of
the volcanic mountains are wholly trachytic.*

Fig. 26.

SkETrcu or A Mar oF TENERIFEE.

The basaltic district is clearly a submarine volcanic mass,
elevated above the sea level subsequently to its production,
since which time the proximate trachytic voleano has alone re-
mained habitually active, and continues so to the present day.

The island of Palma, of which the following cut exhibits
a rude sketch, another of the Canaries, offers an excellent
example of a perfectly regular and complete insular volcanic
mountain. :

R il

"% Von Buch ucherden Pic von Teneriffe.
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Its form is perhaps as near an approximation to the cone ag -
the disturbing causes which must necessarily influence the
figzure of such a mass will ever permit; the outline of its
ground plan is nearly circular, and it rises from the coast on
all sides, at first by gently inclined slopes, which become
gradually more and more rapid, till they terminate in the
ridge which forms the summit of a steep range of cliffs en-
circling its central crater. This deep cavity is drained by
one outlet, perhaps originally a fissure, such as were de-
scribed on a former occasion in many other similar localities,

The ravines created by numerous other rivulets, diverge
like radii from the :‘:entrai’ heights. A few parasitical cones
are sprinkled on the surface of its slopes, each of great regu-
larity, and productive of its peculiar lava current.*

The island of Tristan d’Acunha, in the middle of the
Southern Atlantic, appears to be an insular voleanic moun-
tain of equal regularity. Captain Carmichael, who visited it
in 1816, describes it as of a conical figure, nine leagues in cir-
cumference, and eight thousand feet Eigh, with one large cen-
tral crater a mile round, and having a lake at its bottom one
hundred and fifty yards in diameter. The lava and scorim
are basaltic, and of a _firesh aspect.t

Ischia may be quoted as another still better known exam-
ple. Its form is sufficiently regular, though disturhed by
numerous parasitical cones, and the lithoidal products of
lateral eruptions. At its summit are evident traces of a great
central crater, of vast size, which appears to have been long
extinct. The lavas produced by this volcano, have oscillateﬁ
between trachyte and basalt,

In fact, such appears to be the general form of all those
insular volcanos, which have been chiefly produced by habitual
eruptions from a central vent, since its elevation above the
sea-level ; and numerous examples will be found, no doubt,
amongst the immense volcanic Archipelagos of the Pacific,

Where two or more habitual vents were situated so near to
one another, as to bring their erupted matters into contact
the island will of course be formed of a siring of such conoida
mountains ; and numerous instances of this are to he met with
in the Leeward Isles and the Pacific.

* The maps which Von Buch is understood to intend publishing of
these two islands, together with the accurate descriptions of that celebrated
zeologist, will illustrate the foregoing remarks, am{l supply the deficiencies
of the brief description, and rude outline plans given u};uwz.

t Trans. Lioncan Soc. vol. xii, part 11,
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. Even Java, a great part of Sumatra, Celebes, Japan, the
promontory of Kamskatcha, and many of the larger islands of
this part of the globe, appear to consist of one or more rows
of vﬂlicanic mountains thrown up from vents produced upon
the same or parallel fissures in the crust of the globe,
 The eruptions of such habitual volcanos, will, no doubt,
have been often accompanied by contemporaneous local ele-
vations of the neighbouring strata by the force of subterranean
expansion; and hence strata of limestone, sandstone, and
even of granite or the schistose rocks, may form a part of
these islands without controverting in any way the origin
here attributed to them.

_ As examples of islands, composed chiefly of volcanic pro-
ducts, which appear to have risen from below the sea,
solely by subterranean expansion, without having been since
augmented in height or bulk by the products of external
eruptions, we may perhaps venture to name the Madeira
and Ferroe Islands, some or all of the Trap Islands amongst
the Hebrides, those of Ponza, Zannone, and Palmarola, on
the coast of Italy, &c.

Iceland, like Teneriffe, presents a union of both kinds.
The high mountains called Jokuls, with which this island
abounds, marking the site of so many habitual volcanos, which
continue still, or have lately been, in occasiohal activity;
while a large part of the island consists of flat plateaux,
composed of relgeuted beds of basalt and basaltic conglome-
rate (basalt-tuft and trap-tuff—Mackenzie), bearing many
marks of a submarine origin, and of their having been subse-
quently raised to their present level.
~ The isles of France and Bourbon present a similar contrast,
the former having all the distinguishing eharacteristics ofa sub-
marine volcanic formation, elevated since the cessation of the
eruptive phenomena ; the latter, of an ordinary volcanic moun-
tain, produced by repeated extravasations of lava from two
or three habitual isources above the sea-level. One of these
vents has remained in continual activity to the present day.

Where a volcanic mountain has been elevated, en masse,
by inferior expansion, it will be of course accompanied in its
rise by the recent beds of marine formation which had been
deposited upon it ; and even strata of earlier date may occa-
sionally be raised with it by the same expansive force acting
upon a more considerable extent of surface, than that which
is loaded by the volcanic mountain.

Thus, the novthern extremity of the Isle de France presents
a flat plain, composed of a caleareous rock full of recent
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madreporites, and other coralline bodies, overlapping the
volcanic rocks which make up the remainder of the island.
The neighbouring islets of ]51 Platte and Les Colombiers
offer a similar conformation.

So, again, in the cluster of islands lying eastward of Java,
the greater part of their surface is composed of coralline beds,
unmineralized, and exactly similar to those which constitute
the neighbouring reefs still in progress of formation below
the level of the sea. These beds visibly rest upon voleanic
rocks, which have in this instance been, no doubt, elevated,
en masse, together with the coral reefs which had been built
upon their highest eminences.

The island of Pulo Nias, on the western coast of Sumatra,
which is seventy miles long and twenty-five in width, exhibits
the same fact throughout its whole extent, with this excep-
tion, that the coral beds rest on stratified sandstones and
limestones of older character. The nearest coast of Sumatra
is, however, volcanic; and the elevation of these extensive
recent coral beds, to a height of some hundred feet, is most
probably owing to subterranean expansions coetaneous with
the volcanic phenomena of the neighbouring island.*

There seems, indeed, great reason to believe the almost
innumerable coral reefs of the Pacific and Indian Oceans to
be generally based upon the summits of submarine voleanic
mountains.

Their figure is usually circular or elliptical, corresponding
to what we may suppose the ridge of the central erater. Dy
the ordinary process of growth, so well described by Dr.
Macculloch (Journal of Science, January 1823), their mass
cannot attain, at the utmost, to any greater elevation than a
few feet above high water mark; whereas, in the numerous
Archipelagos of these vast oceans, a very great number of
islands, which are shown by their composition and structure
to have been originally formed as coral reefs, rise much above
this level, attaining frequently from two to three hundred feet
in height, and occasionally much more. :

Those, however, which have reached this height, have been
observed generally to consist of a substratum of basaltic lavas,
supporting the coralline beds; and it is a common remark of
navigators, that they are subject to frequent and violent earth-

uakes. All these facts combined, make it difficult to doubt,
that these islands are the summits of subaqueous voleanic
cones, which, when raised to within a certain distance of the

* Dr. Jack, on the Geology of Sumatra. —Geol. Trans. (second series),
vol. i. part 11.
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surface of the ocean, are immediately occupied by the remark-
able zoophytes which elaborate coral, for the site of their
erections ; and this distance is not considerable, perhaps never
exceeding a hundred feet,* these animalcule requiring light,
as it worﬁd appear, for their support.

Subsequently, by subterranean intumescence, acting pro-
bably by repeated shocks, the mountain is more or less ele-
\ratez, and by the continual growth of fresh coral on its
shelving shores, is progressively angmented to a considerable
size,

If we look at the prodigious number of coral reefs and
islands that stud the Pacific, and reflect that the process above
described, consisting in the creation of new islands, and the
elevation and angmentation of those already existing, is un-
ceasingly carried on, we shall be led to suspect that we are
Eerhaps witnessing the operations of nature in the slow ela-

oration of a new continent, which may one day rise in the
place of the Polynesian Archipelago,

It appears from the accounts given by M. Morean de
Jonnés and others, of the structure of the Leeward Isles, that
they offer another striking example of this association of ele-
vated and erupted rocks. Those islands which lie farthest to
the west, or *“ under the wind,” are deseribed as consisting
solely of volcanic cones, strung together at greater or less
distances ; while the eastern line of islands is formed of cal-
careous strata of different ages, and finally of recent coral,
supported on a foundation of trachyte, and other volcanie
rocks, which may therefore fairly be presumed to have been
elevated, together with the overlying strata, by subterranean
ex&:}nsinn. :

‘We shall revert to these proofs of the elevation of marine
formations, and other non-voleanic rocks, by subterranean
expansion, at a future opportunity. :

* See an excellent memoir on this subjeet, read by M. Quoy to the
French Institute, July, 1523. M. Quoy, from the result of his observa-
tions (on board the corvette Uranie) asserls the extreme depth at which the
Madrepores subsist to be thirty feet,
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CHAP. IX.

Systems of Volcanos.

§. 1. Whenever a new vent is hroken through the super-
ficial strata of the globe, in consequence either of the efficient
obstruction of some of the neighbouring apertures, or their
insufficiency to discharge all the redundant caloric communi-
cated from below to the subterranean bed of lava ; the situa-
tion of this fresh opening relatively to the other prior vents
will be determined by the local circumstances of tenacity, and
solidity, in the strata against which the force acts ;—the frac-
ture taking place wherever these strata are weakest,

If by the expansive efforts which preceded or accompanied
the ernitiuns of the more ancient vent or vents, the overlyin
strata should have been, as is probable, so much f[fﬂ{:tl]l'ﬂﬁ
and displaced, as to render them weaker and less efficientl
resistant in the neighbourhood of these points, than on their
more distant and intact parts, the fissure of eruption will be
produced somewhere in the immediate vicinity of the older
volcanos.

The general prevalence of this law has, without doubt,
given rise to the numerous groups or systems of voleanic
vents which are observable on the globe. Of these, some are
united into clusters or detached irregular groups, the position
of each vent bearing no very apparent relation to that of the
others ; such are those of Iceland, the Azores, Canaries, and
Cape Verd Isles, in the Atlantic ; and the Archipelagos of the
Moluccas, and Gallipagos, in the Pacific, &c.

The generality of groups, however, have a decided linear
arrangement ; one vent fuﬁuwing the other in the continua-
tion of the same straight or nearly straight line ; and when
volcanos have been formed on neighbouring points out of this
principal line, they are in almost all cases situated upon other
rectilinear bands parallel to the first.
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The cause of this remarkable conformity cannot be mis-
taken. It has been observed above, that every fresh vent or
fissure of eruption must be produced on that point where the
strata overlying the subterranean lava mass yield most rea-
dily to its expansive efforts; and there can be no doubt that,
in the generality of cases, this point will lie on the prolon-
gation of the original fissure from which the older volcanos
were thrown up. But this fissure, when first formed, took the
direction in which these strata split most readily; conse-
quently whatever other clefts are occasionally formed through
the same strata, but out of the line of direction of the former
fissure, will be most probably parallel to it; the direction of
the later fractures being influenced by the same circumstances
which determined that of the former.

The operation of this law is so general that it may be
almost said that wherever voleanic vents have been produced,
there we may perceive an example of this linear arrange-
ment. Some of the most remarkable series of this kind may
be briefly noticed.

Frequent mention hasalready been made of the two parallel
rangles of extinet voleanos, most of them productive of but a
single eruption, which stretch across the middle of France in
a direction nearly north and south, and to a longitudinal
‘extent of more than two degrees. Three colossal volcanie
mountains, the Monts Dor, Cantal, and Mezen, the two first
being sufliciently regular in figure and structure, mark the
site of as many vents of habitual and long continued eruptions
on different points of these zones.

Another linear series of extinet volcanic vents runs across
the north of Germany from west to east, commencing in the
cluster of the Eiffel, and terminating in the Mittelgebrige ;
unless it is allowable to suppose it continued in the volcanic
‘groups of Hungary beyond the Sudetengebirge, and Car-
pathians. The voleanic districts of Italy are stretched upon
a nearly continuous line from the Montamiata on the north,
through the Montecimini, the Campagna di Roma, and the
Valley of Pofi and Frosinone, to the Phlegrwan fields of
Naples, which, by means of the Lipari Isles, are connected
with /Altna and the Val di Noto. Another range runs pa-
rallel to this, for some distance, in the Isles of Ponza, Vento-
tiene, and Ischia.

The Antilles or Leeward Isles offer a similar train of vol-
‘canic openings, most of which are extinet, although some
occasionally give rise to rare and inconsiderable eruptions,
According to Moreau de Jonnés, the islands of Saba, St.
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Eustache, St. Christopher’s, Nieves, Montserrat, Guadaloupe,

Dominica, Martinico, St. Lucia, St. Vincent, the Grenadines,
Grenada, and Trinidad, are wholly voleanic, forming a chain
of vents 200 leagues in length, and running in a direction
nearly N. and S.  Some of these islands consist of two, three,
four, and even more volcanic mountains, ranged on the same
meridian, and connected at their bases. Martinico has six of
these conoidal eminences, the sites of habitual volcanoes,
which have been long quiescent: Nearly all have central
craters sufficiently distinet. .

A still more striking and constant allineation of volcanic
spiracles is displayed in the numerous Archipelagos which
border the eastern coast of Asia,

Beginning from the Peninsula of Kamstchatka, itself a
range of similar mountains, the islands of the Kurille group,
Jesso, Japan, the Loo-choo, Phillipines, and Moluccas, torm
a scarcely interrupted linear series of volecanic islands;
amongst which many contain vents at present in habitual
activity, while all exhibit a greater or less number of conoidal
volcanic mountains, arranged sometimes on one, sometimes
on parallel zones, and bearing marks in general of recent and
extremely violent eruptions.

But this is not all; for after expanding to embrace the
whole group of the Moluceas, this chain of vents branches off
in two directions towards the east and west. It is continued
in Timer, Sumba, Sumbawa, Java, Sumatra, and probably
the Nicobar, and Andaman isles, to the western coast of the
Burmese empire, on the one side ; on the other, crosses New
Giuinea, and stretches into the centre of the Pacific, giving
rise to the Archipelagos of New Britain, Solomon, Holy
Ghost, Friendly, Society, and Dangerous Isles, &c, &c.

A glance at the direction of these linear groups on the
globe will be sufficient to disprove the strange assertion
occasionally put forth by Moreau de Jonnés and others, of
their being universally coincident with the Meridians. .

The chain of the Aleutian isles in particular, which is
entirely composed of voleanic mountains closely linked toge-
ther, is, on the contrary, directed precisely from east to west.

The last mentioned range of voleanic vents, which on the
west connects itself with the Kamstchatkan volcanos, is con-
tinued at its eastern extremity in the neighbouring promon-
tory of America, from whence there is great reason to sup-
pose that a more intimate acquaintance than we passess at
present with the north-west coast of this continent, will shew
it to be continued along the shore of the Pacific inte Cali-

e S — -
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fornia, where many habitual volecanoes are known to be
situated, and thence through the heart of Mexico, Guatimala,
Nicaragua, and the isthmus of Panama, to the vast voleanic
formation of the Andes of South America, which reaches
uninterruptedly to Terra del Fuego, the southern extremity
of this remarkable continent.

So extensive a train of voleanic vents, stretching in a curved
line across the surface of the globe, from 10° 8. latitude to
GO° N.; and thence returning again to nearly 60° of south
latitude, is a fact too remarkable to be overlooked, or only
cursorily glanced at. The cause which determined the for-
mation of so prolonged a fracture through the crust of the
‘globe in this direction, is beyond our reach, but the results
of this circumstance may perhaps be perceivable in some of
the characteristic features of this hemisphere.

Indeed so generally does this linear arrangement prevail in
the disposition of volecanic vents on the surlace of the globe,
that even detached single volcanos or clusters of voleanos,
appear frequently connected as it were by intervening points
on which volecanic vents have once existed, or may be sus-
pected to exist, beneath the surface ot the ocean.

Thus the Madeiras form an obvious connecting link be-
tween the clusters of the Azores and Canaries ; and suggest
the idea that other links of the same chain may exist unknown
to us below the level of the sea.

The same may be said of the Ferroe Islands, with respeet
to the isolated groups of Iceland on the one hand, and the
Hebrides and north of Ireland on the other.

§. 2. In these systems, whether lincar or grouped, one or
more diflerent vents remain perhaps in ocecasional activity,
while the others in which the repressive forces have perma-
nently acquired the predominance, appear extinet.

Thus the active volcanos of a system may be reckoned as
safety valves, which continually, or by successive eruptions,
letting off the excess of caloric communicated from the centre
of the globe to the subterrancan bed of lava, proportionately
obviate its expansion, and prevent the occurrence of those
forcible ruptures and elevations of the overlying strata, which
occasion destructive earthquakes, and alter the relative level
of land and water. ;

Should these spiracles become gradually obstructed by their
accumulated products, or other causes, such heavings and
ruptures must recommence, and continue at intecvals with.
greater or less violence, until either entirely new orifices are
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opened in the vicinity, or those which have long lain dormant

are re-opened.

It will be however impossible in any individual instance to
calculate the epoch of such an occurrence, so many of the
circumstances which make up the sum of the force of resist«
ance being beyond the reach of our investigations.

Many facts may be brought forward in illustration of this
reasoning. Thus, for example, the train of volcanic vents of
the Leeward Isles, which bear signs of having existed in full
and vivid activity for a long period, are now become so slug-
gish as to offer but two or three eruptions from any volcano
in the course of a century, and these, when they occur, are
comparatively trifling and powerless.

But, at the same time, this chain of islands, as well as the
neighbouring coast of Cumana, the Caraccas, and Vene-
zuela, has long been subject to frequent and violent earth-
Euak&s, which are observed to produce numerous rents or

ssures through the solid rocks composing these districts,
and to elevate them perceplibly at each successive shock, above
their former level *

These two general circumstances, viz. the rarity and insig-
nificance of tgi]e eruptions from these spiracles, and the fre-
quency and violence of the most terrible class of earthquakes,
are obviously connected in the relation of canse and effect.
Thus again the Andes of the province of Lima, in which
there is at present but one volcano in activity, and that by no
means energetic, while the neighbouring districts of Quito to
the north, and Chili to the south, present several, are griey-
ously disturbed by earthquakes, which often occasion deep and
extensive clefis through the superficial rocks, so wide that
they can be crossed nni’y by bridges.t :

It is a remarkable fact, that the inhabitants of Mindanao,
one of the Moluccas, are so convinced by experience that the
habitual activity of the volcanic vents in their island obviates
the destructive earthquakes which would otherwise ruin their
towns, that whenever these volcanos are quiescent for a longer

% See Mrs. Graham’s account read before the Geological Society. The
connection of these earthquakes with the voleanie vents of the Leeward
Isles was further proved by the eruption of St. Viucent’s in April, 1812,
but a few days after the terrific earthquake which desolated the provinces
of the Caraccas in the same year,

t+ Mr. Caldclengh says expressly, that of late years while there has been
an increase in the number and violence of earthquakes, the eruptions from
the voleanic chimaeys of the Audes, have been proportionately rarer,
Travels in 8, America, vol. i, p. 18,

I
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period than usual, they sacrifice a slave toa e what they
suppose the wrath of the Deity that inhabits them. The
same opinion is reported to prevail among the natives of
Sumatra.

§ 3. The continuance of the process of elevation, thus oe-
casioned by the absence or obstruction of eruptive vents
which might relieve the subterranean lava bed of its redun-
dant caloric, when operating on any extensive mass of the
overlying strata for a great period of time, must raise them to
a proportionate height above their former level, and at the
same time give rise to numerous fractures, dislocations, and
irregularities of position.

e have no reason to doubt that the transmission of caloric
from the central parts of the globe towards its circumference,
to which we have been led to refer the phenomena of volcanos
and earthquakes, has been constantly in operation, at least
with equal, if not greater energy, since the infaney of our

lanet.
- Consequently we should expect to find in the constitution
of the crust of the globe indications of such changes of level
in the superficial strata composing this crust, and frequent
traces of the fractures, dislocations, and irregularities of posi-
tion which must have been occasioned whenever they were
elevated in an extreme degree.

How completely the appearances presented by the strata
of our continents, and more particularly those which compose
their most elevated or mountainous districts, correspond with
what would thus appear & priori to be the necessary results of
the process in question, must be obvious to every one.

The inclined position of these strata, their manifold in-
flexions, the mutual intersections of their fractures, the veins,
shifts, or faults, that interrupt their continuity; all which
marks of disturbance encrease in frequency and evidence as
we approach the mountains, that is, those points which, under
our hypothesis, have sustained the maximum of elevation ;
while, on the other hand, the composition and contents of
these strata prove that the greater part of them originally
existed at the bottom of the sea in a horizontal and continuous

osition ; these and the numerous other circumstances which
t is needless to repeat, since they have been so ably and
eloquently enumerated by the advocates of the Huttonian
theory, compose an irrefragable mass of evidence in favour
of the progressive elevation of our continents by a force act-
ing from below upwards. : ;
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Here then we have a series of effects completely adapted
and proportioned to that cause, which the phenomena of vol-
canos prove to be in constant operation. :

On the one hand vast masses of the globe’s crust exhibit
incontestible signs of their having been gradually raised by
the successive elforts of a powerful force acting from below
them. )

On the other the still active volcanos scattered over the
earth, and the frequent traces of their former activity, testify
to the permanent existence of a subterranean expansive force
to which we can perceive no limit, and which, on these points
where the caloric, by which it is animated, is prevented from
escaping through these accidental spiracles, must necessarily
give rise to successive violent elevations of the superficial
strata on the most extended scale.

It would be wholly unphilosophical to withhold our belief
that these circumstances are connected in the relation of cause
and effect. We must conclude then, that the successive local
expansions of the general subterranean lava bed have occa-
sioned the present height of the continental rock masses above
the level of those which underlie the ocean. The eruptions
of volcanos are only a secondary phenomenon, the partial
and incidental result of these elevations.

§ 4. But since we have no reason to doubt the influence of
subterranean expansion in the phenomena of voleanos, earth-
quakes, and elevations of the superficial strata, to have taken
place for ages past, indeed to have been co-eval with the
existence of our planet, under its actual laws, if it be true
that the develo_pment of the one class of these phenomena, viz.,
volcanic eruptions, proportionately obviates that of the other,
or the ahsufule elevation, en masse, of extensive superficial
portions of the earth’s crust; and therefore in the same lo-
cality, and at the same period, the one class of effects must
always have varied inversely with the other; we should ex-
pect to find Eruni':; of the operation of this law in the visible,
traces left by these phenomena on the globe, and, conse-
quently, that, wherever volcanos have existed in the greatest
number, and in the most prolonged and energetic activity,
there will have happened the least absolute elevation, ez
masse, of the superficial strata; and, vice versii, that wherever
the most remarkable elevations of the solid crust of the globe.
have taken place, there should seem to have been little or no,
absolute escape of subterranean caloric through the spiracles,
of habitual volcanos.
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What are those spots, on the surface of the globe, where
the volcanic action appears to have heen most general, most
frequent, most energetic, and most prolonged ? Are they not
all either maritime coasts, or islands rising from the depths of
the ocean? Look at Iceland, where more than twenty habi-
tual volcanic vents appear to have been almost incessantly in
active operation, and where there are scarcely any signs of
elevation.

None of the pre-existing marine strata appear in this case
to have been raised above the sea-level. No primitive, tran-
sition, or secondary rocks are, I believe, met with in the
whole extent of the island.

- The same remark is ap,:licable to the Azores, Canaries, and
Cape Verd Isles. Butabove all, let us turn our attention to
the numberless volcanic vents that stud the Pacific.

At the first glance on this quarter of the globe it is impos-
sible not to be struck by the total absence of any continent
whatever, and the extreme scarcity of high and dry land, (for
most of its islands are mere coral reefs) throughout the vast
extent of ocean, which alone occupies a full third of the su-
perficies of the habitable globe. At the same time we observe
this immense basin to be almost encircled by an extraordinary
chain of closely grouped volcanic vents, described above ; of
which very many are still, and a much larger number have
certainly once existed, in habitual, prolonged, and exceed-
ingli)‘r energetic activity; while, the interior of this ocean is
thickly sprinkled with groups of similar spiracles, (the Mari-
anne, Carolinas, Sandwich Isles, &c.) ; and the frequent pro-
duction of new islands and coral reefs, warrants a belief in
the existence of numerous others which have not yet showed
their summits above the water-level.

It is in this quarter of the globe, without doubt, that the
voleanic phenomena have been most copiously developed ;
and it is in the same quarter that so vast an extent of the sur-
face of the earth appears to have preserved almost entirely its
original level, comparatively uninfluenced hy that elevating
force, which on other parts l{as occasioned the production of
the colossal continents of the old and new world.

This remarkable correspondence speaks loudly for the cor-
rectness of our argument.

But it may perhaps be urged that of the great linear chain
of vents described as almost encircling the Pacific, one very
considerable portion belongs to the elevated continent of
America ; and that, whatever argument may be drawn from
the ahsence of any elevated extent of the superficial strata on

N
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the one side of these voleanic trains, must be opposed by their

occurrence on the other.

To this objection, which is striking and plausible enough
at first sight, the following considerations will be a sufficient
answer, !

In the first place, the stupendous mountain masses of the
Andes and Cordilleras of Mexico and South America, upon
which the strength of the objection mainly rests, are, it must
be recollected, themselves of volcanic formation, consistin
of immense bodies of lava protruded from the numerous an
extremely productive vents which have been opened alon
this extensive range; and the few portions of elevateﬁ
strata which are met with in their vicinity, rarely attain to
any great height, and form but a very inconsiderable propor-
tion of these enormous mountains. !

In the second place, we may remark that no volcanie vent,
or series of vents, can be produced, but upon a fissure or solus
tion of continuity, effected in the superficial strata of the
globe, during their elevation by the force of sublerranean ex-
pansion. Consequently, a certain degree of elevation of the
neighbouring strata, on one side or other of the fissure, must
precede the establishment of any train of voleanic spiracles, and
also accompany the further development of their phenomena.
And with respect to any single fissure or cleft of this nature,
the greater the elevation [;mduced in the neighbouring strata,
the wider and deeper will be the fissure, and the greater the
space afforded for the escape of volcanic matter.

In the case of America, for example, if we suppose the great
compound fracture which produced the linear series of vents,
already described as reaching perhaps from Icy Cape to Terra
del Fuego, to have been originally occasioned by the inci-
pient elevation of the continents of North and South America;

and to have been subsequently widened and prolonged, as I
this extensive mass of indurated strata rose prnfressively '

above the sea, and acquired its present level, we shall see at
once the cause of the enormous quantity of lavas which have

been emitted successively from this cleft; and the existence

of these elevated continents on the one side of this linear frac-
ture, will not be found in any waﬁ' to contradict the opinion
that the activity of its volcanos has mainly contributed, by

letting off the superfluous caloric from the bed of lava situa-

ted beneath the Pacific, to chviate the elevation of its bottom
on the otherside, and thus occasion the remarkable scarcity of
land to the west of the Andes and Cordilleras,

==
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The accompanying diagram, presenting a rude ideal section

of South America, will illustrate the position better than any
verbal argument.

Fig. 28.

ANDES. Scnisrose MousTaivs oF Brazic.

of Eruption. of Elevation.

The remarkable ahsence of all volcanic vents, and, I be-
lieve, even of all traces of their existence at any former
period, on the Hastern side of the Andes, and their prolonga-
tion, the rocky mountains both in North and South America,
affords the strongest confirmation of the truth of the above
conjecture, as well as of the genuineness of the law which we
are investigating.

If we turn to the old world we observe a repetition of these
eircumstances. In fact, the linear chain of volcanic vents
which borders the Pacific on the East, follows in a most re.
markable manner the outline of the Asiatic Continent, and
leads to the supposition that the formation and enlargement of
this lengthened series of fractures in the crust of the globe,
accompanied the elevation of that extensive portion of it
which constitutes the neighbouring continent.

If from Asia we direct our attention to Africa, it is not dif-
ficult to discern in the volcanic islands or insular groups of
the Canaries, Cape Verd Isles, Ascension, St. Helena, Sax-
emberg, Tristan d’Acunha, and Diego d’Alvarez, on the west,
and of the Mauritius, Seychelles, &c. on the east, the highest
summits of a train of submarine volcanic spiracles, the direc-
tion of which corresponds with that of the outline of the
neighbouring continent, in the same remarkable manner as
in the instances of Asia and America noticed above.

Even many, or most, of the smaller and more partial lines
on which the volcanic force has been developed, appear to

N2
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bear the same striking relation of direction to some contiguous
masses of elevated strata, r

Thus the volecanic range of Java, Sumatra, and the Anda-
man Isles, forms a sort of advanced breast-work to the parallel
range of primitive and secondary mountains of Borneo, the
North coast of Sumatra, the Ma{a;,r peninsula, and the Bur-
mese Empire.

So again the Archipelagos of the Maldives and Laquedives
are ,"“"gl“d in front of the elevated coast of the Hindostan
peninsula.

The remarkable manner in which the linear volcanic dis-
trict of Italy seems to rise from under the parallel escarpment
of the Apennines, the axis of that peninsula;* the exactly
similar situation of the volcanic rocks of the Hebrides and the
North of Ireland with respect to the escarpment of Great
Britain, as well as the situation of the volcanic regions of
Tonia and Mysia in front of the great promontory of Asia
Minor, are all so many several instances of the same general
fact, which can be accounted for only by allowing the same
cause to have operated both the elevation of the strata, and
the production of the fissures of eruption. .

This faet is still further confirmed by the observation,
which 1 believe will be found generally correct, that the di-
rection of any range of volcanic vents is parallel to the gene-
ral direction of the elevated strata in its vicinity. The vol-
canic zone which crosses the South of France runs nearl
north and south, and this is the general direction of the beds
of granite, gneiss, and mica schist, which form the elevated
plateau from which the eruptions have broke forth.

The volcanized band which traverses the north of Ger-
many is remarkably parallel to the axis of the Alps, and that
of Hungary to the direction of the Carpathians,

The basaltic zone of the Hebrides takes the direction gene-
ral to the strata of the neighbouring gneiss islands; the vol-
canic trains of Italy, that of the Apennines.}

§ 5. But if it be true that the development of the subterra-

* At the time of the earthquakes in Calabria and Messina, the ground
was split open by erevices, which were all directed parallel to the line of the
coast; that is, to the axis of the range of mountains.

+ One exception to this genefal rule is reported to exist in Mexico,
where four or five volcanic vents lic on a line running directly across the

axis of the mountain chain, These then were formed on a transverse fis-
sure.
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nean force of expansion in the elevation of strata, has gene-
rally varied inversely with its other modification, which con-
sists in the absolute escape of intumescent matter on the
surface of the globe, we must also expect on the other hand
to find few or no indications of the latter class of phenomena
(volcanos) where the superficial rocks have been considerably
raised.

And, indeed, the rare occurrence of volcanic vents in the
interior of any continent is a circumstance so generally ac-
knowledged as to have given rise to many specious theories
to account for it.

We know of no active volcano in the interior of Europe, or
Africa, and though two are reported to exist in the centre of
Asia, the fact appears by no means certain, and their acti-
vity, at all events, reduces itself to the emission of sulphureous
and ammoniacal vapours.

We are equally ignorant of the occurrence of any rocks of
a volcanic nature testifying to the former existence of such
spiracles in the interior of either of the two larger continents
of the old world ; and though the volcanic remains of France
and Germany are placed at a certain distance from the sea,
and even have been produced on points ofconsiderable eleva-
tion, these examples are to be considered rather in the light
of exceptions, and do not militate against the general fact tﬁat
guch formations are comparatively rare in inland positions.

With regard to the western hemisphere, we have already
noticed the seemingly total absence of volcanic spiracles, ei-
ther open or extinct, in North or South America, westward of
the Andes, and the continuation of this range in the Mexican
Cordilleras and rocky mountains. But, on the other hand,
it is a very remarkable circumstance, that exactly where these
continents taper off in breadth, and are eaten into by the great
Gulph of Mexico, another range of volcanic vents makes it
appearance in the Leeward Isles, running nearly in a parallel
direction to the very active volcanic train of Guatimala,
Nicaragua, and the fvsthmus of Panama ; this extreme deve-
lopment of voleanic action obviously accounting for the in-
ferior extent of land which has been’elevated on that paralle
of latitude.

§.G. But it may be asked how it happens that earthquakes
are not found to take place more frequently and with greater
-violence in the interior of continents, and at a distance from
all active volcanos, whereas it is on the contrary a known
fact that many of the districts which are most subject to these
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destructive phenomena, are placed, though not in their imme-
diate vicinity, yet at no great distance from habitual voleanos,
e. g. Calabria, situated between Vesuvius, Stromboli, and

Aitna; and the coast of Venezuela and Caraccas, opposite to
the Leeward Isles, &c.

To this it may be answered,

I. That earthquakes and volecanic eruptions are by our
tl!enrﬁ jointly occasioned by the same circumstance,
viz. the rupture of the solid overlying strata by sub-
terranean expansion. The production of a fissure, and
therefore an earthquake of more or less violence must °
precede every eruption; consequently we must al-
ways expect earthquakes to occur in the vicinity of
volcanos. But the reverse is not equally true, since
any number of crevices may be formed in the overlying
strata, without giving rise to a single volcanic erup-
tion, where the focus of expansion lies at a great
depth beneath the refrigerated strata; and in accord-
ance with this remark, many places are known to be
liable to most destructive earthquakes which are yet
far removed from any habitual volcano; for instance,
Lishon, the Ionian isles ; and again Syria and Persia,

which of late years have suffered in a remarkable de-
gree from these calamities,

II. With regard to the most elevated portions of our con-
tinents, the vast expansion which has already taken
effect on these spots in the subterranean lava bed has
in turn given the predominance to the force of repres-
sion, in obedience to the general law laid down in a
former chapter, and should by no means lead us to ex-
pect the continuance of the process, and therefore of
the earthquakes which are its sensible results, but, on
the contrary, to suppose that this tendency has already
satisfied itself by the intumescence and consequent re-
frigeration of so vast a body of crystalline rock, the
diminution of temperature being always proportionate
to the expansion; and also that owing to the greater
comparative distance of the surface of the earth on
these points from the central focus or source of heat,
the caloric can no longer be concentrated to any intense
degree beneath this surface, but is drawn off laterally
towards those lines of volcanic activity, which, how-
ever distant, are yet still occasioning a continual
draught of caloric from every side,
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A great quantity, it is also probable, escapes trom moun-
tainous districts by gradual transmission, or is carried off by
the waters which filter through the numerous fractures and
crevices of their constituent rocks, and after acquiring the
temperature of these surfaces, find their way to the interior
of the globe at a lower level.

§. 7. The generalization of this important fact, viz. that the
elevation, en masse, of the solid strata composing the crust of
the earth, has been always inversely proportionate to the
development of the voleanic phenomena in the same quarter
of the globe, demonstrates that the subterranean he::il of in-
tensely-heated erystalline rock, whose local existence we fully
frnved in the early part of this essay, but without defining its
imits, and from whose gradual increase of temperature, and
consequent expansion, these phenomena, of either kind, have
necessarily resulted, must extend generally beneath the sur-
face of the whole globe.

The successive expansive shocks of this subterranean bed,

by which the continental parts of the earth have been progres-
sively elevated, incidentally gave rise to contemporaneous
eruptions, i. e, to partial outward intumescences of this mat-
ter, by occasioning cracks or fissures, on the prolongation of
the elevated strata, and more or less distant from the line of
maximum elevation, of sufficient depth and width to permit of
this extravasation, according to the laws investigated in the
previous chapters.
- The volcanic phenomena are then only secondary and at-
tendant circumstances on the more immediate and primary
results of subterranean expansion, viz. partial elevations of
the solid crust of the globe.

The nature of the more important and extraordinary class
of effects, we go on to consider in the next chapter.
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CHAP. X.

Development of Subterranean Expansion in the Ele-
vation of Strata, and Production of Continents above
the Surface of the Ocean.

§. 1. The masses heaved upwards by this immediate action
of the force of subterranean expansion have been hitherto
spoken of under the general term of overlying or superficial
strata : but on examining their constitution, we find them to
comprehend a variety of different rocks.

W

The uppermost, on those parts of the continents which

have suffered least disturbance or elevation, generally consist
of more or less horizontal strata of sands and marles, or sand-
stones and limestones. As we approach the chains of moun-
tains, or lines of the maximum of elevation and disturbance,
these arenaceous and sedimental strata are found to assume a
great degree of inclination and numerous other irregularitices
of position. 4

'Bhey however universally lean against and are supported
by masses of erystalline rocks which form the geological axis
of every mountain chain. ;

Of these some are stratified, or rather possess a lami-
nated structure ; others not. The former, or stratified crys-
talline rocks, gneiss, mica slate, &ec. exhibit great disorder
and every mark of forcible elevation, in their highly inclined
and generally vertical position, their flexures, solutions of
continuity, &c.

The latter, or unstratified erystalline rocks; (granite, syen-
ite, porphyry, serpentine, diallage rock, and greenstone, &c.)
usually underlie and support the others, or cut through them
in the manner of immense dykes.

In fact they have every appearance of being portions of the
subterranean crystalline bed, protruded through the stratified
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! sometimes in a state of partial liquefaction, at others

~a solid mass, preserved from ebullition by the immense

~ pressure of the supported strata, or of the ocean above them ;

& circumstance already mentioned as one of the probable
~ modes of action of the subterranean expansive force.

§. 2. If it is true that these masses were in this manner
forced upwards through vast fissures in the overlying strata,
which were rent asunder by their protrusion, the fractured
extremities of these strata should be found to correspond on
either side of the crystalline axis ; and this is in fact frequently
the case, as in the instance of the Hartz mountain, whose
structure was taken by Werner as the type of mountain ranges;
but in general great irregularities will be necessarily pro-
duced by the violence of the process, and by numerous
circumstances connected with the nature of the elevated
strata,

There is great reason to conclude that in most instances
the raised strata, particularly those which were only par-
tially indurated, have become contorted, and bent into re-
peated foldings, so as to give the appearance of frequent al-
ternations of different series of strata to whatis in reality but
the replication of the sume original series,

Fig. 29.
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- If we suppose a fissure C to be broken by the subterranean
expansive force through the overlying strata, which are
not thruugbuut completely indurated, and therefore possess
a certain degree of mobility amongst their parts, the expan.
sion of the crystalline mass A bursts open the fissure C, and
elevates the strata on either side with immense violence.

* During this process the lower strata E F, which are in con-
tact with the expanding crystalline mass, must sustain an in-
tense friction from it, as it forcesits way towards the opening.

If these strata are schistose or lamellar, that is, composed of
laminar particles, and not entirely consolidated, they have a
much greater degree of mobility in the direction of their la-
niina than in any other, their parallel plane surfaces slipping
readily over one another; and this direction coincides wi :
that of the impulse communicated by the friction, namely,
from E and F towards C.—Consequently these strata will be
forced to move towards the fissure C, and will be protruded
from them, together with or even before, the crystalline mass
which urges them forward,

But the matter thus forced from opposite sides of the fis-
sure towards the axis, must meet there, and create an intense
mutual pressure in a direction nearly opposite to that of the

rotruding force ; and the effect of these two nearly opposite
impulses on the protruded schistose strata, together with their
own gravitating force and that of the strata above them act-
ing in a vertical direction, must be to fold them into repeated
doublings, exactly like those which would be produced in a
bale of heavy cloth or linen, by subjecting it to a powerful
pressure nearly in the direction of its layers.

The resistance opposed in a downward direction, by this
intense horizontal strain, together with the weight of these
protruded strata, will perhaps often be sufficient to prevent
the extravasation of the crystalline matter below, and to give
the predominance once more to the repressive force. The
protruded laminar strata or schists will then entirely cover and
conceal the crystalline axis, like a mantle. (See fig. 28. p. 195.)

In other cases a central ri or axis of unstratified crys-
talline rock may be elevated in a solid state, and appear in-
truded like a vast dyke between the replicated strata on either
side ; (fig. 29.)

The crystalline mass, thus exposed by its protrusion through
the overlying strata, will generally be preserved from lique-
faction by the immense Eressure of the column of water above
it, when the process takes place at the bottom of the ocean.
Where the external pressure is not suflicient to prevent ebul-
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lition, a superficial intumescense and extravasation will take
place, until the temperature is by the process of evaporation
so far lowered that the repressive force predominates, The
liquefied crystalline matter may overspread the edges and
surface of some of the overlying or protruded strata, and thus
give rise to the appearance of secondary granites, syenites,
. porphyries, &c.

Again, portions of the expanding erystalline rock will ac-
company the protrusion of the lamellar strata, moving along
with them, and will thus be included between the folds of the
lowest of the strata, for it is obvious that the formation of
any convex flexure (such as F represented in fig. 31.) by
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two nearly opposite forces acting on the strata in the direc-
tions A F, CF, will have the effect of reducing the pressure
on the heated erystalline rock or lava immediately below, and
cause it to intumesce with violence and occupy ti;e concavity
- of the flexure. If the elevated strata are subsequently de-
nuded down to the dotted line D E, the erystalline rock F
will show itself between the two corresponding series of
strata, and in this manner more or less narrow beds of gra-
nite, or other unstratified crystalline rock, may be expected
often to occur interbedded amongst the replications of the
laminar and schistose rocks, particularly of the former, which
are the lowest of the series.

If, as must often have occurred, a fracture takes place at the
apex of the flexure G B, the intumescent matter will be in-
Jected into the cracks, and produce one or more dykes of
greater or less magnitude, according to the size of the cre-
vices,

If the fracture is so complete, owing to the nature of the
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strata, that an opening is made entirely across them, as in
fig. 32, the same circumstances take place with regard to the
protrusion of the erystalline axis of this secondary ridﬁge,' as in
the case of the primary ridge, or axis of elevation; (fig. 29.)

Fig. 32.

§. 3. But while the lower beds of the elevated strata are
thus forced from either side towards the fissure of elevation,
by the friction of the expanding matter, a similar impulse is
communicated to the upper beds, but in a contrary direction,
by their own gravity ; which, in proportion to the elevation
ti{e}' sustain, urges them to slide down the inelined plane of |
their stratification ; and this motion being opposed by the in- |
ertia of the more distant and unelevated parts of these strata,
similar contortions and replications must be occasioned in
these as in the strata below.

Thus there is produced a reciprocal movement in the ele-
vated strata, the lowest beds being forcibly urged towards
and through the fissure of elevation, and the upper receding
from it; both movements giving rise to fractures, foldings,
and other irregularities of position in the strata influenced
by them, proportionate to the quantum of motion they receive, |
the angle to which they are elevated, and their structure, |
flexibility, degree of induration, &c.

§. 4. When the higher parts of these replicated strata have
been worn down and carried off by the denuding forces (to
which we shall presently see that they are exposed) a traveller
passing across their edges will meet with repeated alterna- |
tions of the same series of strata, A, B, C, D, E, &e. '

When the denudation has not proceeded to the depth of the
flexure of the lower beds, E, F, &c. one or more ofthese will
be wanting, and thus the series will on some points appear to
recur with great uniformity, at others some of its members
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will be absent, and those irregularities of this kind will be
produced, which are so frequently observable in the forma-
tions of highly inclined strata composing every mountain
range. :

§. 5. When any of the strata are too nearly indurated to
suffer such complete replication without rupture, numerous
cracks and fissures will be broken through them, and parti-
cularly at the points of extreme flexure.

Many of these when they open inwardly will be filled by
the intumescence of crystalline matter from below, and thus
veins, dykes, or intruded masses of unstratified erystalline
rocks, will appear penetrating and occasionally interbedded
amongst the series of elevated strata, (syenites, porphyries,
serpentines, and fraps of the primitive transition and secon-
dary formations ; granite veins, in mica, and clay-slate, &c.)

§. 6. Where some of the strata are yet more completely
consolidated, and therefore break much more readily than
they bend, numerouns vast fracture chasms will be forced
across them, and the intervening portions of strata may often
be elevated together with the mass of crystalline rock, (see ¢,
fig. 20.) and left in an isolated position upon its summit or
flanks. In this manner were probably raised those colossol
and insulated pyramidal masses of dolomite which rise from
the great porphyry district of the Tyrol. (See Von Buch’s
letter to ]‘fumbﬂh t.)

In this locality it appears that the subjacent crystalline
mass partially intumesced on some points, and intruded itself
through some of the fractures, soas even to overlap the upper
edge of one of the insulated dolomitic portions.

- The rock is a large-grained granite in some places, and
passes into serpentine on others, and finally into basalt, or
augitic greenstone, which is its predominant character.®

The smaller dykes which traverse the neighbouring lime-
stone strata are all of basalt (Porphyre pyroxenique of De
Buch), and the dolomitic pyramids are apparently portions of
these strata, altered by the intense heat and sublimations of
the crystalline rocks with which they are in contact.

M. de Buch is of opinion that it is the intumescence and
rise of the basalt (porphyre frnxenique} that elevated the
dolomite, red sandstone, shell limestone, and other secondary
beds, not only of this locality but of the whole chain of the

- * These transilions are somelimes 50 uirm||ﬂ. that 1 procured specimens
which are gramite on one side, and fine-grained greenstone on the other.
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Protrusion of Schists,  Fissuves of Elevation. 207

If we suppose the fissures of elevation to have been formed
along the lines of the valleys of Fassa, Kysach, and St.
Pellegrin, the elevation of the overlying rocks, viz. porphyry,
red sandstone, and limestone, along those lines, wilf have
given birth to the valleys by forcing the fissures to open out-
wardly, while their lower extremities remained firmly closed.
At the same time, by this action, in the intervening spaces,
corresponding and parallel fissures must have been formed,
but widening towards the lower, and closed, or nearly so, at
their upper extremities. The lava, swelling up through these
latter, will have occasioned the alteration of the limestone
strata to dolomite, and must have forced its way exactly into
those places where we find it, viz. in the intervals between
the valleys, while the elevated strata must necessarily dip
towards it, as was observed above to be in fact universally
the case.

An inspection of the accompanying section,* which, as far
as the geognostical facts go, is cnpie%l exactly from De Buch,
will show how simply and easily their extraordinary appear-
ances are reconciled and explained by this supposition, while
they are wholly inexplicable under the idea of De Buch, that
the protrusion of the basalt elevated the strata, |

Indeed all primar‘)]r vents of eruption seem to have been
produced in a somewhat similar manner, viz, by the widenin
of a fissure towards the interior of the subterranean iavu-hedg,
as aﬂpears from the following considerations.

The direction of the fissure of elevation created by the
first successful effort of the subterranean expansive force,
obviously determines that of the mountain range protruded
through it. The general similarity in the arrangement of
these chains, as viewed upon the surface of the globe, to that
of the linear trains of volcanic vents, and the so frequent
parallelism of one or more of the latter to the proximate
range of mountains, is thus obviﬂuslg accounted for; since
the fissures of both kinds, viz. firstly, those of elevation, which
are created by the sudden expansion of the heated lava imme-
diately beneath, and through which the crystalline rocks and
highly inclined schistose strata that form the axes of moun-
tain chains, have been forcibly protruded; and, secondly,
those of eruption, through which the confined caloric, and a

art of the subterranean lava bed effected their escape with
FEES disturbance and difficulty, were often produced at the
same moment, and through the same continuous strata.

B See ]}L | & ﬁg. 23,



208 Fissures of Eruption.

If, indeed, we bear in mind the general relations of posi- -
tion, which have been deseribed above as subsisting between
the linear trains of volcanic vents and the axes of the neigh-
bouring mountain chains, or the outlines of the nearest conti-
nental elevations, it will appear highly probable, that the
original fissures on which these eruptions have taken place,
were torn through the prolongation of the lower beds of these
elevated strata, by the force with which they were urged to-
wards the fissure of elevation.

For instance, in the diagram given above (figs. 29, 80,) the
lower series of strata, ¢ a a, being driven by the friction of the
expanding matter below, towards the orifice of the protrusion
¢, one or more wide solutions of continuity must be formed in
the prolongation of these strata, as at d d, and in a direction
at right angles to the strain, and therefore parallel to the fis-
sure of elevation. These fractures will be probably often con-
tinued across the upper series of strata, though they will be
there in great part, or entirely, choked again by the subsidence
of the elevated portions of these strata, in obedience to their

ravitating force. At any rate, the lava-bed immediately
%eluw must intumesce and force its way up these fractures, as
far as it can penetrate (producing dykes and injected veins);
and break out into absolute volcanic eruption on every point
that is not effectively sealed against its expansive efforts.

At every fresh successful effort of the subterranean expansive
force, by which the neighbouring continent is still further
elevated, this fissure of eruption is probably opened still
wider, and perhaps prolonged, and fresh vents are formed upon
it.¥* Should, however, this cleft become so far sealed up by
the abundance of erystalline matter produced upon and within
it, as to offer more resistance to the disjunctive force than
some unalffected part of the continuous strata, a new fissure
of eruption is created, at more or less distance from, and pa-
rallel to, the former, productive of the same phenomena.

Thus, in the formation and enlargeinent of fissures of erup-
tion, two forces combine, viz. the one a disjunctive tearing
strain, acting in a horizontal direction, and occasioned by
portions of the same continuous crust, being dragged away
towards some distant fissure ; the other a heaving force, act-

* At the time of the earthquake of Lima, in 1746, four volcanos broke
out in eruption in one night. ~ A similar circumstance occurred during the
earthquake of Chili, in 1822.—Ulloa Voyage en Amerique. Caldeleugh’s
Travels in South America.
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ing from below upwards, and consisting of the expansive
power of the intensely heated lava immediately beneath.®

It is probable, that the first of these circumstances is the
principar cause of the great difference between the phenomena
that take place from these fissures and those of elevation, since,
in the former, the intumescence and extravasation of the con-
fined lava through the opening thus created, is opposed only
by the external pressure, atmospheric or oceanic. In the
latter, in addition to these elements of the repressive force,
the escape of the lava is opposed by the weight and tenacity
of the overlying and heaved-up strata, and, above all, by the
immense resistance created in the force with which their lower
beds are jammed together at the opening, by the friction of
the expanding mass pressing towards it from opposite sides,

- §. 7. 1t appears then, that of the solutions of continuity
which accompanied the process of elevation, whether in the
replicated strata composing the mountain, or in their more
distant prolongation, the deepest and widest occasioned extra-
vasations of the inferior lava-bed ; and these remain as dykes
or intruded beds, penetrating the strata, and often connected
with an overlying bed of erystalline rock of a similar nature.

Others, which were too narrow and intricate to allow the
escape of any intumescent matter in a liquid form, were yet

rmeable to the vapours and metallic sublimations that rose

rom this subjacent mass, and were partly filled by these,
partly by rubbish from their sides and from above, thus giving
occasion to mineral veins.

Those fissures which did not open downwards towards the
lava were filled, in part or altogether, by rubbish alone ; and
these are the faults and slips of miners,

The formation of calecareous and other hreceias, and veined
marbles, is accounted for by the smallest of these fractures.
The still unconsolidated juices of the rock oozing into its

cracks and crevices, and filling them with a deposit of finer
matter.

8§ 8. Where two elevated ranges were produced at no

* During the great earthquake of Chili, in November, 1522, which was
felt along tﬁe line of the Cordilleras in an extent of nearly 1000 miles, the
earth was raised er masse; but a horizontal movement is also deseribed to
have taken place (Caldcleugh, 11, 48). The accounts of many other vio-
lent earthquakes represent such a horizontal movement to have been felt,
accompanied by, and clearly distinguished from, a vertical motion, or
heaving of the earth under the feet,

4]
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great distance from each other, the intervening mass of strata
may have been raised to a considerable height without having
its generally horizontality much disturbed, and consequently
without many flexures or solutions of continuity. :

This appears to have been the case with the fletz strata
composing a great part of Germany and Dalmatia, and which
intervene between the Alps on one side, and the Vosges,
Black Forest, and mountains of Bohemia and Hungary, on
the other.

The extensive districts of fleetz strata which constitute the
basin of the Mississippi and its confluents, between the Rocky
mountains and the Alleghany chain, may be conjectured to
offer a parallel instance.

But in such cases, the horizontality and non-disturbance of
the strata occupying the middle space which separates two
chains, must be generally compensated by their extreme dis-
turbance and replication in the immediate vicinity of either
range.

§. 9. Whether the elevated strata are replicated into nu-
merous foldings on each side of the protruded ridge of erystal-
line rocks, a mode of procedure common it would seem fo the
lamellar and schistose strata, particularly the micaceons (clay
and mica slates, gneiss, &c.), which appear to have shared in
the peculiar flexibility that characterizes their predominant
mineral ingredient); or are separated by wide solutions of
continuity into detached masses, as seems to have most fre-
quently happened to the compact limestone strata ; it is
obvious how either process tends to the production of longi-
tudinal furrows, or valleys, on either side of, and more or less
parallel to, the axis of the elevated range. In the former
case,® the strata composing the sides of these valleys will
appear to dip towards them on either slope—(trough-shaped).
In the latter,t they will be cut off by precipitous escarp-
ments, in which the abrupt edges of the strata will often cor-
respond on either side.

In the chain of the Alps, the valley of the Inn, and that of
the Isére, between Cnnfﬁms and (Grenoble, are examples of
the last kind of longitudinal valley.

Those of the Adda, of Sion, of the Eisach, above Brixen,
and the system of the Jura range, of the first.

Even the great vallev of Switzerland, which divides the

—= . e

¥ Sce a, fig. 290 p. 201. t See b, fig. 29.
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Alps from the Jura, and again that of the Po, to the south of
the same colossal range, appear to belong to this class of
trough-shaped longitudinal valleys, or concave flexures. The
elevated secondary strata which clothe the base of the Alpine
range, both on the north and south, dip under the tertiary
and alluvial beds of the plains of Lombardy and Switzerland,
to rise again at the opposite side in the northern Appenine
and the Jura; these two mountain ranges having all the ap-

earance of a series of irregular convex flexures occasioned

y the subsidence of their calcareous strata, in a semi-con-
solidated state, from off the inclined plane of the higher Alps.

The basin of the Adriatic seems to be the continuation of
the valley of the Po ; separating the parallel ranges of ele-
vated secondary strata of the Appenines and Illyria.

The change in its direction corresponds to that of the
primitive crystalline axis of the Alps, which is probably con-
tinued after its sudden bend to the south in the maritime Alps,
and in the ranges of Corsica, Sardinia, Sicily, and Calabria.

With regard to the elevated primitive (so called) plateau
of central France, the vallies of the Rhone, Loire, and Allier,
present similar longitudinal troughs, parallel to the direction
of the strata. There is no difficulty in supposing the exten-
sive strata of transition and f;m:undarg rocks which probably
once covered this district, to have slid away on all sides, but
chiefly into the depths of the Atlantic and Mediterranean.
Where their subsidence was checked by the range of the
Pyrenees, they accumulated into the repeated flexures and
sinuosities which characterize the secondary and transition
formations of the north side of that chain, and which reach
entirely to its summit, cloaking over and concealing on that
side the crystalline axis of the range. |

§ 10. We are thus led to recal the distinction, already esta-
blished, between the primary axis of elevation along which
the overlying strata were burst opens and elevated solely by
the successful development of the subterranean expansive
force, and those secondary axes of elevation which consist in
the convex flexures produced on either side of, and more or
less distant from, this primary axis, by the replication of the
strata elevated by the sudden development of subterranean
expansion.*

* These secondary flexures are somewhat analogous to the waves pro-
duced by dropping a long pole into still water.

02
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Whatever expansions took place in the inferior erystalline
mass beneath these secondary convexities, were occasioned
by the reduction of pressure upon it, not by the absolute in-
crease of its expansive force, as in the primary axis. (See
§ 15.)

These secondary anticlinal ridges will be more or less
nearly parallel to the primary ridge or axis of elevation.
Where the resistances to either the protrusion or subsidence
of the replicated strata are locally unequal, whether from
differences in their structure and composition, or the occur-
rence of neighbouring obstacles, such as proximate ranges of
elevation, &ec. proportionate local irregularities will be pro-
duced in the direction of the secondary flexures,

The intervals between these secondary ridges, that is, the
concave flexures, form what are so frequently met with, and
which we have mentioned above as trough-shaped longitu-
dinal vallies. ;

In the north of Scotland such vallies, separated by inter-
vening secondary ridges, are numerous and remarkable, form-
ing the basins of the greater number of her Lakes and As-
tuaries.

In England the basins of the Severn, Trent, &c. &c. and
even of the Thames, offer similar examples; for it is pro-
bable that the different convex swellings of the fletz strata
of this country, were not occasioned %y the action of any
local expansion immediately beneath them, but are flexures
produced by the resistances opposed to the subsidence of
these strata towards the German Ocean, off the elevated
range of Devon, Wales, Cumberland, and Scotland.

The local irregularity of the resistances will account for
the changes of direction in the axes of these elevated ridges,
which become less and less constantly parallel to the primary
axis of elevation, as their distance from it increases.

These flexures present a remarkable diversity of character
on different points. On some, the upper remaining beds
still cover over the whole breadth of the convexity, as in the
instance of the great chalk protuberance of Wilts, Berks, and
Hampshire, While on other points of the same flexure or
anticlinal ridge, the upper beds have in part disa pemed,
leaving a longitudinal valley, at the bottom of wil]m:h the
inferior beds shew themselves. The great valley of the
wealds of Kent and Suscex, included hetween the chalk
escarpments of the North and South Downs, offers a familiar
example of this occurrence.

The cause of this is obvious. In the former case the
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ufjper chalk beds possessed suflicient tenacity to sustain their
elevation and curvature without splitting; in the latter a
longitudinal crack opened across them, parallel to the axis of"
elevation. The chalk resting on beds of clayey marl (the
upper strata of the greensand formation) slipped away on
either side from the axis, leaving bare the lower strata of
greensand. Again, the partial subsidence of this formation
upon the slippery beds nfp Weald Clay, disclosed in turn the
ironsand, which forms the visible axis of this ridge.*

The valley of Kennett offers a similar instance on a smaller
scale; that of Pewsey another. In the neighbourhood of
Weymouth an opening of this character in the oolitic lime-
stone series, has discovered a small anticlinal ridge of red
sandstone at its bottom.

1t is indeed remarkable that these longitudinal vallies of
elevation and subsidence occur most frequently in limestone
districts ; which confirms the general fact remarked above,
that while the micaceous or schistose strata have usually bent
before the elevating force, the calcarcous strata have gene.
rally preferred to break.t

Where such anticlinal vallies are on a large scale, as the
instance of the Weald of Kent, transverse fractures appear to
have been also formed in the subsiding strata, but tEESE will
have remained more or less narrow crevice-like gorges ; since
no subsidence can take place away from them, that isina
direction coincident with the axis of elevation. These trans-
verse chinks or gaps are frequently the channels, through
which the drainage of the interior valley has been since
effected, while they have been enlarged, and have lost the
angular roughnesses of their fracture edges, by denudation,
or meteoric abrasion. Buch are the gaps in the chalk es-

# If this is the true origin of these vallics, it is obvious how improperly
they are designated by the term vallies of denudation. Valley of elevation
and subsidence, or anticlinal valley, would be perhaps a more appropriate
appellation. That these districts have suffered much subsequent denudation,
may be, and is, no doubt, true; but the cause of their peculiar form lies in
the elevation, fracture, and subsidence of the strata which once covered this
space.

Pf‘ Hence these numerous cracks and fissures, for which all limestone dis-
tricts are remarkable, and through which their superficial drainage is often
effected. When a running stream flows for a great length of time through
any series of such fissures, it wears away aund scoops out the sides, giving rise
to the caverns so frequent in these fissured limestones, and which, after the
stream had been led to take another course, were often tenanted by animals,
the remains of which afford the most interesting speculations to the theo-
retical geologist.
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carpments of the Kent and Sussex valley, through which flow
the Wey, Mole, and Medway, towards the north, and the

Arun, Adur, Quse, and Cockway, towards the south.

§ 11. Some of the transverse vallies also of mountain chains
owe their origin in all probability to solutions of continuity,
which must occasionally have been broken across the super-
ficial strata, in consequence of the irregularity and violence
of their elevation and subsidence. This origin is particularly
applicable to those deep chasm-like recesses which contain
lakes at the foot of the higher chains—e, g. the basins of the
Maggiore, Lugano, Como, Iseo, and Garda Lakes, on the
south of the Alps; and those of Switzerland and Tyrol on
the north. The vallies of Aoste, of the Adige, the Piave,
and those of the Durance, Drac, and Are, as well as many
other minor vallies having the same relative direction, viz. at
right angles to the axis of elevation, probably owe their origin
to the same circumstance.

The waters of the ocean in their rapid and violent retreat
from the surfaces elevated above its level, would naturally
occupy these fissures, and still further enlarge and deepen
them, leaving vast alluvial accumulations of detritus on the
plains into which the lower extremity of such gorges usuall
open, and where the velocity of the debacle was first checked.
(Diluvium of Switzerland, Piedmont, and the Italian Lakes,
&c.)

Many other transverse vallies, however, were no doubt
originally scooped out by these retiring waters alone, without
the previous existence of any directing fissure ; the waters
excavating their channels along those Tines into which they
were directed by accidents of level in the neighbouring sur-
faces, and the greater or less resistance of t%ne component
rocks.

The vallies of either kind have been subsequently enlarged
and otherwise modified ; and many others, perhaps indeed a
far greater number were wholly and entirely excavated by the
slow but constant and powerful action of the same causes
which are still continually in force ; amongst which the fall
of water from the sky, and its abrasive power as it flows over
the surface of the land from a higher to a lower level, is the
principal,

There is good reason to conclude on grounds which will be
alleged below, that the gquantity of water circulating in this
manner in given times, has gradually diminished from the
carliest ages of the world to the present. We need not there-
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fore be prevented from attributing to its erosive agency eflects
greatly exceeding in magnitude those of which it appears
capable at this moment.

he evidence confirmatory of this opinion, which I am
aware differs from that most generally received at the present
day, will be developed at a future opportunity, and perhaps
in another work. One proof, however, and that a convincing
one, may be briefly mentioned here, of the slowness of the
process by which many very considerable river vallies were
excavated—viz. their sinuosity. This character can only be
accounted for by a lent and gradual abrasion, and where this
exists it is idle to talk of sudden ecatastrophes, debacles, or
deluges, as having been the excavating forces.

It 1s not my intention, at present, to investigate in detail the
concordance of these theoretical ideas with the peculiarities
of structure of individual mountain ranges or elevated dis-
tricts; but I think it must be conceded by those who have
studied the physical constitution of any number of these
massive protuberances with which the surfaces of our conti~
nents are wrinkled, that their general and characteristic fea-
tures are simply and satisfactorily accounted for by the mode
of elevation which is here attributed to them.

The accompanying ideal section of a ran{ge of mountains
will illustrate their general features more fully than words
can do, and exhibit a few of the accidental and irregular
variations of structure which local circumstances must have
frequently occasioned in them, according to the laws which
have been here laid down.*

§ 12. With regard to the periods at which the several con-
tinental masses acquired their present elevation, we must con-
clude from the analogy of the voleanic phenomena, and from
what we have recognised of the laws which regulate the
development of the expansive force, that they were raised by
expansive shocks succeeding one another at greater or less

intervals,

Of these the greater number were probably of minor vio-
lence, similar to the earthquakes which still continue to ele-
vate parts of the globe’s surface by scarcely perceptible incre-
ments, and analogous to the minor eruptions of a voleano in
the phase of a permanent or of prolonged and moderate ac-
tivity. But it 1s also pruhable that a concurrence of local
circumstances favourable to a long predominance of the re-

* See plate 1.
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pressive force, will have occasionally brought on a crisis of
intense subterranean dilatation, a paroxysmal nsion, the
effect of which on the solid crust of the earth will have been
proportionately violent and extensive.

If it be true, as has been asserted, that outliers of the
plastic clay and chalk formations have been recognised on the
summits of the Savoy and Julian Alps, (and the highly in-
clined strata of the Nagelflue in Switzerland and Italy cor-
roborate the opinion,) it would seem that the elevation of this
colossal European chain, (and perhaps therefore of the whole
of Europe) from below the level of the sea, took place by some
sudden and tremendous catastrophe of this nature, at a com-
paratively recent geological epoch.*

The traces of (so calfed) Diluvian action will, in this case,
be the result of the denuding force of the waters retreating
from this elevated surface, and accompanying their retreat
with frequent successive escillatory movements,

If so stupendous a chain was raised in reality at once to its -

present height, the commotion necessarily produced in the
ocean by such a change, will be fully sufficient to account for
all the appearances of an extraordinarily violent action of
water subsequent to the deposition of the plastic clay, which
are visible over the whole continent of Europe.t

- -

* Amongst the evidence of the recent elevation of stratified rocks we
may mention the limestone cliffs of Palermo, and the whole north coast of
Sicily, of Calabria, and the Promontory of Circe, which appears in many
places perforated by the JMylilus lithophagus, at a height sometimes of u
wards of a hundred feet above the level of thesea. Parts of the shells stll
remaining in the holes remove all doubt as to their nature.

Brocchi. Bibl. Italiana passim.
Cat. rag. p. 84.

t That the sca does share, and that in a very sensible degree, even in the
ordinary commotions of the earth, was proved by the immense wave which,
during the earthquake of Lisbon, swept over the lower part of that town;
rose to a height of sixty feet above high-water mark at Cadiz, and along the
whole coast of Portugal, and was felt even on the coasts of Englunfmﬂ
Norway. Again, at the time of the earthquake of Peru in 1746, the sea,
which retreated at first, returned with fur:,r in a tremendous wave, and over-
whelmed the whole town of Callao. A similar circumstance accompanied
the earthquake of Messina. The osillatory movement communicated to
thesea drove an immense wave over the whu{ﬂ point of the Faro, which, in
its return, drowned all the population of the town of Scilla on the opposite
coast of Calabria.

If clevations of but a few inches or fect of vertical height produced oseil-
latory movements in the ocean of such violence, what must be the effect of

the sudden elevation of a mountain range like that of the Alps, from the
bottom of the sea ?
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The boulders of Jura and the southern slope of the Alps,
the filling up of the valley of the Po, and the great alluvial
flats of %!.ussia, Poland, Prussia, Denmark, North of Ger-
many, and Holland, will date from this catastrophe; while
the creation and earliest outhreakings of the volcanic fissures
of France, Germany, Hungary, and Italy, may be supposed to
have accompanied the same event.

What subterranean expansions have taken place since that
epoch, beneath Europe, have probably been of very inferior
violence, and perhaps consisted rather in a general and pro-
gressive dilatation by which the mountain ranges, consisting
of knots of rocks already protruded, and a great extent of the
continuous stratified crust on one or both sides of them, were
slowly raised by almost insensible shocks.

The geology of the other continents is not sufliciently
known to authorize a conjecture as to whether the relief of
their grand mountain ranges was projected contemporaneously
with that of the Alps, or at a more remote or more recent
period.*

But the numerous remains of terrestial vegetation, which
are found in the secondary strata up to the old red sandstone,
and even in some of the earlier transition rocks, prove that
much land was elevated above the sea level even at these
remote periods,

It is possible that paroxysmal expansions similar to that to
which the Alpine chain appears to be owing, took place during
these earlier ages of the globe’s history ; and indeed in the
formation of the old red sandstone it is perhaps possible to
trace the result of such a catastrophe. Other elevations may
have been more gradual and less violent.

The frequent circumstance of the non-conformable portion
of strata, some having been deposited across the abrupt edges
of earlier and highly inclined beds, attest the occasional repe-
tition of such phenomena.

# If future ohservations should lead to the opinion that the elevation of
the principal mountain ranges of the glebe was simultaneous, we must con-
clude this general expansion of the subterranean granite to have been pro-
duced by some sudden diminution of pressure acting generally on the sur-
face of the earth 3 such as would be occasioned by the near approach of an
erralic planetary body, or comet. 1[ it be probable, as has been shown above
(page 60), that the slight diminutions of superficial pressure, which are
amongst the habitual atmospheric phenomena, may determine the produc-
tion of an earthquake or local elevation of strata, what may not have heen
the effect of the attractive influence on the atmosphere, ocean, and earth, of
a comel passing wilhin a short distance of the globe’s surface ?
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§ 13. It is indeed what we must conclude, from & priori

evidence, that these occurrences were far more frequent and
powerful in the earlier ages of the globe than they can be at
present.

For it is clear that the sum of subterranean expansion
taking place in fixed times, must have progressively diminished
n a rapid ratio. ;

Istly. In consequence of the continued decrease of the ex-
ansive force, as the globe gradually cooled down, and
its temperature became more nearly equalized.

2dly. From the continual increase of the repressive force,
by the additions that were made in the products of vol-
canos, incrusting springs, &e. to the accumulation of
mineral deposits on the surface of the globe, and per-
haps to the body of water and atmospheric fluids which
envelop that surface,

From these reasons the ratio of expansion, and, conse-
quently, the frequency and violence of its results, whether
consisting in elevations en masse of the solid crust of the
Eirlnhe, or volcanic eruptions and exhalations, must have gra-
dually decreased from the earliest epoch of the history of the
alobe to the present day.

§ 14. The difference of mineral character in those crystal-

line rocks, whose protrusion from below accompanied the ele-
vation of the stratified rocks, is a fact open to the same remarks

which have been already made on the varieties of the rocks
which were expelled from a volcanic vent, and will probably
remain involved in obscurity until the researches of cﬁemistry
shall have mude us more intimately acquainted with the laws
by which the crystallization of different minerals is deter-
mined, '

It seems Prnbab]e that ordinary granite, composed of felspar,
quartz, and mica, was the original or mother rock, composing
what has been spoken of as the general subterranean bed of
heated crystalline rock, or lava.

Circumstances accompanying its intumescence and recon-
solidation, may be supposed in some cases to have converted
the mica into hornblende, producing syenite.

A great degree of comminution, occasioned by the friction of

the crystalline particles on one another, may have sometimes
reduced the granite to a porphyry; small particles of felspar
alone vemaining visible in an apparently homogeneous hase.
A still further subdivision, either accompanied, or not, by
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'some changes in the combinations of the elementary particles,
‘may have given rise to compact felspar, (eurite or weisstein,)
‘or serpentine ; and the recrystallization of this latter rock,
under favourable circumstances, to diallage rock.

The extreme disintegration of syenitic granite, will, in the
same manner, have produced greenstone, and perhaps the
later traps.

There are not perhaps any two of these varieties of crys-
talline rocks which have not been found in nature passing
into each other either by sudden or gradual transitions.

It cannot therefore be deemed a rash conjecture to suppose
them all to have derived from the same original; and it cer-
tainly appears most probable that the alterations they have
undergone were the result of the circumstances attending their
rise and protrusion towards the surface of the globe ; since we
have to guide us in this supposition the exact analogy of the
congenerous crystalline rocks produced under our eyes by
subterranean expansion, from volcanic vents, in which similar
changes of mineral characters indisputably take place during
the processes of emission and consolidation.



2200 Origin of Strala involving a Theory of the Earth.

CHAP. XI. |

Origin of the Strata composing the surface of the,
Globe, involving a Theory of the Earth. :

§ 1. Tne explanation which has been attempted in the
fDI‘Egﬂin% chapter, of the most striking differences of level
observable in the solid crust of the globe, presupposes a cer~
tain degree of regularity in its structure, prior to the eleva-
tion of any ofits parts above the level of the sea, since it must
have been composed of concentric coats, consisting of '

I. The crystalline or granitoidal matter; confined at an
intense heat, by the overlying strata, viz.

I1. The series of laminar and schistose crystalline rocks,
viz. gneiss, mica, talc, and chlorite-schists, &c. &ec.

III. The transition series, both of schistose and stratified
rocks, arenaceous and ) or such parts of them as were
sedimental. already deposited at the epochs

of elevation of the different

1V. The secondary series. ) continents.

The original formation of these different beds is a ques-
tion whose discussion Pﬂrhaps does not properl y belong to this
work. A few theoretical opinions on {{‘lis subject, may, how-
ever, be briefly hazarded, since they are naturally suggested
by the phenomena we have been investigating.

With regard to the uppermost beds of this series, the plain-
ly arenaceous or sedimental strata, their mode of formation
differs probably not much from that by which very analagous
deposits are produced at the present day in the depths of the
ocean, and within its creeks and inlets, in inland lakes, the
mouths of rivers, or on the surfaces of the vallies through
which they flow ; and what difference does exist may be per-
haps accounted for by the following considerations, which
have been partly anticipated in the foregoing chapter,
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 §. 2. Whenever any considerable portion of the strata of
the globe was suddenly raised, in the manner above described,
from beneath the ocean, the rush of the retreating waters
displaced by it, must have possessed a vast abrasive force, by
which its surface will have been more or less degraded and
worn away, and its fragments carried down and deposited at
‘a lower level.

But this is not all ; for, by the absolute elevation of such
a mass, the radius of the globe is dilated on this point ; and to
compensate for this, and preserve its equilibrium, a propor-
tionate body of water will be immediately transferred to the
opposite or ant;pndal point (by the same law which occasions

e antipodal tide to the point at which the moon’s attraction
is exerted.) The shock produced by the rush of water to this
spot from all sides, will cause its reflection in an opposite di-
rection ; and a series of oscillatory movements of this sort
will occur, one wave following another, till the ordinary
equilibrium of the ocean is finally restored.

- The effect of each of these violent and successive waves will
be to break up or wear away the inequalities of the rocks it
sweeps over, and to deposit their detritus in sand or gravel
banks, wherever the velocity of the waves is temporarily
checked by the projecting relief of the submarine levels, or
as its original impetus gradually slackens.

~ Here then we see that the abrasive assage of great bodies
of water, animated by a violent impurse, over a large part of
the surface of the globe, must have accompanied each succes-
sive elevation of any considerable portion of the strata.

Such phenomena are, perhaps, fully equal to account for
the extensive denudations which our continents appear to
have suffered, and for the origin of the larger fragmentary
deposits of different ages. And such was probably the real
character of those moving waters, which, under the name of
deluges, cataclysms, or debacles, have been unavoidably in-
ferred by geologists to have occurred at different successive
epochs in the age of the world, from the evidence of these
arenaceous strata.

It is in the longitudinal vallies of mountain chains, and
wherever the first tﬁlﬂ{:]{ is given to the displaced waters, that
the coarsest fragments broken off from the highest elevations
will have been left.

The finer detritus must have been carried to a greater dis-
tance, according to the weight of its particles, and the force
and direction ofthe currents in which they are suspended.
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Where the motion was trifling or null, the finest or sedi-
mental deposits will have gradually subsided, and mixed with
the precipitations which were taking place contemporaneously
from the waters of the ocean, or with the bituminous and cal-
careous matter that accumulated in its tranquil recesses from
the decomposition of animal and vegetable substances, and
the opercula of marine mollusea, coralline bodies, &ec. As
the depth of these beds encreased, the pressure sustained by
those that were lowest, and the effect of the mm:retiunarx
attraction of similar particles, effected their partial consolis
dation, and divided them into strata, which some subsequent
expansion elevated in turn above the sea-level, where they
lost by drainage all the water they retained, and were stiﬁ
further consolidated.

I do not, however, follow the opinion of the Huttonian
geologists, that these strata are indurated by the heat trans- |
mitted to them from the interior of the globe. '

The fact of the occurrence of indurated strata resting on
clays and shales, sufficiently disproves this hypothesis. _

he complete consolidation of many of these rocks certainly
dates only from the period of their desiccation, and was there-
fore subsequent to their elevation. So soon as this change of
level permitted the water of any stratum to run off, the im-
mense pressure sustained would squeeze it out, and harden
the remaining mass. The flints in chalk and other limestones
consist of the fine siliceous particles of each stratum; which,
while the whole was soft and pulpy, immediately after its de-
position, sunk by their superior gravity to the {)ntmm of the
bed, and there agglomerated bv the force of affinity inte
nodules, or, when very abundant, into thin layers. Shells,
fragments of rock, and other extraneous bodies, have often
settled in the lower part of each stratum in the same manner. |

The seams of the strata in these, and, I believe, in all sedi-
mental rocks, were produced by a similar species of elective |
aggregation between the particles of the predominant in-
gredient in the rock, exerted during the consecutive stages of
their consolidation. 'The action of this attractive aflinity has
often produced a more or less crystalline texture, sometimes
general to the mass of the rock, at others confined to one of |
its ingredients, which acts as a cement to the rest.

The more complete the process of erystallization, the more
compact, solid, and coherent, is the resulting rock. The
action of the crystallific forces in the pulpy mass must be
favoured by the comminution of its particles ; since the finer
the particles, and the more nearly they are reduced to their
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integrant molecules, the more mobility they will enjoy when
brought into close contact by pressure. !

Those particles which are precipitated from chemical solu-
tion in water, are much finer than can be by any sediment pro-
duced by trituration ; consequently, the greater the propor-
tion of precipitated particles, to those that subside from mere
' suspension in water, the greater the facilities ofcrystallization.
. Hence, since it is a known general fact, that, amongst marine
deposits of different ages, the oldest are almost invariably the
most crystalline,*® it is fo be presumed that the proportion of
the precipitated to the sedimental matter in the deposits of
the ocean, has diminished gradually from first to last. This
must be owing either to the waters which supply the ocean
having less and less of calcareous or siliceous matter in solu-
tion than before, or to their having gradually lost the faculty
of holding these mineral substances in solution ; or finally, to
both these causes united.

The waters of the ocean have two sources, viz.

I. That of land springs, many of which are still thermal,
others impregnated with silex and carbonat of lime,
&c., but in the earlier ages of the globe it is highly
probable that the water percolating through the heated
crystalline rocks, or produced by the condensation of
their vapours, both possessed a higher temperature,
and was more impregnated with mineral matter.t

II. Rain water. This again has two sources.

I1st. Lvaporation, by which pure water alone is car-
ried up.

2dly. Vl’.‘llg’lﬂic vapours, by which numerous mineral
substances, as muriate of soda, lime, and magnesia,
sulphates of soda and lime, &ec. are carried up in
solution ; and either immediately mingled with
the waters of the ocean, if the vent is subaqueous,
or carried down into it by the condensation of the
vapours, if they rise from a subaerial mouth.

* Some very recent rocks of aqueous formation are extremely erystalline,
- as the Travertinos, Cale-tuff, &c., but these are entirely precipitations from
calcaliferous land springs, &c. and therefore tend to confirm my argument.

_t Indeed it isa known fact, that the quantity of calcareous matter depo-
sited by many of the encrusting springs we are acquainted with, decreases
from year to year.—See Brogniart, in Cuvier's Ossemens Fossiles, ii. 545,
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But volcanic eruptions, and exhalations from the subterra- -

nean bed of heated crystalline rocks, appear to have dimi-
nished by de?‘ees in number and quantity, since the earliest
ages of the globe.*

Thus the quantity of mineral matter carried into the ocean
in a state of solution from both these sources has progressively
decreased. :

At the same time it is extremely probable that the ocean
originally possessed a much more elevated temperature than
now ; when the forces of subterranean expansion were in
more frequent and violent activity ; when the heated bed of
granite was separated from the ocean by a thinner crust ; and
when volcanic eruptions were taking place in much greater
number, and almost solely from the bottom of the sea, instead
of, as at present, from subaerial vents.

The nature of the organic remains preserved in its deposits,

which are more completely analagous in size and character to
those of our tropical regions, the older the formation in which
they occur, is a strong collateral proof of this fact. A higher
temperature must also have permitted the ocean to hold more
mineral substances in solution. - And thus it appears that
-both the quantity of these substances introduced into the
ocean, and its faculty of retaining them in solution, have dimi-
nished by degrees; which explains at once the correspondent
diminution in the proportion of precipitated to sedimental
matter in its deposits, and the less crystalline grain of the
newer strata.

Again; the greater pressure sustained by the older members
of the stratified formations must have assisted in facilitating
the crystalline arrangement of their component particles. As
the weight of superincumbent matter (of greater specific gra-
vity than water) increased upon any sedimental bed, the
water it contained must have been squeezed out and forced
to exude upwards through the pores or clefts of the less com-
pact strata, This would take place even under the sea-level,
and the process of consolidation and crystalline aggregation,
no doubt, continued, gradually accompanying the augmenta-
tion of the overlying beds; and was not finally completed
previous to the elevation of the stratum above the sea-level,
when its more absoluie drainage was effected.

The occasional abrupt curvatures of the sedimental strata

prove their induration to have been incomplete at the epoch

* Vide Chap. x. §. 11,
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of their elevation, while their still more frequent fractures
aul;éisit that they were not far from the limit of complete
solidity. ;

Fur{hew reasons the frequent occurrence of a more or less
crystalline texture, and of veins or crystals of quartz, or even
occasional erystals of felspar, in some of the earlier conglo-
merate or sedimental strata, under such circumstances as
prove their crystallization while the rock was undergoing
consolidation, should appear no more surprising a fact than
that of crystallized quartz or carbonate of lime in recent
marles or sandstones, :

In general, I am of opinion that the different proportions
of siliceous, aluminous, caleareous, or other precipitations, and
of quartzose, micaceous, calcareous, or other sediments ; the
necessary variations in the coarseness and fineness of the sub-
siding particles, according to the varying rate of motion of
the currents, or eddies, from which they were deposited; and
the different degree nf‘;fressure to which they have been ex-
posed, will explain all the variations of texture, internal
structure, and composition, in the sedimental and arenaceous
deposits of all ages, without our recurring to the supposition
of their having been materially affected by the transmission of
heat from the subterranean lava bed, on any other points
than those which have been brought into close contact with
protruded portions of this crystalline bed, forced, in a lique-
fied state, through fissures of the stratified rocks, by voleanic
action, (dvkes, veins, &e.)

Even with respect to those early and more rare formations
which are almost wholly erystalline ; such as the saccharoidal
limestone, quartz rock, &c. I see no reason to suppose that
they owe their origin to any other cause than the abundant
precipitation of carbonate of lime or silex from the primitive
ocean ; which was at the time perhaps locally supersaturated ;
and the subsequent consolidation of these beds, and the in-
tense pressure to which from their position they were neces-
sarily exposed.

The general intermixture of micaceous and other fragmen-
tary particlesin these rocks, proves tiem to pariicipate in some
degree in the sedimental character; though the proportion
of precipitated matter generally predominated.

here on the contrary the sedimental matter, parﬁcular]y

mica, was in excess, the mica, tale, and chlorite slates were

produced ; the quartz, which continued to be deposited, often

agglomerating into nodules ; and the mica partially recrystal-

lizing : while occasionally other minerals were formed, such
p
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as ashestos, epidote, garnet, &c. &c. by the capricious play of

the forces of chemical aflinity.

§. 3. With regard to the more completely crystalline, and
nearly granitoidal rocks, which constitute the gneiss forma=
tion, their origin is a question of more diflicult solution.
Their laminar and schistose structure iz, however, so anale-
gous to that of some voleanic rocks, (the clinkstones and la-
mellar basalts) that little doubt can be raised of their being
indebted for it to a similar cause. It has been suggested as
probable in a former part of this essay, {Gha{). Y. §. 2.) that
this structure was occasioned in the latter class of rocks by
their subjection, after a partial intumescence, to a resolidifis
cation, attended with an incomplete recrystallization, and
produced by an intense pressure between two opposite forces ;
‘owing to which the crystals arranged themselves in such a
manner as to have their shortest axes in the direction of the
pressure, and their longest in a plane perpendicular to it.

Now in the case of the zone of laminar and crystalline rocks
which is here supposed to have originally encompassed the
globe, what more evident than that, between the repressive
force of the overlying strata, and the expansive force of the
subjacent lava-bed, it must have been exposed to just such an
intense compression acting exactly in the direction of the
radius of the globe, and therefore at right angles to the planes
:of the crystalline lamina ?

If then we imagine a general intumescence of an intensely
heated bed of granite, forming the original surface of the
globe, to have been succeeded by a period in which the pre-
dominance was acquired by the repressive force, occasioned
by the condensation of the waters on its surface, and the depo-
sition from them of various arenaceous and sedimental strata,
(the transition series,) the lamellar structure of the gneiss
formation is at once simply explained. This structure may
have been subsequently increased by the friction of the dit-
ferent lamin®e against one another, as they were urged for-
wards, in the direction of their plane surfaces, towards the
orifice of protrusion, along with the expanding granite be-
neath; the lamina being elongated, and the crystals forced
to arrange themselves, in the direction of the movement.

In what manner this general superficial intumescence, and
the succeeding phenomena, took pE’me, is a question involving
a complete theory of the earth ; which, in the present imper-

fect state of our chemical knowledge, it is difficult to frame on
a satisfactory basis.
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-§. 4. Perhaps, however, I may be pardoned for offering the
i‘nlluwing.cunjectural rough sketch of such a theory; of the
imperfections of which I am fully conseious, but to which the
ideas developed in the foregoing chapters necessarily lead 5
and which appears to me to explain tll:a various appearances
presented by the known constitution of the globe, more sim-
ply, and intelligibly, and to be more accordant with the
general and constant processes of nature, than any other which
the spirit of geological enquiry has vet started.,

I imagine then the mass of the globe, or, at least, its ex-
ternal zone to a considerable depth, to have been originally,
(that is, at, or before the moment, in which it assumed the
position it now holds in the planetary system,) of a granitic
composition ; composed probably of the ordinary elements of
granite ; and having a very large grain ; the regular erystal-
lization having been favoured by the circumstances under
which it previously took place; though, as to what those
circumstances were, I do not venture to hazard a supposi-
tion.* :

* The above theory is not incompatible with the idea of the granitic in-
volucrum of the globe having been produced by the superficial oxydation
of a metallic nucleus. This opinion, originally started under the authority
of a great name, has since met with, 1 believe, many supporters, It must,
however, be owned that itsmells a little of the laboratory ; and that, though
by possibility it may prove to have been a good guess in the end, yet one or.
two chemical experiments, and one or two analogical inferences drawn from
iﬁ{‘-’ﬂ_?h do’not form a sufficient basis for the erection of a theory on the
ur%m of the Elohﬂ.

oleanos have been adduced in support of this opinion, and have been
supposed to proceed from the penetration of water to the metallic nuclens
of the earth
_ This hypothesis isat variance with the whole tenor of the preceding essay 4
and cannot, I think, be in any way reconciled to the detail of the volcanie’
phenomena.

But it is equally untenable in itself—For how is it possible to suppose
that water can percolate to this intermel:,r heated nucleus, without being
vaporized long hefore it reaches the limits of the metallic part? What
force is to urge the water to this depth 3 Whence did this fluid originally
derive ¢ and how, above all, after having heen once expelled, together wilg
a quantity of the oxydized matters through the fissures of admission, is it
to find its way again to Lthe same point, so as to produce a repetition of the
eruption ?

he only cvidence that canbe adduced at all, in favour of such an hypo-.
thesis, consist in the circumstance that most voleanos break out from the
sea or the sea-coast.
* "This fact, however, has been fully accounted for hl'y proofs that it is the
loeal absence of voleanic vents, which determines those elevations of the-
superficial strata on the large scale, to which our conlinents are owing ;

Pp 2
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I suppose that on reaching its actual orbit, and even before,
it enjoyed a great diminution of the pressure which had pre-
vinusl{ crystallized, or at least preserved it in a state of
crystallization, at an intense temperature, (perhaps at an in-
tegrant part ot the sun ¥)

This diminution of compression produced its expansion;
which must have taken place from the surface inwardly to-
wards the centre; the outer coat being rapidly volatilized
more or less, and the next zone only liquefied partially ; the
dilatation experienced diminishing towards the interior.

If the diminution of previous compression commenced, as is
likely, before the planet reached its actual orbit, great part
of the atmosphere, formed by its superficial vaporization,
will have been parted with on its passage from the sun; (like
that of a comet, which, in its tail, seems to be continually
leaving behind part of its substance in an aeriform state.)
The aeriform envelope which remained, or was evolved, after
it had settled in its present position; (the centrifugal force
which drove it from the sun, having reached an equilibrium
with the centripetal force, or gravitation, which draws it to-
wards the centre of the system?) formed, and still forms, its
atmosphere ; and by subsequent condensation, part of its
ocean, or main reservoir of superficial waters.

Supposing the globe to have had any irregular shape when
detached from the sun, the vaporization of its surface, and of
course, of its projecting angles, together with its rotatory mo-
tion on its axis, and the liquefaction of its outer envelope,
would necessarily occasion its actual figure of an oblate
spheriod. As the process of expansion rruceeded in depth, the
original granitic beds were first partially disaggregated, next
disintegrated, and more or less liquefied; the crystals being

and that therefore, in the same quarter of the globe, the rise of land above
the sea-level must have generally varied inversely with the development of
the volcanic phenomena.

* The phenomena of Aerolites seem to indicate that masses of mineral
matter of a crystalline texture, granitoidal structure, sometimes almost
identical with granite in minemlac“mpu:aitimi, are still occasionally pro-
jected through the range of our planetary system, and come within the
sphere of the earth’s attractive influence. The coat of glossy black varnish
which forms on the surface of these stones, and of their frazments as they
fall, seems to be somewhat analogous to the original micaceous envelope of
the globe.




Primaval Ocean ; substances dissolved or suspended by it. 229

merged in the elastic vehicle produced by the vaporization of
the water contained between the lamina.*

Where this fluid was produced in abundance by great dila-
tation, that is, in the outer and highly disintegrated strata,
the superior specific gravity of the crystals forced it to rise
upwards ; and thus a great quantity of aqueous vapour was
produced on the surface of the globe.

As this elastic fluid rose into outer space, its continually
increasing expansion must have proportionatelv lowered its
temperature ; and in consequence a part was recondensed
into water, and sunk back towards the more solid surface of
the globe. :

And in this manner, for a certain time, a violent recipro-
cation of atmospheric phenomena must have continued. Tor-
rents of vapour rising outwardly ; while equally tremendous
torrents of condensed vapour, or rain, fell towards the earth,.
The accumulation of the latter on the yet unstable and un-
consolidated surface of the globe, constituted the primaval
ocean. The surface of this ocean was exposed to continual
vaporization owing to intense heat; but this process ab-
stracting ecaloric fgnm the stratum of water below, by par-
tially cooling it, tended to preserve the remainder in a liquid
form. The ocean will have contained, both in solution and
suspension, many of the matters carried upwards from the

ranitic bed in which the vapours, from whose condensation
it proceeded, were produced, and which they have traversed
in theirrise. The dissolved matters will have been silex, car-
bonates, and sulphates of lime, and magnesia, muriates of soda,
magnesia and lime, and those other mineral substances which
water at an intense temperature and under such circumstances
was enabled to hold in solution. The suspended substances
will have been all the lighter and finer particles of the upper
beds where the disintegration had been extreme ; and parti-
cularly their mica, which, owing to the tenuity of its plate-

* If indeed this fluid was not itself produced by the forced union, at an
intense heat and pressure, of hydrogen and oxygen gasses, generated by
the volatilization of some of the mineral Slarticﬁas composing the outer
laminz of the crystals ; by which exactly the same effect would be pro-
duced, as if the water had been mechanically enclosed between these
lamine. Though this conjecture is by no means warranted by the present
state of chemical knowledge, it does not .l believe contradict any known
fact, and would explain many problematical circumstances; particularly
the non-oceurrence of water in the older granites. :
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shaped crystals, would be most readily carried up by the
ascending fluid, and will have remained longest in suspen-
sion. -

But as the torrents of vapour, holding these various mat-
ters in solution and suspension, were forced upwards, the
greater tPsu.rt of the disintegrated crystals by degrees subsided;
those of felspar and quartz first, the mica being, as observed
above, from the form of its plates, of peculiar buoyancy, and
therefore held longest in suspension. |

'The crystals of felspar and quartz, as they subsided, toge-
ther with a small proportion of mica, would naturally arrange
themselves so as to have their longest dimensions more or less

arallel to the surface on which they rest; and this paral-
Fslism would be subsequently increased, as we shall see here-
after, by the pressure these beds sustained between the weight
of the supported column of matter and the expansive force
beneath them. These beds | conceive, when consolidated, to
constitute the gneiss formation.* .

The further the process of expansion proceeded in depth,
the more was the column of liquid matter lengthened, which
gravitating towards the centre of the globe, tended to check
any further expansion. It is therefore obvious that after the
elobe settled in its actual orbit, and thenceforward lost little
more of its enveloping matter, the whole of which began from
that moment to gravitate towards its centre, the progress of
expansion inwardly would continually decrease in rapidity ;
and a moment must have at length arrived when the forces of
expansion and repression had reached an equilibrium, and the
process was stopped from progressing further inwardly by
the great pressure of the gravitating column of liquid. _

' T?lis column may be considered as consisting of different
strata, though the passage from one extremity of complete
solidity to the other of complete expansion, in reality must
have been perfectly gradual. The lowest stratum, immediately
above the extreme limit ol expansion, will have been granite
harely disaggregated, and rendered imperfectly liquid by the-
partial vaporization of its contained water., | .

# The marks of mechanical attrition in gneiss are well known ; its broken
erystals, frasmentary nodules, and passages into quarlz-rock, and other
more decidedly mechanical deposits. It isalso a general remark that the
largest grained gneiss lies nearest to granite, and that it becomes finer, more
slaly, and more micaceous, as it recedes from the granite. (Jameson’s
Cieognosy, p. 115.)
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. . Fig. 34.
- The second stratum was granite disin- crt TSR
tegraled; aqueous vapour having been ) ',_ o b
produced in such abundance as to be |- v |
enabled to rise upwards, [;au*tiali:,r dis-
of felspar and

mica, and superficially dissolving those ! .!f £
of quartz. This mass would reconsoli-

T

date into granite, though of a smaller 5
in than the preceding rock. I GECTLRZEN -
The third stratum was so far disinte- %

.

pour in suspension, and that of quartz in
solution felspar erystals, with the
remaining quartz and mica, subsiding J

themselves in horizontal planes. A
The consolidation of this stratum pro- ‘ - l T\
duced the gneiss formation.
The fourth zone will have been com- '-
posed of the ocean of turbid and heated lll
water holding mica, &ec. in suspension, '[
and quartz, carbonate of lime, &ec. in |
solution, and continually traversed by '

reciprocating bodies of heated water ris-

-ing from below, and of cold fluid sinking
-from the surface, by reason of their dif-

erent specific gravities.

The difat_urbance thus occasioned will have long retarded
the deposition of the suspended particles. But this must by

_degrees have taken place, the quartz grains, and the larger

and coarser plates of mica, subsiding first, and the finest

Jast.*

But the fragments of quartz and mica were not deposited

‘alone ; a great proportion of the quartz held in solution must

* Itisacknowledged by geologists that the large grained and most quart-

“zose varieties of mica-slate are the oldest, (that 1s, the lowest of the series,)

and that the rock becomes finer and approaches more nearly to clay-slate,
as it recedes from the supporting gneiss.

_ Mica-slate also exhibits marks of a more ¢completely mechanical deposi-
tion than gneiss,  (Jameson p. 119.)
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have heen precipitated at the same time as the water cooled,
and therefore by degrees lost its faculty of holding so much
in solution. Thus was gradually produced the formation of
mica-schist. The mica imperfectly reerystallizing, or being
merely aggregated together in horizontal plates, between
which the quartz either spread itself generally in minute
grains, or united into crystalline nueleis. On other spots,
instead of silex, carbonate of lime was precipitated, together
with more or less of the micaceous sediment, and gave rise to
the saccharoidal limestones. At a later perinda, when the
ocean was yet further cooled down, rock salt, and sulphate of
lime, were locally precipitated in a similar mode, ~

The fifth stratum was aeriform, and consisted in great part
of aqueous vapour ; theremainder being a compound of other
elastic fluids (permanent gasses,) which had ‘heen formed
probably from the volatilization of some of the substances
contained in the primitive granite, and carried upwards with
the aqueous vapour from below. These gasses will have been
either mixed together, or otherwise disposed, according to
their different specific gravities, or chemical affinities; and
this stratum constituted the atmosphere, or aerial envelope of
the globe.

When, in this manner, the general and pesitive expansion
of the globe, occasioned by the sudden reduction of external
pressure, had ceased (in consequence of the repressive foree
consisting of the weight of its fluid envelope, having reached
an equilibrium with the expansive force, consisting of the
caloric of the heated nucleus), the rapid superficial evapora-
tion of the ocean continued ; and, by gradually reducing its
temperature, occasioned the precipitation of a proportionate
quantity of the minerals it held in solution, particularly its
silex. These substances falling to the bottom, accompanied
by a large proportion of the matters held in suspension, par-
ticularly the mica, in consequence of the greater comparative
trnnquifti!}' of the ocean, agglomerated there into.more or
less compact beds of rock (the mica-schist formation), pro-
ducing the first crust or solid envelope of the globe. Upon
this, other stratified rocks, composed sometimes of a mixture,
sometimes of an alternation, of precipitations, sediments, and
occasionally of conglomerates, were by degrees deposited ;
giving rise to the transition formations.

Beneath this crust a new process now commenced. The
~outer zones of crystalline matter having been suddenly refri-
gerated by the rapid vaporization and partial escape of the
water they contained, abstracted caloric from the intensely
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heated nucleus of the globe. These crystalline zones were
of unequal density, the expansion they had suffered diminish-
ing from above downwards. ‘

Their expansive force was however equal at all points,
their temperature bearing every where an inverse ratio to
their density. But when, by the accession of caloric from the
inner and unliquefied nucleus, the temperature,.and conse-
quently the expansive force, of the lower strata of dilated
crystalline matter was augmented, it acted upon the upper
and more liquefied strata. These, being prevented from
yielding outwardly by the tenacity and weight of the solid
involuerum of precipitated and sedimental deposits which
overspread them, sustained a pressure out of proportion to
their expansive force, and were in consequence proportion-
ately condensed, and by the continuance of the process,
where the overlying strata were sufficiently resistant, finally
consolidated.

This process of consolidation must have progressed from
above downwards with the increase of the expansive force in
the lower strata, commencing from the upper surface which,
its temperature being lowest, offered the least resistance to the
foree of compression,

By this process the upper zone of crystalline matter, which
had intumesced so far as to allow of the escape of its aqueous
vapour, and of much of its mica and quartz, was resolidified ;

“the component crys_tnls_arranging themselves in planes per-
pendicular to the direction of the pressure by which the mass

was consolidated, that is, to the radius of the globe. The gneiss
formation, as already obzerved, was the result,

The inferior zone of barely disintegrated granite from which
‘only a part of the steam and quartz, and none of the mica,
had escaped, reconsolidated in a confused or granitoidal
‘manner; but exhibits marks of the process it has undergone,
in its broken crystals of t:-:alspar and mica; its rounded, and

.superficially dissolved grains of quartz; its imbedded frag-
.ments (broken from the more solid parts of the mass, as it
‘rose, and enveiﬂpeq by the softer parts); its concretionary

‘nodules, and new minerals, &c.*

* Humboldt asserts the oldest graniles (that is the lowesl) to contain most
quartz and least mica 3 the increase of mieca crealing a foliated structure

by the pallets being placed in a parallel position, and then the rock passes

into oaeiss, or foliated grinite ; the older granites distinguish themselves
also ﬁ}r their large grain, and the regular erystallization of the constituent
minerals; by the absence of included nodules, masses of a different grain,
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Beneath this, the granite, which had been simply disaggre-

‘gated, was again solidified, and returned in all respects to its
former' condition. The temperature, however, and with it
-the expansive force of this inferior zone, was continually on
the increase ; the caloric of the interior of the globe still en-
‘deavouring to put itself in equilibrio, by passing off towards
“the less intensely heated crust.

This continually increasing expansive force must at length
‘have overcome the resistance opposed by the tenacity and
‘weight of the overlying consolidated strata. It is reasonable
‘to ruppose that this result took place contemporaneously, or
‘nearly so, on many spots; wherever acecidental circumstances
in the texture or composition of the oceanic deposits, led
‘them to yield most readily; and in this manner were pro-
‘duced those original fissures in the primaval crust of the
earth, through some of which (fissures of elevation) were
protruded portions of the inferior crystalline zones in a solid
or nearly solid state, together with more or less of the intu-
mescent granite, in the manner above described ; while others
(fissures of eruption) gave rise to extravasations of the heated
crystalline matter, in the form of lavas, thatis, still further
liquefied, by the %reater comparative reduction of the pres-
sure they endured.

The protrusion of the foliated rocks, gneiss, mica-schist,
clay-slate, &c. was chiefly occasioned, as was observed above,
by their peculiar structure; the parallel plane surfaces of
their component crystals, particularly the plates of mica, slid-
ing with facility over one another; while the laminar struc-
ture of these rocks was in turn increased during this process,
the crystals being elongated in the direction of the motion, as
in the case of the clinkstones and pearlstones of the trachytic
formation,

'The violence with which these rocks were elevated, and

of heterogeneous beds (grunstein and limestone) of accidental minerals,
such as eprdote, hornblende, steatite, garnets, tin, oligistic iron, actinolite,
&c. &ec.; and by a non-porphyritic structure, The newest granites are
characterised by the presence of tin, magnetie iron, hornblende, diallage,
garnet, tale, and chlorite replacing the mica, and by a lendency to pass into
graphic granile !—Essai sur la Classificalion des Roches.

The increase of mica in the new granites is, 1 think, only epparent, the
tabular plates composing the hexahedral prisms of the older rock having
been separated and broken up by the friction accompanying Lhe process of
intumescence, so as to be disseminated more generally through the rock,
and consequently to make more show, although perhaps really in lesser
quantity. :
. : The same circumslance is very apparent in some varieties of trachyle.
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. the replications into which it forced them, produced nume-
. wous fractures which were filled in one of the following
 modes, viz. :

e =

I. By intrusion of the intumescent granite from below,
when the erack opened directly towards it.

1L Bz rapid expansion of the crystalline rock composing
the sides of the fissure, when its temperature was so
great as to produce the ebullition of the contained
water, at the diminished pressure occasioned by the
creation of the fissure. The matter produced in either
manner, would be, probably, a fine-grained granitoidal
rock; or by the continuance of disintegration, a por-
phyry or serpéntine: if its particles were comminuted
to an extreme degree by the friction attendant on its
intumescence, they may subsequently, during the pro-
cess of slow consolidation, have affected entirely new
combinations, and given rise to diallage-rock, syenite,
hornblende rock, &c.

I11. ‘Where the temperature of the rock was not sufficiently
high to produce rapid ebullition in the walls of the
fissure, the aqueous vapour alone which remained
within the rock would be forced to exrude from either
side, by the pressure of the mass above, and occupy the
cavity, bringing with it the silex it holds in solution,
whicz, as it gradually cooled, will have crystallized;
sometimes together with other mineral and metallic
matters sublimed from the lower part of the fissure,
where the temperature was higher. Hence the nume-
rous quariz veins of gneiss, but particularly of mica-
schist, and which are so frequently metalliferous.
Whenever any of these fissures opened outwardly into
the ocean, or any of the looser and more permeable
strata, the immense pressure acting on the lower beds
will have propelled the vapour upwards through these

* According to Dr. Macculloch the gneiss of the Hebrides is always,
locally dislocated, bent, and contorted, in proportion to the abundance of
granite veins which intersect it. - Sometimes the gneiss is shifted, at others
not, by these veins. In such granitic contemporancous veins, particularly.
in those which traverse granite, very regular quartz cr[y'slals often oceur in
cavilies (pockels, geodes), that is air-bubbles, formed by the accumulation
of the highly compressed aqueous vapour into large volumes ; the silex
having been s!.ﬂrsuqm:ulil')v recipitated on the sides of the cavity by slow
dearees, as the waler coo q-.I Henee too the extreme rarily of the gaseous
flurd which oecupies these cavities before they are broken into.
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adyts, and produced the continuance of its exudation

from the walls of the vein, together with fresh mineral
matter in solution ; part of which crystallized on the
sides of the fissure, and the surfaces of what fragments
occurred in it,

« The disturbance of the water occasioned by this process
may account, perhaps, for the clay and bouldered fragments,
which are sometimes found in mineral veins; though it is
more probable that these have found their way into open fis-
sures from above,

'The quartz veins of clay-slate, quartz rock, &e. were, most
probably, formed, in the same manner, by exudation of water,
with silex in selution, from the sides of cracks, produced in
them, whether by external force, or by the contraction ac-
companying their desiccation. In the case of gneiss or granite,
if the rock was not completely consolidated when the rupture
took place, and yet at too low a temperature for ebullition,
the crystalline matter of the sides may have been squeezed
into the fissure together with the exuding water; and kere the
solid crystals of felspar and mica enjoying a greater facility
of motion in this aqueous vehicle, will have reunited by
degrees into larger erystals, T'he felspar appears sometimes
to have forced the quartz, which was precipitated from the
water as it cooled, to arrange itself in plates between the
parallel lamina of its reaggregated crystals, so as to produce
what is called graphic granite,* which usually occurs in the
granitic veins ot the gneiss formation.

- The formation of the pure quartz veins will always have
been subsequent to that of the granitic ; since the former re-
quire the previous refrigeration of the rock, as well as its
artial consolidation ; and this accords with the numerous
Enuw!l examples of granitic veins traversed by quartz, while
the contrary fact is, I believe, unknown.

These sudden partial elevations of the crust of the globe,

and the other various causes which at this period disturbed

* It is possible that in the glassy felspar crystals of trachyte, which are
almost pure silex, though they retain the crystalline form of felspar, plates
of silex may be in this manuner appliqués in thin lamine between the dif-
ferent crystalline molecules, and that the general absence of grains or

crystals of quartz in this recent granitoidal rock may be thus accounted

for. 'The soda, which is also an element of these erystals, and by the help
of which the quartz was probably taken into solution by the aqueous
Jjuices of the rock, augments the evidence in favour of this supposition.



T owWw W wew T

———— _——

Alternations of Arenaceous and Sedimental Deposits. 237

the tranquillity of the primitive ocean, produced violent waves
and currents, which broke up and triturated the projecting
eminences of its bottom, and distributed their fragments in
alluvial conglomerate strata, wherever the turbulence of these
moving waters was partially checked. The surface of the
globe at this period consisted chiefly of mica-schist ; and henee
mica and granular quartz predeminate greatly in the conglo-
merates ugthis epo::lh (greywacké and granular quartz rock.)
The subsidence of these fragments was accompanied and
succeeded, during intervals of tranquillity, by that of the finer
micaceous particles suspended in the ocean, and by the preci-
pitation of silex or carbonate of lime ; and hence the occa-
sional passages of greywacké into mica-slate, fine-grained
quartz-rock, and transition limestone. Hence too the almost
uniformly dark colours of the two latter rocks, when of too
fine grain for their elements to be recognized.* The protru«
sion of crystalline rocks from below, through fissures of erup-
tion succes_sive:r formed during the deposition of these earliest
arenaceous and sedimental strata, accounts for the frequent
occurrence of intruded dykes, veins, &c. of syenites, porphy-
ries, serpentines, and trap-rocks, in this formation, These
different crystalline rocks being, as I conceive, merely varie-
ties of granite disintegrated in a greater or less degree, and -
recrystallized under peculiar circumstances, which oceasioned
the formation of new mineral combinations. In this manner,
epochs of intense local development of subterranean ex-
pansion, producing partial elevations of the earth’s crust,
and local depusitions of conglomeraie rocks, will have, proba-
bly, often alternated (according to the general laws of these
phenomena) with periods of comparative tranquillity, during
which the sediments and precipitations of the ccean were of a
finer grain; and hence the alternations of the various arena-
ceous and sedimentary strata which compose the secondary
formations.t ' -
But in the mean time the temperature of the ocean being
somewhat lowered, it began to be thickly peopled with orga-

* The bitumen resulting from decomposed animal and vegetable matter
aided in producing this colour. _

 + For the same reason that mica predominatesin the earliest fragmentary
deposits, the micaceous schists having been first exposed to the denuding
forees, clay and quartz began subsequently to prﬁvailpwhen the exeavations
had reached to the subjacent formation of gneiss and granite.  Where the
attrition of these fragments was long continned. the mica and felspar will
have heen triturated so completely as to. remain for a long time in suspen-
sion ; while the rounded grains of quarlz alone by their superior hardness
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nic beings of simple structure, and a constitution suited to

the circumstances under which they were created. Portions
also of the elevated strata having risen irto the vicinity of,

and even above the level of the sea, the vegetable world
sprung into life; at first plants of the simplest characters, and

fitted to live under water, or in the overloaded and heated

atmosphere, were alone produced. Their entwined masses
rotting on the surface and sides of the stagnant bays and
gulfs where they grew, or into which they had floated down

from inland lakes, were slowly carbonized ; and subsiding to

the bottom were, at last, interbedded with strata of water-
worn fragments, brought into the sea by the copious fluvatile
torrents; which, in that age, must have been on a scale of
magnitude proportioned to the rains which poured down with
scarcely intermittent violence on the first-born continents.
(The Coal strata.) :

At length as the temperature of the globe’s surface, and
consequently of the ocean and atmosphere, gradually dimi-

nished (by radiation of caloric from the atmosphere into the

surrounding void) the quantity of water taken into circulation
through the atmosphere decreased ; the continents were no
longer deluged by perpetual floods of rain.* New tribes of

having pnrtiaﬂ}r resisted the attrilion were delmsitml hy themselves in the
pure quartzose sand or sandstone strata, which are of frequent occurrence
in the secondary and tertiary beds. The clay subsided probably afterwards,
either by itself, so as to form shales, or in conjunction with carbonate of

lime, in the coarse marly limestones.

* The following are the principal causes which must have occasioned a
much more rapid and abundant circulation of water through the atmo-
sphere, and over the surface of the globe, in the earlier ages of its history.

1. An inferior atmospheric pressure, owing to which the rapidity of su-
perficial evaporation was proportionately great.

11. Greater abundance of agqueous vapour directly exhaled from the in-
terior of the earth, through every practicable pore of its crust, and
by means of volcanic spiracles. sl

111, The facility of evaporation resulling from the heated state of the

earth’s crust, which probably long retained all the water which was -

in contact with it, far above the boiling point under the pressure of

the atmosphere alone. The su-:{m:g of the ocean was probably for a-

very long period in continual ebullition : the water heated by con-
tact with the solid bottom rising from its 5u.'lmriur specific gravity.
The earliest zeophyles and organised inhabitants of the sea were
probably able to s_uppnrl.‘i!lis high temperature. We know that
some plants and animals will live and flourish in thermal springs of

a very elevated temperature.
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-organized beings, both vegetable and animal, came into ex-
.istence—the marine deposits contained by degrees less of pre-
cipitated matter, and consequently became less crystalline
and compact; strata of shales, dull limestones, marls, and
chalks, succeeding those of clay-slate, marbles, and breccias ;
until the succession of ages finally brought about the condi-
‘tion in which the globe at present exists,

In consequence of the general nature of this gradual change,
wrought by the slow refrigeration of the outer zones of the
globe, the congenerous rock formations of any individual
period have usually some characteristic features by which they
resemble one another, and differ from those of preceding or
subsequent ages. This is particularly the case with regard
‘to the organic remains they enclose. These distinguishing
marks, however, should not lead us into the error of supposing
that all similar and coeval deposits were strictly contempora-
neous ; much less that they were uniformly deposited over

" the whole surface of the globe.

No geologist questions the fact, that the various freshwater
formations which have been already noticed in England,
France, Germany, Italy, Hungary, and Spain, are local for-
‘mations in the strictest sense produced in separate basins or
districts of more or less extent. Yet the analogies which
exist between the formations of these different Ihealities are

“striking, and, to say the least, as complele as those subsisting
between the more ancient marine formations of different lo-
calities. The resemblances therefore of these early formations
in different countries does not in the least tend to prove that
they are relies of the same continuous strata. Because we
find in the south of Russia, for example, a rock formation
resembling the chalk of England or France, there is not the

“slightest reason for supposing similar deposits to have been
ever formed in the intermediate space,

The same thing is true of every other marine formation,
‘and particularly of the alluyial or arenaceous strata, which
were more necessarily local deposits, than the sedimentary
beds; since the heavier drifted fragments must have been
deposited from the marine currents at the first check which
their velocity experienced. The same current which depo-
sited a coarse conglomerate at the foot of the masses of rock
1t was wearing away, perhaps left the materials of a sandstone
at a greater distance; farther on, a shale or a mar{; and still
farther, a clayey limestone. When the progress of the ex-
cavating process, or other circumstances, by altering the rel el
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of the subaqueous surface, had changed the direction and con-
duct of the currents, the nature of the deposits may have been
locally altered ; gravel orsand being drifted upon those points
where the finer clayey and calcareous particles had formerly
subsided, or where coralline zoophytes and molluscous ani-
mals had lived and died in myriads; and these being in turn
left upon the previously formed arenaceous beds. In this
manner limestones, shales, and sandstones, were, no doubt,
produced contemporaneously on different spots; and many
alternations of such strata may have taken place within no
very lengthened period. It is therefore evidently needless to
imagine unprecedented and extraordinary changes general to
the whole surface of the globe for the sake of explaining such
alternations which, no doubt, arve from time to time takin
place in an analogous manner at the bottom of the aclua!{
ocean. :
Indeed, with regard to the formation of the successive con-
glomerate or arenaceous strata, as well as of the traces of
‘excavation and denudation visible on the dry surfaces of the
earth (both of which appearances are evidently connected in
their origin ; the fragmentary strata being the accumulated
wreck of the rocks excavated and worn away), it certainly ap-
pears to me at once the most reasonable supposition & priori,
and the best warranted conclusion from the facts within the
scope of our obzervations, that the su’perﬁcial destruction of
the irregular protuberances of the earth’s crust, by the erosive
force of water in motion, has gone hand in hand with the ac-
cumulation of their fragments in alluvial strata, ever since
the epoch of production of the first conglomerate rocks; that
it has proceeded generally by a lent and uniform process,
gradually diminishing in energy from the beginning to the
present day: but occasionally presenting partial crises of
excessive turbulence, resulting from accidental combinations
of circumstances favourable to the maximum of violence ;
and particularly the sudden elevation of continental masses—
that this process is, for the most part, the same which still
operates in the circulation of water, through the atmosphere
and ocean, and over the surface of the earth; and finally that
the intermittent occurrence of circumstances productive of an
excess of disturbance and abrasive energy, as well as the
gradual diminution of intensity in the general process, are
both of them suppositions warranted by what we already
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know of the laws which regulate the circulation of water, and
of the constitution and active subterranean forces of our pla-
net. Whereas, if this explanation be rege::ted, we must have
recourse to the gratuitous invention of vague and unexam-
pled occurrences, referable to no known law of nature; but
which under the specious names of deluges, cataclysms, con-
vulsions, &e. serve merely as convenient cloaks to our igno-
rance, and solve the difficulty only by the magic of an empty
sound. !

§. 5. It appears to me therefore on the whole, that the
formation of the grand mineral masses of every age composing
the known crust of the globe, is aitributable to three primar
modes of production, distinct in their nature, but of whic
the products have been often confused and mingled together,
from circumstances of isochronism or collocation.—These are,

I. The chemical precipitation of various mineral substances,
but particularly silex and carbonate of lime, from a
state of solution in the ocean, or other body of water;
as its temperature and solvent powers gradually de-
creased. '

II. The subsidence of particles of mineral matter, of va-
rious degrees of coarseness, from a state of suspension
in the ocean or other reservoir, into which they had
been taken up, either by the violent escape of aqueous
vapour from the interior of the globe, by the abrasive
force of marine and fluviatile currents, or finally by
the decomposition of the shells of molluscous animals,
which possessed the faculty of elaborating their cover-
ings from the substances they procured from sea-water..

III. The elevation of crystalline matter through fissures
in the erust of the globe, which had been already
formed in the two former modes ; this rise being occa-
sioned either by the expansion of a lower bed, in which
case the rock was elevated nearly in a solid state ; or
by its own intumescence, owing to a sudden diminution
of compression ; in which case the matter rose in an
imperfectly liquid state, and at a high temperature.

All the characteristic differences observable in the succes-
sive formations of every kind, may, I conceive, besatisfactorily
traced to the gradual diminution in frequency and energy of
the productive causes, the varying nature of the original ma-

Q
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terials acted on, and the chemical and mechanical changes
they have undergone during the process; and with this consi-
deration in view these three modes of production are perhaps
fully equal to account for the origin of all the great mineral
masses observable on the surface of the globe. They have
also one immense advantage over most, perhaps over all, of
the hypotheses that have as yet been brought forward to ex-
plain the same appearances; and which speaks volumes in
their favour ; andp this is, that they are all still in operation,—
with diminished energy, it is true; but this is the necessary
result of their nature.

The first mode still gives rise to calcareous and siliceous
rocks of great solidity, and even of a erystalline tex-
ture, in the vicinity of certain thermal or mineral
springs.

The second still produces strata of marls, sand, and gravel,
at the bottom of the sea, of inland lakes, and in the
beds of rivers ; which strata bear a very decided ana-
logy to the earlier sandstones and limestones.

The third is in constant operation wherever volcanos break
out into activity, or earthquakes produce elevations of
the solid strata.

It has hitherto been a serious impediment to the progress
of knowledge, that in investigating the origin or causes of
natural productions, recourse has generally been had to the
examination, both by experiment and reasoning, of what
might be rather than what is.

he laws or processes of nature we have every reason to
believe invariable. Their resulfs from time to time vary, ac-
cording to the combinations of influential circumstances ; but
the processes remain the same. Like the poet or the painter,
the chemist may, and no doubt often does, create combinations
which nature never praduced ; and the possibility of such and
such processes giving birth to such and such results, is no
proof whatever that they were ever in natural operation.

Another fertile cause of error in most of the various geolo-
gical theories which have been successively presented to the
publie, lies in the notion (originating in our love for the mar-
vellous) that every appearance out of the common course of
things is owing to some one novel and extraordinary cause,
This disposition it is which has at various times originated so
many false, foolish, and mischievous opinions, as to the causes
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of events, which the progress of civilization and knowledge
has discovered to belong to the ordinary, and never ceasing
laws of nature. Hence in early ages every striking coinci-
dence was attributed to the interference of a deity called for-
tune, or by some other name—every remarkable action was
the effect of magic—every circumstance which could not be
accounted for by the limited knowledge of the day, a miracle.

Hence too the term, supernatural, applied to the imaginary
causes of any extraordinary event. As if any thing could oc-
cur that was not caused by some law of nature; or as if we
have any right to suppose that these can suffer interruption
from any ulterior cause.

Itis this wonderworking spirit, whose tendency leads to the
imagining unexampled and hypothetical causes to account for
every appearance which is but a little removed from those
commonly submitted to our observation, that appears to have
inspired the inventors of most of the theories lliithertu pub-
lished, to account for the origin of the appearances presented
by the mineral constitution of our planet.

But for this unfortunate propensity, a better method of
reasoning from effects up to causes, might have been adopted,
than has been yet generally introduced into the science of
geology : or rather observation would have been more fre-
quently substituted for reasoning.

The theory of the globe, which I have hazarded above,
and which, 1 am aware, requires much ulterior development,
and perhaps some corrections, to render it generally satisfac-
tory; consists simply in the application of those modes of
operation which nature still employs, on a large scale, in the
production of fresh mineral masses on the surface of the
earth, to explain the origin of those which we find there
already.

If, after fair discussion, and with all reasonable allowances,
it is found adequate to this purpose, its truth will be esta-
blished on the soundest possible basis—the same upon which
rests the whole fabric of our knowledge on every subject
whatsoever, the supposition namely, that the laws of nature

do not vary, but that similar results always are, have been,
and will be produced, by similar preceding circumstances.






APPENDIX, No. 1.

Last of known Volcanos in Recent or Habitual
Aclivity.

Vorcanos oF EvroPE AND TUE ADJACENT IsLEs.

Vesuvius, ( Kingdom of Naples.) First recorded eruption,
A.D. 79, by which Herculaneum, Pompeii, and Stabiae
were buried.

Before this epoch it is probable that the eruptions
took place from the central crater of Somma, which
formed a single conical mountain, This volcano has
since experienced a great diversity of phases, and dur-
ing a period of nearly two centuries, viz, from 1109 to
1306, remained in a state of complete inactivity. The
i:r;ter at this time contained woods and a few small
akes.

Again there was a century of absolute repose after
the year 1538. This intermittence was terminated by
the violent paroxysmal eruption of 1631.

In 1760 eruptions burst out at once from 15 different
points of a fissure broken from the summit to the base
of the mountain—each of these openings vomited lava
and scori. The lavas of this volcano have long con-
sisted solely of leucitic basalt; but from the quantity
of pumice in the conglomerate strata of Somma, it is
probable that they were formerly of a felspathose or
trachytic composition. The extinct vents of the
Campi Phlegrai in the immediate vicinity of Vesuvius
having almost uniformly produced trachv*ic lavas, cor-
roborate this opinion.
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The Monte Nuovo in the Bay of Baiz having been
thrown up by an eruption in the midst of the Campi
Phlegrzi, so lately as the year 1538, must be counted
as the site of a volcanic vent recently in activity, A
considerable warmth is still felt at the bottom of the
crater, and very thin vapours escape from some of its
crevices,

The neighbouring crater of the Solfatara is supposed
also to have been in eruption in the beginning of the
12th century.

Mtna. (Sicily.) A volcanic mountain of great size and of

considerable regularity. It has been habitually ac-
tive, at least from the earliest historical ages. Its
slopes are sprinkled with above 70 parasitical cones,
the product of lateral explosions. The lavas of this
volcano are of a felspathose basalt, in some cases pass-

ing into greystone, from the abundance of felspar.
They present little variety.

Stromboli, (Lipari isles.) A small and singularly interest-

ing volcano from the perinanence of its phenomena.
Its lavas are chiefly a very black, dense, and heavy
augitic basalt.

There are, however, rocks in the island of a very
felspathose character.

Volcano, (also one of the Lipari isles.) Its known epochs of

eruption are in the years 1444, (when large fragments
are said to have been projected to a distance of six
miles ;) 1550, 1739, 1775, 1780, and 1786. The supra-
marine portion of this volcanic mountain exhibits a
minor cone with a central crater, (now in the condi-
tion of a Solfatara) rising from the cavity of an earlier
and very extensive crater, hollowed out by some pa-
roxysmal eruption from a conical mountain of propor-
tionate dimensions. (See p. 158. fig. 24.)

The lavas of Volcano are trachytic, and some of the
later currents are completely vitrified. (obsidian.)

All the other Lipari islands are voleanie, but no
eruptions are known to have taken place from them
within the reach of history. Onsome points, however,
of Lipari itself, there still exist hot springs, and ema-
nations of vapours highly charged with mineral mat-
ter, The Campo Bianco, a mountain at the eastern
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extremity of Lipari, is a large cone entirely composed
of currents of highly vitreous vesicular obsidian, inter-
bedded with pumice.

Ischia,—having broken out in eruption so lately as the four-
teenth century, must be included in the list of still
active volcanos. In the earliest historical times it ap-
pears to have been subject to frequent and exlremefy
violent phenomena, which more than once destroyed
or drove away all the settlers who had been attracted
to the island by its extreme fertility, and delicious eli-
mate. In figure this island presents a very regular
volcanic mountain studded with parasitical cones.
Hot springs and sulphureous vapours rise upon differ-
ent points. [ts lavas are very various and beautiful in
appearance. All extremely felspathose; greystone, and
approaching to trachyte. Many are highly porphyri-
tic; some present knots of pure felspar crystals as
large as the fist. Others are marbled, brecciated, &e.
with a mixture of lavas of different mineral composi-
tion, colour, and grain. The tufas (or felspathose
conglomerates) with which this island abounds are
remarkable for their greenish tints which derive pro-
bably from the abundance of augite in the lavas,

Santorini, in the Grecian Archipelago, was in eruption in the
year 1707. The many smaller islands and rocks which
have at different known periods been thrown up in the
vicinity of this principal isle, may be considered as
parasitical eminences of the same submarine volcanic
mountain, and their phenomena as proceeding from
lateral and subsidiary vents of the same fundamental

volcano.

Milo, though the epochs of its eruptions are unknown, is a
volcano of recent aspect, having a very active solfatara
in its central crater ; and many sources of boiling wa-

ter and steam.

Iceland contains numerous volcanic mountains, of which the
following are habitually active, that is, have repeatedly
broken out within record; viz.

IHecla, whose last eruption dates from 1766.
Krabla.
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Kaltlagiaa, which after a quiescence of G4 years burst
out violently in July 1823; the previous paroxysmal
eruption of 1755 was still more terrible ; immense
torrents of water caused by the melting of the
snows, rushed from the mountain and deluged the
country—it was accompanied by electrical pheno-
mena, by which cattle were killed, &c. The erup-
tion lated a year.

Eyafialla Jokul, which after a similar intermittence of
more than a century’s doration, produced a vio-
lent eruption in December, 1821. The explosions
lasted tifl June, 1822, when the mountain opened

at its base, and gave vent to an immense current
of lava.

Eyrefa Jokul., 'This vent has been tranquil since 1720.

Grimvatn. In 1716 an eruption burst forth from a lake
of this name, probably the crater left by some
earlier paroxysmal explosion by which the former
volcanic cone had been wholly blown into the air.

Skaptaa Jokul and Skaptaa Syfsel. Two neighbouring
voleanos, whence in 1783 a prodigiously violent
series of eruptive phenomena took place, and
ravaged a vast extent of country around. The
lava issued from three sources in the plain, at the
base of the mountains, distant about eight miles
from one another, and spreading in concen-
tric waves deluged a space of more than 1200
square miles in extent. The pulverulent ejections
which terminated this eruption, lasted a twelve-
month; during which, the whole atmosphere of

Iceland was continually darkened by thick clouds
of ashes,

Wester Jokul, burst out in 1823, but produced no lava
current.

In the year 1000 an eruption occurred from the
Guldbringe Syfsel, a mountain which has been

tranquil ever since ; another in 1340 near Recki-
danes,

In 1583 an eruption was observed at a great distance
in the sea ; and during the phenomena of Skaptaa
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Jokul in 1783, the summit of a cone was raised
above the sea level by submarine explosions, ata
distance of thirty miles from the coast.

'Thus the number of volcanos which have been re-
cently in activity in Iceland amounts to eleven or
twelve. Of these Hecla ulone has been for any long
period in the phase of permanent or very frequent ac-
tivity. Thirteen eruptions are recorded of this volcano
since the year 1137. The last was in 1766 ; since that
period it has remained inactive ; and as this last erup-
tion was preceded by a quiescence of seventy-three
years, the volcano may be presumed to have passed
into the phase of long intermittences.

The whole island of Iceland appears to be of vol-
canic formation, and every mountain a volcano, either
active, or temporarily extinct. The island may in fact
be conceived as a great crust of rocks, both fragmen-
tary and solid, which has caked above the mouth of a
vast subterranean cauldron of heated lava, The steam
evolved through the fissures of this crust, gives rise to
the numerous hot springs for which Iceland is noted.

A voleano in the Isle of John Mayen, ofl the Coast of
Greenland, was seen in eruption in April, 1818. Pro-
jections of ashes took place every three or four mi-
nutes, and reached a height of 4500 feet. It appears
that there are other volecanos on the Coast of GGreen-
land, or at least that there have been at an earlier

epoch,

VorLcanos or THE AFrican IsLes.

No active volecanos have heen recognized in the continent
of Africa, but the islands which border upon it in either
ocean are almost exclusively volcanic, and offer many vents
habitually eruptive.

The Azores are uniformly of voleanic constitution. St. Michael,

the largest island of the group, suffered severely from
earthquakes in 1810—11, until in February of this last
year a submarine eruption burst forth two miles from
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the coast, and left a shoal on which the sea breaks. On
the 13th of June, the same year, after other earth-
quakes, another island was thrown up two miles and a
half beyond the first. This cone contained a crater
500 feet in diameter; it was 300 feet high above the
sea. This island being solely composed of fragmentary
ejections has been gradually worn away by the action
of the waves and currents, and has at length been re-
duced to a shoal below the water-level. In 1628 a simi-
lar isle was produced, and disappeared from the same
cause, between Terceira and San Miguel ; and another
in the same place in 1721, which in two years time had
been completely levelled. There are now eighty fa-
thoms water above the spot where it rose.

San Miguel has various volcanic cones, but none
have been in recent activity. It contains, however,
a solfatara at Villa Franca; and hot springs, and ema-
nations of sulphuretted hydrogen gas rise from divers
points of the island.

El Pico, is a regular volcanic cone 9000 feet in height. It
broke out in eruption in 1718, but has been tranquil
ever since.

The neighbouring island of San Georgio, was devas-
tateddin 1808, by an eruption from the centre of the
island.

"The island of Fayal has also a very regular craterin
its centre, which was in activity in the year 1672.

The lavas of the Azores are chiefly trachytic.
The Canaries are likewise solely of volecanic origin.

The Peak of Teneriffe is amongst these the most celebrated as
being of immense size, and reaching a height of 12,140
feet. The highest peak has, however, been inactive
ever since the island has been inhabited, and the erup-
tions of the voleano have taken place from lateral
vents and chiefly from the crater of Chahorra, The
last paroxysm in 1768 was preceded by a quiescence of
ninety-three years, It lasted three months. Accord-
ing to Cordier, the scori projected at this time occu-
pied from twelve to fifieen seconds in falling from their
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extreme height to the ground ; and hence would ap-
pear to have reached an altitude of above 3000 feet.

In 1706 a current of lava, which filled the harbour
of Garachico, was observed to flow to a distance of
eighteen miles in six hours. The lavas of the Peak
consist of trachyte.

Palma, a very regular conical mountain, produced a violent
eruption éum a lateral vent in the year 1558. The
lava reached the sea, and by heating it killed quantities
of fish. In 1646 and 1677 new vents were formed, and
eruptions of considerable magnitude took place.

Lancerote. 'This island was the scene of the most terrific vol-
canic phenomena in the year 1730. It appears from
the accounts collected on the spot by M. De Buch, that
during the space of three years continual eruptions
were taking place from numerous vents consecutively
o}l)ened t:fﬂll one line stretching directly across the
island. great part of its surface was deluged by
lava currents, and the remainder buried under showers
of scorie and ashes. The quantity of these fragmen-
tary ejections has been favourable to the fertility of
the island ; for when the affrichted inhabitants, who
had fled to the neighbouring isle of Fuertaventura,
returned, they found a soil far richer than that the
had left, and were enabled to cultivate the vine whicﬁ
they had not previously done. During this period,
explosions and jets of scorie and smoke took place
from the sea, numerous fish were killed, which floated
on the surface, together with masses of pumice ; and a
pyramidal rock rose above the water-level, which was
afterwards united to the island by the accumulation of
new matter. The lavas of Lancerote are basaltic.

Ferro. A volcano on this island broke forth in the year

1677 : and again produced an eruption of six week’s
duration in 1692,

Fuego, one of the Cape Verd Islands. The other islands of
the group are equally of a volcanic constitution ; as
also are those of Fernando Po, and Prince’s Island,
in the Bight of Biafra.

Ascension island has been mentioned by some writers as an
active volcano; but though entirely volcanic, and of
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a fresh aspect, the epochs of its eruptions are unre-
corded.

Bourbon. The principal and central volecanic mountain of
this island, which constitutes the greater part of its
mass, has been apparently long extinct. A smaller and
very regular cone rises on the south, within a circular
range of cliffs, the walls of a vast and ancient crater.
This voleano has been in almost constant external ac-
tivity since the earliest colonization of the island. M.

“Hubert, who has observed its phenomena since the
year 1766, asserts, that it has been in violent eruption
at least twice in every year during this period. The
phenomena of this intereslini volcano have been dwelt
on at length in the body of the above work, Its lavas
are partly trachyte and partly basalt.

In Madagascar a voleano is said to exist, but we possess no
correct account of its situation or conduct.

Zibbel-teir. An active volcano was seen by Bruce, in the
island of this name, in the Red Sea. It had four
apertures which launched forth smoke and flames.

(scoriz.)

YorLcAanos oF AMERICA.

In G'reenland a volcano exists, which appears to have been in
eruption in June, 1783, at the same period as the
Skaptar Jokul in Teeland. :

One was ohserved by Cook at the extremity of the
promontary of Alaska on the N. W. coast, which, with
two more to the N. E. of this point, remarked by him-
self and by La Peyrouse in activity, form the prolon-
gation of t'l‘;e voleanic chain of the Aleutian isles,

A voleano is mentioned also by La Perouse in lat.
A1. north of Cape Mendocino. Five are reported to
exist in California.
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Mezxico contains five, viz.

Colima, which was observed in eruption by Dampier,
who describes it as having two mouths, both in
activity at the same time. It is a mountain of im-
mense bulk, and nearly 10,000 feet in height.

Popocatepec, is above 16,000 feet high, and appears to
be at present in permanent activity ; though it is
known to have been quiescent for a long period
previous to the year 1530, when it burst out into
violent eruption. :

Orisaba is a volcanic mountain, also above 16,000 feet
in height. No eruptions have been recently re-
marked from this vent.

Tuxtla, S. E. of Vera Cruz, broke out in 1793. The
ashes were transported as far as Perote, a distance
of fifty-seven leagues in a straight line.

Xorullo. An account of the remarkable eruption of
this volcano, in 1759, is given in No. 2. of the
Appendix.

M.de Humboldt remarks that these voleanic vents of
Mexico are ranged along a line perpendicular to the
axis of the great Cordilleras. T]lj'ney appear therefore
to have been produced from a transverse, instead of a
longitudinal or parallel fissure.

In the Provinces of Guatimala and Nicaragua a line of active
voleanic vents runs parallel to the axis of the Cordil-
leras. Thosc which have been reported as occasionally
in eruption amount to twenty-one. Their names are,
as given by Humboldt, Sonusco, Sacatepec, Hamilpas,
Atitlan, Fuegos de Guatimala, Acatinango, Sunil,
Tolima, Isalco, Sacatecoluca near the Rio del Empa,
San Vicente, Traapa, Besotlen, Cocivina, Viego,
Momotombo, Talica near San Leon di Nicaragua,
Granada, Bombaeho, Papagallo, and Barua.

The Province of Grenada in S, America contains the volcanos
of Sotara, Purace, Pasto, and Rio Frugua.

The Province of Los Pastos, those of Cumbal, Chiles, and
Azufral.
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The principal volcanos of Quito are the

Antisana, which rises above 18,000 feet above the
sea. It has been tranquil since 1590.

Rucupichinca, which was in activity in 1660.

Colopaxi, was observed in eruption by Bouguer and La Con-
~damine in 1742, The projections of incandescent
scoria reached a height of more than 3000 feet above

-the summit of the mountain. :

The melting of the snow occasioned a terrifie deluge
which devastated the plains below, and destroyed 800

rsons.

The eruptions of 1743 and 1744 were still more
disastrous, :

The French Savans remarked that the great paroxys-
mal explosion of this mountain, which happened in
1588, launched blocks of pumice containing from 300
to 350 cubic feet, to a distance of nine and ten miles,

Tunguragua, which burst out in 1641.

Sangay. This volcano has been in constant activity since
the year 1728.

Chimborazo is an immense trachytic dome, which, however,
has never been remarked in eruption.

Carguairazo, which in 1698 vomited a prodigious quantity of
mud, or water mixed with trachytic ashes, covering a
surface of eighteen square leagues with this substance
which the natives call Moya.

But one active volcano, that of drequipa, is known in Peru.

The volcanos of Chili are very numerous. They follow the
direction of the Andes. Their eruptions have been
frequently observed to coincide in time with the earth-
quakes by which this country is often desolated. Their
names are -given as the mountains of Copiapo,
Coquimbo, Choapa, Aconcagua, Santiago, Peleroa,
Chillan, Tucapel, Callagui, Chinal, Villa-rica, Votuco,
Huaunauca, Ojorna, fgmz'tﬂm, and San Clemente.
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VorLcanNos IN THE IsLAxDs DEPENDENT oN AMERICA.

" The Leeward Isles are in great part of volcanic constitution.
An eruption occurred in Si. Vincenl’s in 1718. It
commenced with the violent shock of an earthquake,
and was accompanied by a hurricane, Ashes obscured
the air for a long period, and fell at a distance of 130
leagues. The detonations were heard to the same
distance.

Another eruption broke forth from the same crater,
which had remained since the last in the state of a
souffriere, in 1812, preceded by upwards of 200 earth-

uake shocks felt during the course of a twelvemonth.
ilt began by one violent explosion, projecting an im-
mense column of ashes into the air to a great height.
After four days incandescent scoria were first observed,
and immediately afterwards the lava flowed out in
streams. Earthquakes preceded the expulsion of the
lava, After this had ceased to issue, the detonations
continued for twelve hours diminishing gradually in
violence, till they terminated entirely.

The island of Grenada contains on extinct crater, and nume-
rous springs of boiling water, whence it may be con-
cludedp that the epoch of its eruptions is not very
remote,

St. Lucia has a very active solfatara, and springs of hot water
and steam.

The volcano of Guadaloupe was in eruption in 1797, but its
phenomena were confined to the projection of ashes,
pumice-stones, and sulphureous vapours,

Nevis, Montserrat, and St. Christopher’s, all contain solfataras
in full activity. Martinico, Dominico, and St. Eustace
exhibit numerous craters, and some sources of boiling
water.

The lavas of the Leeward Isles present varieties
both of trachyte and basalt.

The group of the Aleutian Isles, which may be veckoned as a
dependance of America, contains, it is said, six volcanos
in activity ; viz. Kanaga, Tatavanga, Oominga,
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QOonalaska, Omnak, and Qurimak. The last burst
out with violence in 1820.

The cluster of Revillagigedo is wholly volcanic ; but no erup-
tions have been mentioned from them,

Trinity Isle, in lat. 56, at some distance from the coast
of America, contains a velecanic mountain, which has
been seen in eruption by many navigators,

The Continent of Asia contains no active voleanos of
which any certain aceounts have been collected, with the
exception of those which aie found in Kamskatcka.

Mount Elburus, in Persia, the highest peak of the Caucasian
range, is often cited as a voleano ; on what authority
I know not. Another has been supposed to exist north
of Irak, in the province of Khorasan,

The Mountains of Tourfan and Bisch-Balikh, which form

art of the great Altai chain of Central Asia have been'

ately reported to send forth continually flames,

smoke, and ammoniacal vapours. They are probably
therefore in the state of solfatara.

The Peninsula of Kamskatcka appears to be in great part the
product of volcanic erupticns. Those vents which re-
main in activity, are the mountains of

Awatscha ; its most terrific eruption of which any notice
has been preserved occured in 1737. 1t was accom-
panied by a violent earthquake, and extraordinary
agitation of the sea, ﬁlich invaded and inun-
dated the land. An eruption happened in 1779,
when Captain Clerk visited the coast. Another
volcano is mentioned by Captain Clerk, in the
same neighbourhood ; and a third called

Apalshoi, has recently emitted much smoke from its
summit.

Two volcanos called Shevelutsch and Joupanowskaia
are mentioned by Auteroche. Another, the

Kamskatkoi Sopka, is of immense height. Since
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1728 it has produced frequent eruptions of consi-
derable magnitude. By some of these the country
has been covered with ashes in a radius of 300
versts round the volcano.

The neighbouring volcano of Tolbatschink constantly
smokes. It was in violent activity in 1739.

Many other conical voleanic mountains, with craters,
&c. are met with in Kamskatcka, which have not,
however, been recently in eruption. The whole pro-
montory is subject to frequent earthquakes, and hot
springs are common.

The Kurile chain of Isles is a prolongation of the velcanic
range of Kamskatcka, and appears to consist of a train
of voleanic mountains, of which many are still occa-
sionally subject to eruption, viz.

Alaid, an island about twenty miles south of Cape
Lopatka, which burst out in eruption in the year
1793 ; and has emitted smoke ever since;

Tharma ; Tshirinkutan ; Rachkoke; Mutova, and
Etorpu.

The Japanese Islands contain ten occasionally active volcanic
vents, of which three occur in the principal isle,
Niphon. 'Their eruptions ave described by Kempfer
as extremely violent and destructive.

. Sulphur Island, in the Loo-choo Archipelago, emiited an
| abundance of sulphureous vapour when the Lyra,
l Captain Hall, passed it in 1816.

The Polynesian Archipelago, which seems to owe its exis-
tence principally to voleanic action, contains numerous spi-
racles in frequent activity. It is to be regretted, however,
that we have not more detailed and scientific accounts of the
natural phenomena and productions of this interesting quarter
of the globe, :

R
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Amongst the Philippine islands, Manilla 1s said to contain
numerous volecanos. Mindao one. Mindanao pro-
duced a violent eruption in 1764, which strewed the
neighbouring country with fragmentary matter several
feet in depth, and drove the greater number of inhabi-
tants to emigration.

In the district of Kalagan is a volcanic mountain in
the state of solfatara.

Borneo, according to many authors, contains some volcanos
but their precise sitnation is not known.

Barren Island, has a very active vent in continual eruption.

It launches into the air to a great distance rocks of
several tons weight.

The Moluceas abound with volecanos. One of them, Sorca,
was the scene of a tremendous eruption in 1693,

The Peak of Ternate ejects pumice in vast quantity.

Motin was subject to a great eruption belore Capt. Forrest’s
arrival 1n 1772,  And a terrific commotion of the vol-
cano of Gounapi in the isle of Banda, some years ago
ravaged the whole island. Another eruption took
place from the same vent in 1820, which projected
fragments as large as the houses of the natives to a
height equal to that of the mountain itself.

Ternate presents one active mouth.  Tidore another,
Celebes is said to contain a great many.

Sanguir, between Mindanao and Celebes has one of the
largest volcanos of the globe.

Tomboro in the Isle of Sumbawa gave vent to a terrific erup-
tion in July, 1815, It commenced with subterranean
detonations which were heard at Sumatra, 970 miles
distant in a straight line, and were mistaken for the
firing of musketry. Ashes were carried to Celebes
and Java 300 miles off, in such quantity as to obscure
the air there. The sea rose twelve feet higher than it
ever did before, and a hurricane accompanied the ex-
plosions, and did much injury. '
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Flores, Dawmer, and another small island between Timor
and Ceram, contain each of them a volcano 1n occa-

sional activity.

Java is thickly sprinkled with volcanos, which are ranged in
straight lines along the island. The following is a
list of their names, and the dates of their last eruptions :

Salak. ......1761....Eruption.
Tankuban, ..1804....Sulphureous vapours.

Guntur .....1807....Eruption.

Gagak ......1807....Partial eruption.
Chermai ....1805....Eraption.
Lawn.......1806....Sulphureous vapours,

Arjuna, 10,614 feet in height, emits a constant co-
lumn of smoke.

Dasar. ..... .1804....Eruption,

Lamongan...1806....Idem.
“Tashem .....1796....Idem.

Klut ..os0..:1785. . ..1dem.

The Mountain of Galoen-gong, which had never been reputed
velcanie, broke out with terrific violence in October
1822. The eruption began with a tremendous burst,
which sent up a column of stones and ashes that dar-
kened the whole sky. The lava deluged a vast extent

of surface. 2000 persons were destroyed.

The Mountain called Payandayang had been one of the high-
est volcanos of Java, when between the 11th and 12th
of August, 1772, a violent explosion blew up the
whole of its substance, and replaced it by a cavity
measuring fifteen miles by six. .

Sumatra contains, according to Marsden, four active volcanos.
It is probable that more will be hereafter recognised
there. 'The inhabitants are alarmed when these vents
are tranquil for any length of time, as they have found
by experience that such intermittences of the volcanic
phenomena are sure to be succeeded by violent earth-
quakes, from which they suffer severely.

R 2
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Two volcanos were observed in eruption by Dampier in
New Guinea, in the year 1700; and at the entrance of
the straights which separate this island from New
Britain is an insular volcano seen in eruption succes-
sively by Dampier, and Le Maire and Schouten, and
D’Entrecausteaux.

Two volcanos were observed by Cartaret amongst the Duke
of York’s and Queen Charlotte isles ; and two others
by Forster in the group of the New Hebrides. One of
tl"]'em, Tanna, was seen in eruption by Cook, 1774 ; and

by D’Entrecasteaux in 1793.

The Marianne isles are said to contain nine volcanos in habi-
tual activity.

Tofooa, one of the Friendly Isles, has been seen in eruption
by various navigators ; asalso Mouna-roa, a mountain
of Owyhee in the Sandwich Isles.

Amsterdam Island is another voleano, which has been ob-
served in agitation by all who have visited it.

Volcanic eruptions are said to have been remarked from a
mountain in one of the islands lately discovered b
Russian navigators, between New Georgio-and Sand-
wich Land; as well as from another peak within Sand-
wich Land itself.

The volcanos mentioned in this list amount to upwards
of a hundred and seventy; but the accounts that have
been collected of some are very vague; and while, for the
reasons stated in the Em"li{ part of this work, it may be pre-
sumed that many more volcanic mountains exist in occasional
activity, it is obvious that many which have been long extinct
are of course liable to be again restored to activity by the
combination of influential circumstances,




APPENDIX, No. 2.

On the Eruption of Jorullo in Mexico,

It has been asserted in the early part of this work, that the
accounts which we possess of the phenomena of volcanic
eruptions as observed in all parts of the globe by different eye
witnesses, present a remarkable uniformity of character; and
that, when due allowance is made for mistakes arising from
the misuse or misunderstanding of terms, and for the ex-
aggerations into which observers would be naturally led by
the terrific nature of the phenomena, they are found to offer
few other variations than what depend on the degree of
energy displayed.

am not, indeed, aware of any exception to this uniform
concordance, but that of the remarkable phenomena which are
described by M. de Humboldt, as having taken place during
the eruption of the volcano of Jorullo in Mexico, in the year
1759. The singularity of this account is so great, that it
will be well worth while to give up a few pages to its exami-
nation,*

Previous to 1759 it appears that the plain from which
Jorullo now rises, presented traces of former volcanization ;
its soil being composed of tufa; and the neighbouring moun+
tains consisting of trachyte and basalt, In September of that
year, a violent series of eruptions took place, of which M, de
Humboldt distinguishes the results in the following order.

* See Essai Geognostique, p. 351. Essai politique sur la Nouvelle
Espagne, vol i. p. 251,
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Ist. The production of six volcanic cones, composed of
scorize and fragmentary lava.

2dly. That of a promontory of basaltic lava proceeding
from the summit of the largest of these cones (Jorullo),
which still emits wreaths of vapour from the interior

of its crater.

3dly. The elevation in a convex form of the plain (four
square miles in superficial extent) upon which the
cones were thrown up, and the centre of which is
occupied by the largest (Jorullo), at whose base the
plain is higher by 550 feet than without the limits of
this space. The plain, which M. de Humholdt calls
¢ un terrain bombé en forme de vessie,” and the con-
vexity of which he attributes to inflation {mm below,
is represented as elosely sprinkled with thousands of
flattish conical hillocks, from six to nine feet high,
formed of basaltic balls, separating into concentric
leaves, imbedded in a black clay. 'These hillocks, as
well as some large fissures which traverse the inter-
mediate plain, act as so many fumarole, giving out
thick clouds of aqueous vapour combined with sul-
phuric acid, and at a very high temperature.

The two first mentioned products of this eruption are of
ordinary occurrence, and testify that at least for the greater
part the voleanic action took effect here in the usual mode.

The phenomena of the 3d class are remarkable, and de-
serving of the greatest consideration, as appearing at first
sight to differ materially from any hitherto observed, and as
referred for this reason by M. de {lumbuldt to a mode of vol-
canic action invented by him for the occasion, and of which
no other recorded eruption has ever afforded a parallel.

And here, with the utmost respect for the great talents of
this first of scientific travellers, and giving all due weight to
the impression which appears to have been made upon him on
the spot, I own myself still unable to coincide in his opinion
as to the mode of formation of this remarkable plain. And
this for the two following reasons.

Ist. In the first place, the appearances presented can be
without the least difficulty explained by the ordinary
mode of operation of volecanos. In which case we are
bound to dismiss one so extraordinary and unparalleled
as that brought forward for the purpose }Jny M. de
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Humboldt, and which, however brilliant or seducing
to the imagination, it would be unwarrantable to per-
severe in.

2dly. All the supplementary arguments which M. de H.
adduces, are completely invalid, and instead of sup-
porting his theory rather tell against it, as will be
proved directly.

1. What are the positive facts with which we are acquainted
relative to this eruption, divested of all theoretical assump-
tions ?

In the month of September, 1759, prodigious volcanic erup-
tions took place from six different openings, arranged on a

single line of very little extent, upon the Mexican plateau.
- Their fragmentary projections produced six large volcanic
cones ; the central one being 1700 feet in height. A massive
current of lava projects from the side of this last hill, having
evidently flowed out of the crater at its summit. If any lava
currents were produced by the apertures marked by the other
cones, they do not shew themselves; but the plain from which
these hills rise exhibits a great intumescence, or convexity
of surface. Its superficial soil consists of horizontal layers
of a black clay, in which augite crystals are thickly dissemi-
nated. The same clay, but enveloping concentric balls of
basalt, composes the numerous little hollow conical pro-
tuberances, (or bubbles), with which the surface of the plain
is sprinkled.

Now on comparing these appearances with those which
result from ordinary volcanie eruptions, little other difference
is perceivable than that the quantity of leva produced, or at
least remaining visible, bears but a very smad proportion to
the violence of the eruptions, and the immense quantity of
scorie thrown out. It seems extraordinary also that but one
out of six cones should have given rise to a lava current.
Hence a suspicion arises that a greater quantity of lava was
in fact emitted, but that it is concealed by the sprinkling of
triturated scori@ or volcanic sand, which these large cones
must have thrown out during the latter period of their
eruptions.

[n this manner the lava currents produced by the eruption
of Vesuvius in October, 1822, lie at this moment covered to
a depth of from two to ten feet by the finer fragmentary sub-
stances ejected by the veolcano during the last days of its
paroxysm, And what renders the analogy still more striking,
these ashes, which, from the fineness of their comminution
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mixed into a relentive paste with the torrents of rain that
immediately followed the eruption, present the appearance
of strata of a black clay, precisely like those .described by M.
de Humboldt, as forming the surface of the plain of Malpais.

The convexity of this plain is therefore most naturally
accounted for by supposing it to form the surface of a great
bed of lava, resulting from the union of different currents,
which, owing to the previous flatness of the surface on which
they were poured forth, their simultaneous emission in great
abundance from so many neighbouring orifices, and their very
low degree of liquidity,* united into a sort of pool or lake of
lava, which spread itself on all sides with great reluctance,
and therefore would necessarily remain thickest and deepest
where the lava was produced in greatest abundance, diminish-
ing in bulk from thence towards the limits of the space it
covered ; i. e, would assume precisely the convexity of form
peculiar to Malpais. The subsequent projections of loose
and pulverulent matter from the six craters, and principally
from Jorullo, will have increased that eonvexity, covering it
with strata of voleanic ashes and augite erystals, which were
reduced to the appearance of a black clay by mixture with
rain water, -,

‘The fact that the only visible lava current proceeds from
the crater of Jorullo, is a strong confirmation of this opinion
since it is at once obvious why this is seen, while those that
may have been emitted previous to the formation of the other
cones are concealed ; and it becomes also probable that this
promontory of lava is merely one extremity of the current of
Jorullo, which dipping under the strata of ashes, probably
unites with the sireams proceeding from the other apertures
to form the substratum ntP the whole convex plain.

Thus there is no difficulty in accounting for the convexity
of the plain of Malpais by the effects of the most ordinary
volcanic phenomena; let us see whether this supposition
wiLl explain the other remarkable appearances it is said to
exhibit.

And here a fact recorded by M. de Humboldt himself not
only tends to confirm, but may be almost said to prove, the
correctness of the view 1 have taken of the nature of the
plain. He says that in 1780 the temperature of the fissures
which penetrate the surface of the plain and its hillocks, was
so high, that a cigar might be lighted by plunging it to the

* The very coarse grain of the lava of Jorullo (Delerite, Humboldt) war-
ranls this assumption of its extremely imperfect liquidity.
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depth of a few inches into them. Now I think it impossible
to account for this without allowing the whole plain to have
consisted of lava in a state of incandescence immediately
beneath its outer crust; a circumstance to be expected, even
so much as 20 years after its emission, in a bed of lava more
than 500 feet in thickness, since Hamilton observed of one of
the smaller currents of Vesuvius, that three years after its
production, a stick might be inflamed by thrusting it into one
of the crevices of the rock. _

It remains only to account for the formation of the small
hillocks (hornitos) with which the surface of the plain is
thickly studded. And here I must again have recourse to the
results of the highly instructive eruption which took place
from Vesuvius in October 1822.

All lava currents are well known both during their pro-
gress, and for a long time, often indeed many years afterwards,
to disengage torrents of aqueous and sulphureous vapour.
If these are produced on any point in considerable quantity,
while the superficial lava is yet soft, their expansion raises
up a portion of this into a small dome or bubble, which some-
times remains entire, at others it is broken through, leaving
the tattered fragments of lava that separate to give passage to
the vapour, in an upright position from their sudden conge-
lation.¥ This process is in fact one of the causes of the nu-
merous asperities that bristle the surface of most currents.
When, however, a deep coating of ashes has subsequently
fallen on this surface, its smaller roughnesses are effaced, and
the larger protuberances alone shew themselves in the form
of small dome-shaped or sub-conical hillocks, which continue,
through various crevices, to give a passage to the vapours by
which they were at first thrown up. Many such hillocks
rising five or six feet above the average lr*w{ of the surface,
existed in the spring of 1823, on the Vesuvian lava currents
above-mentioned, and sent forth copious columns of vapour,

precisely of the same pature as that of the Hornitos of M. de

Humboldt ; while other fissures intersecting the intervening
surface of the small plain formed by the lava on the Peda-
mentina, gave out similar vapours, presenting on a small
scale the identical phenomena for which Malpais has been so
long celebrated.t .

* See Brieslak. Institutions Geologiques, i. p. 251.

t That the eruptions of Jorullo threw up a prodigious quantity of vol-
canic ashes, is evident from the fact rumrt!m, by M. de¢ Humboldt, that the
rools of the houses at Queretaro, 144 miles distant in a straight line, were
thickly covered with them !
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Where the quantity of ashes covering the lava bed, and
mixed up into a paste with rain water, was great, as appears
to have been the case on the Malpais, it is probable that
numerous hillocks of this kind will have been formed by the
intumescence of this semi-liquid substance alone above the
fumarole of the lava;t and the mobility of parts oceasioned
by this process, favouring the action of the concretionary
forces, probably gave rise to the aﬁglnmeraﬁnn of the clay
into the foliated and concentric balls, of which the hornitos
partly consist. At Pont du Chaleau, in Auvergne, is an ex-
ample of even a very coarse calcareo-volcanic conglomerate
having assumed this precise variety of concretionary structure ;
and I suspect, from their being imbedded in the black clay,
and consisting of a fine-grained rock very different from the
Dolevitic basalt of Jorullo, that the globular coneretions of
the Hornitos are not a true basalt, but merely hardened
nodular balls of volcanic ashes. They are, in fact, described
by M. de Humboldt as fragile and easily crumbled, and totall
different from the E}'Eﬂl‘l.iﬁg.l:l?ﬂ. of the current of Jorullo.

It remains only to notice the supplementary facts produced
by M. de Humboldt in support of the explanation he adopts
of the appearances of Malpais, which 1 conceive tend much
more strongly to confirm the opinion of its being merely the
surface of a great bed of lava, which, up to the period of
M. de Humboldt’s visit, retained much of its internal heat.

These confirmatory facts are,
1. The noise made by the steps of a horse upon the plain.

2. The frequent formation of cracks or fissures across the

plain, and the occasional occurrence of partial sub-
sidences.

3. That two rivers, the Cuitimba and San Pedro, lose them-
selves below the eastern extremity of the plain, and
re-appear as hot springs (at 52° cent.) at ils western
limit.

1. With regard to the first-mentioned circumstance, viz.
the sound produced when the surface of the plain is struck
by the hoofs of a horse, or, I presume, in any other mode of

+ * The Hornitos are hollow. When amule steps upon them they break
. —Humboldt.
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percussion, it is evidently the same phenomenon of reverbera-
tion, to which the mimo-phoneutical term rimbombo is so well
applied in Italy, and which bya vulgar error is often supposed
to indicate a great cavity below the spot so resounding when
struck, It is perfectly true that the roof of every large cavity
does, under certain circumstances, offer the same phenomenon;
but the converse of this is by no means true; and to produce
this effect it is enough that tl‘ie soil should be of loose, light,
and porous materials, so as to contain numerous small cavities
or interstices. Not only the bottom of the crater, but the
external slopes of every volcanic cone, and every flat spot
however distant from any volecanic orifice, which has a mode-
rate coating of fragmentary scorie@ or volcanic ashes, returns
this sound on percussion. Not only the sides of Vesuvius,
but the whole surface of the Campagna di Roma, and the
Terra di Lavoro, must be suspended over a yawning gulph, if
this phenomenon is a sufficient proof of such a position.

But even all made ground returns a more or less sonorous
reverberation when struck sharply, and the causes which pro-
duce this effect are well known to natural philosophers. This
sound would therefore be produced in the case of Malpais, as
naturally by a superficial coating of volcanic ashes as by any
vast cavity, did such indeed exist, underneath.

2. The frequent formation of cracks and fissures across the
plain, far from proving the existence of such a subterranean
gulph, is a circumstance which accompanies the cooling and
consolidation of every bed of lava; and as these crevices are
formed only in the lava (contracting as it congeals) it is to
be expected that local subsidences must often take place in
the coating of voleanie ashes or black clay, immediately above
the clefts. The washing of this clay by rainsinto the fissures
of the lava bed beneath, is another probable cause of such
subsidences ; much more probable 1 should conceive than the
supposition of a natural arched cavity or bubble, four square
miles in extent.

3. A further confirmation of the existence of a bed of lava
beneath the plain of Malpais is obtained from the disappear-
ance of two rivers beneath its surface; for this accident ne-
cessarily results in the instance ofall lava currents which
have n{:cuEied the bed of a river; in consequence of the
numerous fissures with which they are penetrated, but par-
ticularly of the bed of loose and cellular scoria on which they
invariably rest. This phenomenon occurs in repeated in-
stances in Auverrne. Wherever a bed of lava fills the bottom
of a valley, the river or torrent which drains the valley, dis-
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appears below the upper extremity of the lava-bed, and
filtering through the interstices of the scoriz which univer-
«ally form its substratum, reappears in copious springs at the
lower extremity or termination of the lava current. So long
as the lava retains a very exalted temperature in its interior,
the water percolating beneath it must be proportionately
heated ; and that this was the case with regard to the lava
hed of Malpais at the time of M. de Humboldt’s visit was
proved by the numerous fumarole on its surface. Hence it
was to be expected that the rivers Cuitimba and San Pedro,
which find their way beneath it, should have had their tem-
perature raised before they issued again into the air at the
opposite extremity of the superinduced lava-bed.

{'he noise heard on approaching the ear to any of the
hillocks (hornitos) resembling that of a cascade, and which is
by M. de Humboldt attributed to the rivers flowing through
the hollow gulph below, is far more probably owing to the
currents of elastic vapour rushing through the fissures by
which they find a vent. A similar sound 18 produced by the
rise of carbonie acid through the little cones of the mud vol-
canos of Maecaluba in Sicily; and I have also observed a
rushing sound of the same nature to be produced by every
powerful fumarola of the lava currents nf$esuvius.

M. de Humboldt mentions himself that the heat of the
Hornitos decreases every'year; and I have the authority of
Mr. Bullock, junior, who visited the spot a short time back,
for the fact that they have now ceased almost entirely to emit
vapour, and that the hot springs are reduced to a very low
temperature, evidently from the congelation of the subjacent
bed of lava. This evidence is absolutely conclusive as to the
correctness of the opinions advocated here on the nature of
the plain of Malpais,

- I have given thus much space to the endeavour to reconcile
the phenomena presented E; this plain to the ordinary and
well known modes of volcanic agency, because the opinion
expressed by M. de Humboldt of its surface having been raised
by intumescence in the manner of an enormous bladder or
bubble, (of four square miles in extent !} and covered by an
effort of the same extraordinary and incomprehensible nature
with thousands of small basaltic cones, each owing to a similar
process, has been generally received by Geologists as an
ascertained fact, and made the basis of further and still more
strange hypotheses for the purpose of explaining the origin of
the dome-shaped mountains of frequent occurrence in Tra-
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chytic countries, and the still more common conical peaks of
basalt.

If, from the reasons adduced above, it appears most pro-
bable that the convexity of the plain of Malpais is simply
owing to its forming the surface of a massive subjacent hed
of lava emitted t:ﬂntempﬂraneuusl{ by the six volcanic cones
which rise from its surface, it will be obviounsly impossible to
draw any argument from the formation of the Hornilos, none
of which exceed nine feet in height, as to that of mountains
like the Puy de Dome, Chimboraco or Pichinca, the two
latter of which are from 15 to 18,000 feet in height. The
theory therefore built on the supposed example of Jorullo
must fall to the ground.®

It has been seen in another part of this Essay that the
peculiarity of figure assumed occasionally by masses of
trachyte and basalt, is easily to be accounted for without
having recourse to the agency of unknown and imaginary
forces, or indeed any other than those with the operation of
which we are thoroughly conversant, and which are fully
equal to the purpose.

I trust to be forgiven the apparent presumption of thus
calling in question opinions formed by an observer of such
acknowledged sagacity and experience as M. de Humboldt,
upon facts to which except through his accounts I am neces-
sarily a stranger; no other description of the volcanos of
Mexico having, I believe, been mmfa public. 1 think, how-
ever, it must be allowed that the facts of which we have the
relation from M, de H. himself, by no means bear out the
theory he has proposed to account for them, but tend, on the
contrary, one and all, to refer the volcanic eruptions of
Jorullo and its vicinity to the same class of phenomena which
have been uniformly observed in other localities.

In fact, in the process of argument from effects up to causes,
no chain of reasoning can be stronger, no conclusion can be
more imperative, than when, as in this instance, we are pos-
sessed ol a considerable number of facts, all, without one ex-
ception, going to support a certain origin, and that not an

* The other example adduced by Humboldt for the same purpose, viz.
the supposed intumescence of the plains that form themselves on the summit
of volcanic cones in place of their craters, is equally inadmissible. 1t has
been already shown, in the body of this work, that the craters are filled by
a general law, from the accumulation of fragmenlary ejections, and of
lava swelling up from below. This will necessarily tend to produce a final
convexity of surface 3 but it would be manifestly absurd to argue from this
form the existence of a vaulted cavity below.
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imaginary species of phenomenon invented for the oceasion,
but the same which is observed in its continual operation on
other spots to produce the same results, and the only one
amongst ali known natural processes that is capable of pro-
ducing them.

I conceive, indeed, that no more effectual service can be
rendered to science than the destruction of any one of these

laving theories, which, apparently based upon a few specious
facts, and backed by the authority of some great name, are
received by the world in generai' without examination, not-
withstanding that they contradict the ordinary march of
nature, and consequently throw the extremest perplexity into
that of science.

The brilliant theory of the precipitalion from one aqueous
menstruum of all the erystalline rocks, now beginning to be
reduced to its true value, is a striking example of the facility
with which the most baseless hypothesis may be imposed on
the scientific world as articles of faith, never to be called in

uestion even in thought. Let us trust it will act as a warn-

ing for the future,

FINIS.

WILLIAM PHILLIP3, PRINTER.
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