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Introductory Remarks. 3

This is the more surprising when we consider that until
lately the very questions that engrossed a more than ordi-
nary share of attention, were precisely those which bore the
nearest relation to the phenomena of volcanos; such, for
instance, as the discussions relative to the origin of rocks of
the trap family.

It is true that the resemblance existing between the pro-
ducts of actual volcanos, and the last mentioned class of
formations, was often urged in proof of the general opera-
tion of heat ; but the discussions to which this hypothesis
gave rise, do not appear to have occasioned the same minute
inquiry into the structure of volcanic districts, which they
were the principal means of exciting with regard to whin-
stone and basalt.

This neglect may perhaps be ascribed in the first instance
to the circumstances of the times, which were such during
the period at which these questions were most warmly agi-
tated, as rendered the parts of Europe wherein active vol-
canos occur but little accessible; and at a later period
perhaps the same effect may have been produced by the
preponderance of the arguments in favour of the igneous
theory, which might seem to render it superfluous to hunt
for proofs in distant countries, while facts were every day
accumulating from sources nearer home. :

Those however who have been withheld by the latter
consideration from attending to these phanomena, ought to
recollect, that it cannot be reckoned sufficient to have esta-
blished the bare position that trap rocks are produced by
heat, since many subordinate inquiries still remain with
regard to the particular structure and relations of these rocks,
which call for a more minute examination, and render an
‘appeal to the ph@nomena of existing volcanos still of im-

ce. '
- Nor will it be viewed as an unprofitable undertaking, if
we are able to shew by an extensive induction of parti-
culars, that the differences between the products of antient
and modern volcanos in all these respects are such, as we
A2












~dntroductory Remarks. 7

internal appearance, we need not hesitate in pronouncing
the whole mass as volcanic, although all vestiges of a crater
may be lost, and the form possess no analogy to-that which
belongs in general to mountains of the same class.

. Now if we examine the rocks, which, from their possess-
mg:fhd above mechanical structure, and from other circum-
stances, we are led to consider as incontestably volcanic, it
will be found, wherever their mineralogical characters are not
wholly obliterated, that they appear to belong to one of two
substances distinguished by the nature of the simple minerals
of which they consist. -

~ The 1st, which, from the harsh and earth}' feel it often

has been denominated trachyte, is essentially com-
poaed ofujstnls of glassy felspar, often cracked, which are
imbedded in a basis generally considered as bemg itself a
modification of compact felspar. To this are sometimes
nﬂpmd&ed crystals of hornblende, mica, iron pyrites,
specular iron, and more rarel}- augite, and magnetic or
titaniferous iron ore.

- The 2d substance resnllmg from volcanic operations,
appears to be some modification of basalt, consisting essen-
tially of augite, felspar, and titaniferous, or magnetic iron
ore, generally accompanied with olivine, and occasionally
with hornblende. In many cases indeed the ingredients
are too intimately mixed to allow of our ascertaining their
nature, except perhaps by the ingenious mechanical method
of Monsieur Cordier ;* but it is always easy to distinguish
tlpa kind of ?ﬁlcamc product from trachyte, which even
yhen it has the colour of basalt, melts before the blowpipe
into a white enamel, whilst the latter retains its original
-polan after bemg fused.

As the only essential ingredient therefore of tr&ch}'te
agpﬂ;ﬁ,tpbe felspar, whereas basalt always contains augite,
1 shally in speaking of volcanic products, use the liberty of

- * See Cordier sur les substances Minerales dites en Masse, Journ. de Phys.
Vol. 82—83.






On the Volcanos of France. 9

cleared up two or three points which in my former visit I
had left undecided.

~ In my letters to Professor Jameson above referred to,
I distinguished these rocks into two classes, the one formed
before, the latter since the vallies were excavated ; and in
order to keep constantly in view this important difference,
proposed to apply .the term post-diluvial to the one, and
ante-diluvial to the other. The adoption of such a nomen-
clature mast not be supposed to imply the expression of any
opinion on my part with respect to the much agitated ques-
tion as to the identity of the particular deluge recorded in
the Mosaic history, with the cause to which the exca-
vations of the vallies and the formation of beds of gravel
are to be referred.* All that isintended to be conveyed is a
statement as to the relative antiquity of the rocks referred
to these respective classes ; and the terms ante-diluvial and
post-diluvial seem preferable to ancieat and modern, be-
cause the latter imply only their relation to each other;
the former also their connection to the rocks with which
they are associated.

Now the post-diluvial volcanic products in Auvergne are
distinguished, as we shall see, from the remaining class in
their external characters, as well as their position. They
are more cellular, have in general a harsher feel; and more
of a vitreous aspect, their surface presenting a series of
minute elevations and depressions, and the scanty portion
of soil which covers them affording but little pasturage,”and
that generally of the worst description.

. 'The mountains referred to this division constitute a chain
which rises considerably above the elevated granitic plat-
form on whieh they rest, and extend at intervals over a
space of above eight leagues from north to south; from
whence the rocks which compose them may be often traced
a considerable way into the valleys contiguous. Above

- * See the note on thal subject attached to my paper entitled * Sketch of the
Geology of Sicily.” Edinburgh Philos. Journal for October 1825 sub fine.
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and does not contain augite. Tt is also distinguished by
exerting 1o action upon the needle, containing little or no
ic iron ore ; but on the other hand, it is quite full of
specular iron, which oceurs in the crevices of the rock, as
well as disseminated through its porous structure in
minute plates of a bright metallic lustre. This mineral,
whieh is a common product of volecanos now in activity,
from which it is supposed to have been sublimed, is met
with in various other parts of Auvergne, as at the Puy de
la Vache, the Puy de Déme, and among the trachytes of
Mount Dor.
- The lava of the Puy de Céme, a mountain a few miles to
the south-west of Clermont, is described by M. Montlozier,
the author of a little essay on the Theory of the Volcanos of
Auvergne, as equally interesting with that of Volvic. The
lava that has flowed from the hill divides, he says, into two
branches, one of which flows directly into the bed of the
river Sioule, whilst the other takes the direction of a place
called Tournebise, reaches the village of Mont Gibaud, and
terminates like the other, by flowing into the bed of the
river, about three miles lower down.

A torrent of this description might naturally be expected
to effect singular changes in the face of the country which
it traverses. Accordingly we shall find that it has blocked
up a little valley which formerly seems to have had a drain-
age to the west, on the side of Chambois and Massanges,
and has converted it into a sort of swamp, known by the
name of the Lac de Come.

~ Lower down the same lava has occasioned still greater
‘changes. The rivers Sioule and Monges formerly ran
wﬂl, in a direction from south to north, and entered
the plain of Mont Gibaud by two defiles aepalal:ed by the
‘intervention of two hills. But one branch of the lava of
Come has so obstructed the course of the river Monges, that
its waters have been turned aside to the left, where they
have worked themselves a passage through an argillaceous
hill, made immense excavations in it, and in this manner
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Jlava, sufficiently decomposed to allow of the growth of
t_u':f It has given off a stream of lava which may be traced
‘southward to the place called ¢ les Barraques,” where it
‘divides into two branches, descending the slope of the gra-
~nitic hills between that spot and Clermont.
Of the modern Volcanos, however, in this neighbourhood,
there is probably none more interesting than the Puy
‘Graveneire. This mountain, which lies within two miles of
Clermont, seems, as we approach its summit, to consist of
an entire mass of cinders, so that we may in some degree
comprehend the origin of a ludicrous opinion ascribed to a
professor of the Azademy of Clermont, when the volcanic
‘nature of the rocks of Auvergne was first asserted, and
maintained by an appeal to the structure of this particular
mountain, who, it is said, accounted for the scoriz found
~on its surface, by gravely remarking that he had heard of
.iron-founderies having formerly been established on the
- spot. Notwithstanding such strong indications of its having
~been in a state of ignition at a comparatively recent era, no
trace of its crater can be detected, nor has it that abrupt
-and conical form characteristic of volcanic hills, being rather
‘a long, round-backed eminence, rising abruptly indeed on
two of its sides, but to the north connected with the chain
-of the Puy de Dome, and to the south reaching into the
plain of Limagne. In spite of the absence of a crater,
two streams of lava appear to have pierced the sides of
this mountain, and to have descended into the valley, one
~on the side of the village of Royat, the other on that of
-the Puy Montaudoux. These coulées display a singular
intermixture of compact and cellular lava, the former gene-
rally occupying the centre, and surrounded by the latter
variety, but without any marked line of demarcation be-
tween the two. The compact rock is a basalt, remarkable
for its large dlil;mr.:t crystals of augite and nlwlnr_r- and its
I}elng seen in connection with a lma of so cellular and
vitreous an aspect affords, in common with the fucts I shall
detail, with respect to the German volcanos, a sufficient
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‘The case is even stronger, when we. recollect that the

poet’s residence was on the borders of the Lake Aidat, which
owed its very existence to one of the most modern volcanos;
and that he was aware of the nature of such ph@nomena,
appears from a letter extant of his addressed to the Bishop
of Vienne;* in which, under the apprehension of an attack
from the Goths, he informs him that he is going to enjoin
public prayers, similar to those which the bishop had esta-
blished, at the time when earthquakes demolished the walls
of Vienne, when the mountains opened and vomited forth
dorrents of fﬂﬁﬂmad. malerials, and the wild beasts, driven
Jrom the woods by fire and terror, retired into. the lowns,
where they made great ravages.
. A passage of this kind, though it may be brought forward
as an argument in favour of the modern date of some of the
volcanos in the neighbouring province of Vivarais, affords 1
think strong negative evidence of the antiquity of those in
Auvergne, and disposes us to assign to them an @ra as re-
mote, as i1s consistent with the fact of their posteriority to
the formation of the vallies,

Let us now proceed to the consideration of another de-
seription of rocks found in the same neighbourhood, the
nature and origin of which appear to be somewhat more
problematical, and less in harmony with the pha&nomena of
voleanos at present in activity.

The department of which Clermont is the ecapital, has
received its name from a mountain, which as the highest in
the province, and occurring in some degree detached from
the rest, has acquired more importance than it might in
other situations have obtained, although indeed its height
is considerable, exceeding 4000 feet. The Puy de Dome,
the hill to which I allude, is of a conical form, and remark-
able for the distinctness of its outline, rising abruptly from
the midst of a sort of amphitheatre of volcanic rocks, which
1t considerably overtops, but which by a little stretch of the

* See Sidon, Apoll. Lib. 7. Epist. 1. ad Mamertum,
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This mountain, which is situated to the N. W, of Cler-
mont, about half way between that city and the village of
Pont Gibaud, has long puzzled geologists, from the singular
confusion and anomalous structure of the rocks which com-
pose it. Owing indeed to the quantity of debris which
every where covers its sides, where not concealed by vege-
tion, it is difficult to determine with precision the position
they occupy, or the relations they bear to each other, On
climbing to its summit, I found, in situ, a rock analogous
to domite, unaltered granite, and a conglomerate with a
granitic base, rocks which seem to be related to each other.
Lower down I observed a granular hornblende rock, which
appeared to pass into the granite ; and these four substances
make up, so far as my observations extend, the higher por-
tions of the mountain. Lower down, we have lavas, both
compact and vesicular, none of which, so far as I observed,
oceupy the summit, although Mons. Montlozier, who ex-
amined the spot doubtless with more attention, says he saw
one small portion extending thus high. It should be re-
membered that the Puy Chopine, even more distinctly than
the Puy de Déme, is encircled by an amphitheatre of hills,
which are comprehended under the names of the Puy Chau-
mont, and the Montagne des Gouttes, I examined these
hills and found them all to be volcanic, consisting chiefly of
a tuff containing portions of scoriz, and lavas of various de-
nominations, all cemented together by an ochreous paste.

Such, so far as I observed, appears to be the constitution
of the Puy Chopine ; and the singular assemblage of rocks
which it comprises, whilst it serves to explain its own for-
mation, may perhaps furnish us with a clue to the theory
of the Puy de Déme, and the other mountains similarly con-
stituted., Encompassed on all sides by volcanic rocks, and
bearing in themselves evidences of the agency of fire, the
igneous origin of these latter mountains will scarcely be dis-
- puted ; but the precise manner in which they have been affec-
ted by this agent still admits of a question. It may be said,
for instance, either that the rocks now consisting of domite

r. \
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leads me to prefer that part of Von Buch’s theory relating
to the separate elevation of the domite mountains, which
is also favoured by their conical form, and by their being
placed in the midst of a volcanic country.

From what materials this singular rock can have been
produced, seems still more problematical ; if, as it is most
probable, from the subjacent granite, what is become of the
greater part of the quartz, which forms so essential and
abundant an ingredient in the latter rock ? why has a heat,
capable of dissipating so large a portion of this refractory
material, and of reducing the felspar to a glassy, and often
to a pulverulent state, left the crystals of hornblende un-
touched, and apparently effected no alteration in the mica ?
These are questions, which in the present state of our know-
ledge it may be difficult to answer, although, it should be
remarked, that in estimating the amount of the quartz dis-
sipated, we should be wrong to calculate it from the differ-
ence between the quantity of that mineral existing in the

ite and in the domite; but must deduce it from a
mmpanson of the quantity of silex that would be contained
‘in the quartz we suppose to have disappeared, and that
existing in the felspar substituted. Vauquelin has shewn
‘that the domite of Sarcouy contains 92 per cent. of silica,
a proportion I should conceive quite equal to that existing
in most granites. With regard to the crystals found in the
~domite, these probably are rather the results of the igneous
action, than the unaltered relics of the original stratum.

On the other hand, it is impossible to return from viewing

the Puy Chopine, without feeling a persuasion that the
granites and domites there seen associated, are in a certain
- degree connected with each other, and that in all probability
~the latter has been formed by the agency of heat, modified
- by peculiar circumstances, out of the materials of the former.
Adopting this theory therefore as the most probable that

“ has been offered, we may account for the intermixture of
“hornblende rock, by supposing that it formed beds in the
~ granite which was thrown up, whilst the unequal operation

B 2


















On the Ante-diluvial Volcanic Rocks of Mont Dor. 25

It is connected with the ante-diluvial rocks of volcanic ori-
in near Clermont, by its age, as well as other circumstances,
ing seen in Cantal resting upon tertiary freshwater lime-
stone, and covered by rocks which recall to our recollection
the basalts of the plain of Limagne.
~ The table land known under the name of Mont Dor,
embraces a circumference of about 12 leagues between the
towns of Rochefort, La Tour d’Auvergne, and Besse, and
the highest point in the range attains the elevation of 5829
feet above the level of the sea.

Though its shape at a distance corresponds more to what
we observe in many transition districts, yet it appears to be
entirely of volcanic origin, and two distinct classes of rocks,
both referable to this cause, may be distinguished.

On the summit we generally observe a basaltic formation,
associated with a sort of trap tuff or breccia, and a very
cellular description of lava.

Underneath this is that porphyritic felspar rock generally
known under the name of trachyte, with which are associ-
ated a conglomerate made up of fragments of the same rock,
as well as of basalt and cellular lava, cemented by a fels-
pathic paste, and a rock apparently homogeneous, but in
reality analogous to trass, consisting of finely comminuted
portions of volcanic matter. Underneath these, but at so
low alevel, as hardly to justifyits being considered as making
a part of the Mont Dor range, is seen the granite, which
seems to constitute the original substratum throughout
the whole of this Province ; the volcanic and even the fresh-
water formation, hardly deserving to be viewed as parts of
the crust of the earth, but being rather in some sense ex-
traneous to its composition.

I shall consider these rocks in succession, beginning with
the highest in the series : —

Ist. The basaltic formation of Mont Dor comprises

several rocks, differing from each other much in appearance
and external characters,
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exposed on the sides and in the bottom of the vallies;

t'he am:l elevated table land, which composes the range

m Dor, and extends w1th little interruption into

!::‘anta&, having its upper strata generally composed of basalt,
and the other rocks associated with it.

~ Yet this arra ent does not appear to be universal, for
the basaltic pla.tn{ie;rl:t has not extended over the whole sur-
face offhe table land, and T observed in particular that the
summit of the h1ghest peak called the Pic deSancy, consists
of trachyte; nor is it confined to the more elevated situa-
tions, but in many places, especially in the flanks of the
Mont Dor, is seen at a lower level than the greater part of
the porphyritic stratum.

The latter case occurs at the ¢ Cascade du Quereuil,”
near the Baths, where the basalt is seen in fine columns in-
cumbent upon a rock, which, from its analogies to one found

the Rhine volcanos, I shall call trass, and covered
with voleanic tuff. Now as the former rock rests im-
mediately upon granite, without the intervention of any
trachyte, a recent German writer, M. Steininger, has con-
cluded that the latter formation probably lies above this
basaltic rock, and consequently that the Mont Dor range
contains two sets of basaltic lavas, the one superior to the
trachyte, the other occurring in the midst of it.  But as this
Geologist does not appear to have adduced any decided in-
stance, in which the trachyte is seen superimposed on the
basalt, it may be better to imitate the caution of Monsieur
Ramond, whose experience in the geology of Auvergne is
probably greater than that of any other observer, and who,
without altogether denying the fact of an alternation be-
tween the two formations, confesses that the general aspect
of the ph®nomena leads him to conjecture, that the irregular
disposition of the basalt may be explained by supposing it
to have descended from the highest points of the chain, and

filled up the hollows and crevices in the porphyritic moun-
tains beneath.
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fied with it, are those singular beds which I have compared
with the trass of the Rhine volcanos, consisting of an appa-
rently homogeneous rock, bearing a resemblance to tripoli,
possessing a rough earthy feel and slaty fracture, generally
grey, but sometimes of an ochrgous yellow colour, from the
intermixture of oxide of iron.

Whether these beds are to be attributed to the disinte-
gration of the trachyte, and the subsequent agglutination of
its finely divided fragments into an uniform mass, or whether
they have not rather been the result of ejections of finely
pulverized matter, may admit of dispute. The same uncer-
tainty extends to those beds of volcanic breccia likewise
found accompanying this formation, in which the frag-
ments are cemented by a paste often resembling the trachyte
itself,

To the latter we may probably also refer those fragments
of a breccia containing sulphur and alum rock,* found in
the Gorge d’Eafer, near the village of the Baths, in the bed
of the River Dordogne, which takes its rise in the mountains
above.

Of this rock M. Cordier has published in the ¢ Annales
des Mines,” a description as well as an analysis, from both
which he infers that it is analogous to the alum rock of
Tolfa, like which it yields, on exposure to heat and mois-
ture, numerous capillary crystals of alum. It has never been
met with ir situ, but it seems probable, that if the middle
regions of the Pic de Sancy, above the spot to which it has
been brought by the torrents, could be explored, the beds
of tuff which there exist might be found to contain it.

* Noggerath, in the German Translation he has lately published of these
Letters, remarks, that alum rock and alum stone must be distinguished, the
former serving to designate a species of rock, the latter a simple mineral. See
‘also Leonhard’s Characteristic der Felsarten, vol. 2. 553.

|
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might have insinuated itself in a liquid state into the cracks
or fissures of the subjacent rock, rather than the rents caused
by the basalt in the act of attaining the position which it
- I perceive that M. Ramond adopts the same opinion with
reference to the place in question,® nor am I aware of any
thing in the particular circumstances of the case, that mili-
tates against such a conclusion; but I must at the same
time remark that my principal ground for adopting it is
greatly weakened, from having remarked in the volcanic
districts which 1 have since examined, that the dykes that
appear to be of the most modern date, have not so gene-
rally affected the rock contiguous, as the more antient ones
have done.

- I should also expect from what I have since seen ameng
the German volcanos, that the basalt which caps the table
Jand of Mont Dor, has been ejected through the medium of
dykes, rather than of craters,t and it is therefore not im-
probable that those of the Grande Cascade de Mont Dor
may be among the number of these vents, T am still how-
‘ever of opinion, that the dykes of volcanic tuff’ that occur
_in Cantal, of which several are mentioned by Steininger, and
one has been noticed by myself in the communication al-
luded to, are nothing more than an upfilling of fissures that
‘existed in the subjacent rock, and I am confirmed in this idea,
from having seen at the foot of the Siebengebirge, on the
Rhine, similar veins of trass filling up the cracks in the rock
of the same description which there encircles the trachyte,

In describing the rocks found at Mont ‘Dor, I have said
almost all that appears necessary respecting the trachyte of
Auvergne, for that of Cantal is distinguished chiefly by its
wmore compact form, and by the rarer occurrence in it of
- scorified matter,

. * Nivellement Barometrique de Mont Dor. : '

1 Steininger in his Tract on Auvergne above cited, notices dykes of tra-
chyte near Murat, and of basalt at Theyzac; both in Cantal. I did not ob-
serve them.
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rock is found associated with clinkstone in such a manner
as leads one to suppose that both are products of the same
@ra, we need not be surprised at seeing the porphyry slate
to be in the place in Cantal of the basalt, which is spread
over the surface of the Mont Dor.

I have already alluded to the tuff which in the latter chain
15 found associated with trachyte. A similar rock occurs in

abundance throughout Cantal, and is there dis-
tinguished by the grotesque appearance which it assumes,
presenting to the eye a range of mural precipices, broken
into a number of fantastic shapes, a circumstance very cha-
racteristic of rocks of this deseription, both here and in the
neighbourhood of the Puy en Velay.

In Cantal, the tuff is best displayed near the village of
Theyzac, on the road from Aurillac to Murat, where it is
placed between two beds of trachyte, being found rather
less than half way up on either side of the hills which bound
the valley, whilst the summit and base alike consist of
trachyte. It dips gradually to the east; so that about half
a league from Theyzac, on the road to Murat, it reaches
the level of the road. Different as the tuff appears from the
trachyte which it accompanies, it will be found on ex-
amination, that the fragments of which it consists are
cemented always by a basis of the latter rock, and that a
passage from the one to the other proceeds by imperceptible
gradations. The fragments consist in general of a trachyte
of a more compact character than the paste which cements
them, but we also find basalt and cellular lava intermixed ;
and I remarked beds or veins of the same description of
stone which I have compared to the trass of the Rhine vol-
canos when speaking of Mont Dor. A little beyond They-
zac, near Vic en Carladez, a mass of this rock occurs
inclined apparently in the midst of the tuff, and with its
hj’grﬂ irregularly incurvated, forming a sort of arch, which,

on a smaller male, reminded me of one uf clay
porphyry which I had observed in Arran, and which is re-
8
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the former rock horizontally to a considerable distance.
Fragments of granite are also to be met with imbedded in
the substance of the basalt.

Y et notwithstanding these unequivocal proofs of igneous
‘ejection, it seems impossible that the basalt should have
originally stood in the position it now occupies, unless it
had been at that time supported by some surrounding stra-
tum ; and it therefore seems most simple to suppose that the
granite in this situation was once covered with tuft; which
the action of the waters has since swept away.

By the occurrence of similar dykes thrust up in other
placﬂ through the midst of the tuff, and sometimes pene-

it horizontally, I should account for the basalt seen
intermixed with, as well as covering this volcanic breccia.

T cannot pretend however to have studied the geology of
this neighbourhood with the attention requisite for deter-
min.ing the relation of all the rocks included under this
_ series to each other, and must therefore refer you to M.
" Bertrand Roux’s excellent description of the environs of
Puy, for further particulars.

From his statement it would appear, that the basaltic
rocks of this neighbourhood are of very different ages,
though I cannot admit that we are justified in estimating
their relative antiquity by comparing together the depth to
which the several parts of this formation have been worn
away. M. Bertrand Roux himself furnishes us in my opi-
nion with a convincing proof that the effect has not been
dependant on the longer or shorter continuance of causes
now in action, when he mentions that the rock on either side
of the old Roman roads, none of which can be less than 1300
years old, has undergone since that period scarcely any sen-
sible decay. Instead therefore of considering with M. Roux
the amount of the destruction that has taken place in dif-
ferent parts of the formation, a sort of chronometer to assist
us i determining their relative age, I should rather adopt
the converse of the proposition, and argue that the time
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Thus during the period immediately antecedent to that at
which man and other existing species of Mammalia first
came into being, at a time when the lower parts of the coun-
try was still under water, but the higher had become peopled
with various tribes of land animals, the neighbourhood of
the Puy appears to have been agitated by volcanos, which
overspread the country with their ejected materials, caused
the destruction of the animals that existed there, and, ac-
cording to M. Roux, obstructed the drainage of the district,
and consequently raised the waters to a still higher level
than before. The ejected materials, intermixed with frag-
ments of older rocks washed down at the same time from the
neighbouring high ground, were deposited at the bottom of
the water, forming the immense masses of tuff which now
cover the valley of Puy, and during the latter part of the
period occupied by this process, the same voleanie forces
elevated from the midst of the then existing lake the tra-
chytic rocks which constitute the ridge of Mont Mezen.

But besides these traces of volcanic action at a period
antecedent to the formation of the valleys, the neighbour-
hood of the Puy, no less than the province of the Vivarais
which bounds it on the south-east, exhibits also decided
evidence of post-diluvial eruptions having taken place.

West of the town of Puy is a series of little volcanos,
amounting according to M. Bertrand Roux to more than a
hundred, the two most remarkable of which are the Lake
de Bouchet and the Crater of Bar. The former, which is
situated near the villages of Cayre and Bouchet, is of an
elliptical form, and without any outlet. Its depth is about
90 feet, and its greatest diameter 2300. The character of
the rocks in its neighhourhood corresponds very well with
the idea of its volcanic origin. The crater of Bar is placed
on an isolated mountainin the midst of granite, forming'a
truncated cone about 20,000 feet in circumference at its
base, and 830 in height. It is composed entirely of lapilli
and scoriform lava, and on its summit is the crater, which
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is almost perfect, 1660 feet in diameter, and 130 in depr;h.
It appears that a lake once exlsted there, but it is now
nearly dried up.*

- Among the volcanos that occur to the east of the basin of

the Puy among the mountains of the Vivarais, one of the
most remarkable is that called the Coupe au Colet d’Aisa,
near the town of Entraigues. It is a conical hill, having on
its slope a stream of basaltic lava, which according to Faujas
St. Fond may be traced on the one hand from a crater-
shaped cavity on its summit, and may be followed on the
other to the very bottom of the valley at its foot.
- It is interesting to remark that a stream, the course of
which was at one time obstructed by the lava which has
flowed into the valley, has cut itself a new channel through
the midst of it, and that the portion of the rock which forms
the bed of the river, or lies immediately above, alone ex-
hibits a columnar arrangement.

The same remark applies to that line of basaltic columns
geen extending along the borders of the river Volant, be-
tween Vals and Entraigues, which, though they doubtless
extend above the level attained by the stream at present, are
nevertheless confined to the lower portions of the rock.

Similar basaltic colonnades ocecur in many of the other
vallies that intersect the mountains of the Vivarais, and I
believe their position in every instance corresponds with
that already pointed out.

In the case of the one which extends along the borders of
the river Auliere, near the village of Colombier, the follow-
ing section is exposed, which serves very well to illustrate
the age and mode of formation which 1 have assigned to
this rock.

Ist. The base of the hill, on the borders of the river, is a
bed of rolled pebbles, consisting of the granite and older
voleanie rocks of the neighbouring province.

2d. Resting on this is a bed of quartzy sand mixed with

_particles of black lava.

* Bee M. Bertrand Roux sur les env. de Puy.
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NIEDERMENNIG.

which extend vertically through the substance of the rock ;
these, of considerable width at top, contract gradually as
they descend, until they at length disappear altogether, and
in consequence impart to the separate columns of rock a
tapering form, gradually enlarging in bulk from above down-
wards, until the whole is at bottom confounded into one
solid and entire mass. '

Hence the rock of Niedermennig is distinguished by the
workmen into three portions, which they compare to the
top-branches, the trunk, and the root of a tree. The upper
or top-branches * is that in which the columnar concretions
are too small to be worth working ; the lower or root, that
in which the concretionary structure is lost by the final dis-
appearance of the fissures; the central or trunk, that in
which the columns are of a size adapted for millstones of
the usual dimensions.

The lower part of the rock having never yet been pene-
trated, it is impossible to state the exact thickness of the
whole, but the upper portion not worked is stated at seven,
and the central from 15 to 40 feet in thickness.

The lava of Niedermennig is interesting for the variety of
extraneous substances imbedded in it. In the midst of the
volcanic mass we observe, not only hauyne, magnetic iron
ore, and other erystallized minerals, but even portions of
limestone, of quartz, or of an intermixture of quartz and
felspar in the state of kaolin, which looks like the altered
fragments of some granitic rock. The whole is buried at
a depth of more than sixty feet from the present surface
under a succession of strata consisting either of loam, the
origin of which will be discussed afterwards, or of a con-
geries of rolled masses of pumice and scoriform lava with
those of all the different rocks found in the neighbourhood,

* The upper portion is called kopfe, glochen or aeste ; the middle schienen or
stamme ; the lower sohlgestein or dielstein. For these and other particulars see
Naggerath Uber fossile Baumstamme, Bonn 1819, P. 60 of seq.
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GEROLSTEIN.

the whole loosely bound together by an earthy, loose, loamy
sand.

‘From the lake of Laach to the little town of Gerolstein,
about thirty miles westward, a continued succession of vol-
eanic cones, with craters, presents iself.

Of these none is more curious than that of Gerolstein,
which derives moreover an additional interest, as the spot
which Von Buch has selected for one of his proofs of the
singular theory he has lately advanced with respect to the
conversion of common limestone into dolomite by volcanic
SgEey.

The town of Gerolstein is built in a narrow valley be-
tween two ridges of limestone, each side presenting a
precipitous escarpment, owing to the projection of occasional
masses of the rock beyond the soil which covers in general
the surface of the hill. This limestone is highly erystalline,
and has all the characters of dolomite ; it contains numerous
corallines, trilobites, and other petrifactions belonging to
the transition series.

The slope of the hill fronting Gerolstein, like that at the
back of the town, is wholly calcareous, but on reaching its
summit we soon discover traces of volcanic operations.

If we commence our examination with the western ex-
tremity of the ridge, which lies about half a mile beyond
Gerolstein, we observe a conical mass of slaggy lava thrown
up between the limestone strata, which are distinctly seen
both north and south of it.

- Connected as it would appear with this, is a mass of lava
which occupies the centre of the western slope of the ridge,
and may be traced to a considerable distance over the plain
at its foot, divided however into two branches by a project-
ing mass of the calcareous rock which it meets with on its
descent.

The cellular and even scoriform appearance of this lava,
eoupled with the manner in which it has accommodated it-
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BERTRICH.

The only other volcanic appearances I shall stop to par-
ticularize, are those exhibited near the Baths of Bertrich,
not far from the road between Coblentz and Treves.

Bertrich lies in a narrow valley that has been excavated,
in the great table-land of greywacke slate, which occupies
so large a portion of the district we are considering. To
the north, just where the slope begins, we may observe a
small conical hillock, called the Falkenlei, presenting a pre-
cipitous front towards the valley, but on the opposite side
sinking more gradually into the table-land. It consists en-
tirely of slaggy or cellular basaltic lava, the former variety
constituting the upper, the latter the lower parts of the
formation. At a little distance to the N. W. occurs an-
other hillock, rising conically from the same table-land near
the commencement of the valley, which differs from the
Falkenlei in enclosing a small but regular crater. Divided
from the above by a round hollow in the clay-slate forma-
tion, or more properly a circular enlargement of the valley,
is another more considerable volcanic hill, called the Facher-
héhe, situated likewise on the brim of the hill, but rather
to the S. E. of the other eminences. This is also conical,
and has a crater broken away on its southern side.

Thus these three volcanic knolls, together with two other
less considerable ones, that lie betwixt the Falkenlei and the
Facherhihe, form a semicircle corresponding nearly with
the figure which the escarpment of the table-land presents
towards the valley of Bertrich. All of them lie very near
the brow of the escarpment, whilst no vestige of any thing
of the same kind occurs in the valley below.,

In the latter however we observe a large assemblage of
voleanic products, but of a different character. They are
all basaltic, and contain but few cells or cavities, whilst the
cones above are chiefly made up of scorie, and contain
basalt but rarely. The basaltic lava of the valley may be
traced from the village of Bertrich, which lies near its
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- At the point where the two basaltic coulées meet, an in-
teresting fact occurs,—a natural grotto is seen in the midst
of the lava about six feet hlgh three broad, and twelve or
fifieen long, open at both extremities, and thus making part
of a foot-path which overlooks the ravine containing the
torrent of the Issbach. The walls of this grotto are com-
W of basalt slightly cellular, and forming a number of
concentric lamellar concretions, piled one upon the other,
and in general somewhat compressed, so that the interstices
between the balls are filled up. The grotto itself has ob-
tained the name of the Cheese-cellar (Kase-keller), from the
resemblance which the configuration of the basalt bears to
an assemblage of Dutch cheeses piled one above the other ;
it beautifully illustrates the origin of the jointed columnar
structure which this rock so often assumes, since a little
more compression would have reduced these globular con-
cretions into a prismatic form, each ball constituting a
separate jeint in the basaltic mass.

The most probable way of accounting for the existence
of this natural grotto, is to suppose the lava which forms its
walls to have cooled near the surface before the mass had
ceased to flow in its interior : hence a hollow would be left
in which the basalt had room freely to assume the form
‘most natural to it, and the concretions, being but little
compressed on account of the cavity within, retain their
original globular figure. In further proof of this, it may
‘be remarked that the lava above the grotto consists of
irregular prisms, and not of balls, as is the case with that
which constitutes its walls,

Descending into the bed of the rivulet we have an op-
portunity of observing the line of junction between the clay-
slate and superimposed lava; on the former no change seems
‘to have been effected, but there intervenes between it and
the compact basalt which composes the mass of the coulée,
a very thin stratum (perhaps not exceeding an inch in thick-
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the volcanic operations formerly so prevalent, but it will be
afterwards shewn that these effects are far from being con-
fined to voleanic countries, and occur too generally to lead
to any certain conclusion.

It would detain us too long were I to go through the
“description of the other volcanic craters distributed over this
country, though the geological traveller ought not to omit
visiting the beautiful Crater of the Pulvermaar, the three
Lakes at Daun, or the singular Hill of Rodderburg near
the Rhine, fronting the romantic Island of Nonnerwehrt,
composed entirely of slag, though placed by the side of
the Rolandseck, which consists of prismatic basalt.

There is one species of volcanic product however which
requires a short notice, although I have not been able to
introduce it under the head of any of the preceding vol-
canos, as it has never been distinctly traced to any one of
them in particular.

I allude to that immense deposit of trass or pumiceous
conglomerate which occurs in various places in this dis-
trict, as at the foot, and mantling round the sides, of the
older trachytes and basalts of the Siebengebirge and the
Westerwald, and still more extensively throughout the
neighbourhood of Andernach, in the low ground bounded
by the Eyfel mountains on the one hand, and those round
Coblentz on the other. In no situation however does it
occur so well displayed as near the village of Brohl, in a
glen which meets at right angles the great longitudinal
valley in which the waters of the Rhine find a passage.

The valley of Brohl seems to have been originally exca-
vated solely in the greywacke formation, but it has since
been partially filled up by an immense deposit of trass,
which occupies its lower portion, but does not extend to
the summit of the hills which bound it. This substance
varies much in point of consistence at top and at bottom ;
in the latter situation being almost compact enough for a
building stone, whereas in the former it is more loose and
friable. It contains imbedded fragments not only of pumice,
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I assume as an acknowledged fact that this material is
derived in part from comminuted masses of pumice, and
similar felspathic substances ejected by volcanic action.
When we look therefore at the country in the neighbour-
hood of the Rhine, especially near Andernach, we discover
pumice in two different states, either entering as one of the
ingredients into the composition of trass, or constituting
a congeries of loose fragments not united by any cement,
which alternate in beds with asort of loamy earth of the
very same nature with that deposited at present by lakes,
or rivers which flow through a soft stratum. .

The first idea that suggests itself in order to account for
this difference, is that the mass was formed from pumice
deposited below the surface of water, whilst the loose frag-
ments were ejected upon dry land; but the alternation of
the latter with beds of loam is sufficient to prove that this
‘distinction is admissible.

‘That since the epoch of the general deluge, water must
have covered the face of this country to a considerable
depth, is evident enough, T conceive, from the existence of
that extensive deposit of marl which occupies the bottom of
the valley of the Rhine from Basle (as it is said) to Cologne,
the thickness of which often exceeds 40 feet, although it is
the most recent of all the strata, resting often upon the
diluvium, and covered by nothing except vegetable mould.
The nature of the shells that occur in it, which are the
same with those found at present in the country, prove that
its origin cannot be very remote, and its apparent identity
with the loamy beds which alternate with the congeries of
loose fragments consisting chiefly of pumice, that occur
near Andernach, tends to shew that at a period subsequent
to the excavation of vallies in general, a large expanse of
fresh-water occupied the lower situations in this part of
Germany. As however the water has not in these cases
given rise to the deposition of trass, it seems necessary to
refer the latter to some more antient period, where the
circumstances of the case were so far varied as to occasion
a different result.
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an eruption of one of the Eyfel volcanos at so late a period
as the reign of Tiberius Cewsar. _

That historian, it is true, notices in his Annals, a fire that
broke out from the earth, and ravaged the country of the
Juhones, extending even to the walls of Cologne.

This fire it is added could not be put out by water, and
baffled every other expedient, until the inhabitants, finding
that they checked it by volleys of stones, came near, and
at length succeeded in smothering it by throwing heaps of
clothes upon the flames.

This passage has given rise to the very elaborate paper by
Professors Noggerath and Nees von Esenbeck, published in
the work before quoted, in which it is shewn, first, that there
is no certainty as to the country which the people called by
Tacitus * Juhones,” inhabited, or whether indeed that be
the true reading ; secondly, that a fire which reached the
walls of Cologne could not be volcanic, for no volcanic ap-
pearances exist within twenty miles of that place, the nearest
crater being that of Rodderburg, near Rolandseck; and
thirdly, that the description of Tacitus applies much better
to some artificial combustion, such as what might be caused
by setting fire to the woods or heaths in a dry season, than
to any thing of a voleanic nature. It is indeed quite ridi-
culous to refer to any such cause a fire which was checked
by volleys of stones, and stifled by throwing over it dirty
clothes ; and if we conceive ourselves obliged to adhere to
the words of the historian, and believe the flame to have
“ emanated from the ground,” it seems more likely that it
should have arisen from a disengagement of inflammable
gas, than from the usual concomitants of an eruption.

When however we recollect that at the period to which
~we allude, a colony planted at this distance from the seat of
empire bore much the same relation to Italy, which the back
settlements of Canada, or the wilds of Newfoundland do to
Great P itain, it seems scarce an impeachment upon the
generai accuracy of the historian, to suppose, that he may
have been misled by popular rumour in the details of an
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date than that of Voigt in his work entitled ¢ Beschreibung
des Hochstifts Fuld,” published in 1783.

~ This writer Bpenks of the whole country as indicating
voleanic action, containing in most parts rocks of basalt
and clinkstone porphyry (hornschiefer).

- South-east of Fulda is a circular cavity which he con-
siders to have been a crater,  and which is full of water, like
the Maars of the Eyfel district. Tt is closed in by two hills,
which meet towards the east, but on their western e:xtrenuty
leave an aperture in which the hollow called the crater is
found. The first of these hills, called the Enben, is com-
posed of what Voigt denominates lava, probably a scoriform
or amygdaloidal basalt ; the second, the Pferdekopf, of por-
phyry slate, which seems to have been forced through the
lava. The sandstone rock adjoining is hardened and other-
wise altered, and where the lava is in contact with it, there
is an intermixture between the two.

- From this account of Voigt’s one should be led to conjec-
ture, that some of the volcanic rocks of the Rhingebirge are
more recent than those of the neighbouring country, and
posterior even to the formation of the vallies, but I am not
aware that the statements of this Geologist have been con-
firmed by any more modern observer.

The example indeed of Faujas St. Fond, who saw traces
.of craters in the basaltic rocks of the Hebrides, ought to
render us cautious in receiving accounts given by geologists
of this school, at a period when every volcano of whatever
age was imagined to have been formed after the model of
Etna and Vesuvius,
~ Dr. Boué, in his paper on (Germany, notices the passage of
this chnlmtane rock into a kind of pearlstone at Helsburg
iﬂenr Coburg.

~On the north-eastern limit of Bohemia at the foot of the
ﬁchlelgeblrge occurs a series of basaltic cones, extending
from Egra to Parkstein. The localities are : Parkstein,
where indurated marl is imbedded in the basalt, as at Eise-
nach ; Neustadt am Culm, Kemnat, Culmain, Friedenfels,
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Under various 5hapea, as in platforms, cones, and domes,
Mt, forms the summits of about twenty mountains, some
Pf which are isolated, others connected below with the

‘neighbouring mountains, the basaltic cap alone remaining
~separate. It forms the highest points in the country, and
principally occurs near the ridge of the primitive chain.
‘As I am not aware of the occurrence of scoriform matter in
any of them, nor of their being incumbent on any very
recent deposits, I should have omitted all mention of them,
as unconnected with the immediate subject of these lectures,
had I not been desirous of completing, so far as it was pos-
sible, this enumeration of the basaltic formations of Ger-
Jany.
 The localities mentioned by Daubuisson are, 1. the moun-
tain called Schiebenburg, 1000 to 1300 feet in height, cele-
brated for the apparent passage of wacke, into clay on the
one side, and into basalt on the other, which was long ap-
to in proof of the aqueous origin of the latter r-::-f:k
9, the Pahlburg, near Annabery, consisting of columnar
basalt resting on gneiss ; 3. the Beerenstein, six miles to the
south of Annaberg; 4. the Spitzberg, a peak consisting of
nuca-slate capped with basalt, 4000 feet above the level of
the sea; 5. Hmdelbmg, near Seiffen; 6. Lichtewalde, on
the frontier of Saxony and Bohemia, SUUU feet high; 7. the
Steinkopf, consisting of gneiss, capped by syenite-pnrphyr}r,
covered by a small platform of basalt; 8. Geissengensberg,
near Annaberg; 9. Luchauerberg, south-west of’ Dippols-
walde ; 9. Cottauer-spitze, a cone of basalt resting on sand-
stone; 10. Heulenberg; 11. Winterburg, near bchundau,
“and on the eastern side of the Elbe, the remarkable colum-
lna.r basalt of the Stolpen, which is incumbent on granite.

Besides these, there occurs between Dresden and Frey-
'burg a basaltic emmence, called the Landberg, where the

fundamental rock is gneiss covered with clay-slate.

~ Inall these cases it may be remarked that the basalt oc-
curs as an overlying mass, and never alternating with the
other rocks of the country, so that Werner was fully borne
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 tions sinee that period.—2d. Structure of the mountain—
its Lavas—its ejected masses—and gaseous exhalations—
~ 8d. Alterations produced in the neighbourhood of Naples
. by Volcanic action—Temple of Puzzuoli—Monte Nuovo.
Wwa—-ﬂ&ammal phenomena—Lava of M. Olibano.
Puzzolana of Naples—Lake Agnano—Grotto del Cane—
- Lake Aﬂernn—(kﬂdmaﬂ of the Phlegrean fields in the
. time of Homer.
Islands of Procida—and of Ischia—Lava of 1302—Sili-
~ ceous sinter and other volcanic products.
Lipari Islands.—Stromboli—its Volcano—its Dylkes.—
Lipari—its Pumice and Obsidians — Volcano—ils Crater.
M in Sicily connected with Volcanic operations.— Blue
-~ Clay or Marl formation—Macaluba—ILago Naftia.—
Ante-diluvial Volecanic rocks of the Val di Noto—Of the
 meighbourhood of Eina.—Post-diluvial ditto.— Brydone’s
 statement with respect to the Lavas of Jaci Reale cor-
rected.—Antiquity of the Evuptions of Mount Etna con-
sidered.—History of the Volcano—Changes it has pro-
- duced in the face of the neighbouring country—Port of
I@Hep——f'ormnunu of the Monti Rossi.

- Having in my preceding Lecture given a detailed account
of the volcanos of France and Germany, I propose in my
present to lay before you a briefer description of those which
I visited in the years 1823 and 1824, supplying from time
to time the deficiencies of persenal examination by reference
to the best authorities.

As my tour itself comprehended a portion of Hungary
and Styria, together with the greater part of Italy, Sicily,
and the adjoining islands, we may expect in the course of
the details that I shall give, if not to light upon facts rela-
‘tive to this branch of Natural History that have hitherto
escaped notice, at least to elucidate certain particulars less
fully developed in the structure of the preceding countries,
than in those about to be described,
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 Now in the formation distinguished by Beudant under
M generic term of trachyte, that geologist has noticed five
kinds of rock, which, although possessing a common origin,
‘present many important differences.

- These five varieties he has designated under the names
~of Trachyte properly so called, Trachytic Porphyry, Pearl-
’Ho‘ne, Millstone Porphyry, and Trachytic Conglomerate.

- Trachyte, properly so called, is characterized by its por-
phynuc structure, by the smnﬂed and cellular aspect
which it has such a tendency to assume, by its harsh feel,
and by the presence of crystals of glassy felspar, gETIEI‘B.li_’f
cracked, and sometimes passing into pumice.  Besides
these, which may be regarded as essential to its composi-
tion, crystals of mica and hornblende are often present, and
all these minerals are either confusedly united without any
apparent cement, or by the intervention of a paste of a fels-
pathic nature, sometimes compact, and sometimes cellular,
This paste is generally light coloured, though difierent
shades of red and brown are sometimes communicated to it
by the presence of iron, and there is one variety in which
the paste is perfectly black and semivitreous, intermediate
in its characters between pitchstone and basalt, but distin-
guished from either rock by melting into a white enamel.
Augite is sometimes present, and grains of titaniferous iron
are often discoverable, but olivine rarely, if ever, occurs,
and therefore appears to be the only mineral which has any
claim to be considered as peculiar to basalt.

- The 2nd species, called by Beudant Trachytic Porphyry,
is distinguished from the preceding by the general absence
of scorified substances. Neither hornblende, augite, nor
titaniferous iron enter into its cnmpusitiun, but quartz and
thalcedonjr, which are wanting in the former, are commonly
present in this species. In its general aspect it bears a much
“mearer resemblance to the older formations than trachyte
properly so called.

- This description however applies only to the characters
of the larger portion of the mass, for Mons. Beudant is com-
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which is generally black, and presents all the characters of
itchstone or obsidian. Among these latter varieties is one
which resembles the marekanite of Kamschatka.

Sometimes globules consisting of felspar occur in the

lﬁck, which are either compact or striated from the centre
to the circumference, and these are sometimes so numerous
that the whole mass is composed of them. Various alter-
nations occur between the glassy and stony varieties of the
pearlstone, sometimes so frequent as to give a veined or
ribboned appearance to the rock, at others curiously con-
torted as though they had been disturbed in the act of
cooling.
- Lastly, all these varieties occasionally present a cellular,
porous, spongy, and fibrous aspect, and pass into pumice.
With respect to their chemical characters, it may be suffi-
cient to remark that the vitreous varieties of pearlstone
usually effervesce under the blow-pipe, but the stony do
not. These rocks often contain geodes of chalcedony and
opal, the former existing in the more vitreous, the latter in
the more stony or felspathic portions. The opal is com-
monly opaque, but is occasionally met with more or less
translucid. -

The fourth species is distinguished for its hardness and
cellularity, qualities which have caused it to be employed
all over Hungary for the purpose of millstones, from whence
the name of Millstone Trachyte has been applied to it by
Beudant.

Unlike the other rocks comprised under the same generic
term, it abounds in quartz, or in silex under some one of its
medifications, and in proportion as the latter earth is more
or less abundant, the substance puts on the characters either
of hornstone or of clay porphyry. The paste is always dull
and coarse looking, its colours vary from brick-red to

ish-yellow, its fracture is generally earthy, its hardness
very variable, but usually considerable. It contains crystals
of quartz, of felspar, lamellar, and sometimes glassy, and of
black mica, imbedded. Jasper and hornstone also occur in
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matter without supposing the Arran and Irish porphyries to
m'ﬁee‘n produced by a cause essentially different.

. Now the igneous theory, as applied to the trachytes of
Egary has appeared to me, since the publication of M,
Beudant’s work, to be placed on so solid a basis, that I
should have considered it unnecessary to undertake a jour-
ney into that remote country, if I had had no further object
than that of satisfying myself with respect to its nature.

. There is however yet another question relative to this
subject which still divides the scientific world, namely,
whether the resemblance between the trachytic fnrmatinn
and any of the rocks on which it reposes, be so intimate, as
to oblige us to adopt the same opinion with respect to the
origin of the latter, which we entertain as to that of the former.
. The trachyte of Hungary, like that of the Rhine and of
Mexico, reposes on a class of rocks which appear to belong
to the transition series, and which indeed cannot without
violence be attributed to a more modern epoch, as they
sometimes support a rock which seems to correspond with
the old red standstone, and in other places certain lime-
stones at least as old as the earlier members of the secondary

ﬁ*qwng the rocks thus circumstanced, the most prevailing
1s a greenstone porphyry consisting essentially of compact fel-
spar and hﬂmblende,‘whlch alternates with syenite, mica slate,
and even with granite. It is therefore evidently a matter ﬂf
considerable interest to determine whether a substance
so related exhibits any close analogies to trachyte, since
r conclusions we arrive at with respect to its origin,
must be extended to that of all the other rocks associated
with it.
My attention therefore whilst in Hungary was particularly
rected to this circumstance, and I must admit that there
occasional resemblance between the older and newer
hyry ; but when viewed upon the great scale, the cha-
of the two formations seem to me sufficiently distinct,
It is indeed true that where the trachyte rests upon the
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rent, from which exhale very hot sulphureous vapours.
The heat of the ground is such as to burn the shoes. A
deposition of sulphur has taken place there, and the rock is
converted into alum-stone by the action of the vapors upon
the constituents of the trachyte. In this manner hollows
formed in the rock. At the base of the hill are some
;ﬁry fine ferruginous sulphur springs. much resorted to for
various diseases by the inhabitants, who encamp near them
t]le open air during summer. Chalybeate sulphur springs
rally abound at the base of this volcanic range, and
chalybeates with carbonic acid still more. Some of these
appeared as good as those of Pyrmont, and the most fa-
mous, that of Borsah, a bathing place much resorted to by
the Transylvanian nubleﬂ, contains more carbonic acid than
Pyrmont water itself.

The craters last described have thrown out a vast quan-
tity of pumice, which now forms a deposit of greater or less
thickness along the Aluta and the Marosch from Tuschnad
to Toplitza. Impressions of plants and some siliceous wood
are likewise to be found in it, as is the case in Hungary.
These fmgments of pumice ha?e been deposited under water.
Some, says Dr. Boué, might be disposed to set down a more
considerable portion of Transylvania as trachytic, than I have
done, but I have satisfied myself that many rocks which may
appear to be trachyte are nothing but some of the newer
transition or coal-sandstone porphyries, which are here and
there more scorified than elsewhere, or of which the scorified
portions have stood the action of the weather better than the
rest. This may be the case with the most recent porphyries
of the two great deposits of that formation, the one of Mar-

wrosch, the other in the Gespannschaft (comitat) of Hun-
yad, and.the Stuhl of Muhlenbach. On these I shall dwell
#full length in my general account of Transylvania,

ﬁu this aecount of the volecanic rocks of Transylvania, I
have only to add that a basaltic cone is mentioned by Beudant
a8 occurring in Schlavonia near Peterwaradin, and that I
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EUGANEAN HILLS.

On entering Italy by the side of Venice, we have not fax
to go before we meet with a very extensive and interesting
volcanic district.

To the south of Padua lie the Euganean hills, an iso-
lated tract of high ground in the midst of a level country,
‘eonsisting of a trachytic formation, not unlike that of Hun-
gary, which, from its cellular structure in some cases, and
its semi-vitreous aspect in others, would at once be taken
for a volcanic product. Like the formation too of the
latter country, it consists of several kinds of rock, which
however are so allied, and so connected by mutual passages,
as to shew that they have been all derived from a modifica-
tion of the same process.

The most characteristic variety is a rock of an ash-grey
colour and uneven fracture, very like the porphyry of Mont
Dor, or the first species of Beudant’s trachyte formation,
(Monselice). It contains numerous crystals of glassy fel-
spar, sometimes decomposed, sometimes fresh, and occasio-
nal specks of black mica, which is also accumulated in nests,
the several parts of which have a slaty structure, like that of
mica slate. Crystals of augite are also found under the
same circumstances. Associated with this is a rock posses-
sing a splintery fracture, waxy lustre, and vitreous appear-
ance, which may be called an hornstone porphyry. Some
varieties are cellular, and contain infiltrations of quartz and
chalcedonys like the millstone trachyte of Hungary. Others
approach very nearly to the characters of pearlstone, pre-
senting, together with the vitreous aspect of that substance,
‘an approach to a similar concentric arrangement. (Monte

‘Siave). In these cases the crystals of glassy felspar, which

‘distinguish true trachyte, are either absent, or very rarely

- "This formation is associated at Monte Venda with basalt,

-#ﬁlﬂtinn of which to the trachyte is as obscure as in the

parallel case of the Siebengebirge, It is also surrounded,
H
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VITERBO.

heat applied, and in that case their crystalline form would
have been obliterated.

Near Viterbo is a small lake, which emits a sulphureous
‘odour, and seems from the rise of bubbles through it to be
‘in a state of continual agitation, and a little farther on the
‘road to Rome, is the Lake of Vico, formerly the Lacus
‘;Qi:mt:m, which has all the appearance of a crater, and ac-
‘cording to some of the antient writers was caused by a

sudden sinking of the earth,* in further proof of which, they
say that the ruins of a town that formerly existed on this

‘site might be seen at the bottom of the lake, when the water
was clear. At all events the whole physical structure of the
country favours the idea of a volcanic origin.

The Lake of Bolseno, between Viterbo and Sienna, pos-
sesses the shape of an ancient crater, and its being bounded
by voleanie rocks is consistent with such an hypothesis ; but
we must hesitate in admitting it to be so formed without more
conclusive evidence than we possess, considering that it is
more than twenty miles in circumference.

On its borders was situated the antient Volsinium, one of
the principal towns of Etruria ; and the analogy of themodern
name with the word Vuli:an, EBPEElﬂ]ljF accnrdmg to the
ﬁfhﬂg , may lead us to imagine that it derived its

ne from the homage paid to that God, originating in the
voleanic phaenomenn, which excited the f'ea:rs of the earlier
inhabitants. It is curious that the Volsci, as well as the

* Sep Amm. Marcell. L. 17, c. 7. Servius in his note on the line in the
Tth book of the /Eneid, in which this Lake is mentioned, (* Et Cimini cum
- monte lacum, lucosque Capenos,”) alludes to a fable grounded upon this tra-
ditien.
|+ The old spelling of the word Vulcanus seems to have been Bolcanus, At
least there is in the Vatican, a Roman altar dug up at Ostia, with an inscrip-
BOLCANO. SAC. ARA. and at Tivoli, in a wall of an antient building,
BOLCANO AEDES. REF. COERAV. C. CAEPJO L. F. and there are
more that run in the same way, (See Sickler. Ideen zu einem vulc.
Erd-globus, Weimar. 1812.)
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LAGONI OF TUSCANY.

L

y notice when speaking of the solfatara of Naples.
ﬂi:libesldﬂ the sulphur and the sulphuric salts that efflo-
resce round these lagunes, a substance is collected that has
been found only in one other spot of Europe; I mean the
boracic acid, which is sublimed alike from the lagunes of
Tuscany, and from the crater of the Island of Voleano,
attended too by similar sulphureous exhalations, and there-
fore probably connected as to its origin in both these lo-
calities.
 The lagunes in question are represented as being little
cxe cavities formed on the surface of the ground,
by the continual escape of sulphuretted hydrogen gas from
fissures in the rock. These cavities, according to Prysta-
nowski,* (a German, who has published the most modern
account of this ph@nomenon) are at the bottom of a valley,
and are therefore often filled with water, either by the rain,
or by the overflowings of an adjoining brook.
This water is raised to a boiling temperature by the
] of the heated gas through it, and hence it is that the
lagunes generally emit a lofty column of steam, which first
arrests the traveller’s attention, and has consequently led to
the adoption of the name Fumacchie, by which the lagunes
f& ‘often ﬂﬁlgﬂﬂtﬁd The sulphuretted hydrogen carries
i th it in a gaseous state some boracic acid, but this is
condensed by the water, and is found amongst the mud,
when the poul has dried up in consequence of the evapo-
ration from it exceeding the supply from without.
 The lagunes are situated a few miles to the S. W, of
Volterra, near Monte Rotundo, and near Monte Cerboli,
the rock from whence the vapour issues is calcareous, and is
-considered by Brongniartt as subordinate to the diallage
~or gabbro rock of the Appennines. This is worth remark-
ing, as it serves to distinguish the above ph@nomenon from
:grmmllar one which occurs among the tertiary rocks of

~ * Prystanowski iiber den ursprung der Vulkane in Italien. Berlin, 1822.
+ Annales des Mines, 1821.
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NEIGHBOURHOOD OF ROME.

the immediate vicinity of Rome, consist of that aggregate of
voleanic materials which all are agreed to designate as tuff,
whilst the neighbourhood of Albano is constituted of a
‘material which the Italian geologists have chosen to mark
as a separate rock under the name of Peperino.* Ttis easy,
says Von Buch,t to distinguish these two substances; in
Peperino neu,rly the whole mass is fresh, undecomposed, and
bright to the eye, whereas in tuff' the greater part is dull,
and appears weathered. The former resembles a pnrph}rry,
the latter a sandstone and other similar aggregates. The
substance, of which Peperino consists, preserves almost
ulﬁihﬁnly an ash-grey colour, but the tuff of Rome is
senerally darker. With respect to its fracture too, Peperino
is less friable than tuff, and the mica, which is distributed
over it either in detached plates, or collected into masses,
sometimes as large as a cannon-ball, mixed with erystals of
augite and magnetic ironstone, preserves its original black
colour and lustre, which in the tuff is not the case.
A still more marked difference perhaps between the two
formations, is the entire absence of pumice from the neigh-
bourhood of Albano, whereas it is very frequent in the tuff
about Rome. R |
‘The latter therefore seems with more probability referable
to the chain of voleanic mountains north of Rome, known
by the name of the Mount Cimini, since we find on the
slope of these hills similarly constituted beds, to which
indeed, a ng to Brocchi, the tuff of Rome may be traced
without interruption.
~ The characters of this rock in both localities correspond
with those of the tuff of Auvergne and of the Vicentin,
rolled masses and freshwater shells are occasionally found
n ity so that though the materials of which the aggregate is
are chiefly volcanic, the rock itself betrays marks

~ * Bee Brocchi Catalogo Ragionato. passim.

Reise durch Deutschland und Italien. Berlin, 1809, veol 2. p. 70,
Tde
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MOUNT VULTUR.

The Haiiyne also occurs massive in rectangular pieces of the
e of the thumb, and is accompanied with leucite, melilite,
rnblende, pseudo-nepheline, mica, and other minerals. ¥
Near the town of Melfi occur several alternations of
ta, consisting of puzzolana, pumice, and ferruginous
covered with vegetable mould. In another place of
1e same neighbourhood the volcanic tuff is seen alternating
rolled pebbles.
.'%out a mile to the east of Mount Vultur, in a place
lled Rendina, is a Moffette, or an exhalation of some
ous vapour, which produces a sharp, smarting sensa-
tion on the organs of sight, smell, and taste, and causes
fainting in those who breathe it too freely. Near Atella, on
the western side of Mount Vultur, are waters impregnated
with sulphuretted hydrogen, and carbonic acid gases. 1
know not whether the neighbouring town of Acherontia,
now Achera, derived its name from any appearances of the
same kind, like the Lake Fusaro, near Naples.t
~ The magnitude of Mount Vultur, which is stated differ-
qﬂdy at 22 and at 30 miles in diameter at its base, indicates
&:xtent of the volcanic operations that formerly must
the d:

n place, yet all records of its eruptions are lost in

ness of antiquity, and we must even attribute them,
if we believe one writer,} to a time when the physical struc-
ture of the country was different from what it is at present,
and the low land between Melfi and the Adriatic consti-
t?lmd a sort of gulf, extending from Taranto upwards, the
waters of which washed the foot of this voleano.

?g‘ Calendario. :
. Horace calls it * Nidus Acherontiee,” which seems to imply that the
wn was placed in an elevated and circular cavity on a mountain, such as the
erater of a volcano would exhibit. This analogy of appearance suggested, no
t, the name of * Nid de la Poule,” applied to a crater near the Puy de
in Auvergue. [ think however it is somewhere stated, that Achera has
foundation a calcareous stratum.

Cagnazzo gettura di un antico sbocco dell’ Adriatico. Napoli, 1807,
as quoted in his Romanelli’s Topografia.

*
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This description, and the existence of a temple on the
dedlca.ted to the goddess Mephitis,* naturally suggest
occurrence of volcanic phmuume-na, and the ac-
nt given of the spot by modern observers is such as fully
this conjecture.
~ The valley of Ansanto t is bounded by Rocca S. Felice
‘on the south-east, Villa Maina on the west, and Frigento
n the north ; it contains several small lal:es, through which
s hubbles of very fetid air. The largest of the lakes
I as a circumference of about 160 feet, and is no more than
mb or six in depth; its waters are f'rum 7 to 21 degrees of
mur above the temperature of the external air, the ex-
cess being least in winter and greatest in autumn ; it is in
continual and violent ebullition from the rise of much sul-
phuretted hydrogen gas, the odour of which is very per-
ceptible at a distance. Besides this there are given out
from clefts in the rock near the lake much sulphurous acid,
_carburetted hydrogen, and carbonic acid gases. These be-
ing wafted to different places, according to the direction of
the wind, become fatal to the animals in the lower parts of
the valley, the speciﬁc gravity of the sulphurous and car-
bonic acid gases causing them to accumulate near the sur-
face of the ground. As no injurious effects are caused to
ﬂm windward of the spots from whence the vapour issues,
rea,dllj' explain the seemingly capricious action of
e upon animals in different parts of the valley, by
the tion towards which the wind blows. The waters
of the lake being impregnated with hepatic air are celebra-
ted in many diseases of cattle, and provided there be the
slightest movement in the atmuaphere, the gases do not ac-
cumulate around its borders in sufficient quantity to be
h’:ermmuus.
There is one spot however in the midst of a torrent which

J

'! Sce Pliny, lib. 2. 1. 93.

4 See Brocchi in Biblioteca Italiana for 1820, and Calendario de Napoli for
1822,
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FESUVIUS.

ire, excep mﬁnepartwhere the army of Clodius established
themselves; and that the insurgents found their ladders
| .".1 in' Mdmg some of the steep precipices which
‘existed on the external slope of Monte Somma, as well as
in the ﬁrst instance in climbing up to the brim of the then
crnter The western front looking towards Naples
‘beine broken my, Strabo might naturally have considered
‘what was once the interior of the then extinct crater as the
m of the mountain, and it is by no means unlikely that
ﬂlw may at that time have possessed that level sur-
face, which he notices as the general character belonging
to it. At all events no alternative seems to exist between
ﬁ'mdon, and our regarding the passage as inaccu-
rate, for the structure of the Monte Somma is such as plainly
demonstrates that it has not been thrown up by any sub-
W umpnnn, but existed at at least its present elevation
‘period to which Strabo alludes.
ons. Neckar de Saussure, who has published in the
tions of the Society of Geneva * the most recent
t of this mountain, remarks that the base of Somma
15 of Vesuvius consists of tuff, which is covered over
laces by th ‘modern lavas e_;ected by Mount Vesu-
m u th this tuff rise the older lavas, of
§ Somma is composed. The beds, into
the latter are divided, as observed from Vesuvius,
a) Drlmntal for they are seen to range at an equal
‘elevation in every part of the semicircular wall of lava,
ch bounds the Atrio del Cavallo. This appearance
of horizontality is however deceptive, and arises from the
circumstance of the beds dipping equally in all directions
om the centre of the mountain ; for it is found, that they
e every where inclined at an angle of 30°, and rise towards
the cone, which, as I have before obser ved is pluced in the
xact ﬂentfh of the original volcano.
'“:lts.pn 1.p. 155, Genéve, 1823,
K 2
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* Without entering into the question as to the soundness of
waiphnm;m with reference to other volcanic moun=
I am disposed to object to it as applied to the parti-
case before us, on account of the difficulty it involves
‘tespect to the mmie in which the dykes that traverse
‘rock are supposed to have been formed. If the crater
- previously to their production, as accordmg to this
v must have been the case, I cannot imagine that the
wa could have' ereated the fissures which it now occupies,
since there would be ample scope for its more ready escape
lrongh the vast area existing in the centre. I do not deny
indeed, that the pressure of an immense column of lava on
the walls containing it does in many cases cause fissures,
which are immediately filled with liquid lava, thus consti-
tuting dykes in the surrounding rock ; but I contend, that
~such dykes ought to be most frequent in the lower parts of
the column where the pressure is greatest, and that it must
very rarely happeu that they would be formed so high up as
the ecrater, since if the rock possessed any thing like an
equal consistency throughout, the greater force of the co-
Jumn of lava below would effect a passage through the sides
f the mountain, before it could create fissures in the part
(its pressure was least. Accordingly most writers
' that the fissures having existed previously,
lava boiling up within the crater insinuated itself into
m 'nnd Mons. Neckar remarks, that those dykes which
pear inclosed in the substance of the rock can hardly
have been formed in any other manner. But if that be the
2, why do not we find them occurring indifferently in all
rections, instead of cutting the beds, in most instances,
iearly at right angles? Why do not some traces of the
ame leucitic lava occur in the bottom and sides of the cra-
nstead of being circumseribed so exactly within the
imits of these fissures ? or why has not a mass of melted
matter, capable of filling to the very brim, the vast arca of
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TEMPLE AT PUZZUOLI.

- Besides these, fatal Moffettes, or exhalations of noxious
15, are given out from crevices in all parts of the mountain ;
they are frequently found in the cellars of Portici and
Resina after an eruption, and, when they occur in the fields,
prove speedily destructive to vegetation. They are supposed
to consist chiefly of carbonic acid gas.
-~ Reserving however for a future occasion a more full ac«
count of the gases exhaled from this as well as other vol-
‘canos, I shall proceed to examine the remaining phaenomena
connected with our present inquiry, which Naples offers to
our -
- And first, with regard to those related to the actual con-
dition of the volcano, and derived from its operations.

I shall say nothing of the numerous earthquakes which
are of such common occurrence in Calabria, as this is a
subject which will be noticed in another place, but shall
‘mention two circumstances which have been urged in proof
‘of the fact that the volcanic action extends even at present
to the opposite side of the Bay.
t-wﬂe:ﬁrﬁt relates to the temple of Serapis, near the town

of Puzzuoli, the phe&nomena of which appear at first sight
indicate, that the sea has twice changed its level with re-
ference to this coast since the Christian wra.

The faets that have led to this conjecture are : -

~ Jst. That the floor of the temple is at present Smmmall
bolnw high-water mark, and consequenr,ly exposed to: the

mﬂnng in of the sea, which it is presumed was not the case

~when it was founded :

i.u-:ﬁ:u}. That the pillars, which yet remain standing, are

_ perforated by pholades at a height of about sixteen feet from

heir base, which implies, that at some intermediate period

- the sea water must have stood at this level.

ﬁn;w if we admit that these facts afford sufficient evidence
the points contended for, it would certainly involve a less

. L
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TEMPLE AT PUZZUOLI.

di Jorio,* if correct, are calculated to throw some light
upon this question, as he has shewn that the proofs of an
Wmﬁng of the sea may be gathered not only from the
temple itself, but from the land on either side of it, which

is covered with pebbles and other alluvial matter, to the
- same height as the parts of the pillars which have been per-
forated. Now granting this to be the case, we have only
further to explain, in what manner it happened, that after the
sea had resumed its former level, the water still continued

ind the temple of Puzzuoli for a sufficient length of time
to allow of the perforation of the pillars,

For my own part I here concur with Goethe, in believing
that the circumstance best admits of explanation by calling
to our assistance the volcanic action, of which the neigh-
bourhood bears suflicient proofs. j

The collection of ashes and scorie, under which the
whole temple was buried up to the point at which the

holades seem to have begun their operations, proves that

n eruption did take place from some neighbouring moun-
tain, which covered with its ejected materials this particular

ot, and if we suppose the latter to have been so disposed
as __g;d form a kind of bason, which really appears to have

the case,t it is evident that the sudden rise of the sea,
'Ihleh" Canonico di Jorio speaks of as certain, would
have the effect of leaving a salt-water lake surrounding the
upper portion of the pillars, the lower being buried under
volcanic products,

- Even the inundation itself may perhaps have arisen from
‘the very same cause, for we know that a sudden and con-
siderable rise of the sea is in fact one of the most common
ﬁaﬂ as the most fatal consequences of similar convulsions

tu

+ 8ae Goethe's Memoir, Edv Journ. p. 94.

L2

sul tempio di Serapide in Pozzuoli. di Can. And. di Jorio. Na-
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HONTE NUOFQ.

of a new mountain on the northern side of the Bay in the
16th century. Vesuvius had at that time been for a long
interval tranquil, but a succession of earthquakes had taken
plac in the country for two years previously. At length on
28th of September, of the year 1538, flames broke from
the ground between Lake Avernus, Mount Barbaro, and the
Solfatara, followed by several rents of the earth from which
water sprung, whilst the sea receded two hundred feet from
%lhere, leaving it quite dry. At last, on the 29th, about
] after sun-set, there opened near the sea a aulph
from whlch smoke, flames, pumice and other stones, and
mud were thrown up, with the noise of thunder.
~ In about two days the ejected masses, formed a mountain
413 feet in perpendicular height, and 8000 feet in circum-
ference. The eruption finally ceased on the 3d of October.
On this day the mountain was accessible, and those who
ascended it reported, that they found a funnel-shaped open-
z y on the summii—a crater, a quarter of a mile in circum-

~'Some suppose that the Lucrine lake was filled up or de-
Il.l'ﬂ“!'&d by this eruption, but others maintain, that the latter,

- was. a basin. urtgmally separated from the sea by a
MM been merged in the bay again upon the decay of
its embankment. It is certain that cotemporary writers, in
their account of the formation of the Mount Nuow, say
nothing concerning this lake..

The Monte Nunovo is compesed entirely of f'mgments uf‘
Lonﬁ}rm matter, or of a compact rock of an ash grey colour,
sometimes resembling trachyte, and at others approaching
to porphyry slate. The scoriform matters include pumice,

most other varieties of volcanic substances, intermixed
E a white sand, but never agglutinated so as to form a
. Its form is that of a compressed or oblong cone, and

§ in its centre a crater almost as deep as the mountain

Y.
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examining the nature of those that were emitted at the time
I visited Naples in 1825 ; these gentlemen having been good
‘enough, as I was mr:apammted by illness from revisiting the
‘spot for that purpose, to condense a portion of the steam
given out from one of the fumaroles in the crater of that
mountain, which of course would contain all the gases
‘which water is capable of dissolving. These appear to be,
sulphuretted hydrogen, and a minute portion of muriatic
acid, and from the known chemical properties of these two
bodies, it is easy to explain the presence of most of the sub-
stances that occur about the Solfatara.

- The rock of this mountain is a sort of trachyte, which,
besides a little potass, consists essentially of silex and alu-
mine, with an occasional admixture of iron, lime, and
magnesia.

The muriatic acid, acting upon these ingredients, forms
severally with them a quantity of saline matter proportionate
to that in which it is emitted, but the most abundant salt of
&E?E class is the muriate of ammonia, the formation of which
may perhaps be thus accounted for.
~ When muriatic acid is suffered to act upon an alkaline

drosulphuret, it combines with the base and separates the
su pliuréued hydrogen; very little however of the latter
exhales in a gaseous condition, but it is for the most part
pre::ipi_mevd in the form of an heavy oil, which is found by
analysis to consist of 1 atom hydrogen and 2 atoms sulphur.
Now, as sulphuretted hydrogen consists of 1 atom of each

dient, it follows that the formation of this body must

be accompanied by the disengagement of an equal volume
ﬂf hydmgen gas. But what becomes of this latter body
ﬁnne it is not to be detected afterwards in a separate state ?
It is probable that it has united with the oxygen of the
here, or with its nitrogen, perhaps indeed with both;

in the latter case the presence of the ammonia is expiamed
in the former it is rendered more comprehensible, since we
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uncombined state, it will be speedily resolved into its ele-
ments by the action of air and water; such atleast T have
found to be the case on mnﬁn‘mgapomon of this gas, either
with or without an admixture of air, over water, which be-
comes turbid from the sulphur separated from the gas.

~ Over mere’ur:,r, ‘on the contrary, it seems to remain for a
long time unchanged.

* Tt appears then that in both these ways the compounds
Med by the union of the sulphuretted hydrogen with the
constituents of the rock, would be finally resolved into
sulphur and sulphuric aalts we have only therefore to com-
pare this with the phmnnmena m:l;mﬂl:,lr exhlblted at the
Solfatara.

The rock, of which this meuntain is composed, is naturally
hard and dark coloured, but in proportion as it is exposed
to the action of these vapours, its texture and colour un-
dergo a remarkable alteration. The first stage of the pro-
cess seems to be a mere whitening of the mass, in consequence
doubtless of the removal of the iron to which its colour is
attributable ; it then is seen to become porous and fissile ;
when the process is yet further advanced, it becomes honey-
combed like a bone that has been acted on by the weather;
and at length it crumbles into a white powder, consisting
almost entirely of silex.

The saline substances that appear efflorescing on the
surface of the rock, correspond with the above statements ;
they consist (in addition to the muriatic salts before alluded
o) of the sulphates of iron, lime, soda, magnesia, and above
all, of alumine. Breislac has given some interesting details
iuspecung these salts, in which however I have not time to
Aollow him; it is sufficient for our present purpose to show,
that they appear in almost the same proportion, as that in
%h they would result from the action of the same gas

a stone similarly constituted.
~ Meanwhile the sulphur deposited diffuses itself through
the rock, and lines the walls of its cavities: but Breislac
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appears to have shewn very satisfactorily, that it results
entirely from the sulphuretted hy@m5Mhm
limed in an uncombined state ; for we only find it in those
parts of the mountain, which are near enough to the surfac
to admit of the ready access of atmospheric air. It is some-
times accompanied with sulphuret of arsenic, which has
probably also been disengaged, combined with hydrogen,
and may be the cause of the destructiveness of those exha-
lations, which frequently succeed an eruption. I have been
assured, that the paradoxical statement of Breislac’s with
respect to the pear and olive being proof against the dele-
terious influence of these gases, when all other kinds of
vegetables are destroyed, is not unfounded. As selenium is
now ascertained to exist among the products of the crater
in the Island of Volcano, it appears probable, that a
composed of that metal with hydrogen, will, ere h% h..
detected together with the gases before enumerated. )

The influence of these exhalations is by no means con
fined within the compass of the Solfatara, for it extends to
a considerable distance on the hills which bound that vol-
cano towards the north, as is evinced by the whiteness and
decomposed condition of the rocks, in consequence of being
acted upon during so many ages by sulphureous vapours,
It would appear that the antients designated them from this
circumstance under the name of the Colles Leucogei, f
Pliny* mentions medicinal waters existing between P :
zuoli and Naples, called Leucogei Fonten, and th!ﬂiﬂ
found a hot spring at a place called Pisciarelli, situate
the slope of these hills. K. 4

The Solfatara returns an hollow sound when any pnrﬁ
its surface is struck, and appears not to be made up ﬂf
entire rock, but of a number of detached blocks, whic
hanging as it were by each other, form a sort of vault 3 ver
the abyss, within which the volcanic operations are going
on. Hence there would seem, not to be one aperture largei

* Plin. Hist. Nat. Lib. 31, ¢. &.

4
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SOLFATARA.

than the rest, such as we are wont to suppose existing in the
centre of every active volcano, but a series of fissures which
w of the escape of elastic fluids, but would prevent the
fall of any bulky body. - .
- It has given off however from its south-eastern side a
stream of lava, which extends in one unbroken line to the
sea, forming the promontory, called the Monte Olibano, on
the road between Naples and Puzzuoli. It is remarkable
from its want of resemblance to the lavas of most other
volcanos, as it consists of a rock which can hardly, I think,
be separated by its mineralogical characters from trachyte.
- It consists essentially of crystals of glassy felspar, im-
bedded in a basis of a felspathic nature, having an uneven
fracture, and ash-grey colour. It differs in these respects
from the rock of the Solfatara itself, which I have found in
general to possess a darker colour, and a conchoidal fracture.
Both however agree in being composed essentially of felspar,
and containing augite only as an occasional ingredient, so
that we are obliged to class them equally under the head of
trachyte. The stone of Mount Olibano is in general com-
pact, but cells are sometimes present, especially in the upper
part of the rock ; it is seen to rest immediately on a thin bed
of loose fragments of lava, and is covered by a sort of tuff,
which, being placed on a part of the hill difficult of access, 1
left unexamined, but which I conjecture to consist of scoria,
and sand, that succeeded the ejection of the lava.
- The whole rests upon the extensive formation which
‘reaches from Puzzuoli to Cume, and appears to be con-
tinuous with therock found in the immediate neighbourhood
of Naples. This, which has long been known by the name
~of Puzzolana, is a formation of volcanic tuff, bearing many
mogleutu the trass of the Rhine, and the pumiceous con-

ﬂemes of Hungary.
- 1ts basis is generally of a straw yellow colour, dull and
harsh to the feel, with an carthy fracture, and commonly a
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LAGO D' AGNANO—GROTTO DEL CANE.

The Lake Agnano has every appearance of occupying the
original site of a crater, as the strata, whose edges are visible
in its interior, instead of having a corresponding dip on the
opposite sides of the cavity, as is commonly the case with
vallies formed by diluvial action, seem on the contrary to
slope in all directions away from the crater, just as would

w, if the strata had been thrown up by a force acting
‘below.

- Perhaps the deep fissures, that are found so commonly in
the neighbourhood of this and other hills near Naples, may
owe their origin, like the Barancos of the Canary Islands,*

to the upheaving of the contiguous rocks, rather than to the
action of torrents.

The volcanic action here, as in many other places round
Naples, seems hardly extinct, for there are exhalations of

warm vapour constantly rising near the Lake, which are
much esteemed in various complaints.

~ The celebrated Grotto del Cane, situated on its borders,
18 constantly giving out volumes of carbonic acid gas, con-

‘taining in combination much aqueous vapour, which is
condensed by the coldness of the external air, thus proving

.the more exalted temperature of the spot from whence it
The mouth of the cavern being somewhat more elevated
than its interior, a stratum of carbonic acid goes on con-
stantly accumulating at bottom, but upon rising above the
level of its mouth, flows like so much water over the brim.
Hence the upper part of the cavern is free from any noxious
;'l:apour, but the air of that below is so fully impregnated,
that it proves speedily fatal to any animal that is immersed
‘in it, as is shewn to all strangers by the experiment with the
log.
- The sensation I experienced on stooping my head for a

# Beo the next Lecture.
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PHLEGREAN FIELDS.

- Now I was unable to aatlsfy myself, that this latter ar-
m@:em was exemplified in any of those hills, which
Breislac. supposes to have been portions of craters once
isting on the immediate site of Naples.

~ On the other hand it may be remarked, that if we only
grant the Puzzolana to have been formed at a period an-
lecedent to the excavation of the vallies, the existence of
m:wa and other irregularities of surface, which Breislac
regards as the remains of craters, is readily explained ; for
it is evident, that a rock of so soft and yielding a texture,
ought, of all others, to exhibit the most decided evidences
of diluvial action.

~ Now, independently of other circumstances which will be
‘afterwards insisted on, the manner in which the Puzzolana
‘has insinuated itself into the bottoms of vallies for a con-
siderable distance round Naples seems to prove this opinion.
‘We observe it so situated in the valley of Maddelona, near
'ﬁg aqueduct of Caserta, and in several of the mountain

, near Sorrento, on the opposite side of the bay of
. The tuff of Sorrento indeed is not precisely similar to
that of the coast opposite, but its origin is probably the
same ; and the regular distribution of this material in both
cases over so extensive a surface, and amongst rocks that do
not appear at any time to have been affected by volcanic
‘action, seems to indicate the operation of water.
 But even if we limit the craters that existed in the
Phlegrean fields to those of which present appearances
leave no doubt, their number will be sufficient to give us a
rightful picture of the condition of the country at an early
period of history, and serve to account for the fables of the
-:,- pets, who imagined the entrance to the Infernal Shades to
lie among these recesses.
i ;‘I’lm not then, as at present, a single mountain which
m_forth ﬂilmee and melted matters at certain intervals, and
M
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suggested by the luxuriance of modern Campania; but it
must be recollected, that at the time when Homer wrote,
that luxuriance had not yet been developed by cultivation,
‘that the recent occurrence of the eruptions had probably
devoted many parts to a temporary sterility, and that others
were overshadowed with thick and gloomy forests.

" The neighbouring islands of Procida and lschia are
ewise composed of volcanic rocks bearing a considerable

| fu’ﬁemblﬁnce to those of the Campi Phlegrei.

The former seems to consist entirely of tuff separated by

‘beds of cellular lava. In one part where the coast exposes

a section of the strata, I observed that they were so con-
torted as to represent an arch, whilst in the places inter-
mediate, as well as on either side, they were horizontal.
This effect, happening as it does in a volcanic country,
seems attributable to the pressure of elastic vapours from

below, heaving up the strata round a given area, and it will

be readily perceived, that if the force applied had been con-
siderable enough to cause a disruption of the beds, we
should then have had them dipping in all directions away
from the opening, as happens where a crater is produced.

~ In the following sketches No. 1. represents the actual
section, and No. 2. that which would have resulted, had

‘the force been somewhat greater. In either case A repre-

- sents the beds of tuff, and B. those slaggy lava interposed.

"
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- A little beyond the village of Casamiccola, is a conical
hill, called the Monte Thabor, composed entirely of tra-

m“ﬁet}' of which seems to approach to clinkstone

. This trachyte rests upon a bed of clay, sometimes red and
ﬂuginmm’, at others blue, in which are imbedded several
‘species of arca, murex, turbo, and trochus, enumerated by
Brocchi.* Thus the date of the trachyte cannot be anterior
to that of the tertiary class of rocks.
© As we proceed from thence in an easterly direction round
‘the coast of Ischia, we meet with evidences of volcanic
operations of a still more recent date,
At Castaglione the ground is covered with loose fragments
of pumice and obsidian, which T did not succeed in tracing
to their source. Still further we cross the stream of lava,
which issued from the side of the mountain in the year 1302,
remarkable from the large crystals of glassy felspar which
are imbedded in it. Its surface is still undecomposed, and
quently barren, moss alone growing upon it, and that
‘only in a few parts, a proof of the number of ages required
for bringing some lavas into a state fit for cultivation.
‘This current may be readily traced up the mountain to the
point from whence it issued, which is marked by the exist-
ence of a crater; originating apparently from the eruption
itself.

The castle of Ischia itself stands on a projecting mass of
lava, which appears to have made a part of a current that
ihay be traced to the neighbouri ng heights of Campignano,
where it constitutes a sort of ridge resting upon the pumi-
ceous conglomerate. Its high antiquity is evident from the
#hngm that must have since taken place in the figure of the
island, for not only has the promontory been separated from
hd'island by some subsequent convulsion, but we imme-
diately perceive that a stream of lava at the present time
would pursue a very different direction, and, instead of

* Conch. Subapp. p. 354.
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STROMBOLI.

I need not insist upon the analogy between the above
phenomena, and those presented at the Geysers in Iceland,
but T may remark that similar concretions are noticed as
‘occurring among the volcanic rocks of the Solfatara and of
Santa Fiora in Tuscany; by Humboldt at Teneriffe; and
by Von Buch in Lanzerote. In these cases the alkali, which
in the Iceland Geysers is supposed to assist in dissolving the
silex, does not appear to be present.

- The Lipari Islands, between Naples and Sicily, are made
up of a class of voleanie products, very analogous to those
we have been just considering.

Like the neighbourhood of Naples too, they allow us to
compare the phe@nomena of active and half-extinguished
volcanos, with those which have arisen from the same cause
at earlier periods.

The Island of Stromboli consists of a single conical
meuntain, having on one side of it several small craters, one
of which is in a state of activity, the rest extinct. The
volcano is in this respect peculiar, that although it rarely has
its periods of intense energy, yet it as rarely enjoys any
intervals of repose, no cessation having ever been noticed in
its operations, which are described by writers antecedent to
the Christian ra, in terms which would be well adapted to
its present appearances.®

* (allias, a cotemporary of Agathocles, who made himsell absolute in Sieily
from B. C. 317 to 289, is quoted by the Scholiast 1o Apoll. Rh. 111 41, as
mentioniug the fires af Lipan, meaning probably Stromboli, and it is probable

- that Theoeritus may refer to the same 1sland, when he says—

i Epuws ra.ft: xa: Miwagoro
‘ TloAAaxis AQassoio oehas Proyrewrigoy e
~ As likewise Aristotle, where he states that in Lipari the fire, after a cessation of
16 years, returned on the 17th.  Stromboli (Eﬂ'gd?w?-ﬂ} is mentioned by name
by I‘lindurun Siculus, as giving rise to explosions of air and to ejections of sand
 and heated stones. The same, he says, is the case in Hiera, now Volcano.
~ Strabo, Lib. 6, speaks of Lipari, Volcano, and Stromboli, as emitting flames,
* and says that those in the latter island are inferior to the two former in point
of vi , but superior in brightness. Cornelius Severus, on the other
hand, speaks of the volcano in Stromboli as greater than that of Etaa.

Fecundior Etna
Insula, cui nomen facies dedit ipsa rofunda.
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the older volcanic rocks near Naples, rather than at Etna
and Vesuvius, still remains unaccounted for.

~ Itis also difficult to explain why vitreous lavas, such as
obsidians, should be of such common occurrence in Lipari,*
for the latter are not, as we should be disposed to consider
them, loose ejected masses, which from the great relative
extent of their surface, were soon coolled in the atmosphere,
and therefore put on a vitreous form, but they constitute
extensive beds, which ought, it should seem, to have been
subjected to the same laws of congelation as the lavas of
other volcanos.

- The only indications of volcanic action at present exist-
ing in Lipari are the hot springs, situated about four miles
west of the town. I observed however a rock, which, from
the changes it had undergone, seems evidently to have been
acted upon by sulphureous exhalations, so that it is probable,
that at no very remote period, some of the less equivocal
effects of subterranean fire may here have manifested them-
selves, The antients indeed speak of Lipari as emitting a
ﬁercer fire than Stromboli,+ and Strabo particularly men-
tions an eruption of mud, attended with smoke and flame,
which took place in the sea between Hiera (the Island of
Voleano, near Lipari), and Euonymos, now (according to
Cluverius) Lisca Bianca.

* 1s the formation of obsidian at all connected with the presence of boracie
acid # This I believe has been conjectured by some Swiss naturalist, but the
experiments of Dr. Turner, detailed in the Edinburgh Journal of Science for
January, 1826, seem to discountenance such a notion, as he finds that neither
the pumice nor obsidian of Lipari appear to contain that substance.

t Ty de Aimapar xas T Orepiaaay eignuaper, n 3¢ Zreoyyrdn, xaherra:
WY WO TOU TYMUXTOSy ETTY B¢ xai avTy E;uw'vguf, Bz pey Phayos Asimopern,
7w ¢ Qeyyss Wheovsrovsz.  Strabo, lib. vi.

{ May not the comparatively recent origin of the Isle of Lipari be inferred
from the sterility ascribed by Cicero to the country ; (see Orat. 3. in Verrem )
for as it is at pmeni; very fertile, its barrenness may have arisen from the
circumstance, that sufficient time had not elapsed to cause a suitable decompo-
sition of the masses ejected.
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FOLCANO.

“the ship, caused by the motion of the waves.* As however
there are no vestiges of any thing like a crater in this island,
it is probable that these and similar ph@nomena were de-
rived for the most part from the Island of Volcano, which
is separated from it only by a narrow channel.t
- This, which appears at a period antecedent to the Chris-
tian era to have been in a state of activity at least equal to
that of Stromboli, still emits gaseous exhalations from the
interior, as well as from several parts of the external surface,
of a crater situated on the highest part of the island.
These vapours, acting upon the rock they penetrate,
decompose it, and form with its constituents large quantities
of alum and other sulphuric salts.

* From our infancy, the idea of certain contrasts fixes itself in our minds;
water appears to us an element that moves ; earth, a motionless and inert mass.
These ideas are the effect of daily experience; they are connected with every
thing that is transmitted {to us by the senses. When a shock is felt, when the
earth is shaken on its old foundations, which we had deemed so stable, one
instant is sufficient to destroy long illusions. It is like awakening from a
dream; but a painful awakening. We feel, that we have been deceived by
the apparent calm of nature ; we become attentive to the least noise, we mis-
trust for the first time a soil, on which we had so long placed our feet with
confidence. If the shocks be repeated, if they become frequent during succes-
sive days, the uncertainty quickly disappears. In 1784 the inhabitants of
Mexico were accustomed to hear the thunder roll beneath their feet, as we are
to witness it in the region of the clouds. Confidence easily springs up in the
human breast, and we end |by accustoming ourselves on the coast of Peru to
the undulations of the ground, like the sailors to the tossings of the ship, caused
by the motion of the waves. Humboldt's Pers. Narrative, vol. 3. p. 321.

+ We may collect from the old chronicles, that the last indication of voleanic
agency in Lipari took place about the sixth century, for we are told that St.
Calogero, the patron of the island, put to flight the Devils, which, like the
Typhon of old, inhabited the recesses of the island, and that the latter first took
refuge under the mountain from whence the warm springs issue, but being
driven from thence repaired to Vulcanello, and finally were chased into the
crater of Vulcano. Later writers always speak of the flames of Lipari as
extinct, See Dolomieu sur les Iles de Lipari, p. 71.
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MACALUBA.

1 visited the spot, were in a state of comparative
_quiescence, but it is said that at times the process goes on
with considerable energy, for the mud Has been known to
rise to the height of 200 feet, accompanied with a strong
“odour of sulphur.

I cannot help imagining that the whole of these phe-
nomena may be explained by the slow combustion of beds
&Qnﬁlphuv, which is fully ascertained to be going on in many
parts of the blue clay formation.
- It is not long since the proprietor of some land in the
interior congratulated himself on his good fortune, in being
able to collect a large supply of sulphur already purified, by
merely placing vessels to receive a stream- of that substance,
which was constantly issuing from the side of a hill. This
was occasioned' by a bed of sulphur in the interior of the
mountain having caught fire, and the heat generated by the
combustion of one portion serving to melt the remainder:
nature having, in this instance, adopted the wasteful process
employed from time immemorial by the Sicilians, for getting
rid of the intermixed clay, which consists simply in collect-
ing the materials into large heaps, and setting fire to them
on the surface, thus causing the liquefaction of one portion
by the combustion of another,
~ The sulphurous acid resulting from this process being
retained by the moisture of the rock, and gradually con-
verted into sulphuric acid, would act upon the calcareous
particles, and give rise to the extrication of carbonic acid
gas, whilst, if any bituminous matters were present, the heat
srated might cause a slow decomposition, and resolve
them into petroleum and carburetted hydrogen.
A continued stream of gas passing through the rock,
Euld soon establish for itself a regular communication
" with the surface, and the same channel, when once formed,

would afford the readiest means of escape for any water,

)
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nﬂy more mp1d in a cone composed of finely comminuted
than in a stream of lava, which consists of an hard
substance, that yields but slowly to the causes of
‘decomposition.
- There is nothing I believe in the nature of lava, chemi-
cally speaking, injurious to vegetation; but mechanically
the hard surface it presents proves an effectual preventative,
ﬂ it gives no support or nidus to the tender shoots, and
its porosity often carries off all the moisture that
ds upon its surface. Thus near Clermont, in Au-
scarcely a drop of water is to be found in the whole
of the volcanic district which overhangs the town, but the
waters collected at the bottom of the formation gush out in
the valley of Royat beneath with such force and copiousness,
as to turn immediately several mills.

From these causes the surface of a stream of lava must
always require a long period to bring it into cultivation,
mnless as has been done by the Prince of Biscari in his
garden at Catania, the surface is covered with artificial soil,
.or what comes to the same thing, a shower of volcanic ashes
‘has overspread it of a nature sufficiently argillaceous to im-
bibe moisture, and to form a sort of mould.

Under these circumstances I naturally felt a desire to
‘werify an observation reported by DBrydone on the auﬂmrity
of the Canon Recupero, which might render us suspicious
of the correctness of our received chronologies. This writer
after giving an instance of a lava, the date of which he says
goes back to the time of the second Punic war,* proceeds
to state that at Aci Reale + we see seven such beds super-

# The real date of this current was more antient, It was that of the reign
! of the elder Dionysius tyrant of Syracuse,— Vide infra,

+ The following is the passage to which I refer :—Near to a vault, which

_is now thirty feet below ground, and has probably been a burial place, there

is a draw-well, where there are several strata of lavas, with earth to a con-

- siderable thickness over the surface of each stratum, Recupero has made use
of this as an argument to prove the great antiquity of the eruptions of the

| voleano. For if it requires two thousand years, or upwards, to form but a

B
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T'he silence of Homer on the subject of the eruptions of
Etna is indeed often quoted in proof of the more modern
date of this volcano ;* but to such negative evidence we
have to oppose the positive statement of Diodorus Siculus,+
who notices an eruption long anterior to the age of this
poet, as he says that the Sicani, who with the exception of
the fabulous Cyclops § and. Lestrigons, were the first in-
habitants of the island, and who are admitted on all sides to
have possessed it cnnmdemhl'y before the Trojan war, de-
serted the neighbourhood of Mount Etna in consequence of
the terror caused by the eruptions of the volcano.

This is confirmed by Dionysius Halicarnassus, who states
that the Siculi, || who passed over from Magna Gracia about
eighty years before the Trojan war, first took possession of
that part of the island which had been deserted by the
Sicanians, so that it is probable that the mountain was at
that period tolerably tranquil, and supposing no eruption
to have taken place from that time till the age of Homer, it
is by no means unlikely, that in a barbarous age, the tradi-
tion of events so remote may have been in great measure
effaced, and thus have never reached the ears of the Greek
poet.

The earliest historian by whom the volcano has been
noticed is Thucydides, who says, that up to the date of the

* [t is true that the fire of Etna is alluded to in the poems attributed to
Orpheus, which some have supposed as antient as the time of Pisistratus, half
a century at least before the age of Pindar: these poems however are in general
referred to a much later period.

+ Lib. v.

1 Fazzello Decad, Lib. 1. |. vi. tells some wonderful. stories of the bones
and teeth of these giants being discovered in caverns in the limestone of Tre-
pani, Palermo, &ec. which, if examined by some skilful anatomist of the present
day, would probably be found to be the remains of elephants and other large
animals, and might supply my friend Pm'f'essnr Buckland with another chapter
for his Reliquie Diluvians,

- || Dion. Hal. Lib. 1. There is great uncertainty however respecting the
;ﬁ.tn of this event. Cluverius places it 148 years after the taking of Troy
(Sicilia antiqua, p. 29.), but Thucydides expressly says, Lib. 6, that the
Siculi came over 300 years before the Greeks, who were driveu to Sicily by a
tempest on their return from Troy.

Q
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which stopped the Carthaginian army in their march against
Syracuse. The stream may be seen on the eastern slope of
the mountain near Giarre, extending over abreadth of more
than two miles, and having a length of twenty-four from the
summit of the mountain to its final termination in the sea,
The spot in question is called the Bosco di Aci; it contains
many large trees, and has a partial coating of vegetable
mould, and it is seen that this torrent covered lavas of an
older date which existed on the spot.

- Four eruptions are recorded to have happened between
this period and the century immediately preceeding the
Christian - @ra,* during which latter epoch the mountain
seems to have been in a state of ﬁ*equent agitation, so that
it is noticed by the poets among the signs of the anger of
the gods at the death of Cwsar.t

After this for about a thousand years its eruptions are but
little noticed, but during the last eight centuries they have
succeeded each other with considerable rapidity. Referring
however to the chronological list of the eruptions of the
mountain for a specification of these, I shall here merely
allude to such as have produced some remarkable change
in the character of the country.

I know not whether I ought to include among these events
the supposed destruction of the port of Ulysses and the island
adjoining, of which Homer and Virgil make mention, and
which, from the position assigned to them by Pliny,} have
been supposed to have stood near the village of Longnina a
few miles north of Catania.

As the present size of the creek which is found there,
adapted only for small fishing boats, is far too incon-
siderable to correspond with the description given of it by

* Viz. B. C. 140—135- 126=--122. Cluv. Sic. ant. p. 105.

.l.

Quoties Cyclopum effervere in agros
Vidimus undantem ruptis fornacibus Etnam

Flammarumque globos, liquefactaque volvere saxa.
Georgie, Lib. (. L

-

1 Plin. Nat. Hist. lib. 3. cap. 14,
- o 2
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In many places, he says, an extensive stratum of volcanic

matter has been heaved up into large bubbles or blisters,
varying from a few feet to forty or fifty in diameter. It
also contains numerous little craters, from which flames and
scori@ (had issued, but no lava, These craters are often
partially covered in by domes of the same material, as
though the whole rock had been first softened by the ope-
ration of heat ; and portions of it had then been made to
swell outwards by the extrication of elastic vapours.
- One author has chosen to distinguish this variety by the
name of cavernous lava; its date is probably anterior to that
of the commencement of the present order of things, for it is
in many cases covered with gravel, and seems to extend
under the sea.

When I come to speak of the Island of Lanzerote, I shall
have occasion to point out appearances described by Von
Buch, of a very analogous kind; and shall therefore defer
any attempt to explain them for the present, proceeding in
the mean time to some other pha&nomena connected with
the same subject, which Iceland presents to our contem-
plation.

Amongst these are the Sulphur mountains of Krisiavik
which, as described by Sir G. Mackenzie, present in some
respects analogies to the pseudo-volcanic ph@nomena of
Macaluba in Sicily, and in others to those of a genuine
voleano, in continual but languid action.

The rock consists of alternating beds of white clay and
sulphur, from all parts of which steam is given out. This
was remarkably the case in a deep hollow into which the
author descended, where a confused noise was heard of
boiling and splashing, joined to the roaring of steam es-
caping from narrow crevices. At the bottom of this hollow
was a cauldron of boiling mud about 15 feet in diameter.
There was a constant sublimation of sulphur, which formed
beautiful crystals round the sides of the cavity.

The celebrated springs of Geyser are, however, the phea-
nomena which most forcibly arrest the attention of the
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we must attribute still more extraordinary effects to the
water of these Geysers than the mere solution of silica.

In the second volume of the Edinburgh Philosophical
Journal, you will see an account of Iceland, by Menge, a
German, in which he attributes the formation not only of
siliceous sinter to these springs, but even in many instances
of tuff, of basalt, of porphyry, and of obsidian. He even
declares that he saw one hot spring producing lava, another
forming basalt, and a third, trap porphyry, and notices a
particular case where he extracted from a boiling marsh a
muddy hot mass, which, when broken, exhibited the cha-
racters of basaltic lava in the centre, and towards the sur-
face passed gradually into red and grey mud.

Such extraordinary facts however require for their belief
the very best evidence, and I fear the testimony of Menge
will hardly be considered sufficient to substantiate them,
if at least T am rightly informed with respect to the estima-
tion as a geologist in which he is held in his own country.
That purely siliceous minerals, such as pearlstone, hyalite,
and opal may be the productions of hot-springs is indeed
less improbable, but all analogy is opposed to the idea that
extensive strata of basalt or porphyry have ever been pro-
duced in the same manner.

Almost the only substance not connected with volcanic
operations which occurs in Iceland is the surturbrand or
bituminous wood, of the situation of which a recent tra-
veller, Mr. Henderson, has given us a detailed account. The
west side of a perpendicular cleft in the side of a mountain
called Hagafiall exposes a'section of ten or twelve horizontal
strata, of which the surturbrand is undermost, occupying
four layers, which are separated from each other by inter-

- mediate beds of soft sandstone and clay.

* They vary in thickness from a foot and a half to three
feet, and differ also in quality, the two lowest strata ex-
hibiting the most perfect specimens mineralized wood, free
from all foreign admixture and of a jet black, the numerous
knots, roots, &ec. leaving no doubt of its vegetable origin.
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ARGOLIS.

Now Dodwell* remarks,  that the promontory of Me-
thone, which at present obstructs the view, not only of
A.thens, but of its loftiest mountains, might possibly, in the

e of Phadra, have been a flat surface, or not even have
existed at all, as the whole of that, at present mountainous
tract, has evidently been thrown up by the powerful opera-
tion of a volcano, which, according to Pausanias, happened
in the time of Antigonus. Were the promontory removed,
Athens might be seen over the northern extremity of
Agina,”

It would appear from Strabo, that even in his time the
‘rage of the volcano was not exhausted, for he says that the
mountain was sometimes inaccessible from the intensity of
the heat which it occasioned, and the sulphureous odour
which it diffused.

He adds, that it was visible at night from afar, and that
the sea was hot for five stadia round.

Chandler, who visited the spot, merely mentions as still
_existing, the hot springs about 33 miles from Methone, which
first appeared after the eruption in the reign of Antigonus.
The springs are on the side of the mountain near a village,
and tinge the soil near them with the colour of ochre,

The rocks before Methone, in the mouth of the bay, were
called the Islets of Pelops. They were nine in number,
produced, it is probable, by the volcano, and at one time

~bare. Some shrubs grew upon them at the time when
Chandler visited the spot.t

I know not whether we are warranted in attributing a
chanic origin to any part of Pallene in Macedonia, a pe-
ninsula bordering on the Gulph of Salonica, and terminating
ln Cape Paillouri. It is mentioned by Apollodorus as one
.,uf the spots assigned by the poets as the birth-place of the
# Dodwell’s Classical Tour, vol. 2. p. 272.
+ Travels in Greece, ch, li.
Q
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Giants, one of whom, Alcyoneus, is said to have been thrnq
out of it by Hercules, and the Phlegrean fields, wl'ul:h
later times were placed either in the vicinity of Mount Etna
or of Naples, appear antiently to have been fixed in 4.
peninsula, for Heyne observes,* that by Phlegra and P
lene is meant the same country, the latter peninsula b
remarkable for earthquakes and subterranean fires.
same commentator further observes, I know not on wha
authority, that the very aspect of this spot even at the pre
sent time proves the agency of earthquakes and subterranea u
fires; but I do not find this statement confirmed by mode 1
travellers, on the contrary Dr. Holland states that the f
sula is in part at least of primitive formation.¥ ,
Dodwell conjectures that the mountains near the Pnas )
Thermopyle are volcanic, but he produces no better e
dence than the story of Hercules and Deianira’s tumq, whi

seems somewhat far-fetched.t Vil o

,.r
__i

Clmitting however these more questionable proofs of vol«
canic agency, let us proceed to the neighbourhood of Gnn
stantinople, where at least the most unequivocal indication:
of subterranean fire are manifested in the nature of the roc

themselves. . ad'Eg
k

Dr. Clarke in his Travels has nuumd thm the Cyanean

# See Heyné Annot. in Apollod. p. 29, and his Dissert. de Theog.
Comm. Gott. v. 2, p. 151,
t It may he as well to notice a passage of Lucretius relating to another part
of the same country, b t' wué,' of directing the attention of future trave f
Scaptesula, the spot alluded to, was near Abdera in 'I'T:lrn.pe. 1

o T._

Nonne vides, etiam terrd quoque sulphur in lpal.
Gignier, et tetro concrescere odore bitumen ?

Denique ubi argenti venas aurique sequuntur

Terrai ]'reml,us scrutantes abdita ferro, .
Qualeis exspirat Scaptesulasubter odores? o
LucREeT. I.ib. 6. v. WE

b=y

Scaptesula was the place mentioned as belonging to Thuc i
Life, but I am inclined to think, that Lucretius l“l.lﬂ!l to Wm -
pours arising rather from the metallic ores that occur tharﬂ{uf which Plu 3

speaks) than from any voleame appearances, .

$ Classical Tour, vol, 2. p. 126.
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rocks at the entrance of the Bosphorus consist of substances
more or less modified by fire, containing fragments of lava,
trap, basalt, and marble, together with veins of agate,
chaleedony, and quartz. He also speaks of the ranges of
basaltic pillars on the Asiatic side of the strait.

~ The most detailed account however of this formation is
given by General Andreossi in his Remarks on the Lithology
of the Bosphorus.

He states that the mountains of Bithynia, on the Elde of
the Bospliorus, are composed of calcareous beds of a blue
mlnur, and without shells.

From Bucuk-leman, however, on the European, and
Kelscheli-leman on the Asiatic side, we observe a succession
of i irregular and black-looking rocks, made up of a congeries
of smgular fragments of a sombre grey colour, traversed by
veins of chalceduny, and cclntalnmg masses of compact
felspar passing into basalt.

Cordier says that they consist either of a basaltic wacke,
having a porphyritic character—of a porphyritic lava with a
clinkstone basis—of an imperfect obsidian porphyry—or of
a clay porphyry with green earth.

It is of a similar trachytic material (tephrine of Cordier)
that the Cyanean rocks are composed, but the substratum
on which they rest, is a series of horizontal beds consisting
of wacke,

At Youm Bournou, on the Asiatic side, is a conglomerate
traversed by prisms of basalt, the extremities of which cap
the mountain.

The Crommyon, a rock about 80 feet high, is composed
of clinkstone.

In the Gulph of Kabakos, the same observer found obsi-
dian porphyry, clinkstone porphyry, passing into basalt, and
of the common kind, and clay porphyry penetrated by a vein
of saccharoid limestone. It appears that the borders of the
Black Sea consist of a brecchia formed of marine shells,

together with stalagmitical limestone and bituminous wood
in beds.

Q2
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fissures below the earth; that opposing currents of water
memmmua quarters are compressed, and by that
compression acquire no ordinary heat. Others on the con-
~trary say that in the recesses of the earth there are some-
sulphureous ores; that the neighbouring stream
therefore, meeting with a violent heat, from its inability to
vemain below, rushes upwards in a mass.
* Which opinion will my readers adopt? The former?
1 do not myself embrace this: I agree with the latter one,
For there is a mephitic offensive stench clearly proving it.
~ "T'was thus the hot bubbling fluid issued for the benefit
of mankind, an inanimate Hippocrates, a Galen untaught
by art.” -

We hear also of voleanic phanomena in the little Island

‘of Taman, which connects the chain of mountains traversing
the Peninsula of Crimea with the Asiatic Continent,
- From the best accounts however that have been trans-
‘mitted to us respecting this ph@nomenon, such as those of
Pallas and Heber, it seems not very probable that the cause
is connected with real volcanic action.

Pallas represents the eruption as beginning with a thick
smoke, followed by a column of flame fifty feet in height,
which continued for eight hours and a half incessantly,
during which time streams of mud flowed in all directions,
but no lava oraltered masses of stone were ejected.

The accounts given by Mr. Heber in his Mt. Journal
attached to Dr. Clarke's Travels, is such as fully confirms
this view, and renders it highly probable that the phzno-
‘menon is altogether analogous to that of Macaluba in Sicily.
‘The same traveller informs us, thata sulphureous spring, like
‘Harrowgate water, exists near the spot.

Itis true that Dr. Clarke found on the coast loose frag-
ments of lava, but these he supposes to have been brought
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* Among the volcanic formations of this island, the pre.
dominant rock is a felspathic (petrosiliceuse) porphyry. It
constitutes two-thirds of the lithoide lavas of the country,
It occurs in great masses on the two islands already cited ;
among the mountains of Ales, Bortigali, and the environs
of Macomer; forms a large portion of the mountains called
Villa Nuova, Monte Leone, and Bosa; and is found at last
at Ploaghe, near Osilo and Castel Sardo, where it passes into
obsidian.

" The most remarkable variety which this porphyry presents,
is a rock of a prismatic form, with a fine rosy hue, often
ramified with dendrites. It was observed at the islands of
St. Pierre, St. Antioco, and Isola Prima. Those portions
which are preserved from the action of air and light, retain
a very bright colour, the lustre of which is relieved by fine
ramifications of very large and varied dendrites.

This is the only prismatic rock observed in the island.

* The Island of St. Antioco is also very rich in pearlstone,
which constitutes part of a species of conglomerate or
breccia, inclosing likewise other substances,

- 'This pearlstnne seems to have been rolled, and occurs in
masses from the size of a nut to that of twice or thrice a man’s
head. It is alwaysaccompanied with Puzzolana.

Glassy obsidian with a conchoidal fracture, occurs in
the Island of St. Peter’s, on the summit of Trebina, near
Ales, &c.

True pumice has not been met with, Red jasper abounds,
especially in the Isle of St. Peter, and in the volcanic rocks
of Alghero, Eteri, and Bosa.

Basaltic lavas, often scoriform, form the greatest part of
Mount St. Lussurgio and Caglieri. On the eastern flank of
this mountain we see the lava that flowed from the extinct
crater of Lussurgio.

There appear to be some indications of volcanic action

likewise in the Spanish Peninsula.
Thus Dr. Maclure, the American Geologist, mentions in
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even less informed with regard to its geological structure,
than we are respecting many parts of America, or even of
 Dolomien* has however noticed alternations of basalt
and limestone, as- occurring near Lisbon. North of that
capital the limestone rests on the basalt, but on the road
~ from Cintra to Maffra, the two rocks are intermixed.

In a mountain a league from Mafira, at the foot of which
- the Lisbon road passes, basalt is seen on the summit resting
on limestone. 'This basalt is of a semivitreous character,
and is coated with a sort of enamel-like porcelain, The
calcareous rock which alternates with it is pronounced by
Bowdicht to belong to the tertiary class.

Dolomieu notices also in the province of Biera in Por-
tugal, a mountain called Siera de I’Estrella, the Mons
Herminius of the antients, which is very lofty, is of a conical
form, and emits an hollow sound when we tread upon it, as
though it contained caverns. On the summit is a 1

excavation with a lake at bottom, through which bubbles of
- air arise. At its base are columns of basalt.

———— e

ON THE VOLCANOS OF AFRICA.

 The most unequivocal proofs of igneous agency, that
occur in this portion of the globe, are exhibited in the
islands that may be considered as dependencies of the great
African Continent. |

The whole group of the Canaries, for example, seems to
- be placed, as it were, within the sphere of the same sub-

* See Dolomieu’s Letter to Faujas St. Fond in his'work ** Sur les Volcans
du Vivarais,”

+ Sec Bowdich’s Posthumous Work.
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marine wl-::ann, for althuugh veﬂugﬂs of other rocks are to '5
be met with, as granite and mica slate in Gomera, and

limestone in the Great Canary, Fortaventura, and Lanzes

rote, yet none of these islands are exempt from oceamul 1
manifestations of the same igneous action. el i

The must remarkable phaanomena nnamg from tha nbom ;
cause occur in the Island of Teneriffe, where the lofty peak
of Teyde, though trauqml at present on its summit, still
exhibits on its flanks occasional evidences of the same
volcanic action, from which the rocks composing its colmsd "
structure seem wholly to be derived. " ‘

In considering this island, we must in I;he first plnue dise
tinguish between the pmductmns of the actual volcano, and
the range of basaltic rocks surrounding it. The latter do
not rise to an height of more than five or six hundred toises,
whilst the elevation of the peak itself is, according to Hum-
boldt, 1909 toises.*

It is through the midst of this basaltic formation that the
vocks constituting the principal mass of this volcano have
been protruded, and hence we may characterize the two:
classes under the name of antient and modern lavas, just as
has been done in the case of those which are found at the
foot, and which compose the mass of Mount Etna. 4

The modern lavas however of the peak admit likewise of
a two-fold division, Ist, into those composing the nucleus of
the mountain, which are of a trachytic character, and appear
to have been forced up through the midst of the older
basalts, and 2dly, into the products of the voleanic action to
which this central mass furnished an appropriate vent.

The latter are very various in their nature and characters :
we may distinguish, first, the lavas, which have sometimes a
stony, and sometimes a vitreous aspect ; and secondly, the
loose ejected masses, such as pumice, obsidian, and lapilli.

* That is (reckoning the toise at 6 feet 4 inches English) 12,090 feet.
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- Of the lavas; such as have a stony aspect, appear to be
‘confined to a comparatively low elevation, and to have pro-
- ceeded exclusively from the flanks of the volcano—whilst
the vitreous are found only near the summit, the lowest
point at which tnhey oecur being 8900 feet above the level of
e Satrs & Yo 1

+ The source of the lat!,er deseription uf lnvas appears to
have been the adjoining mountain Chahorra, which holds
the same relation to the peak, that the Monte Rossi do to
Mount Etna, being a sort of appendage to the principal
voleano, and produced by one of its lateral eruptions.

Humboldt nevertheless mentions one stream of vitreous
lava as having been traced to the very summit of the peak,
where there exists a circular cavity, which must be consi-
dered at present in the light of a Solfatara rather than of a
Crater, as it is never known to emit flames, though sul-
phurous acid vapours constantly arise from it. It would

r however, that it has in former times given vent not
only to the stream of lava above noticed, but likewise to
showers of pumice and obsidian, loose masses of which strew
all the upper part of the mountain.

The latter description of ejected masses does not appear to
extend to the lower parts of the mountain, the surface there
being mostly covered by rapilli, consisting of black lava,
possessing more of a stony aspect, not mixed with either
obsidian or pumice.

This latter distribution, says Humboldt, seems to confirm
the observation made a long time ago at Vesuvius, that the
white ashes are thrown out last, and indicate that the erup-
tion is at an end. In proportion as the elasticity of the
vapours diminishes, the matter is thrown to a less distance ;
and the black rapilli, which issue the first, when the lava
has ceased flowing, must necessarily reach farther than the
white rapilli. The last appear to have undergone the action
of a more intense fire.
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fragments of stones were thrown to such an height, that
from twelve to fifteen seconds were reckoned during their
descent. This curious observation proves, that rocks were
projected from this crater to a height of 3000 feet and
.

- Before I conclude the subject we are upon, I may remark,
how strikingly the difference between the volcanic products
of Teneriffe illustrates the manner, in which the effects of
heat are modified in such cases by the influence of pressure.
_ At the bottom of the mountain are the basaltic lavas or
tuffs, which being produced probably under the ocean, and
at a very remote period, are compact and possess a stony
fracture. Through these have been protruded the trachytes
of the peak, which, having had the resistance of so large a
body of rock to overcome, also possess a considerable degree
of compactness.

This conical and upheaved mass having become the
centre of the volcanic operations subsequently carried on,
is surrounded by products of later formation, some of which
were ejected from the summit at a time when a free channel
of communication existed between it and the interior of the
volcano, others from the flanks at a later period, when the
aperture had become obstructed by the falling in of its
sides, or the accumulation of ejected substances. It is clear,
that in either of these cases, the pressure exerted upon the
substance whilst in a melted state was less considerable than
that which prevailed during the formation of the submarine
lavas, or even of the trachyte, and hence it is found to
possess more of a vitreous aspect, and is more completely
penetrated with cells.*

The remainder of this group, as described by Von Buch,t

** The pumice never covers any of the currentsof lava, a proof of its greater
antiquity. - See Von Buch. In Leonh, Min. Tasch. 4 part. 1823.
-+ See the Transactions of the Royal Academy of Berlin, for the valuable

mm::irt of Von Buch—on Craters of Elevation—and on the Island of Lan-
zerote. 151819,
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appears to consist of submarine lavas, similar to those which'
I have described as forming the basis of the Island of Tene-
riffe. The strata of which they are constituted lie in sucha’
position, that they would seem to have been elevated from
the bottom of the ocean by the force of elastic vapours; for
they dip away in all directions from some central point,
where a crater still exists to attest the fm‘mer agmby of
aeriform fluids. Vi b 49
This peculiar structure is best :lludtrate&m t!ﬁ Island of
Palma, where one of those deep vallies t.:ﬂ“ed’{aatahoﬁﬂ ex-
poses an excellent section of the alternating beds. Amongst’
them Von Buch distinguished one of basalt containing’
augite and olivine, covered by a stratum of rolled masses'
chiefly of the same material. Repeated alternations occurred
to him as he proceeded, between beds of this conglomerate
and continuous strata of compact or amygdaloidal basalt,
and below them all was a single bed of trachyte, the only
rock of a clearly felspathic nature that is found. 1Its ground
is of a dark grey colour, and is made up of an infinite num-~
ber of very small tessular concretions, arising from' the se
paration effected in the mass of the stone by a multitude of
minute drusy cavities distributed every ‘- where over it
These hollows are in general only partially filled, but' con~
tain chabasite, analcime and other crystals. Ghm;feﬁpdl‘
is met with in the rock iin long narrow ‘crystals, “which in
general are in parallel lines, unless when the drllsfﬁdﬂtii!ﬁ
before mentioned interfere with their direction, © ="
These beds are all intersected by dykes of granularbasalt,
which become more and more abundant as we proceed along
the valley, until at length the lofty wall of rock ilﬁc]i
bounds it is covered with a net work of them. =
These beds all rise towards the crater, or, as it is called by
the people, the Great Caldera, a circular opening in the
centre of the island, the depth of which is stated by Von
Buch as exceeding 5000 feet. From its brim we are en-
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abled to look down upon the abyss, and observe underneath
us the terminations of the strata, which we have successively
F in our way to it. Viewed from this point they all
appear horizontal, but this, as I observed in speaking of the
Monte Somma, is an illusion, and arises from their termina-
tions only being visible, and from their ranging at an equal
elevation in every part of the circular wall, which bounds
the internal cavity of the crater.

The Caldera of the Isle of Palma, says Von Buch, differs
much from the crater of an ordinary volcano. Here are no
streams of lava, no slags, no rapilli or ashes. Nor do we ever
find the latter of such a circumference, or so profound and
abrupt. Its general aspect seems to shew that it was formed
by the pressure of those elastic fluids which raised the
whole island above the level of the ocean, and changed the
strata composing it from an horizontal to their present highly
inclined position. The aspect of the Barancos is such as
favors this hypothesis; these vallies are too narrow and
abrupt to be attributed to'diluvial action, and are so devoid
of water, that they cannot be referred to torrents ; but if we
suppose a succession of solid and unelastic strata to be
suddenly lifted up in the manner of those in the Island of
Palma, it is evident that not merely would a central aper-
ture be formed where the crater now exists, but that the
strain would occasion a number of lateral fissures corre-
sponding with those called in the island Barancos.

Considering therefore that the crater in this instance is
unattended with the usual phenomena of a volcano, and is
even distinguished from the latter by the preceding charac-
ters, Von Buch has chosen to denote it by the name of
¢ Erhebungs Crater” or Crater of Elevation, and he pro-
ceeds to shew that the same distinctive title is applicable to
many craters both among these islands and in other parts of

the globe.
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ISLAND OF GREAT CANARY.

The structure of the Island of Great Canary is very snming
to that of Palma,—the same heaving up of the strataround a
central point, the same deep and abrupt Bamncos, the same
description of crater exhibiting the successive outcrops. af'
the adjoining beds. :

The order of sup-erposmun in the latter is sunh as to
illustrate apparently the gradation that often occurs in the
character of volcanic products, and perhaps the manner in
which they have been derived by successive changes from
the fundamental granite. Lowest of all Von Buch descried
the primitive rocks ; then masses of trachyte ; afterwards an
agoregate consisting of angular fragments of the latter rock,
forming either a conglomerate or a tuff, which alternate
with. one another several successive times ; still hlg!mt an.
augite rock (dolerite) with felspar, ml:erstmtlﬁedmuhimdﬁ
of rolled masses of the same composition, but of a cellular
structure ; then an amygdaloid ; and last of all basalt.

The structure of Fortaventura is also similar, but Lan-
zerote, though originally raised up in the same manner as
the other islands, has since been augmented by the eruptions
of volcanic matter that have subsequently taken place upon
its surface.  Lanzerote is distinguished from the other
Canary Islands by its comparative flatness, possessing none
of those lofty prec:pmes, or abrupt conical hills, that occur
in the rest. There is nevertheless in one corner of the island
a vestige of the same kind of crater which I have just been
noticing, but, a part being in all probability sunk in the
ocean, the strata are only seen rising on one slde,_ which
faces the water.

Von Buch has given a striking descnptmn of t.he a.&peut .
of that portion of the island, from whence proceeded the
lava which in the year 1730 caused so much devastation.

After a painful walk, he says, over a tract of harsh, un-
decomposed lava, I reached at length an eminence com-
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posed Elllll'&]]" of an accumulation of slag and lapilli, which
were heaped in successive layers upon each other. In the
centre was a crater walled in by precipitous rocks, of which
one side was broken away by a lava which had proceeded
from its interior. Within the compass of this hollow two
other minor craters appear, which emitted at the time
volumes of aqueous vapour mixed with sulphureous ex-
halations. Hence it is that the hill has obtained the name
of Montagna di Fuego.

It is impossible, continues Von Buch, to describe the
scene of desolation, which presents ltself' from the summit
nf this erater. A surface of more than three square miles in
a wastq'nbr.d;.recunn is covered with black lava, in the whole
of which space nothing occurs to break the uniformity of
the prospect, but occasional small cones of basalt scattered
over the plain.

. It is clear that this vast mass of lava is not derived from
any one point ; even the Muntﬂgnn di Fuego appearing to
have contributed but little to its formation, for the lava
Mm.lljr prpqeadmg from the latter is found to take an
easternly instead of a westernly direction. During my
ascent, I felt very anxious to ascertain, what the other sources
might be which assisted in emitting so vast a mass of lava.
How much was I astonished, when on reaching the summit
I perceived an entire series of cones, all nearly as lofty as
the Momagnn de Fnegu, placed so exactly in a line, that
the nearest covered the farther ones in such a manner, that
their summits alone were seen peeping from behind.

Between the western coast and the little village of Florida,
I counted twelve cones of larger size, of which the Mon-

di Fuego was the sixth in the series, besides a con-
siderable number of smaller cones, partly Between and partly
on the side of the larger ones. It was an exact repetition
of the phenomena of Jorullo, or of the Puys in Auvergne.

R
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in the midst of it, but of which no vestiges are to be seen at
present. - Gaseous exhalations likewise were emitted, which
proved fatal to the cattle, Atlength the inhabitants wearied
out by such a series of misfortunes, seeing the most fertile
parts of their country successively reduced to irretrievable
- ruin, and despairing that the eruptions would ever cease,
~determined on leaving their homes, and took refuge in the
‘neighbouring island of Great Canary.

~ One of the most curious phznomena attendant on this
eruption, though one not altogether peculiar to it, was the
vise of flames from the midst of the sea. The nature of
these is worth enquiring into, as it may hereafter assist us
‘towards a theory of volcanos.

The only gas at present known, which inflames spon-
taneously at ordinary temperatures on the surface of water,
‘is phosphoretted hydrogen, and this can hardly be suspected,
as the product of its combustion is phosphorous acid, a
_substance which is possessed of several striking properties,
and therefore could hardly fail to be detected, if it were ever
_produced by volcanic action.

- Itis true that phosphoric acid exists in the cavities of
~certain voleanie rocks, as in those of Estremadura, combined
‘with lime and other earths, but I do not know that it has
‘ever been detected in a free or uncombined state among the
products of any active volcano.
- Are we at liberty to suppose, that some less inflammable
‘gas, such as simple hydrogen, or its combinations with car-
‘bon and sulphur, might, during their rapid ascent through
-the water, retain a sufficiently exalted temperature, to in-
e spontaneously on coming in contact with the air,
an hypothesis might explain the circumstances related
‘respecting the constant combustion of the gas at the Pietra
‘Mala, without mcurrmg to the somewhat forced solution,
.that it was inflamed in the first instance by the application
R 2
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which have been elevated above the level of the ocean by
elastic fluids, but destitute of any crater from whence smoke
and lava have been ejected.

- The account however, which Mr. Bowdich, in his post-
humous work just published,* has given of the physical
structure of the island, is somewhat different. That it is
composed of voleanic matter cannot indeed be doubted, for
the rocks principally consist of tuff, scori@, or basalt. The
former sometimes contains bands, as it were, of pumice,
traversing it in the direction of the bed; it is sometimes
yellowish and sometimes red ; it alternates repeatedly with
the scorie, which again are continuous with a very cellular
variety of the basalt, forming a connected bed or’ current,
the direction of which may be presumed to be indicated by
that of the cells, which are oval and elongated all in one
direction. '

- Besides this form of basalt, a compact and columnar
variety is also seen, which in many places appears to cap all
‘the other strata, but in others is itself covered by a thin
stratum, consisting of fragments of porous basalt, cemented
y a yellow tufa. 'This conglomerate likewise insinuates

If into the crevices between the other strata. Compact
basalt however is not confined to the uppermost beds, for
in the centre of the island it is found immediately incum-
bent on a limestone, which Mr. Bowdich considers to belong
to the transition series, and which is the fundamental rock
hitherto discovered, being 700 feet in thickness.

- All these beds, even the lithestone, are traversed by very
numerous dykes of basalt, which appear to be always com-
pact, and have a natural cleavage at right angles to their
walls. :

- Mr. Bowdich deseribes a small conical hill situated on
the high table land in the centre of the island, which has on
its summit a small elliptical cavity, about 200 feet in diam-
eter, and 54 in depth.

No stream of lava however has flowed from it, nor has it
% Account of Madeira and Porto Santo, London, 1825,
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" Of the Azores we have lately' obtained a geological ac-
count from my friend and fellow-student Dr. Webster, of
in the United States.*

" The Tsland of St. Michdél, the largest of mem, is de-
scribed by him as entirely vﬁlcnntc', and containing a nums=
ber of conical hills of trachyte, several of which have craters,
and appear at some former period to have been the mouths
-ﬁb volcanos. The trachyte is completely covered
W ejections of pumice and obsidian that have proceeded
from these sources,’ and it is seldom that we are able to dis-
ddﬂtnt, except in the ravines, or on the summit of the hills,

 This rock however, so far as T can collect from Dr.
Wéﬁdler s description, does not constitute the fundamental
stratum, it has rather been forced through strata of tuff and
of basalt, which extend over the island, covered however in
most places by the ejections of pumice and obsidian. Dr.
Webster notices likewise a description of lava which he
compares to the cavernous variety mentioned by Sir G.
Hnﬁkenﬁe, it is swollén into large blisters and other irre-

es, and contains several remarkable caves, from the
roof of which hang stalactites, as they may be termed, of
lava, which assume a variety of curious arborescent ﬁg‘ures
The Island of St. Michael is famous for its hot springs,
which are impregnated with sulphuretted hydrogen and
carbonic acid gases, thus seeming to attest that the volcanic
action is still going lon. Of this however, evidences have,
within the present century, been afforded of a far more
direct and positive nature. In the year 1811 a ph&nomenon
occurred, similar in kind to that, which I have already de-
scribed as having happened in the Grecian Archipelago.
After a succession of earthquakes experienced more or less
sensibly in all the neighbouring parts, a new island arose in
the midst of the sea, of a conical form, and with a crater on
its summit, from which flame and smoke continually issued.
The island, when visited soon after its appearance by the
crew of the frigate Sabrina, was about a mile in circum.

* Webster, Description of the lsland of 8t, Michael, &c. Boston, 1522,






Island of St. Michael, in the Axores. 267

~ There also occurs in- the midst of the sea a pyramidal
mass of tuff only 30 or 40 feet in diameter, consisting of
horizontal strata from one to two' feet in thickness. It is
evidently the remnant of a formation, the greater part of which
has been washed away, and seems to be analogous to that
‘which I have noticed, as occurring in thavalley of the Pu}'
‘en Velay, in the south of France. !
~ 'The other, lqlandﬂ belonging to the same groupe appear
‘to' be similarly constituted. That of El Pico is the only
‘one. which' contains a volcano at present in activity, for
the great currents of lava which flowed in ‘1812 from the
adjoining island of St. George, are considered as the results
of a lateral eruption from this volcano. ' The summit of El
Pico is no less ‘than 9000 feet above the sea ; it consists of a
m::nllm of tmehyte, nnd is constamly ermttmg smoke, .
#10 finirsniiesh oy v
g rlﬁ;wiperhnpﬁ be m:qmred what ﬂegree of llght geology
i capable of affording with respect to the existence of a
former continent or large island, serving to connect Europe
mmwhghmha antients someumes allude to under
the name of Atlantis.
It might appear at first sight, that the knowledge we have
“of late obtained with respect to the physical structure of the
dislands, which in such. case must be regarded as the relics of
this submerged country, lends some weight to the historical
evidence in favour of memstence, since the voleanos that
are proved, to be in’ action in so many parts of the inter-
mediate tract of ocean, might afford an adequate explanation
“of the effect supposed to have taken place,
- But un the other hand, when we examine more narrowly
/into the appearances presented in those islands which I have
,been describing, we shall find it greatly more probable that
‘they have been separately raised from the bottom of the sea
.by volcanic agency, than that they have been severed apart,
after having once constituted a single continuous tract of
land. The details which I have extracted from Von Buch’s
interesting memcirs lead inevitably to this conclusion, as
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they tend to demonstrate, that the strata which form the
basis of these islands, and through which the volcanic cones,
where such exist, have been protruded, were formed ori-
ginally at the bottom of the sea, and have been afterwarc
lieaved up by the elastic vapours acting from beneath.

It may be alledged indeed, that the whole of these islands
do not consist of volcanic matter, for Gomera, Fortaventura,
and others, contain rocks either consisting of primitive
materials or of limestone, but the rare occurrence of the
latter over a tract so vast, as that which the Continent of
Atlantis must be supposed to have occupied, certainly lends
but little countenance to the hypothesis. It may be re-
marked too, that volcanos seem much more active in build-
ing up strata than in destroying them, and that, if they had
operated on so extensive a scale as must be assumed by
those who attribute to their agency the destruction of a
continent, they would on the other hand have raised up
more extensive tracts of voleanic materials in the place of
those they had been the means jof subverting. It is suffi-
cient to cast a glance over the conjectural map of the
Atlantis, by Bory St. Vincent,* to be convinced of the
absurdity of any such hypothesis, for who can imagine a
tract of land extending from 40 to 15 N.latitude, having for
‘its northern boundary the Azores, for its southern the Cape
de Verde Islands, and for its eastern promontory the Peak
of Teneriffe, to have been swallowed up in the ocean by any
causes now in operation, or at any permd since thaemﬁbl :
of man.

For my own part, were I permnﬂbtl thatfﬂ:e‘ﬁﬂmtﬂ-df |
‘the Greeks referred to any thing real, and was not through-
out a figment of the imagination, the hypothesis I should
be most inclined to adopt, is that proposed by Ali Bey in
his Travels.t Wae find it there stated, that the whole of the
flat coast towards the Atlantic Ocean is caused by the wash-

% See Bory St. Vincent sur les Iles Fortunées.
+ 'I'hm- ]i Ps J6=37.
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MOUNT ATLAS.

ings of the sea, by the ground sand carried into the ocean,
and by masses of clay which he considers as the product of
some submarine volcano. These materials together form a
sort of tufa, upon which beds of marl and of animal exuvie
have since been deposited. He finds these desert strands
on the whole of the southern border of the table-land of
Mount Atlas, towards the deep-laying flat of the Sahara,
and extending as far as the Syrtis, and therefore supposes,
that at some former period the elevated ground of Mount
‘Atlas may have constituted a sort of island—perhaps that of
- This notion as to the volcanic origin of certain parts of
Mount Atlas, is borne out by the existence of some moun-
tains in the same chain, called Black Harusch, which are
conjectured to be of an igneous nature.

It would also appear from the author of the work—
“€ Tegs Qavpaaion axovouarey” vulgarly attributed to Aristotle,
‘that the Greeks regarded the whole of the coast of Africa
‘beyond the Pillars of Hercules as thrown into disorder by
‘the fire of wvolcanos, and Solinus expressly states that the
ssnowy summit of Mount Atlas glitters with nightly flames;
's0 that we might be led to infer, either that this mountain
‘was situated in one of the islands of the Hesperides, and
~was probably identical with the Peak of Teneriffe, or that

some volcanic appearances exist in the chain which the mo-
derns speak of as Mount Atlas.

In the account of the Periplus of Hanno, as well as in
that of Eudoxus, as quoted by Mela, (which is considered a
fabrication, and a direct copy of the former,) we read, that

-as these navigators were coasting in the above du.'eu:uon
‘along this part of Africa, torrents of light were seen to fall
on the sea, that every night the shore was covered with
ﬁ:ﬂ, that the Great Mountain, called the Car of the Gods,
(Been aygnua) had appeared to throw up. sheets of fire that rose
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We know indeed that the Island of Salsette, near Bom-
bay, is basaltic, but it does not appear to be of recent
formation ; and Sir John Malcolm in his Memoir on Central
India, has inserted a letter from Captain Dangerfield, giving
an account of the geological structure of the province of
Malwa, an elevated table land, which stretches across the
centre of the peninsula between 21° 30. and 24°. of north
latitude, and which is chiefly composed of trap rocks.

ese however he considers to be secondary, and recognizes
among them nothing of a volcanic nature.*

- There is likewise in the Eastern Magazine for September,
1823, a notice of a journey up the Ganges, in which it is
‘stated, that the rocks of Peerpoint and of Sacrigully are
black and porous, like lavas.

Amongst the Himalaya range there is said to have
been discovered a volcanic mountain, which is at present
emitting much smoke, but no flame. As no one however
has yet examined the actual spot, it is impossible to deter-
mine at present what the real nature of the ph@nomenon
‘may be, and the probabilities are certainly against its con-
nexion with a genuine volcano, both from its situation in
‘the centre of a vast continent, and from the apparent absence
of any lavas or ejected masses in its vicinity.t

In central Tartary we have long had obscure notions as to
the existence of volcanos, and Mons. Ferussac has taken the
trouble of collecting, in a late number of the Bulletin des
Sciences, ] the principal particulars that have been transmitted
to us respecting them.

It would appear, that at the north of Khouei-thsu, and
on the southern frontier occupied at the close of the Ist
century of the Christian @ra by the Hioungnou Turks,

driven westward by the Chinese, there rises a burning moun-
tain called Ho-chan. On one side of this mountain, add

* Maleolm’s Central India, vol. 2. dppendir.
~ + See Brewster's Philos. Journal, April, 1826.
1 Vol. 3, for 1824.
U
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the accounts, all the stones are in a burning and melted
state, and flow to a distance of some tens of Zi (i. g,} 4
leagues). This melted mass afterwards becomes cold and s
hard. The inhabitants of the country use it formedmai |
Sulphur is also met with. iy
‘A Chinese writer of the Tth century, in speaking of Khouei-
thsu, says : At 200 /i (20 leagues) north of this town, there
is a white mountain, which is called Aghie. Fire and smoke
continual]y proceed from it it is from thence that the sal
ammoniac comes. |
The antient town of Khouei-thsu is the town of Khnntc”lﬁ
of the present time, situated in 41°. 87. north latitude,
80" 35. east lungltude according to the observations :'f
the missionaries sent towards the mlddle of the last century
to prepare a map of it. This volcano, which forms a part of
the snowy chain of the celestial mountains (Thian-Chan)
must therefore be found nearly in 42.85 of N. latitude.
It is probably the same which has at present the name of
Khalar. According to the account of the Boukharies, who
bring the Sal Ammoniac to Siberia and Russia, the latter is
found south of Korgos, a town situated on the Ili. So
a quantity of this salt is collected there, that the inhabitants
of Khoutché employ it to pay their tribute to China.
The new description of central Asia, published at Pekm*
in 1777, contains the following notice :
¢ The territory of Khoutché produces copper, saltpetre,
sulphur, and sal ammoniac. The latter proceeds from a
mountain called the Mountain of Sal Ammoniac, which is
found on the north of the town. It has many caverns M
crevices, which, in spring, summer, and autumn, are filled
with fire, so that during the night the mountain ml%
minated by thousands of lamps. No one then can come
nearit. Itis only in winter, during the coldest season, and
when the great quantity of snow has stifled the fire, thnt the
people of the country approach ; they stnp themselves giu e
naked, in order to collect the sal ammoniac, which i is ﬁ;tupﬂ.
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in the caverns in the form of very hard stalactites; it is for
this reason very difficult to detach it.

¢ Twelve days journey by the caravan, north of Korgos,
is found another town, commonly called Tchougoultchak.
It 1s situated at the foot of Mount Tarbagatai, 46°, 5. N.
lat. and 80°. 45. E. long. Four stations to the east of this
town we arrive at the canton of Khoboksar, near Khobok,
which falls into the Lake Darlai; there is there a small
mountain full of fissures, which are excessively hot, but do
not exhale any smoke. In these fissures sal ammoniac sub-
limes, and attaches itself so strongly to the walls, that it is
necessary to break the rock in order to collect it,”’——
Klaproth.

The Abbe Remusat, in.a letter to Cordier,* states his
having found in the Japanese edition of the Chinese ency-
clopedia other particulars respecting this volcano.

% The sal ammoniac in persian ¢ Nouchader,” in chinese
¢ Naocha,” &c. is drawn from two voleanic mountains of
Central Tartary ; one is the volcano of Tourfan, lat. 43. 30.
long. 87. 11. which has given to the town near it, the name
of Ho-Tcheou, town of fire ; the other is the White Moun-
tain, in the country of Bisch-Balikh ; these two mountains
throw out continually flames and smoke. There are cavities
there in which they collect a greenish liquid ; exposed to
the air this liquid is changed into salt, which is the sal
ammoniac ; the people of the country use it in the prepa=
ration of leather. As to the Mountain of Tourfan, we ob-
serve a column of smoke rise from it perpetually; this smoke
is replaced in the evening by a flame like that of a torch;
birds and other animals lighted up by it appear of a red
colour. The mountain is called the Mount of Fire. In
order to search for the salt, they put on wooden shoes, for
leather ones would soon be burnt. The people of the
country likewise collect the mother waters, which they boil
in cauldrons, and obtain from thence the sal ammoniac,
under the form of loaves, like those of common salt.

*® Annales des Mines, v, 1820—p. 135 & 137.
v 2
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These volcanos are 400 leagues from the Caspian Sea.
Cordier observes that the existence of two burning moun=
tains in the midst of the immense table land bounded by the
Oural, the Altaic Mountains, the frontiers of China, and the
Himalaya Chain, is very worthy of attention. Sal am=
moniac is never found in Europe in any but a volcanic rock ;
it is therefore probable, a priori, that the origin of it in
Asia is that assigned by the Abbé Remusat, and the pro=
fessed learning of that scholar gives an authority to the fuctl
detailed. :
Ferussac however remarks, that the volcano of Tourfan is
situated, aceording to Pere Gaubily in lat. 43. 30. long.
87. 11. so that it lies in the midst of some considerable lakes.
That of the White Mountain, in lat. 46., is also between twn
large lakes, that of Balgasch and Alakougoul. :
The Mount of Fire or Ho-chan, now Khoutche, seems tob&
the same as that noticed by the Chinese author of the 7th
century, under the name of Pechan, 20 leagues north of
Khouei-thou. According to this anthor the mountain is
called Aghie, a word which, according to M. Klaproth,
signifies the same as Hochan in Chinese. Klaproth thinks
that the volcano is situated in 42°, 35. N. lat. probably the
same as Mount Khalar, which, according to the Boukharies,
is found south of Korgas, on the R, Ili. ‘Thus all this part
of Klaproth’s statement, seems to relate to a single volcano;
and the different names of Mountain of Fire and White
Mountain, by which it is known, seem to correspond *mtb:
‘the two volcanos of M. Remusat.
The volcano of the environs of Tchougoultchak, must ha.
found at the foot of M Chamar, near the Lake Zaisan, and
does not appear to correspond with either of those of M.
Remusat. The number consequently of the actual vol-
canos and solfataras in central Asia does not appear ﬁlllr
made out.
In the translation made h}f Hylander the Father* of a

¥ See Bulletin des Sciences !'-.w January, 1525



Kamtschatka. 300

geographical work by Ibn-el-Wardi, mention is made of a
mountain in the interior of Asia, from which smoke is
seen to arise in the day, and flames by night. This moun-
tain is situated in the country called Tim, which Hylander
and his son think are the same as the Botom of Edrisi and
Abulfeda, and the Bastam of Bakoui.

This country is situated between the Oxus and the
Iaxartes. The mountains give rise to the Sogd (the Poly-
timetus of ancient geographers) a river which waters the

iana. It is worth while to observe also, that according
to the same Arabian writer, this country produces native
sal ammoniac, and the substance called Zadj, which is either
alum or an aluminous slate, The burning mountain made
known to us in this passage, must be to the east of the Lake
Aral, and of the Caspian Sea.

Pallas also in his Travels mentions a burning mountain,
which he visited in the spring of the year 1770, in the go-
vernment of Oremburg, near the village of Soulpa occupied
by the Baschkires, and the river Jourjousen. He speaks
of vapours like smoke in the day, and of slight flames at
night, but he does not view them as volcanic.*

- Other notices might be collected of similar phanomena
occurring in parts of this vast tract, but they principally
depend upon the authority of the Tartar tribes, and may
perhaps turn out to be the same as those already alluded to.+

The only active volcanos on the Continent of Asia, that
appear to be fully ascertained, are those on the Peninsula of
Kamtschatka.

Kraskeninikoff, in his history of that province, translated
into French in 1767, makes mention of three ; viz.

1. Awachinski, north of the Bay Awatscha, which had
an eruption in 1737, followed by a tremendous earthquake,

* Vol. 2. p. 76.

+ See Schlangin, in Pallas. Nordischen Beitragen, vi. p. 117, and do. vii.
p- 327,—~Also Falk Topog. des Rugs, Reichs, vol. L. p. 380,
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The volcanos of Kamtschatka are connected again in the
south with those of Japan, by means of the Kurule Islands,
where no less than nine active volcanos occur according to
Krascheninikou.

In the Islands of Japan ten volcanos have been enume-
rated, but little is known concerning them. In the southern
part of Jesso, the most northern of these islands, near the
town of Matsmai, is a harbour, having on its south side three
voleanos, to which Broughton} gave the name of Volcano
Bay. Near the same spot are two small detached islands
discovered by Capt. Krusenstern, but more particularly de-
scribed by Dr. Tilesius,|| who accompanied that navigator
in the quality of naturalist. They are called Oosima and
(Coosima, and are remarkable for their diminutive size, that
of Coosima indeed rising only to the height of 150 fathoms
above the level of the water. DBoth islands appeared to
smoke incessantly, and the volcanic appearances at Qosima
emanated from a crater, one side of which had fallen in, and
was filled with red puzzolana., The hollow between the
separated rocks was penetrated with spiracles, which con-
tinued in activity under the sea, and the old lava, from
which the present cone rises, is seen distinctly near the level
of the water.

The Island of Jesso is supposed by Krusenstern to have
been once connected with that of Niphon, where the
straights of Matsmai now exist, and the volcanic action
going on in all directions around certainly supplies a suffi-
cient cause for their subsequent disruption,

That Jesso and Niphon were once continuous, may be
inferred from the similar composition of the opposite coasts,
the basaltic character of their rocks, and their broken and
shattered condition. Krusenstern however admits the ne-
cessity of examining the coast more accurately, before the
conjecture can be regarded as established on solid grounds,

1 Broughton, Voyage of Discovery in the Northern Pacific Ocean, London,
1804. See also LangsdorfT, vol, i. p. 325.
|| ‘Iilesius in Edin, Philos. Journal, vol. 3.
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The Islands of Fugo and Magindanao likewise, each con-
tain a burning mountain.

We know nothing of the volcanos said to exist in Borneo,
but it appears that the Andaman Islands, west of Pegu,
and north of Sumatra, contain one in activity, called
Barren Island,* nearly 4000 feet in height, which frequently
emits vast columns of smoke, and red hot stones three or
four tons in weight.

In Sumatra, Marsden has described four as existing, but

the following are all the particulars known concerning
them :
- Lava has been seen to flow from a considerable volcano
near Priamang, but the only volcano this observert had an
opportunity of visiting, opened on the side of a mountain
about 20 miles inland of Bencoolen, one fourth way from
the top, so far as he could judge. It scarcely ever failed to
emit smoke, but the column was only visible for two or
three hours in the morning, seldom rising and preserving
s form above the upper edge of the hill, which is not
of a conical shape, but slopes gradually upwards. He
mnever observed any connexion between the state of the
mountain and the earthquake, but it was stated to him, that
a few years before his arrival it was remarked to send forth
flame during an earthquake, which it does not usually do.

The inhabitants are however alarmed, when these vents
all remain tranquil for a considerable time together, as they
find by experience, that they then become more liable to
earthquakes.

Dr. Jack in a short notice of the Geology of Sumatra,
(Geol. Trans. vol. i. p. 398, new series) observes, that the
voleanos of this island have somewhat of a different cha-
racter from those of Java : the former generally terminating
at the summit on a ridge or crest ; while the latter are more
exactly conical, and have for the most part a much erader

* See Colebrooke in the Asiatic Transactions,
+ Marsden’s Sumatra, p. 29.
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They all rise from a plain but little elevated above the
level of the sea, and each must, with very few exceptions,
be considered as a separate mcuntain, raised by a cause
independent of that which produced the others. Most of
these have been formed at a very remote period, and are
covered by the vegetation of many ages : but the indications
and remains of their former eruptions are numerous and
unequivocal. The craters of several are completely extinct ;
those of others contain small apertures, which continually
discharge sulphureous vapours and smoke. Many of them
have had eruptions during late years. Almost all the moun-
tains or volcanos in the large series before noticed, are found
on examination to have the same general constitution ; they
are striped vertically by sharp ridges, which, as they ap-
proach the foot of the mountain, take a more winding course.

These ridges alternate with valleys, whose sides are of a
very various declivity.

blocks of basalt occasionally project, and in several
instances the vallies form the beds of rivers towards the tops
of the volcanos ; in the rainy season they all convey large
volumes of water.
. "There are also various ridges of smaller mountains, which,
though evidently volcanic, may be termed secondary, as
they appear to have originated from the primary volcanos
before noticed. They generally extend in long narrow
stripes, with but a moderate elevation, and their sides are
less regularly composed of the vertical ridges above men-
tioned. In most cases, a stratified structure and submarine
origin may be discovered. They are generally covered with
large rocks of basalt; and in some cases, they consist of
wacke and hornblende, which is found along their base in
immense piles.
. Hills of a mixed nature, partly calcareous, partly volcanie
are also found. The southern coast of the island consists
almost entirely of them, rising in many places to the per-
pendicular height of 80 or 100 feet, and sometimes much
higher. These, as they branch inward, and approach the
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central or higher dlstrml:s, gradually disappear, and m

place to the volcanic series, or alternate with huge masses of

basaltic hornblende that appear to assume a mgulnr strati=
fication, i

A Dutch writer * has since cummumcatoﬂ some further
particulars respecting these basaltic rocks. He informs us
that almost all the lofty summits of this basaltic chain are:
- truncated cones; that they consist in general of irregul
columns, presenting every variety in point of length, thick~
ness, direction, and other circumstances, They are some-
times placed immediately one on the other, sometimes
divided by beds of a different material. This arra 1gement
is only exposed in a few places where the streams have laid
bare the strata. The action of the elements, assisted per~
haps by that of sulphureous vapours, has effected a great
destruction of the rock, large masses of which are washed
down into the plains after heavy showers. The basalt is of
two qualities,—Ist, that composing the lower mountains,
which is less compact and porphyritic, but contains large con=
cretions of felspar, quartz? crystallized hornblende, and oli-
vine; 2dly, that constituting the loftier rmgea;whiah - 2
more compact and uniform in structure, and is so
nated with iron, as to attract the magnetic needle, md _-
even to be obedient to its influence. “

With regard to the modern lavas of ana, hnﬂnglnﬂ
favoured with a sight of the specimens brought by Dr.
Horsfield himself from the island, and now at the India
House, I may remark that they sl;mck me as W“‘!
similar to those of Vesuvius, and in several instances ¢
peared to contain much leucite. I observed several Bpeﬁi‘
mens of pitchstone, which I was assured constituted dykes.
It is much to be wished, that so interesting a suite were pro=
perly arranged, and made a part of some public and gmml :
collection of volcanic products. IRER
. Dr. Horsfield has related an effect af vnlmmc action in

P A
-

_* Reinweldt in the Batavian Transactions, _puhimhud at Batavia in 1823,




Java. ali

this island, which for its extent, seems to exceed almost any
that has been hitherto noticed.

The Papandayang, situated on the south western part of
the island, was formerly one of the largest volcanos, but the
greater part of it was swallowed up in the earth, after a
short but severe combustion in the year 1772. The ac-
- count which has remained of this event asserts, that near
midnight, between the 11th and 12th of August, there was
observed about the mountain an uncommonly luminous
cloud, by which it appeared to be completely enveloped.
The inhabitants, as well about the foot, as on the declivi«
ties of the mountain, alarmed by the appearance, betook
themselves to flight; but before they could all save them-
selves, the mountain began to give way, and the greatest
part of it actually fell in, and disappeared in the earth.
At the same time a tremendous noise was heard, resembling
the discharge of the heaviest cannon. Immense quantities
of voleanic substances, which were thrown out at the same
time and spread in every direction, propagated the effects of
the explosion through the space of many miles.

It is estimated, that an extent of ground, of the moun-
tain itself, and its immediate environs, fifteen miles long and
six broad, was by this commotion swallowed up in the
bowels of the earth. Several persons, sent to examine the
condition of the neighbourhood, made report, that they
found it impossible to approach the mountain, on account
of the heat of the substances which covered its circums
ference, and which were piled on each other to the height
of three feet, although this was the 24th of September, and
thus full six weeks after the catastrophe. It is also men-
tioned that forty villages, partly swallowed up by the
ground, and partly covered by the substances thrown out,
were destroyed on this occasion, and that 2,957 of the in-
habitants perished.

The mountain of Galoen-gong, which had never been
reckoned among the volcanos of the island, broke out with
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terrific violence in 1822. The eruption began ’by !lﬁ .'f'_
mendous explosion of stones and ashes, followed by as
of lava which covered alarge tract. Four thmmmﬁ
were destroyed.® Al
It would appear likewise from Dr. Horsfields’ d
that Java exhibits phenomena of a similar kind t vhils
noticed in Sicily, and at the foot of the Appamuiﬁeﬂ; ar
there known under the name of * Salses.” In tlie
careous district (which I suspect to belong to the ¢
class of formations as the blue clay and tertiary limeston
Sicily,) occur a number of hot springs, cmmmﬁg“n
quantity of calcareous earth in solution, which iﬁ'uits
surface of the ground near it. Some of them afe:* h
mixed with petroleum, and others highly saline. v f i
The latter are dispersed through a district df countr ;
consisting of limestone, several miles in cir 11
They are of considerable number, and mmmm
wards through apertures in the mcks with some violence
and ebullition. The waters are strongly Imm with
muriate of soda, and yield upon evaporation very good salt
for culinary purposes (not less than 200 tons in the ‘yﬁaﬁ
About the centre of this limestone district, is found an
extraordinary volcanic ph@nomenon. On approaching it
from a dlstanue, it is first discovered by a large ’mhm’e“ﬂ
smoke rising and dmappeanng at intervals of a few second _,ﬁ.f
resmnbhng the vapours arising from a violent surf: a dull
noise is heard, like that of distant thunder. !ﬁhﬁg‘
vanced so near, that the vision was no longer ltﬁm o
the smoke, a large hemispherical mass was observed, eofii'r
msr.mg of black earth, mixed with water, about s:xtéen feet _
in diameter, rising to the height of 20 or 30 feet in aper-
fectly regular manner, and, as it were, pushed up b]r a force
beneath ; which suddenly exploded with a dull noise, and
scattered about a volume of black mud in every dir
After an interval of two or three, or sometimes four ﬂﬁ‘ \
seconds, the hemispherical body of mud or earth rose and
exploded again. -
#* Phil. Mag. August, 1823,
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In the same manner this volcanic ebullition goes on with-
out interruption, throwing up a globular body of mud, and
dispersing it with violence through the neighbouring places.
The spot where the ebullition occurs is nearly circular and
perfectly level, it is covered only with the earthy particles
impregnated with salt water, which are thrown up from
below; the circumference may be estimated at about half
an English mile. In order to conduct the salt water to the
circumference, small passages, or gutters, are made in the
loose muddy earth, which lead it to the borders, where it is
collected in holes dug in the ground for the purpose of
evaporation.

A strong, pungent, sulphureous smell, somewhat resem-
bling that of earth-oil (naphtha), is perceived on standing
near the explosion; and the mud recently thrown up pos-
sesses a degree of heat greater than that of the surrounding
atmosphere. During the rainy season these explosions are
more violent, the mud is thrown up much higher, and the
noise is heard at a greater distance.

This volcanic ph@nomenon is situated near the centre
of the large plain, which interrupts the large series of vol-
canoes, and owes its origin to the general cause of the
numerous voleanic eruptions which occur on the island.*

A tradition prevails that Java, Sumatra, Bali and Sum-
bawa were once united, and formed with Hindostan one
unbroken continent. Even the dates of the separation of
these islands are given in the Javanese records.—Thus the
separation of’:

In the Javan year.t

Sumatra and Java took place ........ . 1114
Bali, Balembangan, and Tava ....,... 1204
Gilling, Trawangan, and Bali ........ 1260
Selo-Parang, and Sambawa .......... 1280

* Raffles’ Java, chap. x.—See also Breislac. Institut, Geolog. vol. 3. p. 47,
for an extract from the Bib. Univ. Juillet, 1817, giving an account of the
same phanomenon.

¥ The Javan /Era begins 73 years later than the Christian,
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Raflles however justly remarks, that the physical structy
of Sumatra is not such as to give countenance to ¢
opinion.

The voleanos of Java and of the P]ll]ip[ﬂhﬂ o .1;_1'-
appear almost connected with one another, through tl
medium of those which exist in Sumbawa, Flores, Ilau
Banda, and the Moluccas.

That of Tombero in the Island of Sambuﬂmpet
one of the most considerable in the world, according to ¢
description given of it by Sir Stamford Raffles.* '

Almost every one, says this writer, is acquainted with the
intermitting convulsions of Ktna ami vama, as
appear in the descriptions of the poet, and the s ti
accounts of the naturallsl., but the most extraordma.l:f
them can bear no comparison, in pomi of duration
force, with that of Mount Tombero in the Island of Saﬂ[
bawa. This eruption extended perceptible evidences of H#'
existence, over the whole of the Molucca Islands, over
Java, a considerable portion of Celebes, Sumatra, and
Borneo, to a circumference of a thousand statute miles ﬁ‘ﬁm j
its centre, by tremulous motions and the report of exp lo-
sions ; while, within the range of its more immediate acti
ity, embracing a space of 300 miles around it, it produc
the most astonishing effects, and excited the most alarmi
apprehensions. In Java, at the distance of 300 nuhs,
seemed to be awfully present. The sky was overcast at m
day with clouds of ashes, the sun was enveloped i m_nn‘ -
mosphere, whose ¢ palpable density” he was unable to
penetrate; a shower of ashes covered the houses, the streets,
and the fields, to the depth of several inches, and amid this
darkness explosions were heard at intervals, like !he repor@
of artillery, or the noise of distant thunder.

At Sambawa itself three distinct columns of flame ap-
peared to burst forth, near the top of the Tomboro moun-

i)

i ]
,u;

* Raffles’ Java. Vol.I. ch. I. e v |
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MEXICO. 3

- Geology points out parts of the ocean near the Azores, in
the Egean Sea, and to the south of Iceland, (?) where, at
'ﬁb.epoquea, within the last 2000 years, small volcanic
islands have risen above the surface of the water; but it
gives us no example of the formation, from the centre of a
thousand burning cones, of a mountain of scorie and ashes
1695 feet in height, comparing it only with the level of the
adjoining plains, in the interior of a continent, 36 leagues
distant from the coast, and more than 42 leagues from every
other active volcano,

A vast plain extends from the hills of Aguasarco nearly to
the villages of Teipa and Pelatlan, both equally celebrated
for their fine plantations of Cotton. Between the Picachos
del Mortero, the Cerros de las Cuevas, and de Cuiche, this
plain is only from 2400 to 2600 feet above the level of the
sea. In the middle of a tract of ground in which porphyry
with a greenstone base predominates, basaltic cones appear,
the summits of which are crowned with vegetation, and
form a singular contrast with the aridity of the plain, which
has been laid waste by volcanos.

Till the middle of the last century, fields covered with

ne and indigo occupied the extent of ground be-
tween the two brooks called Cuitimba and San Pedro.
They were bounded by basaltic mountains, the structure
of which seems to indicate, that all this country, at a very
remote pericd, had been already several times convulsed by
volcanos. These fields, watered by artificial means, be-
longed to the farm of Don Pedro di Jorullo, and were among
“the most fertile in the country.
~ In the month of June, 1759, a subterraneous noise was
“heard. Hollow sounds of the most alarming nature were
accompanied by frequent earthquakes, which succeeded
each other for from fifty to sixty days, to the great conster-
nation of the inhabitants of the farm. From the beginning
of September every thing seemed to announce the complete
:
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ascends to the height of from 22 to 32 feet. In many of
a subterraneous noise is heard, which appears to an-
ﬂﬁ' the proximity of a fluid in ebullltmn
~ In the midst of the ovens, six large masses, elevated, from
m tﬂ 1600 feet each, above the old level of the plains,
- up from a chasm, of which the direction is from
N.N.E. to S.S.W. This is the ph@nomenon of the Monte
Nuovo of Naples, several times repeated in a range of volcanic
hills. The most elevated of these enormous masses, which
remind us of the Puys in Auvergne, is the great volcano
of Jorullo. Tt is continually burning, and has thrown up
from its north side an immense quantity of scorified and
basaltic lavas, containing fragments of primitive rocks.—
These great eruptions of the central volcano continued till
the month of February, 1760. In the following years they
became gradually less frequent.
* The Indians, frightened at the horrible noises of the new
wvolcano, abandoned at first all the villages situated within
seven or eight leagues distance of the Playas de Jorullo.
ﬂ"hey became g'mcluall:,r however accustomed to this ter-
rific spectacle; and having returned to their cottages, they
advanced towards the mountains of Aguasarco and Santa
Inis, to admire the streams of fire discharged from an infinity
of small voleanic apertures of various sizes. The roofs of
the houses at Queretaro, at a distance of more than 48
leagues in a straight line from the scene of the explosion,
were at that time covered with ashes.
Although the subterraneous fire now appears far from
}!mlenl: and the Malpays and the great Volcano begin to be
“covered with vegetables, we nevertheless found the ambient
&r heated to such a degree by the action of the small ovens
~ (hornitos) that the thermometer at a great distance above
‘the ground, and in the shade, rose as high as 109¢ of Fahren-
heit. This fact proves, that there is no exaggeration in the
accounts of several Indians, who affirm that for many years
Y 2
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. GENERAL REMARKS.

occurs, which partakes sometimes of the characters of the
older, and sometimes of the newer formation.

-+ In South America likewise, the same remark applies to the
strata intervening between the transition porphyry covered
with black granular limestone, and the pumiceous trachytes
mmtutmg the active volcano of Puracé.

In like manner, in the very midst of the Mexican por-
phjrrj, so rich in gold and silver, we observe beds, destitute
of hornblende, but abounding in long narrow crystals of
glassy felspar, which cannot be distinguished from the clink-
stone porphyry of Bilin, in the trachytic district of Bohemia.,
In short Humboldt considers, that there is no more reason
for admitting a natural line of separation between the tran-
sition and the volcanic formation of America, than there is
between the former, and the secondary limestones which are
found above it in the Old World. .

. Before however we proceed to draw any inferences from
-these observations, I would remind you of what I have said
~with respect to the parallel case of the porphyries of Hun-
‘gary, and would observe moreover on the present subject,
‘that the authority justly due in general to the opinions of
‘an individual so distinguished as Humboldt is in some
degree weakened here by the circumstance of their being
founded on observations made more than twenty years ago,
at a time when the very existence of several of the rocks, to
which reference is repeatedly made, was unknown. It. is
therefore possible, not only that the observations of this
ph:losopher whilst in America, may have been deficient in
that precision which the present improved state of the
‘science would have imparted to them ; but that his attempts
1o reconcile the facts themselves to systems since established,
~ being made since his return, may not always have been
successful.
~ When for instance Mons. de Humboldt speaks of the
‘Muschelkalk, the Quadersandstein, and the Tertiary rocks
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chyte, which latter at top becomes glassy, and passes into

obsidian.

~ The syenite is sometimes covered with a black limestone,

ﬁ-‘iighly charged with carbon as to soil the fingers, and
all the characters of a transition rock, and yet

the porphyry on which it rests has much reaemhlance to

trachyte. |

Humboldt also notices other circumstances which tend to
establish a connexion between the transition porphyry and
the trachyte ; thus the former rock at Pisoja is columnar,
and at Rio Guachicon contains, like the trachyte of the
Siebengebirge, fragments of gneiss.

Notwithstanding this, he seems afterwards to admit, that
it is questionable, whether these rocks are to be considered
as belonging to the transition or to the trachytic series.

These porphyries in Quito alternate with gneiss and mica-
slate, (rocks on which they usually repose) and are covered
by trachyte, to which they present an approximation ;
hornblende and augite becoming more frequent towards the
upperpm't of the formation.

- The syenite associated with this porphyry also appears to
contain salt springs, gypsum, and sulphur, and is covered by
a greenstone, consisting of felspar united with hornblende,
and not with augite. Mons. de Humboldt considers this
an additional proof; that the particular porphyry alluded to
is not a trachyte, for the latter rock has hitherto been met
with associated mly with augite rock, and not with genuine
greenstone.

- The porphyry uf Equinoxial America is covered by a
formation of transition clayslate passing into talcose slate,
in which is situated the famous silver mine of Guanaxuato
‘in New Spain. The thickness of this formation is no less
‘than 3000 feet. It contains, as subordinate beds, not only
syenite, but also serpentine and hornblende slate. No or-
ganic remains however, have as yet been discovered. It
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Third or oldest Class of Volcanic products considered—
Their date is antecedent to that of the Tertiary Rocks—
They have been ejected through the medium of Dykes,
‘and not of Craters—When ejected, form Beds, and not

Streams—Changes they produce in the contiguous rocks

- eonsidered — Conversion of common Limestone inlo

- Dolomite— Their products in general more compact than
those from modern Volcanos—if cellular, the cells are
commonly filled with crystalline matter—seldom vitreous,

- except in thin veins—more commonly affect a prismatic
structure—are equally compact in the upper and lower
parts of the bed— Difference between the Tuffs belonging
to this and to the second Class.

Analogies between Trap and Granitic Rocks considered—
Arguments for and against the igneous formation of
Granite — Origin of Serpentine considered— Question
with regard to the existence of a central heat evamined—
Sir A. Crichton’s arguments on that subject— Evidence
of a central heat deduced from statements with regard to

- the temperature of Mines—These statements considered.

Final causes of Volcanos—Conclusion.

- Having in my three preceding Lectures brought to-
gether such fucts with respect to the phanomena of vol-
canos, as my own observations in the countries in which
they occur, or the researches of others were capable of
affording ; T conceive it will not be altogether uninterest-
g, if I proceed to lay before you in my present such gene-
ral inferences, as appear deducible from the foregoing
details, either with respect to the cause of these effects, or
eir relation to ‘the processes which were concerned in
production of certain of the older constituents of our
- With respect to the former of these enquiries (I mean the
canse of volcanic phznomena,) it must be confessed,
z 2
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still more striking, if I were to enter into other particulars
with respect to the depth and geological position which
must be assigned to the seat of the volcanic action ; but these
will be more in place at a later period of this Lecture.

The remaining hypothesis which I have to consider, has
at least this advantage, that it supposes the agency of bodies
which do not exist in nature on the surface of the globe;
and this circumstance gives it at least a superiority over
other explanations, in a case where the ph@nomena to be
accounted for are of a description altogether different from
any that result from other natural processes placed within
the sphere of our observation. The individual therefore
who maintains, that volcanos arise from the access of water
to the metals of the earths and alkalies, is exempt from the
necessity of pointing out, as the advocates of the contrary
hypothesis ought to do, some process going on near the
surface of the earth, resembling in kind at least, if not in
degree, the phenomena which he attempts to explain.

. Now if volcanos have arisen from this latter cause, the
‘necessity of water to excite the combustion seems to imply,
~that they would be met with rather in the neighbour-
hood of the sea, than on the elevated table lands of
extensive continents; and the existence of substances cap-
able of decomposing that fluid indicates, that the process
must have gone on at a depth sufficiently great to have pre-
cluded the access of air, which would have long ago im-
parted to them the very principle, to the absorption of
which the volcanic action is attributed. Hence the rocks,
which appear to proceed from the focus of a volcano, ought
to be derived rather from granitic and other of the older
- formations, than from those of modern date; and the gases
- evolved during the process ought to consist, in part at least,
- of those which we know to be given out, when water is
- made to act upon the alkaline and earthy bases.
 In order therefore to ascertain the degree of probability
belonging to this theory, I shall consider, first, the geogra-
phical situation of volcanos ; secondly, the character of the
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Gay Lussac* observes, that the shock produced by the
head of a pin at one of the ends of a long beam, is distinctly
transmitted to the other end, and Dr. Young has com-

an earthquake to an undulation in the air, propa-
gated along the solid mass of the earth.t Now if the shock
caused in a substance like air is capable of shaking build-
‘ings, how much more tremendous must be that propagated
through the compact strata of the earth, in consequence of
the impulse occasioned by elastic vapours struggling to
escape, Without mqmrmg therefore whether it be possible
that earthquakes may in some cases be produced by other
means, I think it may be fairly contended, that where we
find them accompanying volcanic phmnnmena, or occurring
in countries bordering upon, or placed between, mountains
that indicate the action of fire, we have reason to conclude
them to be dependant on the same cause, and that we may

in such cases appeal to them as indications of the extent
and direction of the processes themselves.

With regard to Hot Springs the case seems somewhat
udiﬁmmt for whilst we know of no earthquake upon record,
which may not with some shew of probability be referred to
the action of a volcano, there are many, in which hot springs
appear independent of such a cause.
- I am aware indeed that even those of Bath and of Buxton,
have been attributed to volcanic action ;1 but the fact, that
they spring up in strata, which are very remote in geolngmal
position from the rocks amongst which volcanos have
hitherto been known to occur, seems to shew, that we must
look for other causes of a more local nature. 1 shall not
anticipate the observations which I propose to make, when
- speaking of the temperature of mines, further than to re-
~mark, that the lias from which the Bath waters are thrown
~out, and the mountain or carboniferous limestone, in which

~ # Edinb. Phil. Journ. Vol. IX. p- 278.

'+ See Dr. Young's Natural Philozophy. Veol. L. p. 717,
1 Sec Bakewell's Geology. p. 306.
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every real volcano, and, if we believe Humboldt, with those
of New Andalusia, and the Island of Trinidad.
hfﬂm’efare if we were disposed to admit the old
‘which attributes volcanic phanomena to the com-
mnfanlﬁhur or beds of coal, we must still dmtmgmsh
between the latter and the phznomena now under consi-
deration, since it is evident that true volcanos are far more
deeply seated, and productive of effects different, not only in
degree but in kind, from those of Macaluba and similar -

Nor need we be embarrassed by the occurrence of these
appearances so generally in the neighbourhood of true vol-
canos, since it is well known that the latter are constantly
giving out inflammable materials, which may readily become
the cause of Air Volcanos. I have remarked in a former
part of this essay, that the formation in which the processes
going on at Macaluba reside contains the very materials,
wlmh are commonly found within the crater of a half-

volcano ; and hence it may be conjectured,
Mtﬁe latter have been accumulated at former periods of
ﬁpﬂﬁh in submarine solfataras, caused by that volcanic
action which the lavas of the Val de Noto prove to have
existed in Sicily, long before the earth acquired its present
condition, or Mount Etna began its eruptions.

Restricting myself to the consideration of such pheno-
mena as correspond with the above conditions, I shall pro-
ceed to consider, whether any thing can be collected, from
the situation of those countries which afford indications of
volcanic action, favourable to this or that hypothesis.

From the list of active volcanos given by Mons. Gay
Lussac, it appears that there are no less than 163 in different
‘parts of the globe, and amongst these there is this striking
coincidence, that all, with a very few exceptions, are situated
m.n short distance of the sea.

exceptions are, some of the American volcanos, and
one or two, which can hardly be considered as fully as-
certained, in the centre of Tartary.
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and one that ought not to be overlooked in any theory
which professes to account for the phenomena of volcanos,
that whilst the number of those in a state of activity is no
less than 163, the greater part should exist in islands and
maritime tracts, and that the whole extent of some of our
continents should present not even a vestige of such ap-
pearances.®
It may indeed be objected that this remark does not ex-
tend to the class of extinguished volcanos, which have no
such disposition, but are scattered indiscriminately over the
central region of France, Silesia, Bohemia, Hungary, Tran-
+sylvania, in parts, in short, the most remote from the access
of the present ocean. But it will appear in the course of
this Lecture, that at the period when these volcanos were
in activity, the greater part were near the sea, if not under-
neath it, and that the rest were exposed to the access of
water, derived from the lakes, which had been left in the
low situations when the mass of the ocean had retired.
Instead therefore of these being brought forward as excep-
tions to the generality of the rule laid down, the cessation
of the action now that the water has left their neighbour-
hood seems to furnish a confirmation of it. ;
- But as our hypothesis merely implies the presence of
waler as subservient to the volcanic operations, it may yet
be asked why the existence of volcanos should be con-
fined to the neighbourhood of the sea, whilst this fluid
is so generally present on the face of our continents.—
If the crust of the earth, it may be said, is so traversed
by cracks and fissures beneath the bed of the ocean, as to

_* The antients remarked the same thing with regard to volcanos. Thus
Macrobius in Somn. Scip. lib. 2, c. 10. says,  Ignem mthereum physici tra-
‘diderunt humore nutriri;” and Justin lib. 4. sub initio, Accedunt vicini, et

i Etne montis ignes, et insularum olidum, veluti ipsis undis alatur

ndium. Neque enim in tam angustis terminis aliter durare tot saculis
tantus ignis potuisset, nisi humoris nutrimentis aliretur. He therefore su

poses the waters to be sucked up by Charybdis, and thence transmitted to the

l,ql_ﬂnmnthich they nourish. Eadem causa etiam /Etns montis perpetucs

mm it. Nam aguarum ille concursus raptum secum spiritum in imum

1 Arahit, atque ibi suffocatum tamdiu tenet, donec per spiramenta terrm
diffusus, nutrimenta ignis incendat.”

2 A
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only two miles in depth would counterbalance that of a
column of lava sufficiently high to reach to the summit of
Vesuvius. When the volcanic action therefore took place,
either at a great distance from land, or where the incum-
bent strata opposed a resistance too great to be overcome,
the case supposed by Gay Lussac would actually occur,
and the products of the eruption would be thrown out by
the very aperture which admitted the water; but where,
as is more commonly the case, the pressure of so vast a
body of liquid proved superior to the resistance of the
rock above, joined to the weight of the lava itself, the phae-
nomena would manifest themselves at the nearest point of
the coast which yielded to the force applied.

It must be added likewise that the original aperture would
be obstructed by the operations of the volcano itself, first by
the rise of the gases disengaged by the decomposition of the
water ; secondly by the expansion in the rocks immediately
surrounding the place in which the action resided; and
thirdly by the injection of melted lava into the minutest
crevices of the rock.

Granting therefore the existence of the inflammable sub-
stances themselves at the spots in which the volcanic action
resides, it is not difficult to account for their being set on
fire in consequence of the water so constantly present.

It only therefore remains to be seen, whether the phee-
nomena attendant upon an eruption are of such a nature,
as would result from the cause assigned.

The most constant and essential phznomenon of an
active volcano, is the evolution of certain aeriform fluids,
which, forcing themselves a passage through the incumbent
strata, carry up with them whatever comes within the sphere
of their violence, thus giving rise to ejections of stones, of
ashes, and even of water,

- To determine the chemical nature of these gases, and to
ascertain by an extensive induction of particulars, which of
them are to be considered essential, and which as arising out

212
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crater, and the sulphureous vapours given off, show that it
is in the state of a Solfatara. :

It would be interesting to ascertain, whether the acid
earth said to be found in great quantities at a village called
Daulakie, in the south of Persia, between three and four
days journey from Bushire, on the Persian Gulf, has a con-
nection with any thing voleanic. It is used by the natives
in making their sherbets, &c. and large quantities are thus
employed. A portion has been brought from thence by
Lieutenant-Colonel Wright, and examined by Mr. Pepys,
who finds that about a fifth of it is soluble in boiling water,
yielding an acid solution, which, when tested, gave proofs
of the presence of sulphuric acid and iron, and on evapo-
ration yielded crystals of acidulous sulphate of iron.*

It would seem, that some mixture of this kind may have
given rise to the statements respecting solid sulphuric acid,
said to have been found in caverns among the volcanic rocks
of Radicofani in Tuscany.+t

Carbonic acid is a common product of volcanos nearly
extinet; it is emitted, as we have seen, very abundantly from
fissures in the neighbourhood of Naples, as well as near
Rome, in the Vivarais, in the Eyfel, and in most of the loca-
lities specified in my former Lectures.

It is supposed that the Mofettes, which often succeed an
eruption of Vesuvius, consist of this gas; but it is remark-
able, that during a state of vigorous action this volcano does
not appear to emit it.} This is perhaps more accountable,
when we recollect, that Potassium, and probably the other
alkaline as well as the earthy bases when heated, decompose
carbonic acid, and indeed if we attribute its disengagement
to the action of heat upon calcareous strata, (which appears
to be its most probable source) it will perhaps appear, when
we come to consider the rocks amongst which volcanos are

- # Phil. Mag. Ixii. 75.
+ Phillips’ Mineralogy, p. 110.
1 Monticelli Storia de Fenomeni del Vesuvio, p. 149,
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would be the decomposition of the water, the union of its
oxygen with the metallic bases, and the dlsengagement of
an enormous quantity of hydrogen gas.

But the latter substance, it may be said, has not yet been
detected in a separate form among the gaseous products of a-
volcano, and Gay Lussac has even maintained that it cannot
be present, since it would be inflamed in the air by the red-
hot stones thrown out from the volcano, which has not been
observed to happen. It might be answered perhaps, that
this effect is prevented by the presence of large quantities of
muriatic acid, for hydrogen gas is known to lose its inflam-
mability when mixed with that substance; but the most
probable solution of the difficulty seems to be, that of sup-
posing this principle to have combined in its nascent state
with sulphur, and the two bodies to have been evolved in the
form of sulphuretted hydrogen gus.

In whatever degree indeed the presence of sulphur may
contribute towards the processes taking place in the interior
of a volcano, it is certain from the nature of the gases
evolved, that it must exist either at or near the spot at which
they are going on, and in either case the heat evolved by the
inflammation of the earthy or alkaline metalloids would be
amply sufficient to dissipate it in an elastic form, and to
determine its combination with oxygen so soon as it came
into contact with atmospheric air. In the former case it
would be in a fit state to enter into union with any nascent
hydrogen, in the latter it would constitute the sulphurous
acid so common in all voleanos.

But it is well known, that sulphuretted hydrogen and
sulphurous acid mutually decompose each other when in
contact, so that the gas actually evolved from the crater
only denotes the excess in which the one ingredient has
been formed over the other. Where the process is carried
on in places to which oxygen in a free state gains admit-
tance, and causes heat enough to determine the ready come
bustion of the sulphur, it is probable that sulphurous acid
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" A voleanic mountain is usually composed in one of two
ways: it is either a conical mass of homogeneous rock,
which appears to have been heaved up at once into its actual
position by the agency of elastic fluids, or it is composed of
a succession of beds, generally consisting of cellular lava
and tuff, in alternating strata, which radiate in all directions
away from a circular cmrity, which occupies the centre of
the mountain.
- The former, if we believe Humboldt, is the case in many
of the volcanos of Equinoxial America, where a huge conical
mass, composed of trachyte, rises to an enormous height
above the surrounding country, forced up, as he conceives,
by elastic vapours in the manner described in the lines of
Ovid already referred to, which appear so applicable to the
recent case of Jorullo.
Of this mode of formation enough has been said in my
third Lecture.
The latter kind of structure has been well illustrated by
Von Buch in his Memoirs on Craters of Elevation, and on
the Island of Lancerote,* and the same has been shewn by
Mons. Neckar de Saussure to belong to the old crater of
Monte Somma near Naples.
1 have already stated my objections to the manner in
which the latter geologist has attempted to account for this
arrangement in the case of the Monte Somma, and I should
even doubt its applicability to any mountain, composed of
strata of lava divided by beds of tuff possessing any con-
siderable degree of compactness ; as I conceive, that where-
ever this is the case, the materials must have been cemented
by the intervention of water.
In such cases I am more disposed to adopt an explanation,
~which, if not divectly stated by Von Buch, seems to flow as
a natural consequence from his remarks on Craters of Ele-
‘wation,

That at a period antecedent to the commencement of the

* Memoirs of the Royal Academy of Berlin, 1818,
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lavas which may be accounted chemical, and secondly of
those connected with their mineralogical chirioversi

- Lava, when observed as near as possible to the point from
whence it issues, is, for a most part, a semifluid mass of the
consistence of honey, but sometimes so liquid as to penetrate
the fibre of wood.* It soon cools externally, and therefore
exhibits a rough unequal surface, but, as it is a bad con-
ductor of heat, the internal mass remains liquid long after
‘the portion exposed to the air has become solidified.+ The
temperature at which it continues fluid is considerable enough
to melt glass and silver,} and has been found to render a
mass of lead fluid in four minutes;| when the same mass,
placed on red-hot iron, required double that time to enter
into fusion.

Even stones are said to have been melted when thrown
into the lava of Vesuvius and of Etna.§

On the other hand the temperature in some cases does not
appear to have been sufficient to fuse copper, for when bell-
metal was submitted to the action of that of 1794, the zine
was separated, but the copper remained unaffected. I This
has led Dolomien to believe that sulphur contained in lava
acted as a flux, and caused its constituents to enter into
fusion at alower temperature than they would naturally do.

~ The presence of sulphur in lava, though long disputed,
appears to be established by the recent experiments of
Monticelli, who has shewn, that sulphurous acid is given
out, when an heated mass of lava is exposed to the action

of the air, but that when air is excluded, sulphur only is
sublimed.*#

* Fleurian de Bellevue surl’action des Volcans, 441. Faujas St. Fond.

+ That of 1822, some days after it had been emitted, raised the thermometer
from 59 to 95 at a distance of 12 feet—three feet off the heat produced greatly
_exceeded that of boiling water. Monticelli Storia di Vesuv.
-} Breislac, voy. dans la Camp, 1. p. 279.

I Spallanzaui, b. 4. p. 3.

§ Spallanzani, do. p. 8, and Fazzello as quoted by Spall. p. 11.

€ Breislac in loco citato.

#% Bee his last work, entitled, Storia dei Fenomeni dei Vesuvio.
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- This felspar is derived immediately from trachyte, that
'be1 the rock which directly surrounds the focus of the
wlmemuon for if we examine the strata that succes-
sively present themselves on the sides of a crater, we are
sure to find that the lowest in the series is trachyte, from
which is derived by fusion the obsidian, as is the case at -
Teneriffe.

Agreeably with this view, I have myself remarked, that the
oldest lavas of Mount Etna approached most nearly to the
characters of trachyte, and that there even seemed a gra-
dation, dependent upon the relative antiquity of the beds,
down to the lavas of the present period, which possess the
usual cellular and semivitreous aspect of such products,

But together with these, which may be viewed in the
light of essential ing‘redients lava often contains augite, leu-
cite, hornblende, mica, olivine, specular iron, and other
minerals, which appear not to have been present in the
matrix, but to have resulted from the play of affinities in-
duced amongst its ingredients, in consequence of the fusion
which they had undergone.

- Whether therefore we look to the original nucleus of a
volcanic mountain, or to the products that have at successive
periods been derived from it, we shall be led to the same
conclusion, namely, that the substance on which the fire
had acted was a felspathic rock allied to trachyte, and that
the bodies ejected during an eruption may be regarded
either as modifications of it, or as extraneous substances to
which the action had accidently penetrated.

- To the former class perhaps belong lavas in general, as
well as pumice, obsidian, and the like; to. the latter the
marbles and other substances not volcanic, that lie scattered
round the sides of many volcanos.

- But considering the peculiar characters of trachyte, and
the circumstance of its being limited to countries that appear
to have undergone the action of heat, we can hardly regard
it as a substance which makes a part of the original consti-
tution of the globe, and shall be disposed to set it down as
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Now, although the preceding enumeiation indicates such
a variety with regard to the position of volcanic formations,
as may seem at first sight to baffle all general conclusions,
yet when we consider, that in the majority of instances, the
rocks have been referred either to the primitive or transition
series, and that in the remaining ones, the latter were ata
depth far less considerable, than that at which we shall
afterwards find reason to conclude the volcanic force itself
to reside, I think it may not unfairly be presumed, that
voleanos have universally broken out amongst the older
formations, or those most near to the nucleus, whatever it-
may be, of the globe.

It is obvious indeed, that in those cases in which volcanos

have appeared in the midst of primitive rocks, we cannot
presume the seat of action to reside amongst those of a later
date, but that the reverse does not hold good ; so that if we
only admit that any certain position is to be assigned to
these products, a single case of their occurrence in the
midst of older formations would overturn every inference,
to be derived from -their being observed to emanate from
strata of a more recent date.
- This presumption is farther strengthened, by considering
the nature of the substances, found in the midst of lavas,
which preserve any traces of their original characters, or
the loose masses of unaltered rocks, that are occasionally
thrown out. -

Amongst the former, T have never seen or heard described
any substance that bore the slightest resemblance to the
constituents of secondary strata, but have often observed
imbedded portions which present the appearance of altered
granitic rocks.

- Thus at the Puy Chopine in Auvergne, granite is found
intermingled with the trachyte and greenstone, thrown to-
ﬁh&r in such confusion, that we imagine the whole to have

een elevated at one time, before the rock had been entirely
acted upon by the heat.

In the lavas of the Vivarais, as well as in those of the

2B
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Rhine, I have met with masses imbedded that have much
the appearance of an altered gneiss or granite, and the same
thing is also seen in the tuff of Glemhenburg in Styria.
Humboldt mentions havmg found, in the midst ﬁf' e
new volcano of Jorullo in Mexico, white angular 1ts
of syenite composed of a small portion of hornblen
much lamellar felspar; and in the collection of Dr. T DM
son, now in the Museum of Edinburgh, there is said to ﬁe
a fragment of lava enclosing a real granite, which is l:hm-'
posed of reddish felspar with a pearly lustre like adM
of quartz, mica, hornblende, and lazulite.
I have likewise seen among the specimens from the Pom:ui
Islands, presented to the Geologica) Society by Mr. Scrope,
a piece of granite, or perhaps rather of a syenitic rock,whm]:}'
he states, in the annexed catalogue, to have been found i in |
the midst of the lrachjrte from this locality. '
But the most interesting fact perhaps of this description,
is one related on the authority of a zealous culh?ntom b,
natural history, Signor Gemellaro of Catania,—I mean the
presence of a mass of granite containing tin-stone, enveloped
in the midst of a stream of lava from Mount Atna. The
specimen I have myself seen, and though I cannot pretend
to have ascertained the presence of tin-stone, am able to
vouch for the general accuracy of the account he has pub-
lished of the substance. 4
It may be remarked, that these specimens of gramtm i
rocks have, in general, a degree of brittleness, which accords
very well with the notion of their exposure to fire. “'
The general character of the ege::ted masses, which are nu& g
imbedded in lava, is such, that it is difficult to refer Lhen} A
to any rock with which we are acquainted ; it is true that
M. Poli of Naples, has in his possession a fragment of rc
thrown out by Vesuvius, which Humboldt pronounces to
be a true mica slate, but in most cases they are mlxtureﬂ 2
nepheline, mica, augite, leucite, and other minerals, whlv;
are rarely found associated together in the same manner in
any of the original rock formations.

AH
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" I have already alluded * to the probability, that the
leucite crystals are cotemporaneous with the rocks in which
they occur, and may add in addition to the fact before stated
in support of this opinion, that Von Buch observed at
Borghetto, in the midst of the erystals, a black substance
analogous to the rock in which the whole was imbedded,
and that in some cases, where the leucite did not completely
envelope it, a connection was observable between the black
substance and the rock. Sometimes in the place of the former
a crystal of augite occupied the centre of the leucitic mass.
- Admitting then these crystals to be cotemporaneous with
the rock, and the whole to have been formed by the vol-
canu out of the materials submitted to its action, it seems
most probable that the latter, if derived from any known
rocks, should have belonged to the primitive or at least the
transition, rather than to any more recent order of forma-
tions.

Independently of these considerations, the general charac-
ters of trachyte favour the idea of its derivation from
granite, or some analogous substance; it is from this re-
semblance that it has been called by Dolomieu granitoid
lava,* and, although the two rocks may be distinguished by
the presence of quartz in the one, and its absence in the
other, yet the predominance of felspar in both seems to
place them under the same genus, and to distinguish them
from the constituents of secondary strata, where that mineral
hardly can be said to occur, except where we have reason to
suspect the agency of fire.

It would be interesting to possess a comparative analysis
of a series of specimens of trachyte and granite, taken as
nearly as possible from the same localities, since notwith-
standing the mineralogical differences above pointed out,
there is reason to believe that their chemical composition
may vary but little.
© * Bee page 124

* Hence Strange mistook the trachyte of the Euganean Hills for granite.
See his Paper in the Phil, Trans.
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Thus though quartz is wanting in trachyte, and abundant
in granite, yet the siliceous earth contained in that mineral
may have united with the alumina present, in such pro-
portions as would form felspar, and in this manner perhaps
the latter has become more abundant, at the expense of the
other two ingredients of granite.

The fusion effected by the voleanic upemuuna would be
favourable to the play of affinities, and enable the parhclea
of the silica freel}* to combine with the other earths in ﬂm
requisite proportions.

In some cases on the contrary, where the mntenn! opera;-
ted upon consisted chiefly of quartz, the result may have
been that variety called millstone trachyte, which, though
chiefly siliceous, betrays its igneous origin by the cells and
cavities it so abundantly contains. :

‘We have thus arrived at the conclusion, that the charac-
ters of volcanic products in general are such as lead toa
fair presumption, that they are derived from some of the
older rock formations, a fact fully confirmed by a consider-
ation of the ph@nomena attendant on an eruption, the
general tenor of which plainly denotes, that the focus of the
action is situated at a depth at least as great as that mwhiuh
granite extends.

I do not lay any stress on the remarks of Stukeley, w’hﬂ
calculates from the compass of country over which earth- 1

quakes have been felt, that the force must in some instances
he 200 miles beneath the surface,* because we have reason
to believe, that the vibrations may be propagated laterally
far beyond the immediate influence of the impelling force;
but I would argue from the immense mass of materials ejec=
ted by Vesuvius or Ema, without exhausting itself, or caus=
ing any diminution in its own dimensions; from the pro-
digious height to which the trachytic nucleus of a volcano

* Asin the one that oceurred in Asia Minor A. D. 17, which destroyed
thirteen cities, and extended over a diameter of 300 miles. See Stukeley on
the Cause of Earthquakes. Phil. Tranact. for 1750.
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is raised, as at Teneriffe, and in Equinoxial America; and
lastly from the immense violence of the eruptions, which
would shiver to atoms any superficial covering of rock, that
the elastic vapours must be disengaged at a depth at least
as great as that, to which the crust of the earth can be
supposed to extend.

- These considerations will be viewed as more favourable
to the hypothesis suggested by Sir H. Davy’s discoveries,
than to any other perhaps that has been proposed. Thus it
has been shewn, that volcanos usnally take place in situa-
tions, in which the element calculated to excite the com-
bustion was largely present ; that the aeriform fluids given
out are such as would be generated by the chemical action
superinduced by its presence; that the nucleus, as well as
the products of a volcano, are of a nature likely to result
from the action of heat upon the constituents of the nearest
rocks we know of to the seat of the action ; that the charac-
ter of the unaltered masses ejected favour such an opinion ;
and finally, that the ph&nomena themselves indicate a cause
at once deeply seated, and of wide extent.

Al these circumstances on the contrary are opposed to
the theory, which attributes voleanos to the combustion of
beds of coal or sulphur, for though these substances may be
often present in the neighbourhood of burning mountains,
yet the rock, in which they are imbedded, belongs, as I have
shewn, to a comparatively recent epoch in the history of our
planet, and the phenomena, which they exhibit when in a
state of inflammation, are such as denote a local and super-
ficial origin.

- Conceiving therefore that the former hypothesis affords the
more plausible explanation of the facts detailed, it may be
~worth while to recapitulate the substance of the foregoing
remarks, in such a manner as may enable me to point out
the connection of the several ph&nomena one with another,
‘and their dependence upon the cause assigned.

Let us suppose, that the nucleus of the earth at a depth

of three or four miles, either consists of, or contains as a
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volume of hydrogen gas, which, if air be present, will com-
bine with oxygen and return to the state of water, if it be
absent, will probably combine with the sulphur, both being
at the high temperature favourable to their union. In the
former case nitrogen gas will be given off, in the latter sul-
phuretted hydrogen.

~ But in case of the presence of oxygen, the sulphur will
also become inflamed, and give rise to the production of
sulphumua acid, whmh will predominate among the gaseous
exhalations emitte:d from the mouth of the wlcsmn, provided
sufficient quantity of air be present to combine with the hy-
drogen and re-convert it into water. So soon however as
the oxygen is consumed, the hydrogen, no longer entering
into combustion, unites with the heated sulphur, and escapes
in the form of sulphuretted hydrogen, which, towards the
latter period of the eruption, will predominate over the
sulphurous acid, because it continues to be formed long
after the want uf oxygen has put a stop to the production
of sulphurous acid. Now it is well known, that these two
gases mutually decompose each other, and therefore cannot
exist at the same time, so that the appearance of sulphuret-
ted hydrogen from the mouth of the volcano may indicate,
if not the entire absence of sulphurous acid at the place at
which the process takes place, at least that its formation is
stopped by the consumption of oxygen, or is going on with
less energy than heretofore,

The very circumstance of the reproduction of water by
the mutual decomposition of these two gases, might be the
means of keeping up the action in a languid manner for an
indefinite period. The slowness with which lava cools
would cause it to give out for a considerable time sufficient
heat to the adjoining strata, to place the sulphur at the
t’émperatum necessary to cause its combination with oxy-
gen; hence a certain portion of sulphurous acid would
be continually emitted, which however would be soon de-
composed by the hepatic gas present. The water resulting
from this process would percolate into the recesses of the
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rock, act upon any portions of the alkaline and earthy
metalloids that might have escaped the original action, and
give birth to a fresh volume of hydrogen gas, ready in its
wrn to dissolve a new portion of sulphur, and thereby to
contribute to the repetition of the same phznomena.

The aepuatmn of muriatic acid from the common salt
present in sea water is explamed on the common principles
of chemistry, by the superior affinity exerted by the base
for the siliceous or aluminous earth than for the acid, ‘and
the sublimation of iron in the state of fer oligiste, rather
than of peroxide, may result from the deoxydizing pro-
perty of the sulphuretted hjrdm-:ren at the same time dis-
engaged. The carbonic acid given off may be derived
cither from the carbonaceous matters that have entered into
combustion, a view of the subject which is perhaps favuured %
by the phzznomena of the pietra mala, or from the action
of the high temperature upon the carbonates of lime and
magnesia, existing in the strata above the seat of the vol-
canic action. I have already remarked, that this latter gas
is chiefly found in volcanos that have become extinct, or
have been long in activity, where time appears to have been

given for the heat to extend itself beyond the immediate
sphere of the volcanic action. _

In short, on the supposition of salt water a.mi air being
brought in contact with the sulphurets of the metals and
earthy metalloids, all the known phenomena of volcanos.
may be deduced in the order in which they appear to occur:
in the first place, so long as air was present, an evolution of
large volumes of muriatic, sulphurous, and nitrogen
mgether with aqueous vapour, would take place ; at a later
period, when the oxygen was expended, sulphuretted h]r'
drogen and carbonic acid, with a smaller quantity of muri
atic acid, would appear; lastly, when all the other Eﬁ'ectﬁ
had aubmded, aqueous vapour and carbonic acid might
continue to be evolved. &

Ifit be asked, how we can account for the prEﬂenl:ﬂﬂf_.,;"
atmospheric air in the interior of a volcano, I answer, that

l“f
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as the first effect of the heat would be to produce a softening
of the contiguous strata, it must necessarily happen, that
the evolution of so large a portion of elastic matter would
have the effect of bearing them up to a certain distance round
the focus of the volcanic aciion.*

. This aperture would undoubtedly be filled in the first
instance by the gases given off by the volcano itself, but
the slightest intermittence, or even inequality in the process
would occasion a partial vacuum, which the air of the
atmosphere would immediately fill.

After these remarks, which have for their object the
nature and origin of voleanic rocks themselves, we are
naturally led to inquire, what relation they may be supposed
to bear to the other constituents of our globe.

It remains yet to be seen, up to what point we are justi-
fied in extending the operation of the same cause to the
explanation of the ph@nomena of our globe, whether for
example, there is sufficient reason from analogy to conclude,
that the basalts and porphyries of older formation have re-
sulted from a modification of the same process, or whether
we can discover in them such differences of character, as
imply something more than a mere alteration in circum-
stance, and baffle all attempts to refer them to a common
origin.,

So far as relates to the pha&nomena exhibited by the
rocks themselves, the shifting, and disturbance they occasion
in the surrounding strata, the hardening of the parts in
contact, and the conversion of coal into coke by driving off
the bituminous matter, I should despair of adding any
thing to the luminous remarks of Professor Playfair; but

* Coroelius Severus, in his poem on Etna, seems fully sensible that
gaseous exhalations are the cause of volcanic phenomena. See the lines
‘beginning:
f Non propera est igni par et violentia semper,

Ingenium velox illi, motusque perennis ;

Verum opus auxilio est, ut pellat corpora, nullus

Impetus est ipsi; qué spiritus imperat, audit.

Nunc princeps magnusque, sub hoc duce, militat ignis. &c,






Differences in mechanical lexture explained. 395

in which respect they have been shewn by Dr. Kennedy to
resemble each other very nearly, and in particular to cor-
renptm&m the quantity of vegetable alkali they contain.

IE may mdeed be objected, that rocks so uniformly com-
pact as the basalts and porphyries, which exist in the older
strata, are not common among the products of actual vol-
‘canos 3 that the cellular varieties found in the older rocks
differ from those existing in the more modern, in having
their peres for the most part filled with crystalline matter,
which is almost wanting in the other; and that vitreous
substances, which are rare in the former, constitute a con-
siderable portion of the contents of the latter.

Considering nevertheless the remarkable resemblances
before pointed out, I think we should be disposed d priori
to view those minor differences, as indicating rather some
alteration of circumstances, than a cause altogether dis-
tinct ; and this presumption would doubtless be strengthen-
ed, by considering, that the conditions, under which the
volcanic force must have been exerted at the earlier period
alluded to, were really different from those which operate
at the

But if it could farther be shewn, that the circumstances
of the former case were precisely such, as would be likely to
produce those characters which distinguish trap rocks from
the products of later volcanos, the notion of a similarity of
origin would be rendered more probable; and this prob-
ability would almost ripen into certainty, if it were proved,
that, as soon as the earth approached its actual condition,
the rocks resulting from the operation of fire presented a
‘nearer relation to the products of actual volcanos; inso-
‘much that the charaeters of them, which date from a permd
‘intermediate between the oldest and newest class of forma-

‘tions, appeared to constitute a connecting link between the
‘two former.

Dolomieu in France, and Strange in England, were I
believe the first who pointed out the occurrence of syb-
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marine vulcanas, which are not assumed to have existed &l
the mere convenience of explaining facts, but are fully esta-
blished, by the repeated instances on record, of rocks cons
sisting of volcanic matter suddenly elmted in the midst of
the ocean,
The former explained in this manner that altemnuun of
Neptunian and Volcanic deposits, which I have noticed in a
former part of this inguiry as being found in Sicily and near
Lisbon; and the latter referred to the same cause the
analogous ph@nomena in the Vicentin; justly concluding,
that these rocks, which in their general characters presented
so close an analogy to the products of actual volcanos, were
seen under circumstances, that excluded any other notion
respecting them, than that of their having haen tueﬁl.ed _
under water. |
Availing himself of this dlsuncmm, though not agreeing
with these writers in the precise view which they had taken
of the pheenomena, Dr. Hutton, in his celebrated Theory of
the Earth, proceeded to point out, that the differences be-
tween the present effects of heat, and those attributed to it
in earlier periods of the history of our globe, might be ac-
counted for by the pressure exercised during the latter by
the ocean, then incumbent upon the rocks so formed. \
¢« The tendency of an increased pressure,” to use the
words of Professor Playfair,* ¢ on the bodies to which hm; g
is applied, is to restrain the volatility of those parts Whlﬁh‘ .
otherwise would make their escape, and to force them to
endure a more intense action of heat. At a certain depth
under the surface of the sea, the power even of a very
intense heat might therefore be unable to drive off the oily
or bituminous parts from the inflammable matter there
deposited ; so that, when the heat was withdrawn, these
principles might be found still united to the earthy and car-
bonic parts, forming a substance very unlike the residuum
obtained after combustion under a pressure no greater than
the pressure of the atmosphere. It is in like manner reason=

~* Qllustrations. In Playlair’s Works, Vol. L. p. 38. ae
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able to believe, that, on the application of heat to calcare-
ous bodies under great cumpressiun, the carbonic acid
would be forced to remain; the generation of quicklime
would be prevented, and the whole might be softened, or
even completely melted; which last effect, though not de-
ducible from any experiment yet made, is rendered very prob-
able, from the analogy of certain ph@nomena.”

. These anticipations were fully realised by the masterly
experiments since undertaken by Sir James Hall, which
shewed, that the carbonic acid, usually driven off from lime-
stone by the action of heat, may be retained in combination
with it by a pressure greatly inferior to that of the present
ocean, and that the calcareous matter under such circum-
stances enters into fusion, at a temperature which it com-
pletely resists when this elastic material is expelled.

Sir James Hall has applied this discovery with great suc-
cess to explain the occurrence of calcareous matter in the
cavities of amygdaloidal traps, and that of water in those of
certain agates existing in the same class of rocks, whilst
such substances have never been met with amongst modern
lavas, |

I do not find however, that he has alluded to the greater
cellularity, which the latter, taken in general, possess in com-
parison with basaltic formations, although this appears to be
an obvious consequence of the absence of that quantum of
pressure, which was necessary to control the volatility of the
gaseous ingredients ; and may be justly attributed to such a
cause, from the fact, that the upper part of a stream of
modern lava, where the pressure is least, is generally most
vesicular.

The last distinction alluded to, namely the nearer ap-
proach to a vitreous aspect in the products of modern vol-
canos in general, may also, if I mistake not, be referred, in
great measure, to the same difference with respect to the
pressure exercised during their formation, and what took
place under the bed of the ocean.

Before however I attempt to account for this character
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upon ‘the above principle, it will be necessary for me to
allude to some experiments of Sir James Hall and others,
with respect to the cause of the vitreous texture nssumed. hy;
many artificial products in the act of cooling.

The former, in a paper published in the 5th volume uf the;
Edinburgh Philosophical Transactions, has the merit of first
distinctly shewing, that the stony aspect, which distinguishes
basalt from the usual products resulting from its fusion,
may be imitated by allowing the substance to cool in a very
slow and regular manner ; and Mr. Gregory Watt,* who pro=
secuted these experiments on a more extended scale, shewed,
that the various modifications of structure, exhibited from
the most compact to the most vitreous lava, are successively
produced, according to the different degrees of rapidity, with
which the several portions of the same basaltic mass return
to a solid condition.

Mons. Fleurian de BeIle\rue, who published a mmﬂat
paper in 1805, pointed out, in addltmn to the preceeding
results, an interesting analogy between the products of the
slow cooling of glass and certain natural compounds, in the
being similarly acted upon by chemical reagents, nitric acid
reducing the former, as it does zeolites and other minerals,
to a jelly, in consequence of the separation of the earthy and
alkaline bodies soluble in that fluid from the silica previously
combined with them. A similar property belongs to most
felspathic lavas, especially to clmksmne ; and even to certain
bsaalts. i

The analogies, between - the prod.ucta of artificial fusion £
and the substances found in trap rocks, have of late been
extended by the experiments of Mitscherlich, who, it is
said, has succeeded in producing crystals of augite in no
respect different from those that occur in nature. 1

Hence it appears, that the vitreous structure, common to
so many different substances, is assumed, in consequence,
for the most part, of their rapid transition from a liquid toa

# Phil. Transactions for 1804, r
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solid state, owing to which the ingredients were prevented
from exerting their mutual affinities, and uniting into those
compounds which they have a natural tendency to form.

It is true, that something would appear to be attributable
to the particular chemical composition of the substances
themselves ; for obsidians and pumice are found to be pecu-
liar to certain volcanos, and even to certain stages of their
action, being met with at Lipari, but not at Etna, among
the antient Puzzolanas of Naples, but not among the
modern products of Vesuvius; nor can their formation be
in all cases attributed solely to rapid cooling, as we observe
the former constituting entire currents, and the latter ejected
in loose masses, intermixed with others of a more stony
character.*®

From the observations of Humboldt on Teneriffe, it may
perhaps be concluded, that these products are derived in
common from the direct fusion of trachyte; and thus we
may account for their occurrence solely among the masses
first ejected from the crater of the peak ; nor does it seem
altogether improbable, that this tendency to assume a per-
Jectly vitreous condition may be connected with the pre-
sence of a larger quantity of alkali, and that the latter being
in part dissipated by a longer continuance of the heat, the
remaining ingredients may afterwards take upon themselyes
a form less perfectly vitreous, even where all the other cir-
cumstances remain the same.

These exceptions however do not affect the general truth
of the proposition, that all lavas would assume a vitreous
condition, if suddenly cooled; and a stony texture, if heat
were abstracted with a certain degree of slowness; for though
the rate at which the cooling process must proceed, in order
to enable the ingredients to exert their mutual affinities,
may be influenced by differences in chemical composition,

till there is reason to believe, that every lava might be
converted into glass, and that every kind of glass might by

* Asin the Island of Lipari. See my Second Lecture,
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proper management be made to develape a chrtam al-

line arrangement. <9 q,.
The question therefore occurs, to rrhht n:b*’wa toe
bute the fact, that obsidians and pumice, so far from b
most common in submarine lavas, are mever met :
amongst them, and that in general the products that havi
resulted from the latter kind of eruptions do not pl'mait
near an approach to the vitreous texture of the former st
stances, as is exhibited amongst those f'ormed tmﬂer
isting circumstances. R M 35 3.
Such an observation, seeming at ﬁrst s:ghl: inconsis
with the fact, that heat is commonly abstracted from bodie
with more celerity under water than in air, requﬁ'eil to b
considered somewhat in detail. h’~
In order to understand this, it must be recollected,
notwithstanding the rapidity with which a heated body
plunged into water has its temperature mdueeﬁ ‘the power
of conducting caloric possessed by that Emﬂ‘-‘m exceeding :";';-
small ; and that it appears from the experiments of Count
Rumf‘urd and others, that, when heat is a];mlh& wdﬂm}
containing water, an equable temperature is shed
among the several portions, chiefly in conseque
circulation induced in the strata of the liquid.
This circulation is effected in two ways: in Hﬂnﬁ !
by the particles of water at bottom becoming q!léclﬂ Iy
lighter when heat is applied to that part of the vessel,
consequently displacingthose above; but in a still greate:
degree, by the absorption and subsequent dmngagemant
caloric, caused by the conversion of successive portions o
the water nearest the source of the heat into steam, and t'"
return to their original condition when they come ml:h' Con:
tact with the supernatant liquor. R
Hence, if the heat be communicated to the top i := dc
the bottom of the vessel, it is long before the 'wmi‘
attain thruughuut an equable temperature.
Now it seems almost a corollary from the lawsm
by Sir James Hall’s experiments respecting compressi .;"1_


























































(5

. onthe Rocks which they traverse. 419
e

e species of alteration however, which, if’ we
ich, is effected by volcanic rocks of every
nd kind. Tt consists in the conversion of common lime-
stone intc 'dnlomtte, or in other words in the impregnation
of calcareons matter with magnesia, derived, as he supposes
from the augite of the basaltic rocks contiguous.
I have before shewn the impossibility of applying this
nplmntmn, as Von Buch has attempted to do, to the dolo-
' ound near the volcano of Gerolstein in the Eyfel.*
the south of the Tyrol, where the magnesian limestone
atly developed, Von Buch attributes its formation to
stence of augite porphyry, upon which it is always
_incumbent.t He supposes this porphyry to have
the original compact limestone, discoloured it, de-
emains which it before contained,
d wlar dolomite, and thrown it up so as
orm the lofty colossal preﬂipidtﬁﬁﬂhich it at present
ountain of Bl. ﬂgatha near Trent, the change is
er exposed to our view, in the numberless fissures
Mwm the ]Jlﬂﬂ!tﬂnemlt. In this rock are situ-
‘ated the lead and calamine mines of Bleyberg, Carinthia,
Schwartz h%’ﬁmh &c. which Von Buch supposes to be
n SF the same cause which elevated the entire mass,
~and introduced the magnesia. To the same agency he at-
I tnbtltﬂ the caverns whmh occur so ﬁ'ﬂuentl]r in magnesian
limestone.

M it is clear, that many of these ph@nomena, which are
appealed to as proofs of the action of fire upon the lime=
lo in rehlitjr oceur in situations where no such in-
hﬁ be ted for there is no more pruba.hi[it_f,

e py Firnt Lentmt, p- 52, 53.
U v Dolomite I.ill. eine ﬂahlrgiart A Paper read before the Royal
¢ of Berlin, and noticed in Ferussac's Bulletin des Sciences.
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common among Trap Rocks. 423

ion, nnd adhesion to surrounding sub-

rous muhntwﬂ n consequence of variations in the above
mﬂ&ﬁm. Hence the prisms in the last case so approxi-
mate, that often not even the blade of a knife can be passed
between them ; whereas in prismatic concretions occasioned
by shrinking, the very cause assigned implies that a vacancy
is left. For the same reason the latter are never separated
longitudinglly" into juints, as is frequently the case with
mlnmns of basal

mo :"%}":‘u- em, if those of the Vivarais and of the Eyfel
are to be placed in this class; but I am not aware of such
a rock being formed by the action of any existing volcano.
- No genuine articulated columns at least occur either at
Vesuvius or Etna, for the rocks of Castello d’Aeci and the
Cyclopean Islands are not derived from the present volcano.
It may be remarked, that in the cases alluded to, the basalt
is :i.lwnjrs seen covered by a bed of scorie or some other sub-
sta.nce, which might have prevented the too sudden abstrac-
tmn of heat.

There is also this further distinetion.—In antient volcanic
products no difference of compactness or texture exists be-
‘tween the upper and lower portions of a bed, such as would
indicate a more sudden cooling or a greater evolution of
elastic matter in the superficial portions, as is generally the
case with those of the present day. This obviously may be
referred to the existence of a body of pressure in the former
case independent of the mass itself, whereas in the latter the
increasing weight of matter from above downwards alone
tended to check the formation of cavities, and the more
rapid cooling on the surface was calculated to render the
‘structure more vitreous,

In these points the characters of the preceding rocks pre-
sent a difference, even with reference to those belonging to
the second class which are associated with tertiary forma-




































Final causes of Volcanos. 435

the other ends which voleanos may be intended to answes,
it mnﬂi&ﬂ:ﬁp& not be too bold an hypothesis, when we con-
sider their general distribution, to imagine that they are

the means which nature employs, for encreasing the

extent of dry land in propertion to that of the ocean.
m::h is the tendency of the processes daily taking
appears from various considerations, and from none
M&ukablym from the formation of coral reefs, a

- cause of increase to the quantity of dry land, with whmh
the destroying agencies that are also at work lla'.re nothing
to compete. |

 In speaking of the Canary Islands T observed, that vol-
canic processes seem much more frequently to have elevated,
than to have submerged, tracts of country ; and if we con-
sider, that coral reefs are mostly founded on shoals caused
by voleanic matter that has been thrown up, a sort of con-
sistency will appear in this instance to exist in the arrange-
ments of nature, which leads to the belief, that fire and
water are both working together to a common end, and that
end, the preparation of a larger portion of the earth’s sur-
face for the reception of the higher classes of animals.

- There may be something fanciful in what I am now going
to suggest, with regard to another end which volcanos may
be conjectured to fulfil ; yet if there be any truth in the idea,
that the pressure of the ocean would be constantly forcing a
certain portion of its waters through fissures into the interior
of the earth, it would seem that there ought to be some com-
pensating pmeeas, by which the ratio between the sea and

land might be preserved unaltered.
- This would perhaps be afforded by the action of volcanos,
hich restores to the surface just as much water as has been
itted to the spots at which the process is going on; for
Mugh the first effect of the action is to decompose that
fluid into its constituents, yet the immediate consequence is,
as we have seen, the disengagement of a large volume of
sulphuretted hydrogen and sulphurous acid gases; so that
by the action either of the latter fluid, or of atmospheric air
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On the Typhon or Typhwus of the Greeks. 443

at present are less extensively distributed than they were at for-
mer periods of the earth, and consequently that their influence
may be inferred to be on the decline.

~ Conformably with this, the Egyptians imagined that Mercury has
cut the sinews of Typhon, and that he has since lost the power
that originally belonged to him, having sunk from his ¢ high
estate’” as the general worker of evil, to that of the framer of
earthquakes, thunder, and hurricanes.®

- So also Hesiod, after describing the manner in which Jupiter
overcame the Titans, and other monsters, which Mother Earth
had successively produced to contend with him, says, that
Typlieeus, the author of whirlwinds and earthquakes, was the
youngest of her children.

It may be remarked, that this poet notices the Typhon in an
earlier part of the same poem, and therefore appears to distinguish
him from Typheeus; but it will hardly be supposed that the
attributes of the two Damons, both resembling each other in
name, and derived in all probability from the same Egyptian
source, would be very accurately distinguished.

Let us therefore, without attending to this distinction, proceed
to consider how far the descriptions given of either, or both of
these monsters, correspond with the hypothesis as to their being
more especially intended as personifications of volcanic action.

The account given by Apollodorus is perhaps the most circum-
stantial, and agrees very well with that of Hesiod, the earliest
writer, except Homer, by whom Typhon or Typhecus is men-
tioned.

This mythologist describes him as surpassing in size and force
all the children of Farth ; he wastaller than all the mountains,
his head often touched the stars ; his arms stretched, the one to
the setting, the other to the rising of the sun. The serpents,
which were twisted round his thighs, rese to his head, and sent
forth an horrible hissing ; fire gleamed from his eyes; he hurled
stones to heaven with a lond and hollow noise ; (pera overypay ous
xass Coms) surges of fire boiled up from his mouth (wodds ex re sopares
ediCoaae {ahn). ;

How well this corresponds both with the structure and phe.
nomena of a volcanic mountain, I consider it needless to point out,

* See Plutarch de Iside et Osiride.


























































































