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on Natural Philosophy ; and, notwithstanding the
great disparity of. years between the Professor and
the student, they became intimate friends.

In the year 1766, he distinguished himself in a
still more public manner, as a candidate for the Pro-
fessorship of Mathematics in the Marischal College
of Aberdeen ; and, although only eighteen, sustain-
ed with the greatest credit a trial which lasted eleven
days. Of six candidates, two only stood before him,
the Reverend Dr Traill, who was_appointed to the
chair, and Dr Hamilton, who now fills it. The fol-
lowing extract from the conditions presented to the
candidates before the trial, will show the extent of
mathematical knowledge requisite to afford any hope
of success.

¢t Each of the candidates is to demonstrate some
of the propositions in each of the first six books of
Euclid, and any of the first twenty-two propositions
of the eleventh book. The candidates are to demon-
strate propositions in plane and spherical trigonome-
try, and to apply the propositions to the actual solu-
tion of cases, and to explain the orthographic, stere-
ographic, and gnomonic projections of the sphere.
They are further to explain the genesis of the three
eonic sections, and to demonstrate their capital pro-
perties. The candidates are to have questions put
to them relating to the principles of algebra, the na-
wure and composition of equations, and their resolu-
tion by the method of divisors, and other methods ;
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ing the Elements of Geometry as he taught them in
his class. The chief peculiarity of it is, the introduc-
tion of algebraic signs in the fifth book, in order to
render the proportions more compact, and consequent-
ly more easily followed by the eye. To the first six
books of Euclid, thus modified, were added by Mr
Playfair three containing the rectification and qua-
drature of the circle, the intersection of planes,
and the geometry of solids; then follow Plane
and Spherical Trigonometry, with the Arithmetic
of Sines. The notes, which are peculiarly valu-
able, are thrown into the form of an appendix, and
contain the author’s reasons for the alterations made
in the various parts of the volume, and a discussion
of the difficult subject of parallel lines. It is wor.
thy of notice, as a proof of the high estimation in
which this work is generally held, that it has gone
through five editions of a thousand copies each ; and
that four of these editions were called for while it
was not taught in the University of Edinburgh.
During the winter of 1797, while confined by a
severe attack of rheumatism, he amused himself by
keeping ‘a journal of his studies, from which it ap-
pears, that Physical Geography and Climate, the
law which regulates the decrease of temperature ob-
served in ascending into the higher regions of the
atmosphere, and the influence of that decrease on
barometrical measurements, were the favourite oh-
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and, in every case, is subjoined the formula by which
the result may be applied to practice. In the fol-
lowing year appeared, in the Transactions of the
Royal Society of Edinburgh, the Life of Professor
Robison, who had been his predecessor in the office
of Secretary to that institution, of which Mr Play-
fair was a most active and zealous supporter. Upon
him chiefly devolved the task of arranging and pub-
lishing its Transactions, which he enriched with nu-
merous papers, and a set of meteorological tables,
from his own observations, since quoted by Hum.
boldt, in the work on Isothermal Lines, as of the
greatest value.

Besides the various publications just mentioned,
and numerous contributions to the Ldinburgh Re-
view, two works of great importance had for some
years occupied Mr Playfair’s most serious attention,
One of these was the Dissertation on the Progress
of Mathematical and Physical Science since the Re-
vival of Letters in Europe, written for the Supple-
ment to the Encyclopadia Britannica ; and publish-
ed in that work in 1816. The other, which was the
first conceived, but interrupted in the execution by
the Dissertation, was a second edition of the Illus-
trations of the Huttonian Theory of the Earth. This
edition, of much greater magnitude than the former,
was likewise completely different in the arrangement
of its contents. It was intended to commence with

a description of all the well authenticated facts in
1
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_ perhaps, more than any other, they are distinguish-
ed from those of geologists in general.

The prosecution of his geological studies led Mr
Playfair to spend a portion of the summer vacation,
almost every year, in travelling through the more in-
teresting districts of England, Scotland, and Wales,
of which he thus acquired a most accurate knows -
ledge. These researches he had long been desirous
of extending to the Continent, and had, in 1802,
nearly completed arrangements to that effect, when
the sudden renewal, and long continuance of the
war, destroyed, to all appearance, every prospect of
accomplishing his wishes. He then turned his at-
tention to Ireland, and had visited Dublin and the
Giant’s Causeway, when the general peace of 1815
enabled him to resume his former plan of an exten-
sive journey through France and Switzerland ; to be
prolonged, if he could obtain leave of absence for a
winter, to the southern extremity of Italy.. To ex-
amine the geological structure of such an extent of
country was no small undertaking at the age of six-
ty-eight ; but by regular exercise and frequent ex-
cursions, Mr Playfair had preserved a degree of ac-
tivity and a power of exertion rarely to be met with
in literary men at a much earlier period of life, while
he was relieved from the details of the journey by
his eldest nephew, then just returned from a resid.
ence of some years in the Mediterranean.
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express himself freely in French on subjects of
_ science, and it was only in the lighter conversa-
tion, and in the common occurrences of life, that
he required any assistance. Besides the enjoyment
of society, and the objects of general interest so nu-
merous in that metropolis, he found an opportunity
of studying the minerals and rocks of France in the
museum of the Ecole des Mines; and had the plea-’
sure of examining the basin of Paris in company
with Cuvier and Bronguniart, the porphyries and vol-
canic productions of the Andes with Humboldt and
Bonpland. It would, indeed, be a most culpable
omission, were we not to record the strong sense en-
tertained by Mr Playfair of the flattering reception
and kind attention he experienced from the literary
and scientific society of Paris.

From Paris he proceeded by Fontainebleau, Dijon,
Besancon, and Pontarlier, to Neuchatel in Switzer-
land. This line of road presents nothing remark-
able, and it was only on entering the Val Travers in
Mont Jura, that he met with a phenomenon, cu-
rious in itself, and which had often engaged his atten-
tion, namely, the existence of loase blocks of granite,
gneiss, and mica slate, on the surface of a chain of
mountains entirely calcareous. They first appeared
within the French frontier on the western declivity of
Jura, and numbets are scattered all the way through
the defiles to Neuchatel. The largest and most
striking of them, the Pierre Abot, (so named from
the farm in which it is situated,) lies concesled in
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objection arising from the sharp angles of these
.rocks.

From Neuchatel, Mr Playfair prosecuted his jour-
ney through the low country of Switzerland by
Bienne, Soleure, Arau, and Baden, to Schaffhausen,
at its northern extremity, and thence proceeded to
Geneva, passing through Zurich, Lucerne, Berne,
Morat, and Lausanne. From Lucerne he intended
to make an excursion among the mountains, but the
unceasing rains rendered the attempt hopeless, and
he was compelled to give it up, after a delay of eight

' days. The same cause obliged him to forego one of
.the great objects of a visit which he made to the val-
ley of Chamouni, soon after his arrival at Geneva.
After enjoying two fine days while examining the
valley and its environs, he set out to visit the rocks
-which have been the subject of so much discussion
under the name of the puddingstone of Valorsine ;
but a thunder-storm, with heavy rain and dense mist,
came on while he was on a high plain to the left of

~the Col de Balme, and it was not without much dif-
ficulty, after a search of more than an hour, that the
guide regained the path which led back to the val-
ley of Chamouni. This being accomplished, he
remained all night in a cottage at the village of La
Tour, and proceeded next morning by the Téte
Noire to Trient, and thence to Martigny in the
Valais. At Trient he had the satisfaction of find-
ing several fallen masses of the rocks which he had
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‘true stratification is more dxstmct in the lntenor than
at the surface.
. At Milan, he found ample occnpatnon in the col-
lections of Father Pini, of Breislac, and of .the
Council of Mines, rich in the fossil bones of Loma.-
bardy, the shells of the Apennines, and the volca-
nic productions of Naples, while his evenings were
enlivened by the society of Breislac, Brocchi, De
Cesaris, and Oriani. He made, also, an excursion
to the upper extremity of the Lake of Como, in hopes
of seeing the primary rock, but without success.
From Milax he proceeded by Pavia, Lodi, Piacen-
za, Parma, Reggio, Modena, and Bologna, to Flo-
rence. At Bologna, after visiting the meridian in
the church of San Petrenio, his attention was chiefly
directed to the Institute, which possesses a fine ap-
paratus for experimental philosophy, and a remark-
able collection of anatomical preparations, executed
in wax. , Relieved from the disgust attendant upon
the reality, he spent much time in studying the ana-
tomy of the eye and ear, and expressed a strong de-
sire to possess such preparations, for the use of his
own class. The only person to whom he had an in-
troduction, perhaps the most remarkable in Italy, was
the librarian of the Institute, the Abate Mezzofanti,
who is said to be master of more than thirty lan-
guages. His conversation showed him to be a man of
great general knowledge, and the English, in which
it was carried on, was excellent. As might be ex-
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and Carpi ; as also from Mr Niebuhr, the Prussian
Envoy at Rome, in his search for manuscripts in the
Vatican Library; which, however, proved fruit-
less, the MSS. of Diophantus being such as were al-
ready known to him, and that of Pappus Alexandri.
nus being no longer to be found.

From Rome he proceeded by the usual route to
Naples, where, in the study of an undoubtedly vol-
canic country, he was to acquire the knowledge
which might enable him to decide in doubtful cases. -
Vesuvius itself, at that time active, and pouring out
considerable streams of lava, was the first object of
his attention. He then examined Monte Somma,
the currents of lava which are the produce of more
ancient eruptions, the Zolfatara, Monte Nuovo,
the numerous craters which surround the city of
Naples, and lastly spent three days in the island of
Ischia.

. It is not from the cone of Vesuvius, which is ina
state of activity, and which produces the most forci-
ble impression upon the imagination, that the most
valuable information is derived as to the mode in
which a volcano conducts its operations. ‘The prin-
cipal facts to be noticed with regard to it, are, that
the light proceeds not from flame, but from the re-
flection of the red-hot mass in the crater, that what
appears to be smoke is a cloud of fine cinders and
ashes, and that there is a discharge of elastic fluid
with each ejection of scorie. To attain a know-
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ly well shown even by the inequalities of the internal

faceof Somma, butiscompletely proved on going along

the ridge, and viewing the outward declivity of the
mountain, when you see that these beds lie nearly
parallel to the surface. They are of very unequal
thickness, and it is seldom that any one extends far
in the horizontal direction. They are of a very com- .
pact lava, in which three varieties are chiefly to be
distinguished. The strongest has a blue ground, am
even fracture, or one slightly conchoidal, is studded
with large well formed leucites, and numerous crys-
tals of pyroxene: the surface when weathered is s
dirty brown. The second variety differs from the
former, in being a little less compact, containing the
leucites in very small crystals with abundance of
pyroxene. The third contains no leucites, hardly
any pyroxene, has very little of the crystalline charac-
ter, and resembles some of the most earthy of the
greenstones.

The stone that separates these beds, and that
constitutes by far the greatest part of the mountain,
is a volcanic breccia, of a reddish colour, consisting
of pieces of lava, firmly united, though clearly dis-
tinct. The hard pieces of the stone are of all the
three kinds just mentioned ; the intermediate sub-
stance is either tufa, or scorious fragments of lava.
The surfaces, both upper and under, of the beds
above described, and which are in contact with this
breccia,.are generally scorious, as may be observed
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At a short distance above Resina, among the
vineyards, is to be seen a stream of lava, which is
said to be that of the eruption of 1631. It has
been quarried down to the lower surface, presenting
a face thirty feet in height, of which six feet from
the top and three-or four from the bottom are sco-
rious, while the central portion is exceedingly com-
~ pact: the earth upon which it rests is red, and has
the appearance of being scorched. This lava is full
of pyroxene, but very few leucites are to be seen in
it, and it has many large cavities, some even eight--
een inches in diameter, lined with tubercles of the
“lava itself. It is very sonorous when struck, and
the fracture is even.

Close to the sea-side at La Scala, south from Por-
tici, is an antient lava bearing no date, which
is also quarried, and shows a face 45 feet high,
and more than a quarter of a mile wide. It is like
the last, scorious both above and below, while the
centre is compact. Besides much pyroxene and
some olivine, it is remarRable, as containing the
green oxide of copper, and many filamentous crys-
tals like those of the Capo di Bove near Rome.
The colour is greyish blue, the fracture pulveru-
lent, and the stone much less tough than any green-
,stoné. ‘

- Still farther along the coast is the stream of lava
which in 1794 destroyed the village of Torre del
Greco, and is still exceedingly rugged and desolate,
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stone, of which the deposition is constantly going on
at the surface, but very different in every respect
from an ordinary stalactite. It is of a warm cream
colour, and so full of air-holes as to deserve the -
name of cellular, yet so hard and imperishable as
to have been employed in building St Peter’s and -
the Colosseum. The quarries from which the ma-
terials of these great edifices were obtained, lie in
the plain three miles and a half from Tivoli, and
about fourteen from Rome. They are very exten-
sive, but quite superficial, never exceeding a depth
of fifteen feet; a limit which even now is never pass-
ed, for want of a contrivance to get rid of the water
which every where springs up. The rock lies in ho-
rizontal beds, from which blocks of almost any mag-
nitude can be raised by wedges, and as it recedes
from the surface it becomes more compact, the air-
holes being elongated and more compressed. It is not
a little remarkable, that there now exists no trace of
any elevation which could have kept up a lake suffi-
cient to account for such a formation. :
On the 8th of May Mr Playfair quitted Rome,
and returned to Florence, following the western road
by Viterbo and Sienna. From Rome to the river
Paglia, a distance of ninety miles, excepting in the
vicinity of the lake of Bolsena, nothing is to be seem
but volcanic tufa, containing lava in large rolled
masses, studded with leucites. Among the beauti-
" ful woods which surround that lake, the lava covers
10 :
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_ bed of the river, by which it is still deposited, and
- then suddenly terminates at a point where the hills,
approaching so closely as almost to shut up the val-
ley, indicate the former existence of a barrier, which
might have kept up a lake sufficient to account for
the formation of this singular substance.

From Florence Mr Playfair proceeded by Lucca,
Pisa, and the Riviera di Levante, to Genoa, which,
after a few days, he left for Turin. The chief ob-
ject of curiosity in this route was the marble of Car-
-rara, of which the quarries are situated about three
miles from that city, in a wild desolate valley on the
banks of the Carione. The strata are highly in-
clined, and intersected by numerous fissures, which
cut one another at the angle peculiar to the crystal-
Tization of the carbonate of lime. The fine white
saline marble, employed in the arts, lies between
beds of hlue limestone, of no value, and that are
removed by gunpowder; but the whole process
is exceedingly slovenly, and no pains have been ta-
ken even to make a tolerable road from the quarries
to the sea-shore.

In prosecuting his journey from Turin, by Milan,
to Venice, he traversed in its full extent the great
plain of Lombardy, in which nothing is more re-
markable than the enormous quantity of water-worn
gravel, composed of gneiss, granite, porphyry, pud-
dingstone, and limestone. In the vicinity of the
mountains it forms at least one-third of the soil, di-






| BIOGRAPHICAL ACCOUNT OF

ture, and is much more dense and compact than that
of the Monte Berico itself. He was prevented by
the intense heat (it being now the end of June)
from visiting the Euganean mountains, which stand
insulated in the level plain; but in the ample and
excellent collection of the Conte del Rio, at Padua,
he had an opportunity of seeing their productions,
and received from. the Count himself the most ac-
curate information respecting the relations of the
different rocks to one amother. The rock which
constitutes the main body of the Euganean hills is
.strikingly like the whitish lava of Epomeo in Ischia,
and many of the specimens contained crystals of
feldspath, exactly like those of the lava of the Zol-
fatara. Some specimens taken from what has the .
appearsnce of a current of lava running down the
side of one of the hills, are compact and dense in
the centre, light, porous, and vesicular at the sur-
face. These hills also abound in pitchstone, beau-
tiful pearlstone, and various approximations to vol-
canic glass. From all these circumstances, so very
different from the hills.of the Vicentine, it seems pro-
bable that the Euganean mountains are truly volcanic.

On quitting Venice, Mr Playfair entered the
Alps by a road which, following the Brenta to its
source, in the Valsugana, and then descending the
valley of the Pergine, terminates at Trent, in the Ty-
rol.- From Trent to Inspruck the road passes succes-
sively through the vallies of the Adige, of the Eisach,
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Obergesteln, in the Valais; whence, after passing
the Grimsel, he followed the course of the Aar to
Meyringhen, and having visited the vallies of Grin-
delwald and Lauterbrun, returned by Unterseen,
Brientz, and Alpnach, to Lucerne.

While in Switzerland, Mr Playfair made very few
notes, except as references to the works of Saussure
and of Ebel, which he carried as his guides; and

_we have, therefore, merely pointed out the line he
followed, as one well adapted for the examination of
that interesting country. Of one object, however,
the elide by which the trees of Pilatus are conveyed
into the lake of Lucerne, he has left a description,
which, although not sufficiently perfect to be publish-
ed as a separate essay, is inserted in the Appendix,
a3 too valuable to be lost to the world.

On quitting Lucerne, Mr Playfair again visited
Geneva, where he made a short stay to enjoy the so-
ciety of his friends, and then proceeded to Lyons on
his way home. We have already observed that his
Notes on Switzerland contain few particular observa-

_ tions 3 but the following fragment of a paper, drawn

up during his residence it Geneva, will show the views
be had taken of the generul structure of the country.

¢ Switgerland is not more remarkable for its pic-
turesque and sublime scenery, than for the instruc-
tive lessons that may be derived from its mountains,
its vivers, and its plains. The mountains are the
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calcareous mountains comprehend, therefore, many
mountains of the first order, and with a few excep-
tions, all those of the second. At the foot of this
calcareous formation, which is primary, or of tran-'
sition, is stretched out a great mass of puddingstone,
over the whole length of the mountainous chain ;
sometimes rising into mountains, as in the case of
Rigi, and along with this, though exterior and above
it, is an equally extensive formation of grés, or
sandstone, in horizontal beds, for the most part, and
extending north-east and south-west from the Rhine
at the Lake of Constance, to the Rhone where it
issues from the Lake of Geneva. This sandstone is,
in some places, a stone of excellent quality for build-
ing, as at St Gall, at Lucerne, at Berne, and at Ge-
neva. When of this quality, it resembles exceed-
ingly the extensive formation that lies at the foot of
the Grampians in Scotland, and reaches from the
German Ocean nearly to the shores of the Atlantic.
Both are characterised by containing little quartz,
but much sand, composed of feldspath, mica, and-
hornblende. It seems as if made up of porphyry, that
"had been reduced to sand, and it is nearly akin to
grauwakke. Exterior to all this, still receding from
the mountains, is a quantity of loose gravel, which
covers the rock, whatever it be, to a great depth.
This gravel is of great superficial extent, and con-
ducts us to the mountains of Jura, on the west and
on the north to the Rhine and beyond it. At Jura,
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mistake, of the vast difference between the surface.
as it exists at present, and as it has existed in for-
mer ages.

“ The vast quantity of gravel that occupies nearly
all the low country of Switzerland, has already been
remarked. The ground is never opened in amy .
place, nor an abrupt face found on the banks of a
river, where it does not appear that the-whole con-
sists of gravel and sand. The gravel consists of the
- stones which belong to the high Alps, granite, gneiss,
mica slate, hornblende schistus, petrosilex, jade,
hard limestone, &c. The figure of the stones is
worked remarkably true, aud the polish in genenl
is fine, The consequence of the rivers running
through such materials, has been the formation of
terraces on a vast scale, and in great numbers.. In
many places, & succession of such terraces, as far as
five, may be counted ; as far as two and three are
very common. The height of. one above another is
from twenty to thirty, and even forty feet. At the
Rhine they are very conspicuous ; one, of which I
measured the perpendicular height, was 122 feet
above the present surface of the river. When it is
congidered that three or even four of such terraces
can often be.counted on the banks of this great
river, it may fairly be stated, that the evidence of
the Rhine having flowed at the height of 360 feet
-above the present level, is very conclusive,”#+*o+»

Even mor¢ remarkable than the above are the
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and the summit is a flat surface, from which rises,
on one side, a red face of rock resembling very ex-
actly the remains of the old craters of Vesuvius.
Two streams of lava can be distinctly traced, one
terminating at the bottom of the hill towards Cler-
mont, and the other running down to the valley .of
Royat, which it follows for the remainder of its
course. The surface of both is scorious, while, in
the valley just mentioned, the stream is seen equally
scorious above and below, and resting upon alluvial
earth. There can be no doubt, then, that this is a
true lava : and Graveneyre must be an extinguished
volcano of a very recent date; for every thing indi-
cates that the valley of Royat, when the lava first
entered it, was nearly the same as it is at the present
day. The insulated conical hills, known by the ge-
neric name of Puy, rise from a plain or table land of
granite, tolerably level, but elevated more than 400
feet above the flat country in which Clermont is si-
. tuated. Of these the Puy de Pariou affords the
most perfect specimen. It is a cone covered with
fine turf, both on the ascent and within the crater,
which is a8 mile in circumference, and very deep,
sloping déwnwards at an angle of 30. From the
lower part of the cone issues a considerable current
of lava, still rugged and black, and the plain is co-
vered with scorie and volcanic cinders, which are seen
to the depth of twenty feet in the cuts made by the
winter rains. Near the extremity of this current of






Ixii BIOGRAPHICAL ACCOUNT OF

bis studies during a great part of the winter. He,
however, regained health and strength sufficient to
resume and finish the course of lectures; but m
June the disease recurred with increased violence,
and, after an illness of a month, terminated his exist-
ence on the 19th of July 1819. Although suffer-
ing very severe pain, with very short intervals of
rest, he employed himself, until a few days before
his death, in dictating corrections on the proof sheets
of the Dissertation; and, even after his bodily
strength was exhausted, he retained his intellectual
faculties unimpaired to the very last.

It has struck many people, we believe, as very
extraordinary, that so eminent a person as Mr Play-
fair should have been allowed to sink into his grave
in the midst of us, without calling forth almost so
much as an attempt to commemorate his merit, even
in a common newspaper; and that the death of
a man so celebrated and so beloved, and, at the
same time, so closely connected with manywho could
well appreciate and suitably describe his excellerices,
should be left to the brief and ordinary notice of the
daily obituary. No event of the kind certainly ever
excited more general sympathy ; and no individual,
we are persuaded, will be longer or more affection-

4
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their just value and true place, in the scheme. of
European knowledge, to those important improve-
ments by which the whole aspect of the abstract
sciences has been renovated since the days of our il-
lustrious Newton. If he did not signalize himself
by any brilliant or original invention, he must, at
least, be allowed to have been a most generous and
intelligent judge of the achievements of others, as
well as the most eloquent expounder of that great
and magnificent system of knowledge which has been
gradually evolved by the successive labours of so
many gifted individuals. He possessed, indeed, in
‘the highest degree, all the characteristics both of a
fine and a pewerful understanding,—at once pene-
trating and vigilant,—but more distinguished, per-
haps, for the caution and sureness of its march, than
for the brilliancy or rapidity of its movements,—and
guided and adorned through all its progress by the
most, genuine enthusiasm for all that is grand, and
the justest taste for all that is beautiful in the Truth
or the Intellectual Energy with which he was habi-
tually conversant.

To what account these rare qualities might have
been turned, and what more brilliant or lasting -
fruits they might have produced, if his whole life
bad been dedicated to the solitary cultivation of
science, it is not for us to conjecture ; but it cannot
be doubted that they added incalculably to his emi-

nence and utility as a teacher; both by enabling
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sibly have been on any other topic in the whole cir-
cle of the sciences. To the first, indeed, he came
under the great disadvantage of being unacquainted
with the Eastern tongues, and without the means of
judging of the authenticity of the documents which
he was obliged to assume as the elements of his rea-
sonings ; * and as to the other, though he ended,
we believe, with being a very able and skilful miner-
alogist, we think it is now generally admitted that
_that science does not yet afford sufficient materials
for any positive conclusion ; and that all attempts
to establish a Theory of the Earth must, for many
years to come, be regarded as_ premature. Though
it is impossible, therefore, to think too highly of the
ingenuity, the vigour, and the eloquence of those
publications, we are of opinion that a juster estimate
of Mr Playfair’s talent, and a truer picture of his
genius and understanding, is to be found in his
other writings ;—in the papers, both biographical
and scientific, with which he has enriched the Trans-
actions of our Royal Society ;—his account of La-
place, and other articles which he is understood to

® The authenticity of the Indian tables is inferred, not so
much from the history attached to them, as from the accuracy
‘with which they describe the celestial phenomena of the pe-
riod to which they refer. No one but an astronomer ac-
quainted with the latest refinements of European science,
could have produced such a work by calculating from the pre-
sent state of the heavens. Vide Vol. 111. p. 112, et seq.—Ed.
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unerring and harmonizing taste. In comparing it
with the styles of his most celebrated contemporaries,
we would say that it was more purely and peculiarly
a writlen style,—and, therefore, rejected those or-
maments that more properly belong to oratory. It
had no impetuosity, hurry, or vehemence,—no bursts
or sudden turns or abruptions, like that of Burke ;
and though eminently smooth and melodious, it was
not modulated to an uniform system of solemn de-
clamation like that of Johnson, nor spread out in the
richer and more voluminous elocution of Stewart;
nor still less broken into that patch-work of scholas~
tic pedantry and conversational smartness which has
found its admirers in Gibbon. It is a style, in short,
of great freedom, force, and beauty ; but the deli-
berate style of a man of thought and of learning, and
neither that of a wit throwing out his extempores
with an affectation of careless grace,—nor of a rheto-
rician thinking more of his manner than his matter,
and determined to be admired for his expression,
whatever may be the fate of his sentiments.

His habits of composition, as we have understood,
were not perhaps exactly what might have been ex-
pected from their results. He wrote rather slowly,
—and his first sketches were often very slight and
imperfect,~like the rude chalking for a masterly
picture. His chief effort and greatest pleasure was
in their revisal and correction ; and there were no
limits to the improvement which resulted from this
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with his undertaking, to which we believe most
authors are occasionally liable. As he never wrote
upon any subject of which he was not perfectly mas-
ter, he was secure against all blunders in the sub-
stance of what he had to say; and felt quite assur-
ed, that if he was only allowed time enough, he
should finally come to say it in the very best way of
which he was capable. He had no anxiety, there-
fore, either in undertaking or proceeding with his
tasks ; and intermitted and resumed them at his
convenience, with the comfortable certainty, that all
the time he bestowed on them was turned to good
account, and that what was left imperfect at one sit-
ting might be finished with equal ease and advan-
tage at another. Being thus perfectly sure both of
his end and his means, he experienced, in the course
of his compositions, none of that little fever of the
spirits with which that operation is so apt to be ac-
companied. He had no capricious visitings of fan-
cy which it was necessary to fix on the spot or to
lose for ever,—no casual inspirations to invoke and
to wait for,—no transitory and evanescent lights to
catch before they faded. All that was in his mind
was subject to his control, and amenable to his call,
though it might not obey at the moment ; and while
his taste was so sure, that he was in no danger of
over-working any thing that he had designed, all his
thoughts and sentiments had that unity and con-
gruity, that they fell almost spontaneously into
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steadiest affections. Towards women he had always
the most chivalrous feelings of regard and attention,
and was, beyond almost all men, acceptable and
agreeable in their society,—though without the least
levity or pretension unbecoming his age or.condi-
tion: And such, indeed, was the fascination of the
perfect simplicity and mildness of his manners, that
the same tone and deportment seemed equally ap-
propriate in all societies, and enabled him to delight
the young and the gay with the same sort of con-
versation which instructed the learned and the grave.
There never, indeed, was a man of learning and ta-
lent who appeared in society so perfectly free from
all sorts of pretension or notion of his own import-
ance, or so little solicitous to distinguish himself,
or so sincerely willing to give place to every ome
else. Even upon subjects which he had thorough-
ly studied, he was never in the least impatient te
speak, and spoke at all times without any tone of
authority ; while, so far from wishing to set off what
he had to say by any brilliancy or emphasis of ex-
pression, it seemed generally as if he had studied to
disguise the weight and originality of his thoughts
under the plainest form of speech and the most quiet
and indifferent manner : so that the profoundest re-
-marks and subtlest observations were often dropped,
not only without any solicitude that their value
should be observed, but without any apparent con-
sciousness that they possessed any. Though the
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able to judge of the importance of the service he has
thus rendered to its inhabitants, and through them,
and by their example, to all the rest of the coun.
try. -
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18 ADVERTISEMENT.,

Of the qualifications which this undertaking re.
quires, there is one that I may safely suppose my-
self to possess. Having been instructed by Dr
Hutton himself in his theory of the earth ; having
lived in intimate friendship with that excellent
man for several years, and almost in the daily habit
of discussing the questions here treated of ; I have
had the best opportunity of understanding his
views, and becoming acquainted with his peculis-
rities, whether of expression or of thought. In the
other qualifications necessary for the illustration of
a system so extensive and various, I am abundant-
ly sensible of my deficiency, and shall therefore,
with great deference, and considerable anxiety,
wait that decision from which there is no appeal.

EpiNnBurcH CoLLEGE, 1s¢ March 1802.
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now abounds in places remote from both : if we re-
flect, at the same time, on the irregular and broken
figure of our continents, and the identity of the
mineral strata on opposite sides of the same valley,
or the same inlet of the sea ; we shall see abundant
reason to conclude, that the earth has been the
theatre of many great revolutions, and that no-
thing on its surface has been exempted from their
effects.

To trace the series of these revolutions, to ex-
plain their causes, and thus to connect together all
the indications of change that arc found in the mi
neral kingdom, is the proper object of & TuEORY
oF THE EARrTH.

But, though the attention of men may be tum-
ed to the theory of the earth by a very superficial
acquaintance with the phenomena of geology, the
formation of such a theory requires an accurate
and extensive examination of those phenomens,
and is inconsistent with any but a very advanced
state of the physical sciences. There is, perhaps,
in those sciences, no research more arduous than
this ; none certainly where the subject is so com-
plex ; where the appearances are so extremely di-
versified, or so widely scattered, and where the
causes that have operated are so remote from the
sphere of ordinary observation. Hence the attempts
to form a theory of the earth are of very modem
origin, and as, from the simplicity of its subject,
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SECTION L

OF THE PHENOMENA PECULIAR TO STRATIFIED
BODIES.

1. Materials of the Strata.

1. It is well known that, on removing the loose
earth which forms the immediate surface of the
land, we come to the solid rock, of which a grest
proportion is found to be regularly disposed in
strata, or beds of determinate thickness, inclined at
different angles to the horizon, but separated from
one another by equidistant superficies, that often
maintain their parallelism to a great extent. These
strata bear such evident marks of being deposited
by water, that they are universally acknowledged
to have had their origin at the bottom of the ses;
and it is also admitted, that the materials which
they consist of, were then either soft, or in such a
state of comminution and separation, as rendered
them capable of arrangement by the action of the
water in which they were immersed. Thus far
most of the theories of the earth agree ; but from
this point they begin to diverge, and each to as
sume a character and direction peculiar to itself
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From these, thercfore, and a variety of similar
appearances, Dr Hutton concludes, that the ma-
terials of all the calcareous strata have been fur-
nished, either from the dissolution of former strata,
or from the remains of organized bodies. But,
though this conclusion is meant to be extended to
all the calcareous strata, it is not asserted that every
cubic inch of marble or of limestone contains in it
the characters of its former condition, and of the
changes through which it has passed. It may,
however, be safely aflirmed, that there is scarce any
entire stratum where such characters are not to be
found. These must be held as decisive with respect
to the whole system of strata to which they belong;
they prove the existence of calcareous rocks before
the formation of the present ; and, as the destruc- -
tion of those is evidently adequate to the supply of
the materials of these that we now see, to look for
any other supply were superfluous, and could ouly
embarrass our reasonings by the introductien of
unnecessary hypotheses. *

3. The same conclusions result from an exami-
nation of the siliceous strata ; under which we may
comprehend the common sandstone, and also those
pudding-stones or breccias where the gravel con-
sists of quartz. In all these instances, it is plain,
that the sand or gravel existed in a state quite loose

* Nots 1.
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animals, found very often in the different kinds of
argillaceous schistus, and in most instances having
the figure accurately preserved, but the substance
of the animal replaced by clay or pyrites. These
are all remains of ancient seas or continents ; the
latter of which have long since disappeared from
the surface of the earth, but have still their me-
mory preserved in those archives, where nature has
recorded the revolutions of the globe.

5. Among bituminous bodies, pit-coal is the
only one which constitutes regular and extensive
strata ; and no fossil has its origin from the waste
of former continents, marked by stronger and more
distinct characters. Not to mention that the coal
strata are alternated with those that have been al-
ready enumerated, and that they often contain
shells and corals, perfectly mineralized, it is suffi-
cient to remark, that there are entire beds of this
fossil, which appear to consist wholly of wood, and
in which the fibrous structure is perfectly preserv-
ed. From these instances, the appearances of ve-
getable structure may be traced through all possi-
ble gradations, down to an evanescent state. This
last state is undoubtedly the most common; and
though coal does not then, on bare inspection,
make known its vegetable origin, yet, if we take it
in connection with the other terms of the series, as
we may call them ; if we consider that the two ex-
ttemes, viz. coal, with the vegetable structure per-
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delivered into the sea, must be very considerable,
amounting annually to the whole residuum of those
substances, not employed in the maintenance or re-
production of animal and vegetable bodies. Whe-
ther chemically united to the waters of the ocean,
or simply suspended in them, this matter is at last
precipitated, and, mingling with earthy substances,
is formed into strata, the place of which will be de-
termined by the currents, the position of the pre.
sent continents, and many other circumstances not
easily enumerated.

If, then, an order of things similar to what we
now see, existed before the formation of the pre.
sent strata, it would necessarily happen, that the
animal and vegetable substances, diffused through
the ocean, being separated from the water, would
be deposited at the bottom of the sea, and, in the
course of ages, would form beds, less or more pure,
according to the quantity of earth and other sub-
stances deposited at the same time. These beds
being consolidated and mineralized by operations
that are afterwards to be considered, have been con-
verted into pit-coal, the parts of which are impal-
pable, and retain nothing of their primitive struc-
ture. *

If, then, the formation of coal from animal and
vegetable bodies be admitted, the general position

® NoTe 11.
12
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by the geologists who first distinguished them from
other rocks, on the supposition of their being part
of the primeval nucleus of the globe, which had
never undergone any change whatsoever ; but this,
I believe, has now almost ceased to be the opinion
of any geologist. * The Neptunists hold the rocks,
here enumerated, and also granite, to be produced
by aqueous deposition ; but maintain them to be in
the strictest sense primeval, and of a formation an-
tecedent to all organized bodies.

8. In opposition to this, Dr Hutton maintained,
that the primary schistus, like all the other strata,
was formed of materials deposited at the bottom of
the sea, and collected from the waste of rocks still
more ancient. When, therefore, he conformed to
the received language of mineralogists, by calling
these strata primitive, he only meant to describe
them as more ancient than anyother strata now exist-
ing, but not as more ancient than any that ever had
existed. They are distinguished, in his system, by
the name of Primary, rather than of Primitive
strata.

That the account now given of their origin is
well founded, may be proved by unquestionable
facts. For, first, though, agreeably to the obsex-
vation just made, the ancient strata do but rarely
contain any remains of organized bodies, they are

®» NoTE 111.
1
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the primitive mountains, we find large tracts, com-
posed entirely of a schistose and much indurated
sandstone, in beds highly inclined, sometimes
alone, sometimes alternated with other schisti. In
many of them, the sand of which they consist ap-
pears to be entirely of granite, from the detritus of
which rock it should seem that they were chiefly
formed.

10. Thus we conclude, that the strata both pri-
mary and secondary, both those of ancient and
those of more recent origin, have had their materi-
als furnished from the ruins of former continents,
from the dissolution of rocks, or the destruction of
animal or vegetable bodies, similar, at least in some
respects, to those that now occupy the surface of
the earth. This conclusion is not indeed proved of
every individual portion of rock, but it is demon-
strated of many and large parts, and those scattered
indifferently through all the varieties of the strata;
and therefore, from the rules of the strictest rea-
soning, we must infer, that the whole is derived
from the same origin. *

Thus far concerning the materials of the strata ;
and, as these were originally loose and unconnect-
ed, we must next consider by what means they
were consolidated into stone.

#» NoTk v.
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great compression, may have its fixed air retained
in it, notwithstanding the action of intense heat,
and may, by that means, be reduced into fusion,
or.into a state approaching to it. In all this I do
nat think that he has departed from the strictest
rules of philosophical investigation. The facts just
stated prove, that limestone was once soft, its frag-
ments retaining at the same time their -peculiar
form, an effect to which we know of none similar
but those of fire ; and, therefore, though we could
not conjecture how heat might be applied to lime-
stone so as to melt it, instead of reducing it to a
calx, we should, nevertheless, have. been forced to
suppose, that this had actually taken place in the
bowels of the earth ; and was a fact which, though
we were not able to explain it, we were not entitled
to deny. The principle just mentioned relieves us
therefore from a difficulty, that would have embar-
rassed, but could not have overturned, this theory
of the earth. '

26. From the arguments which the argillaceous
strata afford for the igneous consolidation of fossils,
I shall select one on which Dr Hutton used to lay
considerable stress, and which some of the adver-
saries of his system have endeavoured to refute.
This argument is founded on the structure of cer-
tain ironstones called septaria, often met with
among the argillaceous schistus, particularly in the
vicinity of coal. These stones are usually of a
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especially to those of coal, as abounding with py.
rites more than any other.

29. The difficulty that here naturally presents
itself, viz. how vegetable matter, such as coal is
supposed to have been, could be exposed to the ac-
tion of intense heat, without being deprived. of its
inflammable part, is obviated by the principle for-
merly explained concerning the effects of com-
pression. The .weight incumbent on the strata of
coal, when they were exposed to the intense hest
of the mineral regions, may have been such asto
retain the oily and bituminous, as well as sulphu-
reous parts, though the whole was reduced almost
to fusion ; and thus, on cooling, the sulphur unit-
ing with iron might crystallize, and assume the
form of pyrites.

-80. The compression, however, has not in every
nstance preserved the bituminous, in union with
the carbonic part of coal ; and hence a mark of the
operation of fire quite peculiar to this fossil, and
found in those infusible kinds of it which contain
no bitumen, and burn without flame. These re-
semble, some of them very precisely, and all of
them in a great degree, the products obtained by
the distillation of the common bituminous coal;
that is, they conmsist of charcoal, united to an
earthy basis in different proportions. It is natural
therefore to conclude, that this substance was pre-
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very great peculiarity in its structure. Though it
forms a mass extremely compact, the salt is found
to be arranged in round masses of five or six feet in
diameter, not truly spherical, but each compreased
by those that surround it, so as to have the shape of
an irregular polyhedron. These are formed of con-
centric coats, distinguishable from one another by
their colour, that is, probably by the greater or less
quantity of earth which they contain, so that the
roof of the mine, as it exhibits a horizontal section
of them, is divided into polygonal figures, each with
a multitude of polygons within it, having altoge-
ther no inconsiderable resemblance to a mosaic
pavement. In the triangular spaces without the
pelygons, the salt is in coats parallel to the sides of
the polygons.

The circumstances which gave rise to this singu,
lar structure we should in vain endeavour to define;
yet some general conclusions concerning them seem
to be within our reach. It is clear that the whole
mass of salt was fluid at once, and that the forces,
whatever they were, which gave solidity to it, and
produced the new arrangement of its particles, were
all in action at the same time. The uniformity of
the coated structure is a proof of this, .and, above all,
the compression of the polyhedra, which is always
mutual, the flat side of one being turned to the flat
side of another, and never an angle to an angle,
nor an angle to a side. The coats formed as it
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geology. It will not explain the numberless re-
mains of ancient continents that are involved, as we
have seen, in the present, unless it be supposed
that the ancient ocean, though it rose to so.greata
height, had nevertheless its shores;. and was the
boundary of land still higher than itself. And, as
to that which is now more immediately the ohject
of inquiry, the position of the strata, though the
above hypothesis would account in some sort for
the change of their place, relatively to the level of
the sea ; yet, if it shall be proved, that the strats
" have changed their place relatively to each other,
and relatively to the plane of the horizon, so as to
have had an angular motion impressed on them, it
is evident that, for these facts, the retreat of the sea
does not afford even the shadow of a theory.

38. Now, it is certain, that many of the strata
have been moved angularly, because that, in their
original position, they must have been all nearly
horizontal. Loose materials, such as sand .and
gravel subsiding at the bottom of the sea, and hav.
ing their interstices filled with water, possess a
kind of fluidity : they are disposed to yield on the
side opposite to that where the pressure is greatest, .
and are therefore, in some degree, subject to the
laws of hydrostatics. On this account they will
arrange themselves in horizontal layers; and the
vibrations of the incumbent fluid, by impressing 3
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pounds weight, should have rested on the side of s
perpendicular wall, till they were enveloped in a
stony cement, and united into one mass, is & sup-
position impossible and absurd. It should be con-
sidered, therefore, as a thing demonstrated, that
this pudding-stone was formed in a horizontal po-
sition, or one nearly such, and elevated after its
induration. We know not,”’ he continues,.*¢ the
force by which this elevation has been effected;
but it is an important step among the prodigious
number of vertical beds that are to be met with in
the Alps, to have found some that must certainly
have been formed in a horizontal situation.”” *

41. Nothing can be more sound and conclusive
than this reasoning ; and had the ingenious author
pursued it more systematically, it must have led
him to a theory of mountains very little different
from that which we are now endeavouring to ex-
plain. If some of the vertical strata are proved
to have been formed horizontally, there can be no
reason for not extending the same conclusion to
them all, even if we had not the support of the ar-
gument from the parallelism of the layers, which
has been already stated.

42. The highly inclined position, and the ma-
nifold inflections of the strata, are not the only
proofs of the disturbance that they have suffered,

* Voyages ‘aux Alpes, Tom. Il. § 690.
10
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served, in several instances, that where the pri-
mary schistus rises in beds almost vertical, it is
covered by horizontal layers of secondary sandstone,
which last are penetrated by the irregular tops of
the schistus, and also involve fragments of that
rock, some angular, others round and smooth, as if
worn by attrition. From this he concluded, that
the primary strata, after being formed at the bot-
tom of the sea, in planes nearly horizontal, were
raised, so as to become almost vertical, while they
were yet covered by the ocean, and before the se-
condary strata had begun to be deposited on them.
He also argued, that, as the fragments of the pri-
mary rock, included in the secondary, are many of
them rounded and worn, the deposition of the lat-
ter must have been separated from the elevation of
the former by such an interval of time, as gave
room for the action of waste and decay, allowing
those fragments first to be detached, and after-
wards wrought into a round figure. ®

44. Indeed, the interposition of a breecu be-
tween the primary and secondary strata, in which
the fragments, whether round or angular, are al-
‘ways of the primary rock, is a fact so general, and
the quantity of this breccia is often so great, that it
leads to a conclusion more paradoxical than any of
the preceding, but from which, nevertheless, it

® NoTE xI1.
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the strata, than from those which relate to their
absolute elevation, or their translation to a greater
distance from the centre of the earth. This hes
been done, because the appearances, which respect
the absolute lifting up of the strata are more am-
biguous than those, which respect the change of
their angular position. The former might be ac.
counted for, could they be separated from the lat-
ter, in two ways, viz. either by the retreat of the
sea, or the raising up of the land ; but the latter
can be explained only in one way, and force us of
necessity to acknowledge the existence of am exe
panding power, which has acted on the strata with
mecredible energy, and has been directed from the
centre toward the circumference.

46. When we are assured of the existence of
such a power as this in the mineral regions, we
should argue with singular inconsistency. if we did
not ascribe to it all the other appearances of mo-
tion in those regions, which it is adequate to pro.
duce. If nature in her subterraneous abodes is
provided with a force that could burst asunder the
massy pavement of the globe, and place the frag-
ments upright upon their edges, could she not, by
the same effort, raise them from the greatest depths
of the sea, to the highest elevation of the land?
The cause that is adequate to one of these.effects
is adequate to them both together; for it is a prin.
ciple well known in mechanical philosophy, that
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servation extends. The breaches and separations
are numerous, and distinct ; but they are, for the
most part, completely filled up with minerals of a
kind quite different from the rock on each side of
them, and remarkable for containing no vestiges of
stratification. 'We are thus led to consider the un-
stratified minerals, the second of the divisions into
which the whole mineral kingdom, viewed geolo-
gically, ought to be distinguished. These minerals
are immediately connected with the disturbance
of the strata, and appear, in many instances, to
have been the instruments of their elevation.
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SECTION 11I.

O¥ THE PHENOMENA PECULIAR TO UNSTRATIFIED
BODIES.

1. Metallic Veins.

49. THE ubstratified minerals exist either in
veins, intersecting the stratified, or in masses sur-
rounded by them. Veins are of various kinds, and
may in general be defined, separations in the con-
tinuity of a rock, of a determinate width, but ex-
tending indefinitely in length and depth, and filled
with mineral substances, different from the rock it-
self. The mineral veins, strictly so called, are
those filled with crystallized substances, and con-
taining the metallic ores.

That these veins are of a formation subsequent
to the hardening and consolidation of the strata
which they traverse, is too obvious to require any
proof ; and it is no less clear, from the crystal-
lized and sparry structure of the substances con-
tained in them, that these substances must have
concreted from a fluid state. Now, that this flui-
dity was simple, like that of fusion by heat, and
not compound, like that of solution in a men-
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they have been considered as traversing only the
stratified parts of the globe. They do, however,
occasionally intersect the unstratified parts, particu-
larly the granite, the same vein often continuing its
course across rocks of both kinds, without suffering
any material change ; and, if we have hitherto paid
no attention to this circumstance, it is because the
order pursued in this essay required, that the rela-
tion of the veins to stratified bodies should be first
treated of. Besides, the facts in the natural history
of veins, whether contained in stratified or unstra-
tified rocks, are so nearly alike, that in a general
view of geology, they do not require to be dis-
tinguished. It is material to remark, that, though
metallic veins are found indiscriminately in all the
different kinds of rock, whether stratified or other-
wise, they are most abundant in the class of pri-
mary schisti. All the countries most remarkable
for their mines, and the mountains distinguished by
the name of metalliferous, are primary, and the in-
stance of Derbyshire is perhaps the most consider-
able exception to this rule that is kmown. This
preference, which the metals appear to give to the
primary strata, is very consistent with Dr Hutton’s
theory, which represents the rocks of that order as
being most changed from their original position,
and those on which the-disturbing forces of the
subterraneous regions have acted most frequently,
and with greatest energy. The primary strata are
8
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still supported by the granite, after its fluidity has
ceased. Thus a conclusion, rendered probable by
the crystallization of granite, is established beyond
all contradiction by the phenomena of granitic-
veins. * .

83. With the granite, we shall consider the
proof of the igneous origin of all mineral sub-
stances as completed. These substances, there-
fore, whether stratified or unstratified, owe their
consolidation to the same cause, though acting
with different degrees of energy. The stratified
have been in general only softened or penetrated
by melted matter, whereas the umstratified have
been reduced into perfect fusion.

.84. In this general conclusion we may distin-
guish two parts, which, in their degree of certain-
ty, differ perhaps somewhat from one another. The
first of these, and that which stands highest in
point of evidence, consists of two propositions;
namely, that the fluidity which preceded the con-
solidation of mineral substances was srMpLE, that
is, it did not arise from the combination of .these
substances with any solvent ; and, next, that after
consolidation, these bodies have been raised up by
an expansive force acting from below, and have by
that means been brought into their present situs-
tion. These two propositions seem to me to be

* Notk xv.
4
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earth itself. Though terrible, therefore, to the
present inhabitants of the globe, the earthquake
has its place in the great system of geological ope-
rations, and is part of a series of events, essential,
as will more clearly appear hereafter, to the general
order, and to the preservation of the whole.

Such, according to this theory, are the changes
which have befallen mineral substances in the
bowels of the earth ; and though different for the
stratified and unstratified parts of those substances,
they are connected together by the same priaciple,
or explained by the same cause. It remains to
consider that part of the history of both which de-
scribes their changes after their elevation to the
surface ; and here we shall find new causes intro-
duced, which are more directly the subjects of ob-
servation, than those hitherto treated of ; causes,
also, which act on all fossils alike, and alike prepare
them for their ultimate destination.
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not inactive, and to them we must add moisture,
heat, and perhaps light ; substances which, from
their affinities to the elements of mineral bodies,
have a power of entering into combination with
them, and of thus diminishing the forces by which
they are united to one another. By the action of
air and moisture, the metallic particles, particular-
ly the iron, which enters in great abundance into
the composition of almost all fossils, becomes oxy-
dated in such a degree as to lose its tenacity ; so
that the texture of the surface is destroyed, and a
part of the body resolved into earth.

93. Some earths, again, such as the calcareous,
are immediately dissolved by water; and though
- the quantity so dissolved be extremely small, the
operation, by being continually renewed, producesa
slow but perpetual corrosion, by which the greatest
rocks must in time be subdued. The action of
water ih destroying hard bodies into which it has
obtained entrance, is much assisted by the viciesi-
tudes of heat and cold, especially when the latter
extends as far as the point of congelation ; for the
water, when frozen, occupies a greater space than
before, and if the body is compact enough to re-
fuse room for this expansion, its parts are torn a-
sunder by a repulsive force acting in every direc-
tion.

94. Besides these causes of mineral decomposi-
tion, the action of which we can in some meéasure
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sand, gravel, and fragments of rock, it may be tru-
ly said to turn the forces of the mineral kingdom
against itself. Every separation which it makes is
necessarily permanent, and the parts once detach-
"ed can never be united, save at the bottom of the
ocean.

96. But it would far exceed the limits ef this :
. sketch, to pursue the causes of mineral decomposi-
tion through all their forms. It is sufficient to re-
mark, that the consequence of so many minute, but
indefatigable agents, all working together, and hav-
ing gravity in their favour, is a system of universal
decay and degradation, which may be traced over
the whole surface of the land, from the mountain
top to the sea shore. That we may perceive the
full evidence of this truth, one of the most nnport-
ant in the natural history of the globe, we will be-
gin our survey from the latter of these stations,
and retire gradually toward the former.

97. If the coast is bold and rocky, it speaks a
language easy to be interpreted. Its broken and
abrupt contour, the deep gulfs and salient pro-
montories by which it is indented, and the propor-
tion which these irregularities bear to the force of
the waves, combined with tke inequality of hardness
in the rocks, prove, that the present line of the
shore has been determined by the action of the sea.
The naked and precipitous cliffs which overhang
the deep, the rocks hollowed, perforated, as they
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whereas, on shores of a bolder aspect, it is the ses
that generally appears to gain upon the land.
What the land acquires in extent, however, it loses
in elevation ; and, whether its surface increase or
diminish, the depredations made on it are in both
cases evinced with equal certainty.

99. If we proceed in our survey from the shores,
inland, we meet at every step with the fullest evi-
dence of the same truths, and particularly in the
nature and economy of rivers. Every river appears
to consist of 8 main trunk, fed from a variety of
branches, each running in a valley proportioned to
its size, and all of them together forming a system
of vallies, communicating with one another, and
having such a nice adjustment of their declivities,
that none of them join the principal valley, either
on too high or too low a level ; a circumstance
which would be infinitely improbable, if each of
these vallies were not the work of the stream that
flows in it.

If indeed a river consisted of a single stream,
without branches, running in s straight valley, it
might be supposed that some great concussion, or
some powerful torrent, had opened at once the
channel by which its waters are conducted to the
ocean ; but, when the usual form of a river is con-
sidered, the trunk divided into many branches,
which rise at a great distance from one another,
and these again subdivided into an infinity of smal-
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sand and gravel, that have been made when it ran
on a higher level than it does at present. In other
instances, the same strata are seen on both the
banks, though the bed of the river is now sunk
deep between them, and perhaps holds as winding
a course through the solid rock, as if it flowed a-
long the surface ; a proof that it must have begun.
to sink its bed, when it ran through such Joose ma-
terials as opposed but a very inconsiderable resist-
ance to its stream. A river, of which the course
is both serpentine and deeply excavated in the °
rock, is among the phenomena, by which the slow
waste of the land, and also the cause of that waste,
are most directly pointed out. 4

102. It is, however, where rivers issue through
narrow defiles among mountains, that the identity
of the strata on both sides is most easily recognised, '
and remarked at the same time with the greatest
wonder. On observing the Potomack, where it.
penetrates the ridge of the Allegany mountains, or
the Irtish, as it issues from the defiles of Altai,
there is no man, however little addicted to geologi-
cal speculations, who does not immediately acknow-
ledge, that the mountain was once continued quite
across the space in which the river now flows ; and,
if he ventures to reason concerning the cause of 80 j
wonderful a change, he ascribes it to some ggrest |
convulsion of nature, which has torn the mountaia
asunder, and opened a passage for the waters. It
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with rains. The quantity of earth thus carried
down, varies according to circumstances; it has
been computed, in some instances, that the water
of a river in a flood, contains earthy matter sus-
pended in it, amounting to more thanthe two hua-
dred and fiftieth part of its own bulk. * The soil,
therefore, is continually diminished, its parts being.
transported from higher to lower levels, and finally
delivered into the sea. But it is a fact, that the
soil, notwithstanding, remains the same in quanti-
ty, or at least nearly the same, and must have done
s0, ever since the earth was the receptacle of animal
or vegetable life. The soil, therefore, is augment-
ed from other causes, just as much, at an average,
as it is diminished by that now mentioned ; and.
this augmentation evidently can proceed from no-
thing but the constant and slow disintegration of*
the rocks. In the permanence, therefore, of a coat
of vegetable mould on the surface of the earth, we
have a demonstrative proof of the continual destruc-
tion of the rocks ; and cannot but admire the skill,
with which the powers of the many chemical and
mechanical agents employed in this complicated
work, are so adjusted, as to make the supply and
the waste of the soil exactly equal to one another.
104. Before we take leave of the rivers and the

® 8ee Lehman, Traités de Phys. &c. Tom. III. p. 859.
Nm. -
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tended to many others. The great plain of Crau,
near the mouth of the Rhone, is well known, and
was regarded with wonder, even in ages when the
natural history of the globe was not an object of
much attention. The immense quantity of large
round gravel-stones, with which this extensive plain
is entirely covered, has been supposed, by some mi-
neralogists, to have been brought down by the Du-
rance, and other torrents, from the Alps ; but, on
further examination, has been found to be of the
same kind that is contained in certain horizontul
layers of pudding-stone, which are the basis of the
whole plain. It cannot be doubted, therefore, that
the vast body of gravel spread over it, has originated
from the destruction of layers of the same rock,
which may perhaps have risen to a great height
above what is now the surface. Indeed, from
knowing the depth of the gravel that covers" the
plain, and the average quantity of the like gra.
vel contained in a given thickness of rock, one
might estimate how much of the latter has been
actually worn away. Whether data preeise enough
could be found, to give any weight to such a com-
putation, must be left for future inquiry to deter-
mine. *

106. In these instances, chalk and pudding-stone,
by containing in them parts infinitely less destruc—

* Norx xvir
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sidered, thut none of this ore can have come into
the soil but from parts of a vein actually destroyed,
it must appear evident that a great waste of these
veins has taken place, and consequently of the
schistus or granite in which they are contained.

108. These lessons, which the geologist is taught
in flat and open countries, become more striking,
by the study of those Alpine tracts, where the sur-
face of the earth attains its greatest elevation. If
we suppose him placed for the first time in the
midst of such a scene, as soon as he has recovered
from the impression made by the novelty and mag-
nificence of the spectacle before him, he begins to
discover the footsteps of time, and to perceive, that
the works of nature, usually deemed the most per-
manent, are those on which the characters of vicis-
situde are most deeply imprinted. He sees him-.
self in the midst of a vast ruin, where the precipices
which rise on all sides with such boldness and aspe-
rity, the sharp peaks of the granite mountains, and
the huge fragments that surround their bases, do
but mark so many epochs in the progress of decay,
and point out the energy of those destructive causes,
which even the magnitude and solidity of such
great bodies have been unable to resist.

109. The result of a more minute investigation,
is in perfect unison with this general impression.
Whence is it, that the elevation of mountains is so
obviously connected with the hardness and inde-

11
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and overhanging cliffs? Where, on the other hand,
the rock wastes uniformly, the mountains are simi-
lar to one another ; their swells and slopes are gen-
tle, and they are bounded by a waving and con-
tinuous surface. The intermediate degrees of re-
sistance which the rocks oppose to the causes of
destruction, produce intermediate forms. It is this
which gives to the mountains, of every different
species of rock, a different habit and expression,
and which, in particular, has imparted to those of
gravite that venerable and majestic character, by
which they rarely fail to be distinguished.

111. The structure of the vallies among moun-
tains, shows clearly to what cause their existence is
to be ascribed. Here we have first a large valley,
communicating directly with the plain, and winding
between high ridges of mountains, while the river
in the bottom of it descends over a surface, remark-
able, in such a scene, for its uniform declivity.

Into this, open a multitude of transverse or se-
condary vallies, intersecting the ridges on either
side of the former, each bringing a contribution to
the main stream, proportioned to its magnitude ;
and, except where a. cataract now and then inter-
venes, all having that nice adjustment in their le-
vels, (99.) which is the more wonderful, the greater
the irregularity of the surface. These secondary
vallies have others of a smaller size opening into
them ; and, among mountains of the first order,
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ed, and to the same state nature has appointed that
they should all return.

115, It affords no presumption against the rea-
lity of this progress, that, in respect of man, it is
too slow to be immediately perceived : The utmost
portion of it to which our experience can extend,
is evanescent, in comparison with the whole, and
must be regarded as the momentary increment of
a vast progression, circumscribed by no other limits
than the duration of the world. TiME performs
the office of integrating the infinitesimal parts of
which this progression is made up ; it collects them
into one sum, and produces from them an amount
greater than any that can be assigned.

116. While on the surface of the earth so much
is every where going to decay, no new production
of mineral substances is found in any region ac-
cessible to man. The instances of what are called
petrifactions, or the formation of stony substances
by means of water, which we sometimes observe,
whether they be ferruginous concretions, or calca-
reous, or, as happens in some rare cases, siliceous
stalactites, are too few in number, and too inconsi-
derable in extent, to be deemed material excep-
tions to this general rule. The bodies thus gene-
rated, also, are no sooner formed, than they be-
come subject to waste and dissolution, like all the
other hard substances in nature ; so that they but
retard for a while the progress by which they are

1e
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dation of the primary strata, we must place their
elevation, when, from being horizontal, and at the
bottom of the sea, they were broken, set on edge,
and raised to the surface. It is even probable, as
formerly observed, that to this succeeded a depres-
sion of the same strata, and a second elevation, so
that they have twice visited the superior, and twice
the inferior regions. During the second immer-
sion, were formed, first, the great bodies of pud.
ding-stone, that in so many instances lie imme.
diately above them; and next were deposited the
strata that are strictly denominated secondary.
122. The third great event, was the raising up
of this compound body of old and new strata from
the bottom of the sea, and forming it into the dry
land, or the continents, as they now exist. * Con.
temporary with this, we must suppose the injection
of melted matter among the strata, and the conse-
quent formation of the crystallized and unstratified
rocks, namely, the granite, metallic veins, and
veins of porphyry and whinstone. This, however,
is to be considered as embracing a period of great
duration ; and it must always be recollected, that
veins are found of very different formation ; so that
when we speak generally, it is perhaps impossible
to state any thing more precise concerning their an-
tiquity, than that they are posterior to the strata,

* NorTe xx1. -
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arrange, and then fire to consolidate, mineralize,
and lastly, to elevate the strata ; but, with respect
to the unstratified or crystallized substances, the ac-
tion of fire only is recognised. The system having
least affinity to this is the Neptunian, which ascribes
the formation of all minerals to the action of water
alone, and extends this hypothesis even to the un-
stratified rocks. Here, therefore,.the action of fire
is entirely excluded ; and the Neptunists have cer-
tainly made a great sacrifice to the léve of truth, or
of paradox, in rejecting the assistance of so power-
ful an auxiliary. *

129. In the syshems which employ the agency
of the latter element, we are to look for a greater
resemblance to that of Dr Hutton, though many
and great marks of distinction are easily perceived,
In the cosmologies, for example, of Leibnitz and
Buffon, fire and water are both employed, as well
as in this ; but they are employed in a reverse or«
der. These philosophers introduce the action of
fire first, and then the action of water, which is to
invert the order of nature altogether, as the conso-
lidation of the rocks must be posterior to their stra-
tification. Indeed, the theory of Buffon is singu-
larly defective : besides inverting the order of the
two great operations of stratification and consolida-
tion, and of course giving no real explanation of

¢ NoTE XxXIiI.
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countries. I have seen a specimen of this kind
from the Hales Quarry, near Edinburgh, consisting
of a piece of charred wood, imbedded in sandstone;
the wood was much altered, but the remains of its
fibrous structure were distinctly visible. This af-
fords a perfect commentary on the specimen in the
Florence cabinet.

148. If then it be granted, as I think it mus,
that the two kinds of coal we have been speaking of
are of the same origin, it is not very necessary to
enter on a refutation of Mr Kirwan’s theory with
respect to either of them. His account of the for-
mation of mineral coal, however, is so singular, that
it cannot be passed over without remark. :

Mr Kirwan supposes, 1mo, That natural carbon
was originally contained in many mountains of the
granite and porphyritic order, and also in siliceous
schistus ; and might, by disintegration and decom-
position, be separated from the stony particles. 2do,
‘That both petrol and carbon are often contained in
trap, since hornblende, which has lately been found
to contain carbon, very frequently enters into its
composition.

“ My opinion (adds he) is, that coal mines, or
strata of coal, as well as the mountains in which
they are found, owe their origin to the disintegrs-
tion of primeval mountains, either now totally de-

stroyed, or whose height and bulk,in consequence of ;

such disintegration, are considerably lessened ; and
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Norte vin. § 16.
Compression in the Mineral Regions.

168. It is worthy of remark, that the effects
ascribed to compression in the Huttonian Theory,
very much resemble those which Sir Isaac New-
ton supposes to be produced in the sun and the
fixed stars by that same cause. “ Are not,”” says
he, ¢ the sun and fixed stars great earths, vehe-
mently hot, whose heat is conserved by the great.
ness of the bodies, and the mutual action and re-
action between them, and the light which they
emit; and whose parts are kept from fuming
away, not only by their fizity, but also by the
vast weight and density of the atmospheres inctem-
bent upon them, and very strongly compressing
them.”” * '

164. The fact of water boiling at a lower tem-
perature under a less compression, is sufficient to
justify the supposition, that bodies may be made by
pressure to endure extreme heat, without the dis-
sipation of their parts, that is, without evaporation
or combustion. A further postulatum is introdu-
ced in Dr Hutton’s theory, namely, that com-
pound bodies, such as carbonate of lime, when the

* Newton’s Optics, Query 11.
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raneous distillstion. ® This, however, admits of
explanation. Though a general connection, on the
above hypothesis, might be expected between bitu-
mens and infusible coal, we cannot look for it in
everyinstance. The heat which droveoff the bitumen
from one part of a stratum of coal, may only have
forced it to a colder part of the same stratumn ; and
thus, in separating it from one portion of carbonic
matter, may have united it to another. Blind coal
may therefore be found where no bitumen has been
actually extricated. In like manner, bitumen may
have been separated, where the coal was not re.
duced to the state of coak, as a part of the bitu. -
men only may have been driven off, and enough
left to prevent the coal from becoming absolutely
mfusible.

It should be considered too, if the bitumen was
really separated, and forced, in the state of vapour,
into some argillaceous or limestone stratum, that
this stratum may have been wasted and worn away
long ago, so that the bitumen it contained may
have entirely disappeared. It does not therefore
necessarily follow, that, wherever we find blind
coal, there also we should discover some of the
purer bitumens.

. L e

* Geol. Essays, p. 473.
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exterieur, ou méme dans les plaines qui bordent la
chaine des Alpes.”” *

This passage is perfectly decisive as to the gene-
rality of the fact, that the Alps, from the Tyrol to
the Mediterranean, are bordered all round by pud-
ding-stones or breccias. At the same time, it is
necessary to remark, that M. Saussure, by enumer-
ating loose blocks and sand, along with pudding-
stones, breccias and grit, confounds together things
which are extremely different, and which have had
their origin at periods extremely remote from one
another. The consolidated rocks of breccia, pud-
ding-stone and grit, though they are indications of
waste, have received their present character at the
bottom of the sea : the loose blocks of stone, the
sand and gravel, on the other hand, are the effects
of the waste now going forward on the surface of
the land, and are the materials out of which rocks
of the three kinds just mentioned may hereafter be
composed. If so skilful a mineralogist as Saussure
is guilty of such inaccuracy, it must be ascribed to
the confusion necessarily arising from the system
which he followed, and not to his own want of dis-
crimination.

188. The same phenomenon, of a breccia cir-
cumscribing the primary mountains, is met with in

" ®* Voyages aux Alpes, Tom. IV. § 2830.
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top to bottom of the mountain the form of the let-
ter S compressed, ("écrasée, ) with their curvature
in some places very great. These inflections are
repeated several times, and often in contrary direc-
tions ; the layers are sometimes broken, where
their curvature is greatest. *

On the side of the same lake, is another instance
of bent strata, in a mountain, of which the beds
are horizontal in the lower part, but are bent at
one end upwards, in the form of the letter C. The
horizontal part is of great extent, and the rock is
also calcareous. T

The Montagne de la Tuile, near Montmelian,
receives its name from the beds of rock being in-
curvated in form of a tile. 1 Among secondary
mountains, the same kind of phenomena are observ-
ed, though less frequently, and with less variety of
inflection. The chain of Jura is secondary, and
the beds which compose it are of limestone, or of
grit : they are bent in such a manner, that in s
transverse section of the mountain, each layer would
have the figure.of a parabola. §

201. The Pyrenees furnish abundance of pheno-
mena of the same kind, as we learn from the Essai

* Voyages aux Alpes, Tom. IV. § 1985.
+ Ibid. § 1987.

$ Ibid. Vol. ITI. § 1182, and Plate I.

§ Ibid. Tom. I. § 834. :
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from a drawing made by Sir James Hall. The
nature of the curve superficies into which the schis-
tus is bent, is the better understood from this,
that, besides transverse sections from mnorth to
south, the deep indentures which the sea has made,
and the projecting points of rock, exhibit many
longitudinal sections, in a direction from east to
west.

203. The dock-yards at Plymouth are in several
places cut out of a -solid rock of primary sehistus,
singularly incurvated. The inflections are seen
there to great advantage, being exhibited in three

. sections, at right angles to one another, transverse,
longitudinal and horizontal.

204. From these instances, to which it were
easy to add many more, two conclusions may be
drawn. The first of these is very obvious, viz.
that the strata must have been pliant and soft when
they acquired their present form. The bending of
an indurated bed of stone into an arch of grest
curvature, and without fracture, as in the preced-
ing examples, is a physical impossibility. Saussure
has indeed observed a fracture to aceompany the
bending, in one or two cases ; but it is an uncom-
mon phenomenon, and, where it happens, must no
doubt be understood to indicate an imperfect flexir
bility. Now, if it be granted that the strata were
at any time soft and flexible, since their complete
formation, it will be found impossible to deny |
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as some mineralogists allege, the curvature, as well
as inclination of the strata, arose from the irregw-
larities of the bottom on which they were deposit-
ed, why is the former in one dimension only, and
why is it not in every direction, like that ‘of hills
and valleys, or the actual surface ofthe earth ? Or,
lastly, if the whole structure of the primitive moun-
tains is an effect of crystallization, and if these
mountains are now such as they have ever been
from the time of their eonsolidation, whence is it,
that, in their bendings the law just mentioned is
80 constantly observed ? Indeed, the idea of a
scribing the inflections of the strata to crystalliss-
tion, though suggested by Saussure, * and since
become a favourite system with several mineralo-
gists, appears to me in the highest degree unsatis-
factory and illusive. The purpose for which cry-
stallization is here introduced, is not to give a spe-
cific figure to a particular substance, but to arrange
the substances which it has formed and figured,
according to certain rules ; a work which we know
not how it is to perform, and in which we have no

experience of its power. Accordingly, this prin-
ciple does not account, in any way whatever, for
the circumstances which attend the inflection of
the strata, for the simple curvature which they af-
fect, nor for that parallelism of their layers, which,

® Voyages aux Alpes, Tom. L. § 475.
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the radius of the globe. It is true, that we can
hardly suppose so great a body of strata to have
been raised without shifting, so that we must di-
minish this depth considerably ; but were it reduc-
ed even to one-half, it will appear, that men see
much farther into the interior of the globe thax
they are aware of, and that geologists are reproach-
ed without reason for forming theories of the earth,
when all that they can do is but to make a few
scratches on its surface. Art indeed can do httle
more; but nature supplies the deficiency, snd
makes discoveries to the attentive observer, on the
same great scale with her other operations. .

The simplest account that can be given of the
vast body of parallel and highly inclined strats just
mentioned, is, that it consists of the ends of hori-
zontal strata, or of strata not greatly inclined, that
have been forced up when they were all soft and
flexible. This is 8 much more conceivable suppo-
sition than Pallas’s, viz. that the greater part of
this mass has sunk down into some vast cavern in
the interior of the earth.

NortE xm. § 58.

Metallic Veins.

212. The large specimens of native iron found
in Siberia and Peru, mentioned abeve, § 51, are
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fluidity did not proceed from solution in ehy men.

struum : Kor the menstruum, whether water or the

chaotic fluid; to enable it to dissolve the guarts,

must bave had an alkaline impregnation ; and, to

enable it to dissolve the metal, it must have bad,

at the same time, an acid impregnation. Buat

these two opposite qualities could not reside in the

same subject ; the acid and alkali would umite to-

gether, and, if equally powerful, form a neutral

slt, (like sea-salt,) incapable of actmg either om

the metallic or the siliceous body. If the sctid

was most powerful, the compound salt might act

on the metal, but not at all upon the quarts; and if”
the alkali was most powerful, the compound might
act on the quartz, but not at all on the metal. In

no case, therefore, could it act on both at the same

time. Fire or heat, if sufficiently intense, is not

subject to this difficulty, as it could exercise its

force with equal effect on both bodies.

219, The simultaneous consolidation of the
quartz and the metal is indeed so highly improbs-
ble, that the Neptunists rather suppose, that the
ramifications in such specimens as are here alluded
to, have been produced by the metal diffumng it-
self through r:fis already formed in the stome.*
But it may be answered, that between the chan-
nels in which the metal pervades the quarts, and
the ordinary cracks or fissures in stones, there is no

® Geol. Essays, p. 401.
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the means of reconciling the elevation of the strata
with their horizontal deposition, and which is en-
titled to consider stratification, in whatever plane it
may be, as originally the work of the ocean. The
geologists who attach themselves exclusively to the
action of water, will never be able to extend the
dominion of that element so far as Dr Hutton has
done, by combining it with fire.

226. But, though the Neptunian system were
provided with engines, powerful enough to rais
up strata from a level to a vertical plane, this would
avail nothing in the present instance ; since, on
supposition, can the incrustations on the perpendi
cular sides of a vein have ever been horisontal.
On no supposition, therefore, can these incrusts
tions be received as a proof of aqueous deposition:
it may indeed be certainly inferred from them, that
the matter which they consist of was fluid at the
time of their formation ; but the absence of all ap-

pearance of a horizontal disposition, in any part of
the vein, amounts nearly to a demonstration, thst
this fluidity did not proceed from solution in s

menstruum. We must therefore conceive the coats

[l
1

to have been formed during the refrigeration of the

melted matter injected from the mineral regions
into the clefts and fissures of the strata. (§ 59.)
227. Mineral veins, particularly at their inter-
sections with one another, contain abundant marks
of the most violent and repeated disturbance, (§ 56.)

|
!
|

|
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236. Though the argument here advanced for the
igneous origin of the rock may be sdmitted as con-
clusive, the introduction of calcareous spar into it
by infiltration must still be questioned. Lava, ex-
cept in a state of decay or decomposition, is not
readily penetrated by water ; and, if it were, the
filling of cavities with spar, by means of the water
percolating through them, would still be subject to
many difficuities. (§ 12.) Besides, whinstone rocks
are frequently found so full of calcareous spar, or of
zeolite, that they would become porous to such s
degree, if the cavities filled with these latter sub-
stances were all empty, that they could hardly sustain
their own weight, and much less that of the great
masses of rock incumbent on them. In such cases,
it is certain, that the crystallized substances were
part of the original composition of the rock. The
truth is, that the infiltration of the water is a mere
gratuitous assumption, introduced for the purpose
of explaining the existence of carbonated lime in
a stone which had endured the action of intense
heat : and this assumption ought of course to be
rejected, if the phenomenon can be explained by s
theory, that is in other respects conformable to
nature. The spar, then, may be considered as s
proof, that the rocks in question are to be number-
ed with those unerupted lavas which have flowed
deep in the bowels of the earth, and under a great
compressing force. This is the more probable,

8
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thing similar to them in the irregular torrents of
volcanic lavas. The phenomena of the former are
also on a scale of magnitude very far exceeding the
latter, and clearly indicate, that though both have
been-produced by fire, it has been by fire in very
different circumstances, and regulated by very dif-
ferent laws. The structure of the two kinds of
rock agrees, in many respects, and so does their
chemical analysis ; but their disposition and ar-
rangement are so dissimilar, that they cannot be
supposed to be of the same formation.

238. This argument, I believe, was first stated
by Mr Strange, in a letter to Sir John Pringle, pub-
lished in the 65th volume of the Philosophical
Transactions. * That intelligent observer, after
visiting the countries in Europe most remarkable
either for burning, or for what are accounted, ex-
tinguished volcanoes, and examining them with s
very discriminating eye, remained convinced, that
there are two distinct species of rock, which both
owe their origin to fire ; but to fire acting in cir-
cumstances and situations extremely different. The
first is the common volcanic lava ; the other, to
which he gives the name of a basaltine rock, com-
prehends such rocks as the Giant’s Causeway, the

® Account of Two Giants’ Causeways in the Venetian
State, &c. by John Strange, Esq. Phil. Trans. Vol. LXV.

(1775,) p. 5, &c. ,
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curred at that time to any mineralogist except Dr
Hutton, nor had they been communicated by him
to any but a few of his most intimate friends; »
that Mr Strange bas without doubt all the merit of
a first discoverer. Indeed, without the knowledge
of the principle of compression, such ‘as it is laid
down by Dr Hutton, it was hardly possible for
him to proceed further than he has done. Here
marked the unburnt limestone that lies on the tops
of some of the Euganean basaltes, and seems to
have been aware of the great difficulty, which i
was reserved for the Huttonian Theory to over-
come. His letter contains also some excellent ge-
neral remarks on the rocks of the Vivarais and
Velay, which he had visited, before Faujas de St
Fond had published his curious and elaborate de-
scription of these countries.

240. The cause of the peculiar structure which
has just been observed to distinguish whinstoné
from volcanic countries, is easily assigned in the
Huttonian Theory. According to that theory,
the whinstone rocks were formed, in the bowels of
. the earth, of melted matter poured into the rents
and openings of the strata. They were cast,
therefore, in those openings, as in a mould ; and
. received the impression and character of the rocks
by which they were surrounded. Hence the ta-
bular masses of whinstone, which when soft have
been interposed between strata, and compressed by
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the only mark of an igneous origin that could be
expected, supposing that origin to have been in the
bowels of the earth. No part, therefore, of the
observations of this ingenious mineralogist, can be
considered as inconsistent with the theory of basi-
tic rocks which has been laid down above.

248. Bergman had before reasoned on this sub-
ject precisely in the same manner, but from better
data, as the stones from which he derived his ar-
gument were in their native place : ¢ Trap,” says
that ingenious author, (that is whinstone,) “is
found in the stratified mountains of West Goth-
land, in a way that deserves to be described. The
lower stratum, which is several Swedish milesin .
circuit, (104 of these miles make a degree,) is @
arenaceous stone, horizontal, resting on granite,
and having its particles agglutinated by clay. The
* stratum above this is calcareous, full of the petri-
factions of marine animals, and above this is the
trap. These three kinds of rock compose the
greater part of the mountains just mentioned,
though there are some other beds, particularly very
thin beds of marl and of clay, which separate the
middle stratum, both from that which is under it
and over it, and are frequently go penetrated with
bitumen that they burn in the%’his schistus
is black ; when burnt it becomes red, and after-
wards, when washed with water, affords elum-
How can it be supposed,” he adds, * that the
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posing, that much of these rocks has been destroy--
ed by waste and decomposition, so that an irregu-
larity of their surface, and want of correspondencs
has been given to them, which they did not orige
nally possess. In the instance of Salisbury Cog
however, we have a proof, that the great irreguls
rity of surface, and the inequality of thickness, de
not always arise from these causes. The thinnest
part of that rock, toward its northern extremity,
is still covered by the strata in their natural place,
and has been perfectly defended by them from
every sort of wearing and decay. The cuneiform
shape, therefore, which this rock takes at its extre-
mities, and the great difference of its thickness at
them and in the middle, is a part of its origina
constitution, and can be attributed to nothing ca-
sual, or subsequent to its consolidation.

The same may be said of many other basaltic
rocks, where an inequality of thickness, most un-
like to what belongs to aqueous deposits, is known
to exist in beds of whinstone that are still deep un-
der the surface. Thus the toadstone of Derby-
shire, even where it has a thick covering of strats
over it, has been found, by the sinking of perpend
cular shafts, to vary from the thickness of eightees
yards to more than sixty, within the horizontal dis
tance of less than a furlong. Nothing of this
kind is ever found to take place in those beds of


































































822 ILLUSTRATIONS OF THE

80 great a resemblance to the granite of Portsoy,
that he ventured to consider them both as the same
stone, and as both containing quartz moulded on
feldspar.* It should seem, however, from further
explanations, which M. Patrin has since given, thst
Dr Hutton was mistaken in his conjecture, and
that, in the pierre graphique of the former mine-
ralogist, the quartz gives its form to the feldspar,
preserving in its crystals their natural angle of 120
degrees.+ It is impossible, I think, to doubt of the.
accuracy of this statement ; and the graphical stone
of Portsoy must therefore be admitted to differ ms-"
terially from that of Daouria. They are not, how-
ever, without some considerable affinity, besides
that of their outward appearance ; for, though the
quartz in the former is generally moulded on the
feldspar, the feldspar is also occasionally impressed
by the quartz, and sometimes even included in it.
They may be considered as varieties of the same
species of granite ; and the pierre graphique of
Corsica is probably a third variety, different from
them both.

290. It would seem, however, that all these
-stones lead exactly to the same conclusion. M.
Patrin describes his specimen as containing quarts

* Trans. Royal Society Edin. Vol. III. p. 883.
1 Bibliothéque Britannique, (of Geneva,) 1798, Vol. VIII.
Sciences et Arts, p. 78.
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It remains to form a‘rough estimate from maps,
and from the accounts of travellers, of what propor-
tion of the earth’s surface consists of primary, and
what of secondary rocks. After supplying the
want of accurate measurement by what appeared to !
me the most probable suppositions, I have found, .
that about ;% of the surface of the old continent |
may be conceived to be occupied by primitive moun-
tains; of which, if we take one-fifth, we have . for |
the part of the surface occupied by granite l'odﬂ»
which differs not greatly from the least of the two
limits assigned by Dr Hutton. -

812. In estimating the granite of Scothnd Dr
Hutton has certainly erred considerably in defect, *
and Mr Kirwan, who always differs from him, is
2 nearest the truth ; though he is right parely
by accident, as the information on which he pro-
ceeds is vague and erroneous.

The places in Scotland where granite is found,
are very well known ; but the extent of some of
the most considerable of them is not accurately as-
certained. In the southern parts, except the gra-

¢ Dr Hutton in this case no doubt made a very loose
estimate. He says, the granite does not perhaps occupy
more than a 500dth part of the whole surface. The whole
surface of Scotland is not much more than 23,000 geogrs-
phical miles, the 500dth part of which is exactly 46 ; and
this is exceeded by the granite in Kirkcudbrightshire alone,
as may be gathered from what is said § 283.
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land : it is & large tract, containing about 3170
square geographical miles, or about a seventh part of
the whole : but the proportion of it occupied by
granite cannot at present be ascertained with any
exactness, nor will, till some mineralogist shall find
leisure to examine the courses of the great rivers,
the Dee, the Spey, &c. which traverse this country.
If we call it one-fourth of the whole surface, its ex-
tent is certainly not underrated, and will amount to
790 square miles nearly ; to which adding 150, as
a very full allowance for all the other granite con-
tained in Scotland, exclusive of the isles, we shall
have 940 square miles, between a twenty-fourth
and twenty-fifth part of the surface of the whole.

This computation, it must be observed, aims at
nothing precise, but I think it is such, that a more
accurate survey would rather diminish than in.
crease the proportion assigned in it to the granite
rock.

314. This result may perhaps fall as much short
of Mr Kirwan’s notion, as it exceeds the estimate
mede by Dr Hutton. If it shall not, and if the
former has, in this instance, come nearest the truth,
it cannot be ascribed to the accuracy of his inform-
ation, or the soundness of the principles which di-
rected his research. Mr Williams, whom he quotes,
was a miner, of great skill and experience in some
branches of his profession, to which, if he had con-
fined himself, he might have written a book full of
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pot meant, and that the fault lies in understanding
the expressions much too literally. Mr Kirwan
accuses Dr Hutton of not knowing where to look
for the granite ; mot aware of how much, notwith-
standing any error committed in the present esti-
mate, he was skilled in the art of mineralogical ob-
servation ; an art, which those who have not prac-
tised do not always know how to appreciate. Bat,
however imperfect Mr Kirwan’s knowledge of this
subject has been, he has here had the good fortume
to correct a mineralogist of very superior informa.
tion. The mere disposition to oppose is not al-
ways without its use : no man is in every thing free
from error, and, to controvert indiscriminately all
the opinions of any individual, is an infallible secret
for being sometimes in the right.

Note xv1. § 100.
Risvers and Lakes.

815. Rivers are the causes of waste most visible
to us, and most obviously capable of producing
great effects. It is not, however, in the greatest
rivers, that the power to change and wear the sur-
face of the land is most clearly seen. It is at the
heads of rivers, and in the feeders of the larger
streams, where they descend over the most rapid
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the alluvial land reaches far below the present level
of the river. This is known to hold in very many
instances, where it has happened that pits have
been sunk to considerable depths on the banks of
large rivers. By that means, the depth of the al-
luvial ground, under the present bed of the river,
has been discovered to be great; and from this
arises the difficulty, so generally experienced, of
finding good foundations for bridges that are built
over rivers in large valleys, or open plains, the
ground being composed of travelled materials to an
unknown depth, without any thing like the native
or solid strata. In such cases, it is evident, that
formerly the water must have been much lower, s
well as much higher, than its present level, and
this is only consistent with the notion, that the
place was once occupied by a deep lake. '
319. If, following the light derived from these
indications, we go back to the time when the river
ran above the highest of those levels at which it has
left any traces of its operations, we shall see it com-
posed of a series of lakes and cataracts, from which,
by the filling up of the one, and the wearing down
of the other, the waters have at length worked out
to themselves a quiet and uninterrupted passage to
the ocean. We may, indeed, on good evidence, go
back still farther than the succession of such mes-
dows or terraces, as are above mentioned, will car-
Ty us, and may consider the whole valley, or trough
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traced ; and will be found singularly conspicuous in
that beautiful assemblage of lakes, which so highly
adorns the mountain scenery of Westmoreland and
Cumberland. Among these a great number of in-
stances appear, in which lakes are either partially
filled up, or have entirely disappeared. In the Lake
of Keswick, we not only discover the marks of fill-
ing up at the upper end, which extend far into Bor:
rowdale, from which valley a small river flows into
the lake ; but we have the clearest proof, that this
lake was once united to that of Bassenthwaite,
and occupied the whole valley from Borrowdale to
Ouse-Bridge. These two lakes are at present join-
ed only by a stream, which runs from the for-
mer into the latter, and their continuity is inter-
rupted by a considerable piece of alluvial land,
composed of beds of earth and gravel, without rock,
or any appearance of the native strata. ‘This seps
ration, therefore, seems no other than a bar, form-
ed by the influx of two rivers, that enter the valley
here from opposite sides, the Greeta from the east,
and Newland’s water from the west. The surface
of this meadow is at present twelve or fifteen feet
at least above the level of either Jake ; and a quan-
tity of water of that depth must therefore have been
drawn off by the deepening of the issue at Ouse
Bridge, through which the water of both lakes
passes, in its way to the ocean.

Many more examples, similar to this, may be

'
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ing been six feet higher than it is at present. I
the smaller lakes this diminution is still more ev
dent. * In some of those far inland, the ground a
round appeared to the same traveller to be the de
posit from the rivers, of which the lakes themselvq
may be considered as a mere expansion. t

328. In order to give uniform declivities to th
rivers, the lakes must not only be filled up or drain-
ed, but the cataract, wherever there is one, must
be worn away. The latter is an operation in all
cases visible. The stream, as it precipitates itself
over the rocks, hurries along with it, not only snd
and gravel, but occasionally large stones, which
grind and wear down the rock with a force propor-
tioned to their magnitude and acceleration. The
smooth surface of the rocks in all waterfalls, their
rounded surface, and curious excavations, are the
most satisfactory proofs of the constant attrition
which they endure; and, where the rocks are
deeply intersected, these marks often reach tos
great height above the level on which the water
now flows. The phenomena, in such instances,
are among the arguments best calculated to re-
move all incredulity respecting the waste which ri-

® Mackenzie’s Voyages through the Continent of North
America to the Frozen and Pacific Oceans, p. xlii. and
XXXVi.

+ Ibid. p. 122.
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by any natural convulsion, or should it be worn
away, as it must be in the progress of the general
detritus, the water would gain admission to the sa-
line strata, would gradually dissolve them, and form
of course a very deep and extensive lake, where all
was before dry land. This event is not only possi-
ble, but it should seem, that in the course of things
it must necessarily happen. :

327. Something of this kind may have taken
place in the track of the Rhone, and may have
produced the Leman Lake. It is not impossible,
that, at a very remote period, the Rhone descend-
ed from the Alps without forming any lake, or at
least any lake of which the remains are now exist-
ing ; and this supposition, which is more probable
than that of § 825, we shall soon find to be con-
formable to appearances of another kind. The ri-
ver may have wore away the secondary limestone
strata over which it took its course after it left the
schistus of the mountains ; and, in doing so, may
have reached some stratum of a saline nature, and
this being washed out, may have left behind it s
lake, which is but modern compared with many of
the revolutions that have happened on the surface
of the earth. *

* There are salt springs at Bex, near Aigle, about ten
miles from the head of the lake : saline strata, therefore, are

Probably at no great distance.
: 8
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affect the depth of lakes, and change the relative
level of their sides and bottom.

829. All lakes, however, do not involve the dif-
ficulty which the preceding conjectures are intend-
ed to remove. The great lakes of North America
do not, for instance, receive their supply from very
large rivers.  Of course, it is not from a tract great
in comparison of themselves, that the waste and de-
tritus is brought down into them ; and it seems
not at all wonderful, that, without being filled up,
they have been able to receive it. The same, in a
degree at least, is true of many other lakes.

It should also be considered, that we may err
greatly in the estimate we make of the materials
actually carried down and deposited in any lake. To
judge of their entire amount, we should know the
original form of the inequalities on the earth’s sur-
face ; of the quantity of depression which existed,
independently of the rivers; and though, in gene-
ral, these original inequalities may be overlooked,
and the present considered as made by the running
of water, yet, in particular instances, this may be
far from true. The Valais, for example, which we
consider as the work of the Rhone, may, when the
.Alps rose out of the sea, have included many de-
pressions of the surface, which the river joined to-
gether, and, from being a series of lakes, formed
into one great valley.
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that they have been produced by their respective
streams. Where there is no stream, there is no
breach in the rock, no softening in the bold and
stern aspect which this shore every where presents
to the ocean. If we look at the smmller streams,
we find them working their way through the cliff
at the present moment ; and we see the steps by
which the larger valleys of the Dart and the Tamer
have been cut down to the level of the sea. If we
would have still clearer evidence, that no breaches
made antecedently to the running of the rivers
have opened a way for them, we need only look to
the opposite side, or northern shore, of the same
promontory, where we also find a series of outlets,
all originating in the ridge of the country, and be-
coming deeper as they approach the sea, but alto-
gether unconnected with the openings on the south
side ; and this could hardly have been the case,
had they been the effects of previous concussions, or
of any peculiarity in the original structure of the
rocks.

332. In contemplating such coasts as these, when
we go back to the time when the rivers ran upon a
level as high as the highest of the cliffs on the se
shore, we must suppose, that the land then extend-
- ed many miles farther into what is now occupied by
the sea. When at Plymouth, for instance, the
Tamer and the Plym flowed on the level of Mount
Edgecombe or of Staten Heights, if the rivers ran
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form of the sea coast, on its emerging from the
ocean, and before the powers of wasting and decay
bad begun to act upon it. To speak strictly, the
original figure, in both cases, influences all the sub-
sequent ; but the farther removed from it in point
of time, the less is that influence ; so that, in phy-
sical questions, and for the purpose of such ap-
proximations as suit the imperfection of our know-
ledge, the consideration of the original figure may
be wholly left out.

Nore xvi1. § 105,
Remains of Decomposed Rocks.

834. The plain of Crau was the Campus Lapi-
deus of the ancients; and, as mythology always
seeks to connect itself with the extraordinary facts
in natural history, it was said to be the spot where
Hercules, fighting with the sons of Neptune, and
being in want of weapons, was supplied from hes-
ven by a shower of stones: hence it was called
Campus Herculeus.

This plain is on the east side of the Rhone,
between Salon and Arles: it is of a triangular
form, about twenty square leagues in extent, and
is covered almost entircly with quartzy gravel.
This immense collection of gravel has been sup-
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in Derbyshire, and perhaps still farther to the
north. The quantity of it about Birmringham is
very remarkable, as well as in many other places ;
and the phenomenon is the more surprising, that
no rock of the same sort is seen in its native place.
It is such gravel as might be expected in a moua.
tainous country, in Scotland, for instance, or in
Switzerland, but not at all in the fertile and -
condary plains of England.

This enigma is explained, however, when it is
observed, that the basis of the whole tract jus
-described is a red sandstone, often containipg init
‘8 hard quartzy gravel, perfectly similar to thet
which has just been mentioned. From the dissolu-
tion of beds of this sandstone, which formerly co-
vered the present, there can be no doubt that this
gravel is derived. But, as the gravel is in genenl
thinly dispersed through the sandstone, and abounds
only in some of its layers, it should therefore seem,
that a vast body of strata must have been wom
away and decomposed, before such quantities of
gravel as now exist in the soil could have been let
loose. ’ .
388. I have said, that a rock capable of afford-
ing such gravel as this, is not to be found in the
tract of country just mentioned. This, however, is
not strictly true; for in Worcestershire, between
‘Bromesgrove and Birmingham, about seven miles
from the latter, a rock is found consis’ ing of indu-_
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and it may therefore be taken at 10,000 feet. The
declivity of a plane from the top of Mont Jura to
the top of Mont Blanc, would therefore be about
one mile and three quarters in fifty, or one foot in
thirty ; an inclination much greater than is neces-
sary for water to run on, even with extreme rapi.
dity, and more than sufficient to enable a river or
a torrent to carry with it stones or fragments of
rock, almost to any distance.

Saussure, in relating the fact that pieces of gr-
nite are found among the high passes near the sum-
mits of Mont Jura, alleges, that they are only

* found in spots from which the central chain of the
Alps may be seen. But it should seem that this
coincidence is accidental, because, from whatever
cause the transportation of these blocks has pro-
ceeded, the form of the mountains, especially of
Mont Jura, must be too much changed to admit
of the supposition, that the places of it from which
Mont Blanc is now visible, are the same from which
that mountain wags visible when these stones were
transported hither. It may be, however, that the
passes which now exist in Mont Jura are the re-
mains of valleys or beds of torrents, which once
flowed westward from the Alps; and it is natural,
that the fragments from the latter mountains should
be found in the neighbourhood of those ancient
water-tracks.

348. Saussure observed iln another part of the
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valleys were not cut out by means of it, yet others
may. But it must be recollected, that if some of

Here, then, we have a valley, not cut out by the working
of any streams which now appear; and we may therefore
make trial of the hypothesis of a débdcle. This, however,
will afford us no assistance ; because, if we suppose what is
now hollow to have been once occupied by the same kind of
rock which is on either side, no force of torrents can have
suddenly loosened and removed from its place a body of such
vast magnitude. A greater column of water, than one hav-
ing for its base a transverse section of the valley, could not
act against it, and this would have to overcome the cohesion
and inertia of a column of rock of the same section, and of
the length of sixty-two miles. It is not hasarding much to
affirm, that no velocity which could be communicated to
water, not even that which it could acquire by falling from
an infinite height, could give to it a force in any degree ade-
quate to this great effect.

The explanation of this valley, which appears to me the
most probable, is the following. It will be shown hereafter,
that there is good reason to suppose, that, in most parts of
our island, the relative level of the sea and land has been in
past ages considerably higher than it is at present. In such
circumstances, this valley may have been under the surface
of the sea, the highest part of it being scarcely 100 feet
above that level at present. It may have been a kind of
sound, therefore, or strait, which connected the German Ses
with the Atlantic; and the strong currents, which, on ac-
count of the different times of high water in these two sess,
must have run alternately up and down this strait, may have
produced that flatness of the bottom, and straightness of the
sides, and that widening at the extremities, which are men-
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. best to wait till the phenomenon is obeerved, before
we seek for the explanation of it.

868. These arguments appear to me conclusive
against the necessity of supposing the action of
sudden and irregular causes on the surface of the
earth. In this, however, I am perhaps deceived :
neither Pallas, nor Saussure, nor Dolomien, nor
any other author who has espoused the hypothesis
of such causes, has explained his notions with any
precision ; on the contrary, they have all spoken
with such reserve and mystery, as seemed to betray
the weakness, but may have concealed the strength
of their cause. I have therefore been combating

an epemy, that was in some respects umknown;

and I may have supposed him dislodged, ondy be
cause I could not penetrate to his strongholds. -

The question, however, is likely soon to assume s

mare determinate form. A gealous ‘friend of Dr
Hutton’s theory, has lately * declared his approbs-

tion of the hypothesis which has here been repre-
sented as so adverse to that theory ; and, from his
ability and vigour of research, it is likely to receive
every improvement of which it is susceptible.

¢ Trans. Royal Society Edin. Vol. V. p. 68,
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The Baltic has been computed to decrease in depth
at the rate of forty inches in a hundred years. The
Yellow Sea, which is a large gulf contained between
the coast of China and the peninsula of Cores, re-
ceives so much mud from the great rivers that run
into it, that it takes its colour, as well as its name,
from that circumstance ; and the European mariners,
who have lately navigated it, observed, that the
mud was drawn up by the ships, s0 as to be visible
in their wake to a considerable distance.®* Com-
putations have been made of the time that it will
require to fill up this gulf, and to withdraw it en-
tirely from the dominion of the ocean : but the
data are not sufficiently exact to afford any precise
result, snd are no doubt particularly defective from
this cause, that much of the earth carried into the
gulf by the rivers, must be carried out of it by
the currents and tides, and the finer parts wafted
probably to great distances in the Pacific Ocean. t
The mere attempt, however, towards such a com-
putation, shows how evident the progress of filling

® Staunton’s Account of the Embassy to China, Vol. L. p.
448.

+ Pérouse, in sailing aleng the coast of China, from For-
mosa to the strait between Corea and Japen, though gene—

rally fifty or sixty leagues from the land, had soundings as=
the depth of forty-five fathoms, and sometimes at that o

twenty-two. Atlas du Voyage de la Pérouse, No. 43.
























420 ILLUSTRATIONS OF THE

878. Mr Kirwan’s second objection is founded
on the misapprehension of a well known fact in the

7000 feet above the level of the ses, tends to retard the
earth’s rotation, by bringing its waters, and the mud con-
tained in them, from the parallel of 81° to that of 229, and
80 increasing their distance from the earth’s axis by more
than Jyth part. Had the Ganges flowed towards the north,
.8 the Nile does, its effect would have been just the con-
trary.

In the same manner, a stone descending from the top of a
mouyntain, may accelerate or retard the earth’s rotation, ac-
cording to the direction in which it descends. If it descend
on the side of the elevated pole, it will then produce accele—
.ration, because its distance from the axis will be diminished =
but if it descend on the side of the depressed pole, and if the=
direction in which it is moved, be over a line less inclined,,
than a line drawh from the same point to the depressed pole,
it will then produce a retardation, because its distance from
the axis will be increased.

Let us suppose, for example, that the top of Mont Blanc
is in latitude 45° 49’, and that its height is 2450 toises abore
the level of the sea. The point at which a line drawmn
from the top of this mountain, parallel to the earth’s axis,
will meet the superficies of the sea, (supposing that superfi-
cies continued inland from the Mediterranean,) must be
about 2382 toises in horizoatal distance, or about 2} mi-
nutes south of the summit, that is, in the parallel of 45° 46}';
and if this parallel be continued all round the globe, the
points of the earth’s surface between it and the equator, are
all more distant from the earth’s axis than the top of Mont
Blanc is ; whereas all the points to the north of it are nesrer
to that axis. A stone, therefore, from the top of Mont Blanc,

.
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vial lands, and makes them either cease to increase,
or makes them increase very slowly after a certain
period, though the supply of earth from the higher
grounds remains nearly the same. To make Mr
Kirwan’s argument conclusive, it would be neces
sary to prove, that al/ the mud carried down by
the Nile or the Ganges, was deposited on the low
lands before these rivers enter the sea ; a thing
obviously absurd, that nothing but his haste to ob-
tain a conclusion unfavourable to the Plutonic sy
tem, could have prevented him from perceiving
it. *

879. A remark which Major Rennell has made
concerning the mouths of rivers, in his Geography
of Herodotus, deserves Mr Kirwan’s attention,
though perhaps he may not be able to put on it an
interpretation quite so favourable to his system.
The remark is, that the mouths of great rivers are
often formed on principles quite opposite to one
another, so that some of them have a real delta or
triangle of flat land at their mouths, while others

* The instance mentioned in the Geological Essays, from
the travels of the Abbé Fortis, concerning urns thrown into
the Adriatic, upwards of 1400 years ago, and not yet cover-
ed with mud, must be explained from peculiar circumstan-
ces, or local causes, with which we are unacquainted, as it
makes against the deposition of earth near the shore, and in
narrow seas ; a general fact, which, I think, every body ad-
mits.
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from a certain mean condition, which is such, that,
in the lapse of time, the deviations from it on the
one side, must become just equal to the deviations
from it on the other. In both, a provision is made
for duration of unlimited extent, and the lapse of
time has no effect to wear out or destroy a ma-
chine, constructed with so much wisdom. Where
the movements are all so perfect, their beginning
and end must be alike invisible.

NorE xx1. § 122.
Changes in the apparent Level of the Sea.

388. In speaking of the natural epochas marked
out by the phenomena of the mineral kingdom, we
have supposed a greater simplicity, and separation
of effects from one another, than probably takes
place in nature. We have, for instance, abstract-
ed, in speaking of the waste and degradation of
the land, from that elevation which may have been
carried on at the same time. This appeared ne-
cessary to be done, in order to simplify as much as
possible the view that was to be given of the whole;
but there can be no doubt, that, while the land has
been gradually worn down by the operations on its
surface, it has been raised up by the expansive
forces acting from below. There is even reason
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opinion, that the incognitum was neither carnivo-
rous, nor a species of the elephant. *

411. Nevertheless, Cuvier, in a mémoire read
before the National Institute of Paris, maintains,
that the fossil boneg of the new Continent, as well
as most of those of the old, belong to certain spe.

~ cies of the elephant ; of which, at least, two donot
now exist, and are only known from remains pre.
served in the ground. He distinguishes them
thus: + A

Elephas mammonteus,—maxilld obtusiore, la-

mellis molarium tenuibus, rectis.

Elephas Americanus,—molaribus multicuspidi-

bus, lamellis post detritionem quadri-lobatis.

The latter species, which is meant to include
the animal incognitum, is said to have lived, not
only in America, but in many parts of the old
Continent. Yet some late inquiries into the struc-
ture of the teeth of graminivorous animals, and
particularly of the elephant, make it very impro-
bable that the incognitum has belonged to this
genus.} The grinders of the elephant have been

* Ibid. Tom. IL (1784,) p. 262.

t+ Mémoires de I'Institut National, Sciences Physiques,
Tom. II. p. 19, &c.

1 See Mr Home’s Observations on the Teeth of Gramini-
vorous Animals, Phil. Trans. 1799. Also, an Essay on the
Structure of the Teeth, by Dr Blake.
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tendons were actually adhering to the head when
Pallas received it. The head, after being dried in
an oven, is still preserved in the museum at Peters-
burgh. The preservation of the skin and museles
of this natural mummy, as Pallas calls it, was no
doubt brought about by its being buried in earth
that was in a state of perpetual congelation;
for the place is in the parallel of 64°, where the
ground is never thawed but to a very small depth
below the surface. ‘
But by what means can we account for the car-
case of a rhinoceros being buried in the earth, on
the confines of the polar circle ? Shall we ascribe
it to some immense torrent, which, sweeping across
the desarts of Tartary, and the mountains of Altai, "
transported the productions of India to the plains
of Siberia, and interred in the mud of the Lena the
animals that had fed on the banks of the Barampoo-
ter or the Ganges? Were all other objections to
80 extraordinary a supposition removed, the preser-
vation of the hide and muscles of a dead animal,
and the adhesion of the parts, while it was dragged
for 2000 miles over some of the highest and most
rugged mountains in the world, is too absurd to
be for a moment admitted. Or shall we suppose
that this carcase has been floated in by an in-
undation of the sea, from some tropical country
now swallowed up, and of which the numerous
islands of the Indian Archipelago are the remains?
10 :
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say that he has not succeeded, in an attempt where
B0 man ever can succeed, implies no reprosch on
the execution of his work, whatever it may do on
the design. We have indeed no criterion by which
the execution of it can be estimated : what would
in any other place be a blemish, may be here de-
serving of praise ; and if the work is fall of confu-
sion and perplexity, these are qualities inherent in
the subject which it is intended to describe. It
were, no doubt, to be wished, that after emerging
into the regions of day, Mr Kirwan had been s
successful in copying the besuty and simplicity of
nature, as in representing the disorder and incon-
sistency of the chaotic mass. But his cosmology i
without unity in its principles, or consistency in its
parts : the causes introduced, are, for the most
part, such as will account for one set of appearances
just as well as for another ; or, if any of them is
likely to prove inadequate to the effect ascribed to
it, a new and arbitrary hypothesis is always ready
to come to its assistance. The information given
is seldom exact : a multitude of facts brought to-
gether, without the order and discussion essential
to precise knowledge ; and an infinity of quotations,
amassed without criticism or comparison, afford
proofs of extensive reading, but of the most hasty
and superficial inquiry. Thus we have seen pes-
sages from Ulloa and Frisi, produced in support of
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tion, and in other respects not only unsupported,
but even inconsistent with the principle of gravits-
tion, has nothing in common with a theory, con-
fined as Dr Hutton’s is, within the field which
must for ever bound our inquiries, and not ventur-
ing to speculate about the earth, when in 8 condi-
tion totally different from the present.

427. In what relates to the future, the two sys-
tems are not more like than in what relates to the
past. Buffon represents the coeling of our planet,
and its loss of heat, as a process continually advan-
cing, and which has no limit, but the final extine.
tion of life and motion over all the surface, and

_through all the interior, of the earth, The death
of nature herself is the distant but gloomy object
that terminates our view, and reminds us of the
wild fictiens of the Scandinavian mythelogy, ac-
cording to which, annihilation is at last to extend
its empire even to the gods. This dismal and
unphilosophic vision was unworthy of the genius
of Buffon, and wonderfully ill suited to the ele-
gance and extent of his understanding. It forms
a complete contrast to the theory of Dr Hutton,
where nothing is to be seen beyond the continuas-
tion of the present order ; where no latent seed of
evil threatens final destruction to the whole; and
where the movements are so perfect, that they
can never terminate of themselves. This is surely
a view of the world more suited to the dignity of
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edifice he erected have not proved so solid and
durable as the rest. Had he appeared somewhat
later ; had he been farther removed from the time
when reasonings a priori usurped the place of in-
duction ; and had he been as willing to correct
the errors into which he had been betrayed by im-
perfect information, as he was ingenious in defend-
ing them, his work would probably have reached
as great perfection, as it is given for any thing
without the sphere of the accurate sciences to at-
tum. If he had examined the natural history of
the cwth more with his own eyes, and been as
ouretiel te delimeate it with fidelity as force ; if he
bnd Rssemed with greater care to the philosophers
asvtnd bima ; had he attended to the demonstrs-
wums of Newtom more, and despised the arrange-
mwnss of Linnsus less ; he would have produced
s work, as singular for its truth as for its beauty,
and would have gone near to merit the eulogy
provounced by the enthusiasm of his countrymen,
MAJESTATI NATURE PAR INGENIUM.

Norte xxv. § 130.

Figure of the Earth.

420. That the earth is a spheroidal body, com-
pressed at the peles, or elevated at the equator, is
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account of the absolute insolubility of many mineral
substances in water, let us suppose them all soluble
in a certain degree, and let us compute the quantity
of the menstruum, which, on the suppositions most
favourable to the system, must have been required
to this great geologico-chemical operation.

The siliceous earth, though not soluble in water
per se, yet, after being dissolved in that fluid by
means of an alkali, was found by Dr Black, in his
amalvsis of the Geyser water, to remain suspended
w a quantity of water, between 500 and 1000 times
#s owrm wesght.  This is one of the facts most fa-
veurable to the Neptunian theory ; and that every
slvamtage may be given to that theory, we shall
take the least of the numbers just mentioned, and
suppuse that siiceous earth may be dissolved or sus-
pended in SO0 times its weight of water.

Taking this for the extreme degree of insolubi-
Eity of mineral substances, (though there are many of
which the insolubility is absolute, or, to speak in the
language of calculation, infinitely great,) we may
suppose the insolubility of all the rest, or the quan-
tities of water in which they are dissolved, to be
ranged in a descending scale from 500 to O, the ex-
treme degree of deliquescence. Then, taking the
arithmetical mean between these extremes, it will
give us 250, as the proportion of water in which mi-
neral substances may at an average be dissolved.
Bat this average is much less than the truth ; for

8
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of the water required for this was not less than
625 times the bulk of the spheroidal shell that has
just been mentioned.

But, assuming the difference between the polar

axis and the equatorial diameter to be 3%_0 of the

latter, which is the supposition most agreeable to
the phenomena, it is easy to show that the magni-
tude of the above spheroidal shell, or the differ-
ence between the solid content of the earth, and

the sphere inscribed in it, is greater than 1‘%’ and

less than 55 of the whole earth; so that the

earth is less than 151 times the spheroidal shell.

The volume of the water, therefore, necessary to
hold in solution the materials of this shell, is to
the volume of the whole earth as 625 to 151, or in
a greater ratio than that of four to one : and such,
therefore, at the very least, is the quantity of water
which Mr Kirwan supposes, after it ceased to act
in its chemical capacity, to have retired into cs-

*verns in the interior of the earth. Thus the Nep-
tunists, in their account of the spheroidal figure of
the earth, are reduced to a cruel dilemma, and are
forced to choose between a physical and a mathe-
matical impossibility.

If we would inquire whether the opinion of the
ignéous origin of minerals, as commonly received
by the Vulcanists, is capable of affording a better

8
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There are, nevertheless, great objections to it ; for
though all the phenomena of the mineral kingdom
attest a fluidity of igneous origin, yet it is a fluid-
ity that was never more than partial ; and though
it has been over all the earth, has been over it in
succession only. Besides, we are not entitled to
assume the existence, and again the disappearance
of such a great quantity of heat, without assigning
some cause for the change.

485. Since, then, neither the hypothesis of the
Neptunists or the Vulcanists, affords any good ex-
planation of the figure of the earth, or such a one
as can connect it with the other appearances in its
natural history, it remains to inquire, whether the
system that supposes a partial and successive fluid-
ity, like Dr Hutton’s, has any resource for ex-
plaining this great phenomenon.

Of this subject Dr Hutton has not treated ; and
when I was first made acquainted with his system,
it appeared to me a very serious objection to it,
that it did not profess to give an explanation of s
important a fact as the oblate figure of the earth.
On considering the matter more closely, however,
I found that there were principles contained in it
from which a very satisfactory solution (and, I
think, the only satisfactory solution) of that diffi-
culty might be deduced. This solution I shall
endeavour to explain, in as far, at least, as is neces-
sary for the purpose of general illustration.
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by levelling, and may be supposed to be continued
from the ses, through the interior of the land, till
it meet the sea again. The figure bounded by this
borizontal surface, may properly be called the stati.
cal figure of the earth.

When it is said that the figure of the earth isan
oblate spheroid, it is the statical, not the actual fi-
gure which is meant ; and the degrees of the meri
dian which astronomers messure, are also referred
to the superficies of the former.

497. Suppose now a body like the earth, but
with its actual figure infinitely more irregular, hav-
ing a sea circumfused around it, the water will de-
scend into the lowest situations, and will so ar
range iteelf, that its surface shall be perpendicular
every where to the plumb-line, or to the direction of
gravity, in which state only it can remain at rest.
The figure of the superficies which the sea must
thus take will be of a continuous curvature, and
will return into itself; though it may, if the ac-
tual figure is very irregular, be far either from a
sphere or a spheroid. If, however, we suppose the
solid parts of this mass subject to be dissolved or
worn away, and carried down to the ocean, there
will be a tendency to give to the whole bedy the
same figure that it would have assumed, if it had
been entirely fluid, and subject to the laws of hy-
drostatics. This tendency is the result of two

principles.
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which a fluid would acquire in order to preserve
its parts in equilibrio ; and since the oblate figure
belongs to other of the planets as well as the earth,
and the globular to all the great bodies of the uni-
verse, this suggests an analogy that goes deep into
the economy of nature, and extends far beyond the
limits within which the mineralogist is wont to
confine his speculations.

448. That no very irregular figure is found
among the planetary bodies, may therefore be con-
sidered as a proof of the universality of that system
of waste and reconsolidation that we have been en-
~ deavouring to trace in the natural history of the
earth. A farther proof of the same arises from
considering, that for every given mass of matter,
having a given period of rotation, there are two
different spheroids that answer the conditions of
establishing an equilibrium among its parts, the
one near to the sphere, and the other very distant
from it, and so oblate, as to have a lenticular form.
Thus the earth, supposing it homogeneous, might
either be in equilibrio, by means of the figure
which it actually has, or of one in which the polar
was to the equatorial diameter as 1 to 768. The
same is true of the other planets ; and yet we no
where find that this highly compressed spheroid is
actually employed by nature. The reason, no
doubt, is, that in so oblate a spheroid, the equili-
brium between the gravitating and the centrifugal
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terposition of the basalt between stratified rocks, so
that it had not only regular beds of sandstone for
its base, but was also covered with beds of the same
kind, saw plainly that these appearances were in-
consistent with the supposition of common volcanic
explosions at the surface. _He therefore conceived,
that the volcanic eruption had happened at the bot-
tom of the sea, (the level of which, in former ages,
had been much higher than at present,) and that
the materials afterwards deposited on the lava, had
been in length of time consolidated into beds of
stone. It is evident, that this notion of submarine
volcanoes, comes very near, in many respects, to Dr
Hutton’s explanation of the same appearances. If
the only thing to be accounted for were the pheno-
menon in question, it cannot be denied that Dolo-
mieu’s hypothesis would be perfectly sufficient ;
but Dr Hutton, to whom this phenomenon was
familiar, and who, like Dolomieu, conceived the
basalt to have been in fusion, was convinced that
the retreat of the sea was not a fact well attested by
geological appearances, and if admitted, was inade-
quate to account for the facts usually explained by
it. He conceived, therefore, that such lava as the
preceding had flowed not only at the bottom of the
sea, but in the bowels of the earth, and having
been forced up through the fissures of rocks al-
ready formed, had heaved up some of these rocks,
and interposed itself between them. This agrees
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that in a region ghere great compression existed,
the absence of causticity was no proof that great
heat had not been applied. The discoveries of Dx~
Black, therefore, mark an era, before which mem
were not qualified to judge of the nature of the=
powers that had acted in the consolidation of mi—
neral substances. Those discoveries were, indeed,,
destined to produce a memorable change in che—
mistry, and in all the branches of knowledge allied
to it ; and have been the foundation of that bril—
liant progress, by which a collection of practical
rules, and of insulated facts, has in a few years
risen to the rank of a very perfect science. But
even before they had explained the nature of car-
bonic gas, and its affinity to calcareous earth, I am
not sure but that Dr Hutton’s theory was, at
least, partly formed, though it must certainly have
remained, even in his own opinion, exposed to
great difficulties. His active and penetrating ge-
nius soon perceived, in the experiments of his
friend, the solution of those difficulties, and form-
ed that happy combination of principles, which
has enabled him to explain the most enigmatical
appearances in the natural history of the earth.

As we are not yet far removed from the time
when our chemical knowledge was too imperfect
to admit of a satisfactory explanation of the pheno-
mena of mineralogy, so it is not unlikely that we are

approaching to other discoveries that are to throw
4
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want of theory is not always a complete security.
The partialities in favour of opinions are not more
dangerous than the prejudices against them ; for
such is the spirit of system, and so naturally do all
men’s notions tend to reduce themselves into some
regular form, that the very belief that there can
be no theory, becomes a theory itself, and may have
no inconsiderable sway over the mind of an observer.
Besides, one man may have as much delight in pull-
ing down, as another has in building up, and may
choose to display his dexterity in the one occupa-
tion as well as in the other. The want of theory,
then, does not secure the candeur of an observer,
and it may very much diminish his skill. The dis-
cipline that seems best calculated to promote both,
is a thorough knowledge of the methods of induc-
tive investigation ; an acquaintance with the history
of physical discovery; and the careful study of
those sciences in which the rules of philosophising
have been most successfully applied.
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