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1i INTRODUCTION.

nuing to penetrate downwards, you at last constantly
meet with what is usually called the solid rock : this
differs from the superincumbent mass ; not only in
being more consolidated in its substance, but also in
the nature of its constituent parts : and there is this
further and remarkable difference ; that the arrange-
ment of its particles is perfectly regular, considered
at least with respest to itself, and its texture is nearly
the same throughout its whole substance.

In continuing to penetrate downwards, you find
after a time that the nature of the rock alters; and by
continuing to penetrate further and further you find
similar changes occurring at stated distances; each

successive rock differing from all those which pre-
ceded.

The same circuinstances are met with in different
parts of the same district ; and the regularity of this
succession has given rise to the idea, that the dif-
ferent rocks have been formed by successive deposi-
tion of the particles of which they are composed :
and hence the techuical terms beds or courses;
which in philosophical language are usually called
strata.

Many strata abound with organic animal and vege-
table remains ; winle others, as some suppose, are en-
tirely free from them : hence the idea that these latter






v INTRODUCTION.

must have been very generally remarked. If; for
instance, among the shingles of the sea-shore you
were to throw variously shaped fragments of glass,
stone, brick, or coal &c., you might by observation
perceive that their projecting angles would be gradu-
ally worn off; and each fragment would in time
become of a surface as perfectly smooth as the nature
of its substance would allow; and its form would
resemble that of a common pebble. This effect is so
obviously the result of such an operation, that, in
whatever situation pebbles occur, their rounded form
is universally attributed to the mutual attrition pro-
duced by the agitation of water.

The pebbles that occur in those irregular heaps
which lie above the strata are consequently allowed
to have acquired their present form from the opera-
tion of water ; and there are many arguments tend-
ing to shew that the mutual attrition which has occa-
sioned this form did not take place on the spot where
they now are; and that they have been transported
hither from a distance : hence the heaps in which
they occur are very commonly called alluvial; and
the term allwcion is often used to express an accumu-
lation of this kind.

There could not perhaps be a better illustration
of the statement just made, than that which may be
drawn from a spot in the neighbourhood of Oxford.






vi INTRODUCTION.

it seems evident that in the former, this operation
has been gentle and gradual ; in the latter, compara-
tively simultaneous and violent: and that the depo-
sition of the strata must have been completed, before
the accumulation of those alluvial heaps began to
take place.

With respect to the time when these heaps were
accumulated, there is no internal evidence to be col-
lected from the nature of the heaps themselves : but
it seems reasonable to conclude from the univer-
sality of their existence, that the operation of the
cause which gave rise to them was itself universal.
It seems also clear, that, as these appearances occur
so constantly nearest the surface of the earth, they
must be owing to the most recent of all those revo-
lutions which have been supposed at different pe-
riods to have happened to our globe.

These characters are so casily referable to the
operation of a universal deluge, that one should
think its existence might be deduced from them
alone ; independently of the arguments arising from
the concurrent testimony of all ages and nations, and
a well grounded assurance of the truth of Scripture,
Some however are disposed to argue that they are
owing to the gradual operation of rivers carrying
down with them the detritus of the land over which


















xii INTRODUCTION.

uninformed minds are naturally led to the considera-
tion of their cause. It is not wonderful therefore
that men of cultivated genius have attempted to ex-
plain what all are so forcibly led to contemplate ; and
hence those numerous Theories of the earth, or sys-
tems of Geology, which have been published within
the last two centuries. And it is still less wonderful,
considering that the fabrication of a world cannot
be expected to come within the scope of human con-
ception even, that these systems should be inconsist-
ent, not only with each other, but in themselves. On
this account it would scarcely be necessary to dwell
longer upon them: but as the subject of geology was
originally discussed in consequence of its connexion
with particular passages of the Bible; and as argu-
ments have sometimes been drawn from it, the tenden-
cy of which was to invalidate the authority of Serip-
ture, it will not perhaps be useless to give a short out-
line of some of these theories. For, from the contra-
dictory opinions contained in them we may be taught,
with how much caution we ought to speculate on a
subject in which there seems to be so little reason for
the expectation, not only of proof, but even of pro-
bable conjecture: and may derive this satisfaction,
that though we eannot always reconcile particular ap-
pearances to the literal interpretation of Scripture,
we need not fear any representations that may be
made from such grounds against its authenticity.
Nor need our inability to recoacile those appearances
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being thus expanded, or converted into vapour, broke
through the crust by which it had hitherto been con-
fined ; and rushing out with great violence formed
our present oceans. In the mean time the broken
shell, falling in different parts into the abyss below,
produced all that confusion of hill and vale, of rock
and mountain, and the cavities contained within
these, that is now every where apparent on the
earth’s surface. Descartes entertained the same idea
with respect to the original form and subsequent
rupture of this crust of the globe : and the idea may
be traced to a much earlier date than the age of these
writers. As this system is in a great measure the
production of fancy, it is not necessary to make any
observations on the probability of its truth : but, as [
believe there is no reason for concluding from any
part of the Bible that the antediluvian world was
without mountains, it may be worth while to observe
in this instance how difficult it is, even with the best
intentions, to avoid running into an absurdity; when
we attempt to explain the hidden nature of those
operations which the Creator has thought fit to reveal
in part only to our understandings. For let us con-
sider but one obvious use of those ranges of moun-
tains which are extended in every direction over the
globe ; and we shall see that without the aid of these
its whole surface must soon become a barren desert :
since all the rivers of the world are ultimately derived
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xvi INTRODUCTION.

therefore it is lawful to forsake the plain and obvious
sense of any passage, where the nature of the thing

itself, parallel places, or evident reason, afford a-

solid and sufficient ground for so doing. And such
a licence indeed the mostscrupulous have been ready
to afford, when reason required and doctrinal points
have not been affected by 1t.

Dr. Woodward, who was professor of physic in
Gresham college, wrote a treatise on the theory of
the earth about the same time with Whiston: he
agrees with Burnet in supposing that there is an
abyss of water on which the crust of the earth rests ;
but he differs from him as to the equality of surface
of the antediluvian earth ; drawing his authority for
so doing, from an examination of those animal re-
mains which are so constantly met with on and near
the earth’s surface; of which he says some are the
exuvie of river shells : and arguing that if there were
rivers in the antediluvian world, there must have been
mountains also.

M. de Buffon’s theory of the earth, which is per-
haps more generally known than the foregoing, affords
a striking instance of those extravagances which even
men of the greatest observation in the works of nature
are liable to fall into: but I mean not to speak dis-
respectfully of his genius when I observe, that although
in the construction of his theory he appears to have
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Xviii INTRODUCTION.

from his calculations, distant not much more than
6000 years from the present; which nearly agrees
with the calculations drawn from the Mosaical ac-
count. With respect to the production of animals be
conceives, that there is a vast quantity of organic
living atoms (molécules organiques vivantes) cou-
stantly floating about : that these are capable of pro-
ducing new species of animals where none already

exist; and serve to perpetuate the species of those
that do already exist.

Mr. Kirwan supposes that to a certain depth the
globe was originally liquid ; and there are many pro-
bable arguments in favour of this opinion: one of
which is stated by Mr. Whitehurst in bis Mineralo-
gical History of Derbyshire in the following manner :
that, as all fluid bodies while at rest assumne a spheri-
cal form, and if set in motion revolve round their
axis, and become oblately spherical or spheroid ; it
appears that the earth, this being its form, must have
once been liquid ; and in motion at the same time.
Mr. Kirwan also supposes that “ the eight generic
‘ earths, all the metallic substances, the whole tribe
“ of simple saline and of inflammable bodies, were
““ held in solntion by the aqueous menstruum which
““ was the cause of the liquidity of the globe: and
“ that this aqueous menstruum was of a more com-
¢ plex nature than any that has since existed ; and
* consequently endued with properties very different
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away of the soil, which originally was level with the
existing hills and mountains : that all this soil, gra-
dually deposited in the ocean, is there accumulated
until by the force of subterraneous fire the deposited
or stratified mass is melted, or at least consolidated ;
and then elevated through the waters : and thus new
continents are formed. In this way, he asserts, our
present continents originated from the detritus of
former continents ; and in the same manner, he says,
the detritus of our continents will ultimately produce
others. This system is sometimes called Plutonian,
from the introduction of the agency of heat.

It must be allowed that in the foregoing theory
there is great ingenuity, and a simplicity analogous to
that which is observed in the operations in general of
nature, in the idea of providing for the production of
another earth by the very wasting and decay of this:
and there is no doubt that with respect to internal con-
sistency, Dr. Hutton’s theory of the earth is much
more philosophical than any other.

Strong objections however have been made on ac-
count of the length of time necessary to complete the
operations involved in this hypothesis: much stronger
I think may be made on account of the improbability
that such a complete detritus of the land could be ef-
fected by the operations to which it is attributed : but
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“ rum molitio facta sit: arborumne et herbarum?
“ que quanquam sine sensu sunt, tamen a natura
‘ sustinentur : at id quidem absurdum est. An be-
“ stiarum ? nihilo probabilius, Deos mutarum et nihil
“ intelligentium causa tantum laborasse. Quoram
“ igitur causa quis dixerit effectum esse mundum?
eorum scilicet animantium quae ratione utuntur*.”
And it cannot here be urged that Dr. Hutton excluded
the idea of that final cause on which this argument
rests; for he himself says, ‘“ This globe of the earth
““ is a habitable world; and onits fitness for this pur-
‘ pose our sense of wisdom in its formation must de-
“pend 1.7 And, lest there should be any ambiguity
as to the pature of thosc beings for whom it was
framed, he afterwards adds, ¢ The globe of this earth
““ 1s evidently made for man. He alone, of all the
““ beings which have life upon this body, enjoys the
‘“ whole and every part £.” DBut I am ready to con-
fess that judging from appearances alone, there are
traces of many successive revolutions in our earth, of
which no notice is taken in Scripture : and perhaps,
as I think Mr. Kirwan has suggesied, these appear-
ances may be reconciled, by supposing that the Mo-
saic chaos was the ruin of a former world: an idea
which is I trust not at all incompatible with our belief
in Scripture,and which initselfseems highly reasonable.

11

# Cic. de Nat. Deor. lib. ii. cap. 54,
+ Dr. Hutton’s Theory of the Earth, vol. i. p. 4.
1 Ibid. vol. i. p. 18,




































XK1Y INTRODUCTION.

amount of its weight, when compared with the weight
of a quantity of water of the same bulk with itself
Thus if a cubic inch of limestone were found to be
double the weight of a cubic inch of water, the lime-
stone would be specifically heavier than the water in
the proportion of two to one ; and its specific gravity
would be set down thus, 2. If its weight were found to
be equal to the weight of two cubical inches and a half
of water, it would be specifically heavier than the
water, in the proportion of two and a half to one;
and its specific gravity would be set down thus 2,5 ;
the fractional parts being expressed by decimals.

The crystalline forms under which individual mine-
rals occur are various, and may be considered as
one of their most important characters.

Every mineral substance, perhaps, if placed under
particular circumstances is capable by a peculiar ar-
rangement of its particles of assuming a regular and
appropriate form; and as this effect was first ob-
served in the substance known by the name of rock
cerystal, the term crystal was extended to every other

substance possessing an analogous regularity in its .

form ; even though it wanted thaticy appearance and
transparency which belong to the rock crystal, and
which gave rise to the term itself.

If minerals could always be made to crystallize

IR .

e e e o o T e —












XXXViil INTRODUCTION.

been produced by a variation in the arrangement
of these, | -

This supposition may be illustrated by taking a
great number of small cubes for instance, and so ar-
ranging them as to form a larger cube, or an octo-
hedron, or any other form ; which may be easily ef-
fected. Such a process may be traced by the eye
in many crystals; particularly in those of fluor
spar. All those crystals which are variations of the
primitive form are called secondary ; but this with re-
ference to formn merely: for in their chemical com-
position they are exactly the same.

The term secondary has however been applied to
certain erystallizations possessing a form not belong-
ing to the nature of their substance. These are also
called, and with more propriety, pseudo-morphic
crystals ; and appear to have been formed by a depo-
sition of the particles of the pseudo-erystal, either im-
mediately on the surface, or inthe mould of the cry-
stal of some other substance. Suppose for instance a
quantity of any plastic substance were to be moulded
on a natural crystal ; and, the crystal being removed,
a quantity of wax were to be poured into the mould,
it isevident that the wax would thus acquire the form

of a substance differing very much from itself in
quality,





































10 EARTHY SUBSTANCES.

derived from the German word brechen, signifying to
break ; and the term is certainly applied to marbles
composed of fragments of various forms : these are in
general variegated in their colour.

A marble much used in this country at the beginning
of the last century, for the purposes of ornamental
masonry, is a Breccia, the fragments of which are of
the general character of primitive marble, but varying
in their colours ; being partly white, and partly brown
and red : the connecting medium is for the most part
a calcareous carbonate of a brownish red colour, The
fragments are sometimes angular, sometimes more or
less rounded ; often very distinct from the substance by
which they are cemented, but sometimes so confused
with it as to occasion a difficulty in ascertaining the
brecciated character of the marble.

The saloon at Blenheim, some of the halls and
altar pieces in Oxford, and also many of the churches

in London, are ornamented with a Breccia of this
kind.

Brocatello.

This marble is met with in Spain and in Italy:
the Spanish Brocatello, the most valuable, is found
at Tortosa in Catalonia: it is a Breccia of small
fragments closely cemented together ; the predomi-
nating colour a golden yellow. The name of this
marble is derived from its resemblance to Brocade.
¢ Si albis, flavis, et rubris, maculis insignitum fuerit
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professional architects as specimens of the vert an-
tique: and to this kind of marble therefore I would
apply the term. The specimens alluded to are very
thin slabs, one side only of which is polished ; which
seems to shew that the marble was used for the
purpose of giving a superficial covering to a less
valuable material, and was not therefore itself com-
mon. Saussure says, that at a little distance from the
city of Aoste, the great road to Italy passes under a
triumphal arch, which is built of a coarse stone, and
was anciently faced with marble,

The specimens above mentioned differ entirely in
their characters from those other substances which
are occasionally called vert antique ; and they are of
~ much rarer occurrence in cabinets. They appear to
be parts of an irregular Breccia, consisting of frag-
ments of dark grey compact limestone, black argilla-
ceous schistus, and white granular marble, imbedded
in a species of serpentine; which here and there is
of a uniformly green colour, and a considerable de-
gree of transparency, very closely resembling Jade,
or compact Tale.

The fragments of white marble are very singularly
fringed as it were with a green substance, which,
proceeding in the form of close parallel fibres from
every part of the edge, penetrates into each fragment
to the extent of about the tenth of an inch.

This appearance is of difficult explanation ; because
it seems that the penetration, being so regular and ac-
commodated to the outline of the fragment, must
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is applied by jewellers and statuaries to express
merely the beauty or hardness, not the native
situation of any substance.

This when polished may be known by the distinct
appearance of a stratified structure. The colour and
direction of the strata or bands are various, and have
been determined by local circumstances and the ac-
cidental admixture of vegetable or metallic matter
that has been deposited together with the calcareous.

Some of the remains of ancient sculpture are of
this marble. Where the strata were all of the same
colour, and white, it seems to have been called simply,
alabaster; where of different colours, alabaster onyx.

The alabaster of the preésent day is a gypsum or
sulphate of lime.

Shell Marble.

Some marbles consist in appearance almost entirely
of shells; but the body of each shell is in general
filled with compact earthy calcareous carbonate ;
sometimes with reddish brown calcareous spar: this
observation holds particularly with respect to Purbeek
marble, which is made up of numerous shells of the
variety called Cornu Ammonis.

Lumachella.
This marble, which forms the roof of a lead mine at
Bleyberg in Carinthia, is a compact earthy calcareous
carbonate of a brown coleur, containing a great pro-

portion of clay, and numerous fragments of small

shells ; many of them turbinated. The surfaces of
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20 EARTHY SUBSTANCES.

The organic remains of chalk, which are not nu-
merous, are principally of testaceous animals: the
substance of them is almost always siliccous. Va-
rieties of the Echinus are most common.

Chalk when well burnt makes as good lime, ac-
cording to Smeaton, as the hardest marble. The
harder kinds of chalk are used in building. In the
preparation of whiting, chalk is pounded and diffused
through water; and the finer part of the sediment is then
dried : by this means the siliceous particles are sepa-
rated ; which, by their hardness, would scratch the
surface of metallic and other substances, in the
polishing of which whiting is employed.

Chalk strata are very frequent in the south eastern
parts of England, and are continued in the same direc-
tion through great part of France ; though, according to -
Delametherie, the strata of Dover and Calais are not
precisely of the same nature. They occur also in

Gallicia ; in some of the islands of the Baltic; and in
Poland.

Bath Stone.
Specific gravity 2,5.

This stone is composed of very minute and nearly
spherical shells, either simply aggregated or not very
firmly cemented together. It is much used in masonry
on account of the ease with which it yields to the
chisel; and from this circumstance it is technically
denominated a free-stone: for the sake of greater ac-
curacy 1t is sometimes called a calcareous free-stone ;
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in the first centuries after the conquest. Westminster
abbey is built partly of Caén, partly of Portland stone.
According to Horneman the building at Siwah, the
Oasis of Ammon, is a calcareous free-stone standing
on a rock of the same nature, and containing petri-
factions of shells and small marine animals. DBrowne
describes the same stone as being full of marine re-
mains: as also the stone of which the great Pyramids
of Giza are built; and the rock on which they stand.
Pallas speaks of the hills in the neighbourhood of
the Volga as being in general calcareous with marine
remains. Forster describes the stone of the country
near Benares as very like Portland stone ; but closer
grained, and deeper coloured.

As this stone is so generally met with, and is so easily
worked, it is no matter of surprise that it has been
in all ages and countries so commonly employed for
the purposes of masonry and coarse statuary: and
hence the similarity of character in the stone of
most of the remains of ancient buildings, &ec.

Limestones of this kind are often comparatively
soft when first taken out of the quarry; and harden
by exposure to air; probably in consequence of
the evaporation of the moisture contained in them.
Stone of this kind is, though often very indistinctly,
of a laminated structure ; and when used in building
ought to be placed so, that the lamine may have
the same parallelism with the horizon which they
had in the quarry: otherwise it crumbles and peels
off; of which there are many instances in the public
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the deposition of shells is more abundant on the
surface than in the substance of the lamine.

In some instances, a singular arborescent appear-
apce is observable on the contiguous surfaces of ad-
joining lamin : the colour of this is for the most
part black ; and, from some experiments that were
made for the purpose of ascertaining its nature, ap-
peared to be principally manganese. The same ap-
pearance is observable in some varieties of Florentine
marble. Sometimes the colour is only superficial ;
at others it penetrates far into the substance of the

stone. The explanation of the appearance 1s not
~ obvious; but perhaps some liquid, holding the colour-
ing matter in solution, originally insinuated itself into
the clefts by which the lamine are separated from
each other, and depesited this, particle by particle ;
by something like that continuous attraction, if the term
is allowable, which takes place in the freezing of
moisture on a pane of glass.

Marls.

Specific gravity varies from 1,6 to 2,4.

If calcareous carbonates contain a sufficient pro-
portion of clay to crumble by exposure to air, and fall -
mto a powder in water, they are then called Marls.
The proportion of calcareous carbonate in marls
varies from about two thirds to four fifths ; all which
part may be separated by most of the acids; being
readily soluble in them: the residuum is clay; which







































































































66 EARTHY SUBSTANCES.

liar reflexion of light from the surface, like that of
the stone called the cat’s eye: specimens of gypsum
indeed of this kind, when artificially cut and po-
lished, have been sold as that stone. Fibrous gyp-
sum may be also mistaken for varieties of asbestus:
but it is easily distinguishable from both the above-
mentioned substances, by its inferior degree of hard-
ness, and by the alteration it undergoes in a low red
heat.

In the neighbourhood of Matlock a variety of
gypsum occurs of a broad arborescent or foliated
form, not very unlike the leaves of endive.

Selenite.

Vitrum Ruthenicum, and Moscoviticum ; but these
terms have been considered by many as pro-
perly applicable to Mica. Pallas however men-
tions some crystallized masses of selenite, met
with on the banks of the Volga, which were of
several pounds weight, and were used instead of
olass.

Gypsum speculare, and glaciale ; from its obvious re-
semblance to glass and ice: so the common la-
bourers i the pits, where it occurs near Oxford,
call it quarry glass. _

Glacies Marie ; from its supposed application to the
ornamental process of frosting the images of the
Virgin Mary, which custom is common in Roman
Catholic countries: but the substance generally
employed for this purpose is probably Mica.
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In some instances the crystals are remarkably
elongated in the direction of the larger surfaces: n
others they assume a lenticular shape. Sometimes
they are aggregated in groups, and radiate from a
common centre.

The most singular variety of selenite is formed
like the barbed head of an arrow. This form may
be artificially obtained by dividing one of the crystals
above described, or, more conveniently, a card cut
into a similar shape, in the direction of its greater
diagonal : and then transposing the separated parts
in such a manner, that two of the alternate angles,
produced by the diagonal division, shall make the
point; the other two, the barbs of the arrow-head.

The marl, in which theselenites of Shotover are found,
contains numerous particles of pyrites; a compound
consisting of sulphur and iron: and it appears that
the sulphur, becoming acidified by some natural pro-
cess, combines in this state with the lime of the calcare-
ous carbonate contained inthe marl, and thus promotes
the formation of the selenite. That sulphuric acid is
there formed, appears from an examination of the
fossile oyster shells found in the same marl ; part of
the substance of which, originally a carbonate of lime,
has in many instances been converted into a sulphate
of lime: 1n consequence of which alteration, these
parts of the shell do not effervesce upon the appli-
cation of an acid to their surface: while the unal-
tered parts effervesce very readily.
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that of the moderns in whiteness; as appears from

the following passage : v 4 ydvog 2eunorépay i

And it was, by the general description of it, an
earthy compound of lime : but the ancient naturalists
sometimes seem to apply it to sulphate of lime, the
gypsum of the present day; and sometimes to a cal-
cined carbonate of lime, or quick-lime, which they
called Calx.

In the following passages the term is applied to a
sulphate of lime: Cﬂgnata calci res gypsum est. Qui
“ coquitur lapis non dissimilis alabastrite esse debet :
¢ omnium autem optimum fieri compertum est e lapide
“ speculari,squamamve talemhabente +:" the term lapis
specularis applying very closely to our selenite, which
is a sulphate of lime. “Gypsoma dido statim uten-
“* dum est, quoniam celerrime coit §:” the word celer-
rime being much more applicable to the compara-
tively rapid consolidation of calcined gypsum when
moistened, than to that of common mortar.

In other instances gypsum is rather applicable to
quick lime: ““ Vinorum medicaminis tanta cura est ut
“ cinere apud quosdam, ceu gypso alibi, &c. instau-
¢ rentur §,” where ashes being employed, probably on
account of their alkaline properties, for the purpose
of neutralizing the acid of the wine; we may sup-
pose the substance called Gypsum was employed on

* Platon. Phad. 4+ Plin. Nat. Hib. lib. xxxvi,
+ Plin. Nat. Hist. lib. xxxvi. § Ibid. lib. xiv.



























































































100 EARTHY SUBSTANCES.

to air. The exudation and alferation in colour of this
grease, produced by the heated tobaceo, gradually
give the pipes a brown tinge. Some serapings from
these pipes, analysed by M. Wiegleb, were found
to consist of very nearly equal quantities: of - silex
and nlagnesia. ;

This substance is said to be used as a fuller's
earth by the Turks.

Fabroni met with a substance; very like this il
external characters and chemical analysis, near Siefina
in Italy; of which he made bricks that were light
enough to swim in watér. Pliny speaks of such bricks.

Asbestus and Armianthaus.

The literal signification of the first of these terms
is, unextinguishable ; but, as the verb dmooSimupus
is meta.p'htiricaﬂy used in the sense of aboleo, or per-
do, it may be rendered, imperishable : this explana-
tion being much more appropriate than the former to
the peculiar character of the substance. The literal
signification of the last term is wnstained or unsoiled.
The etymology of these terms, the first of which
directly, the last indirectly, expresses the incom-
bustible nature of the substance to which it is applied,
shews that they were originally synonymous : ‘and so
indeed they may be considered still ; for they are
applied to substances, which do not ‘differ mjore in.
their chemical analysis than many varieties of mi-
nerals confessedly of the same species,
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The fibres of this are always closely aggl:cgated
and are ‘harsh<to ‘the ‘touch ‘and friable ; by which
characters 'the substance s distinguishable' from fi-
brous amianthus. Different specimens ‘possess dif-
ferent shades of green : few perhaps are gntirﬂlrde-
void of colour ; ‘and differ in this respect from. ﬁhrnus
amiarthus, which is u’ﬁen dehcate'iﬂ?r white.

"When the fibres are larger than usual,f ,and qf -ﬁ,
fat prismatic rather than a ﬁbmus fnnn, the _sub-
$tance “resembles actinolite : it when pulveuzed it
is unctuous to the touch, and may thus he distin-
guished from it.

Sumatlmes the fibres have a slgghl;]y curved direc-
tion, at thie same time preserving a mutual parallel-
ism; and the mass in which they occur is disposed
to separate, upon the application of a sufficient de-
gree of force,into fragments of an oblong and curvel
I:Elnll:ﬂl Aform. 1. have seen fragments of this kind,
,detﬂchﬁd,i"rmn a mass of -serpentine containing grey
iron ore, in which, one half of the: fibrous:mass was
of the nature of asbestus, from which it rapidly gra-
duated into the appearance of grey iron ore; the fi-
brous form remaining, with a colour and lustrﬁ com-
pletely metallic, '

The fibres of -asbestus sometimes appear to be
thomboidal prisms. From this cireumstance perhaps,
and from its general connexion with serpentine, Saus-

sure CDDSIdE:rS ashestus as a crystalline form of the
latter substance

























112 EARTHY SUBSTANCES.

fic ; in the form of axes &c. artificially cut and po-
lished. They are of a deep but bright green colour,
with a waxy transparency at the edges : their bard-
ness is very considerable, as appears from the use
for which they were evidently intended ; but this is
at the same time accompanied with a remarkable
toughness : their texture is very compact in general,
but here and there it is partly schistose, partly fi-
brous or splintery ; with which probably their tough-
ness is connected. To the touch they are remark-
ably smooth; and their lustre is almost as though
the surface had been oiled.

Some mineralogists have supposed that a substance
'so hard could not have received such an accurate de-
licacy of form, from people so uncivilized as the na-
tive Americans ; and have therefore conjectured that
when first met with it is soft, and that it afterwards
hardens by exposure : but the variety which M. de
Saussure analysed was completely hard when first se-
parated from its native rock: and, besides this, Rc~
bertson describes the perseverance of the Americans,
in the very instance of the formation of their tools,

as most remarkable.
~ There is a variety of jade, which comes from Chi-

na, of a greyish white colour with an obsecure shade -

of green: it is used in Turkey for handles of scy-
mitars, and other instruments. It it much harder
than the American green jade.

Jade is sometimes of a delicate lemon. colour ; and
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Actinolite.

Shorlaceous Actinolite ; of Kirwan.

Strahlstein, in Germ.; in Engl. 4rrow-stone: met
with in “ long slender prisms, or rather pyra-
‘“ mids, being thicker at one end than the other,
““ and hence ecalled Strahl, or Arrow-stones*.”

Asbestinite : when the prisms are acicular, actinolite
may be mistaken for asbestus: and hence the
foregoing name,

Sufficiently bard to scratch glass.

Specific gravity 3,33.

Fusible in the heat of the Berlin porcelain furnace
into a fibrous slag.

Primitive form a rhomboidal prism ; the sides inclin-
ing to each other under an angle of 124¢ 30/, or

554 30/,
Silex . . 64 Silex . . . .50
Magnesia . 20 Magnesia . 19
Lime: % ' + 98 Lime. . . 10
Alumine . 2,7 Alumine. . 1
Oxyd of Iron 4 Oxyd of Iron 11
— of Chrome 3
100,0 Bergm. Blaeid
94 Laugt'er,

This substance is called actinolite from the occa-

sional radiated distribution of its crystals. Its
most striking natural form is that, in which it occurs

* Kirw. vol. i. p. 168,
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Chrysolite.

Peridot ; E}f commerce.

Topaz of the ancients, probably ; for Pliny describes
the topaz under characters very appropriate to
the chrysolite of the moderns: and evidently
the chrysolite of the moderns, being green, must
differ from the chrysolite of the ancients : as the
latter from its name was doubtless of a golden
yellow colour.

Infusible by the blowpipe.

Sufficiently hard to scratch glass.

It has the double refracting power in a very remarkable
degree.

Specific gravity 3,4.

Primitive form, a four-sided prism, at right angles
with its base; which is a parallelogram.

Chrysolite from the Levant.

Magnesia. . . . 05 o son 435
P e e e BB wiA i b
Oxydof Iron . . 95 . . . 19

08,0 Vaug. 101,5* Klapr.

The chrysolite of the moderns, the least hard of
those stones called gems, is commonly of some shade
of green; often of an olive or even bottle green : it

* The increase of weight in this analysis depended on the dif-
ficulty of accnrately drying the precipitates obtained during the
process of the analysis.
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stance, said to be of emerald, was ascertained by
M. Coxe to be green fluate of lime.

The famous cup long preserved at Genoa under
the name of Sacro Catino, and now in possession
of the French, is upon good grounds considered as
nothing more than green glass.

Baccius in a treatise on gems, written in the se-
venteenth century, mentions this cup; not without a
doubt of its being an emerald : * Genue vas amplum
“ habetur ex Smaragdo, s ex Smaragdo fit *.”

It is not easy to conjecture what was the nature of
the smaragdus of the ancients: Pliny says that it
possessed the most vivid of all green colours ; and
this probably might be said at his time of the Orien-
tal emerald : but it may be inferred from the follow-
ing passage that the smaragdus was too commonly
used, and its dimensions too large, to justify the
supposition of its being that substance. Speaking of
the smaragdus he says, “ Scalpentibus gemmas non
“ alia gratior oculorum refectio est: ita viri dilenitate
“ lassitudinem mulcent 1.”

The emerald is rarely of any considerable magni-
tude, and at the same time perfectly clear and free
from spots.

The emerald possesses the same distinetive marks
of character as the beryll. The resemblance between

* Bacc. de Gemmis, p. 55.
+ Nat. Hist. lib, xxxvii.
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In the heat of the Berlin porcelain furnace it was
unaltered, excepting that in some pieces the
colour became a little paler.

Primitive form, a regular six-sided prism, according
to Haliiy ; but, according to Count Bournon, a
slightly acute rhomb, the plane angles of which
are 94! and 86'. M. Haiiy's mistake in this
instance arose from the great difficulty of ob-
taining the primitive form by mechanical di-
vision.

Specific gravity 4,016 ; the mean specific gravity of
sixteen different specimens of sapphire, taken
by Count Bournon.

Alumine . . 98,5 . Alumine . 92
Tivm . . . OF silex . . 5,25
Oxyd of Iron 1 Oxyd of [ron 1
100,0 Klapr. 98.25 Chenevix.

According to the analysis of M. Klaproth, who
considers the lime as casual, the sapphire appears to
be nearly a pure native form of alumine, coloured by
oxyd of iron: its great degree of hardness and speci-
fic gravity depends perhaps on the state of aggrega-
tion of its particles. |

The sapphire varies from a deep clear blue to the
lightest shade of the same colour: it is occasionally
entirely colourless, and is then called white sapphire:.
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All these different varieties, together with the sap-
phire and the ruby, are essentially the same as to
their chemical composition ; the proportions of the
constituent parts only slightly differing: they equally
correspond in their physical characters. Hence they
are now very generally referred to the same species ;
at the head of wihich the sapphire is placed as being
the hardest, and specifically the heaviest: and as
they also correspond in their chemical composition
and physical characters with the different varieties of
the substance called corundum, but are superior to
these in colour and lustre &e., Count Bournon has
denominated the former perfect corundum ; - the lat-
ter imperfect covundum : a division that might be
very readily adopted on his authority, but that
it would be difficult to supersede the use of such
names as the sapphire &ec. ; the substances so called
being very constant articles of commerce.

Count Bournon observes that the hardness and
specific gravity of these gems are in proportion
to their transparency : that though so much harder
than flint they do not, when struck by steel, produce
s0 numerous or such bright sparks : that they ave
phosphorescent by friction ; but not so easily, or with
so vivid a light as quartz, and without the peculiar
smell that accompanics the phosphorescence of the
latter substance : that their structure is laminated :
end that those which are the least perfect are most
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rieties : the yellow and black garnet, a greater pro-
portion of lime, and a less proportion of alumine.
It appears also, as indeed might be expected, that
the specific gravity of garnets is heighthened in pro-
portion to the quantity of iron contained in them.
The difference however in these analyses renders it
doubtful, whether these several substances can be
considered as of the same species.

The oriental or noble garnet, as it is also called,
is said to be of a crimson colour; the Bohemian, ra-
ther of a blood red: but more than one opportunity
has occurred, in the preceding pages, of observing
that the term oriental has a reference rather to beau-
ty and hardness, than to local situation. The Bohe-
mian garnet would indeed by jewellers be called
oriental in preference to any other; being of a great-
er degree of transparency: hence indeed it is most
frequently used in jewellery. In some instances the
colour is so intense, that, to facilitate the display of
this, it is cut into a form somewhat resembling the
cup of an acorn; but more flattened.

The Bohemian garnet is found, together with hya-
cinths and sapphires, in alluvial districts, which ap-
pear to have been formed by the detritus of basaltic
and serpentine mountains, |

Small Bohemian garnets, when pulverized, are
sometimes used as emery.

Garnets are met with in most parts of the world ;
principally in gneiss, and rocks of the magnesian ge-
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Corundum of Malabar . . of Ava . ef the Carnatic.

Alomine . 86,5 . . - 8 . .91
SHexs . . 7 wie g ARG e e
OxydofIron 4~ . . 45 . . 1,5
07,5 98,0 97,5 My. Chenevix,

Corundum is an Indian term, an explanation of
which I have not met with. The Chinese corundum
contains a little more than one tenth of its weight of
magpetic iron ore, mechanically disseminated through
its substance in particles of various sizes; sometimes
as large as a hazel nut : their form is indeterminate.
In the foregoing analysis these particles were pre-
viously separated by applying a magnet to the pul-
verized stone.

The Bengal corundum contains no magnetic iron:
a few grains are occasionally found adhering to its
~ surface. s

The Chinese corundum is of a deep brownish
green colour ; that of Bengal is of a light yellowish
colour ; of Malabar, a reddish brown ; of the Carnatig,
a greyish or greenish white. The last mentioned
variety 1s most commonly met with in cabinets; and
generally in fragments that more or less approach to
a cubic form. ,

The above varieties of corundum are met with in
granitic rocks, of which they form a distinct component
part after the manner of felspar : and their general ap-
pearance is indeed not unlike that of felspar.
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In consequence of the iron contained init being at
a low state of oxydation, it is sometimes magnetic ;
and particular varieties of emery are in their appear-
ance not unlike grey iron ore; octahedral crystals of
which are contained in the emery of Jersey and
Naxos: hence emery has often been classed as an
ore of iron. It is now considered as an 1mpure
variety of corundum.

The emery of Smyrna, called so because imported
from thence, is found in scattered fragments and peb-
bles at the foot of primitive mountains in the isle of
Naxos. This is the variety principally used in
England.

Emery is found in Saxony; in Guernsey and
Jersey; on the coasts of Normandy and Spain ; and
abundantly in the islands of the Egean.

It is separated from the substances accompanying
it, by the operations of pounding and washing : the
different sediments are then collected, and are valua-
ble in proportion to the fineness of . the particles.

It is used according to Winkelman in giving a
polish to sculpture worked in porphyry.

In the working of gems, and it is even employed
in cutting the hardest of them, as the sapphire and
ruby, emery is mixed with water: in the working of

metals, it is mixed with oil; probably to prevent their
rusting, '
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its colour, and the great proportion of potash contained
in it.
Blue Felspar.

This variety has only yet been met with in Stiria.
It differs from the generality of felspars, in being of
a compact and earthyinstead of a laminated texture.
Thin and irregularly curved laminaz of silvery talc
penetrate its substance in various directions, and add
greatly to its beauty; the blue colour of the mineral
being itself very delicate.

Opaline Felspar.
Labradore-stone ; having been first found in rounded

fragments, in an island on the Labradore coast.
Specific gravity varies from 2,67 to 2,69,

The general colour of this stone is an iron grey :
it is called opaline from a remarkable play of colours,
visible, as it were in its interior, when held in parti-
cular directions: the most conspicuous colours are
blue, green, purple, and orange-red; the intensity of
these alteringaccording to the alteration of the direc-
tion in which the stone is held.

Compact laminated Felspar.

Felspar of this kind occurs most commonly in gra-
nite; it is generally opaque, and of some shade of a
brownish red ; or a pale flesh colour ; or nearly co-
lourless. Sometimes it is disseminated in tolerably
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distinct crystals through the mass of granite; the
form of the crystals being for the most part an oblong
rhomb. Their structure is frequently remarkable on
account of the reversed situation of the laminge in
the two longitudinal halves of each erystal: in
consequence of which the light is reflected much more
vividly from one half than the other, when the crys-
tal is held in certain directions,

Observations on Felspar.

Felspar is often remarkably disposed to undergo
a spontaneous disintegration ; which there is reason
to suppose, in some instances at least, depends on a
previous alteration in the nature or proportions of its
component principles. This alteration is thought by
Werner to have been effected by the loss, either par-
tial or entire, of the potash naturally contained in
it. And this opinion is supported by the observation
that felspar is, often, less fusible in proportion to itsstate
of disintegration ; and that those felspars in which a
considerable proportion of potash is present are very
fusible.

Some have thought that the disintegration depends
on exposure to the atmosphere: but Mr. Jameson
observed, at great depths in the mines of Freyberg,
beds of gneiss completely sheltered from the action
of the weather, in which the felspar was entirely dis-
integrated. Perhaps this-altered state of felspar may
be referred, as Mr. Davy has suggested with respect

VOL. I. Y
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to the spontaneous alteration of mineral substances
in general, to the agency of electricity.

Bat this part of the history of felspar, perhaps the
"most important, has not yet been weil elucidated ;
and it is safer therefore to confine ourselves to the
description of its altered appearance, than to attempt
an explanation of the cause of this. -

There are in the Oxford collection some specimens
of a coarse porphyry, the ground of which is of a
brick-red colour: the crystals of felspar contained in
it are not very numerous; but they are in general
well defined; and in the unaltered parts perfectly
transparent, and of a glassy appearance. From this
state they pass through numerous stages of disinte-
gration; until they become completely opaque, and
differ not in texture and appearance from a loose
white earth. In some of the crystals the alteration
has taken place universally, in others partially only :
s0 that sometimes the central part of a crystal is
campletely transparent, while the exterior is opaque
and readily crumbles into powder ; and wice versd.

Earthy Felspar of Cornwall.

The felspar of the white granite in many parts
of Cornwall occurs in a completely disintegrated
state. Here and there indeed the process has
not advanced sufficiently far to destroy the cohesion
of the particles of the felspar, though its substance is
so far softened as easily to yield to the knife like
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steatite : but upon the whole it is in a loose earthy
state.

In the neighbourhood of St. Austle there is a tin
mine, or rather quarry, in which the different stages
of this process may be traced very satisfactorily.
The altered state of the felspar renders the gra-
nite of this quarry so friable that it is very easily
removed ; and hence the veins of tin-ore by which it
is intersected are not followed in the usual manner
by means of shafts and levels; but the granite is
quarried like free-stone, and the ore is separated by
the process of stamping and washing.. -

In some parts of the quarry the disintegrated felspar
occurs in distinct patches, and may be easily detached
without any particles of the quartz; with whichit is in
general intimately mixed : but at all times it may be
separated by simply stamping the granite, and diffus-
g it through water.

The particles of tin ore and of quartz very soon
subside, in consequence of their greater bulk or spe-
eific gravity ; and the supernatant water, together with
the felspar suspended in it, is drawn off and ‘con:
veyed to pits &c., excavated for the purpose. By
degrees the felspar subsides ; and, the water being
again drawn off, a white sediment is left of the eousis-
tence of paste : if this be dried it eontracts into & soft
earthy mass of a very white colour, and in appearaneeé
and general characters closely resembles a very pure
natural clay. This process is analogous to that by
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which whiting is prepared from chalk*. The felspar
thus separated is extensively employed in the manu-
facture of porcelain.

Kaolin of China.

~ The kaolin of the Chinese very much resembles
the earthy felspar of Cornwall: and is derived from
the disintegration of granitic rocks.

BIEX . o~ s o) G0

Alumine . . . 15,86

Lime™ o700 8 29 .04

Whatee, 2 vosop GiFS
95,66 Faug.

Petuntzé of China.

It is doubtful whether this name is applicable to a
modification of kaolin, or to the disintegrated rock
from which the kaolin is obtained.

In a short but very interesting account of minerals,
published by a gentleman of the name of Rozin, it is
stated that the petuntzé of China is a felspar which
has lost a portion of the potash naturally belonging to
it; but, not having been reduced to a completely
earthy state, still retains traces of a laminated struc-
ture : and that the kaolin of China differs from the

* Vid. p: 20,
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The clay, of which the Berlin porcelain is made, is
found below Halle in the district of Magdeburg :
that of which the Austrian porcelain is made, at Pas-
sau. The French porcelain clay is met with in the
vicinity of Limoges.

If clay, which otherwise would be fit for making
porcelain, contain one tenth part of lime, it is fusible
in the heat to which the porcelain must necessarly
be exposed, and consequently unfit for the purpose
intended. It may contain as much as one twentieth
part without occasioning the vitrifaction of the mass.
Oxyd of iron is injurious in a double sense ; for it not
only promotes vitrifaction, but discolours the porcelain
by the alteration it undergoes during the process of
baking.

Mr. Kirwan observes that clays found under coal
are in general the least fusible ; because the coal
obstructs the infiltration of water containing calca-
reous particles.

Clays in which the siliceous ingredient predomi-
nates, n the proportion of three or four to one, are
best adapted for the composition of porcelain ; because,
when baked, they best resist sudden alterations of
temperature,

An inferior kind of porcelain clay is found in that
part of Bovey heath, in Devonshire, which is near the
London road: it is met with not much below the sur-
face of the earth; and, from a consideration of its
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situation and the attendant circumstances, appears
evidently to be a natural deposition of earthy fel-
spar. Whoever considers the swampy nature of
that heath, the appearances observable on its sur-
face, and its relative situation to the adjoining gra-
nite hills, may easily be convinced that it is derived
from the detritus of these, washed down and depo-
sited by water: for this heath is as it were a naturai
bason, which must necessarily receive whatever is
brought down from the adjoining high ground; and
its surface in a great measure consists of a white
sandy quartz and occasional crystals and fragments
of felspar, that evidently correspond with the quartz
and unaltered felspar of the neighbouring gra-
nite.

But the strongest evidence of the mature of its for-
mation is derived from an examination of those beds
of clay, as they have been hitherto usually termed,
which are interposed between the layers of the fos-
sile wood, commonly called Bovey coal.

The substance of this clay appears to be of a
much more compact and uniform appearance in some
parts than in others. I collected specimens on the
spot, some of which do not differ very much from
the common white granite of Cornwall; but the fel-
spar is not of so delicate a colour, nor are the parti-
cles of quartz so uniformly disseminated through it :
an appearance which justifies the supposition that
 the granite has been disintegrated and its eonstituent
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parts subsequently reunited, though not with their
original regularity. Other specimens, from the same
spot, seem to be the result of a similar but still less
regular deposition ; the felspar being of a dirtier co-
Jour, and the particles of quartz neither so numerous
nor so uniformly disseminated through their substance,
as in the former instance. And, lastly, in some spe-
cimens the particles of quartz are rarely present: so
that the mass very closely resembles a light coloured
variety of potters’ clay.

The gradations in these appearances, compared
with the local circumstances, seem to leave very lit-
tle doubt that these several varieties of clay, as well
as the porcelain clay met with in a different part of
the heath, are nothing more than depositions of dis-
integrated felspar, occasionally mixed with particles
of quartz : nor is it surprising that the porcelain clay
should be much whiter than the others, since the
latter have evidently been deposited at the same
time with those trunks and branches of trees which
constitute the Bovey coal, the vegetable extractive
matter of which has probably discoloured them.

Fipe Clay.

Leucargilla? of Pliny ?
Terra Samia ? of the ancients,

This clay is so called from its use in the fabrica-
tion of tobacco pipes. Tt scarcely differs in its com-







170 EARTHY SUBSTANCES.

have been probably derived from granite and its va-
rieties : those which contain most, from basalt per-
haps, and rocks of that genus.

Stourbridge Clay.

This is a natural clay containing very little lime or
iron ; and hence it is neither much coloured nor dis-
posed to vitrify in the higher degrees of heat: on
which account it is employed in the construction of
furnaces ; and in the fabrication of fire bricks, as they
are called from being so refractory; and of those
coarse vessels in which porcelain is usually baked, in
order to preserve it from external injury during that
process. |

Those fire bricks which are made at Stourbridge
very readily produce sparks when struck by steel ; and
their internal appearance is altogether not very unlike
the soft white granite of Cornwall, excepting that
they are of a yellow colour. The granite of Cornwall
1s sometimes indeed employed as a clay in the fabri-
cation of crucibles, a manufactory of which kind is
carried on at Truro. From an examination of the
substance of these crucibles it appears, that the gra-
nite has been simply pounded; and tempered with
just a sufficient proportion of clay to give it the
requisite degree of tenacity: since the constituent
parts of the granite may be easily recognized by
the eye. These crucibles are nearly if not quite
as refractory in the fire as the Hessian crucibles
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greater than usual, the clay has scarcely sufficient
tenacity : this is called a mecagre clay. Fat clays are
preferable to meagre clays in the construction of glass
house crucibles, as being less acted on by alkalies.

Common clays when breathed on have that parti-
cular smell called earthy. This is by some supposed
to depend on the alumine; by others, on the oxyd
of iron and other foreign substances contained in
them.

According to Wallerius almost all argillaceous
earths give ammonia, or hartshorn, by distillation ;
and most of them contain some particles of inflamma-
ble matter. These two facts, joined to the considera-
tion of their texture, and the situation where they
are met with, which is in general near the surface,
seem to prove that they have been formed from the
detritus of other substances.

The occasional blue or bluish grey colour of clay
in some instances depends on the oxyd of iren con-
tained in it: in which case it is generally reddened
by calcination. Insome instances clay of this colour,
or even completely black clay, becomes white by calci-
nation: in which case the colour is owing w0 the
presence of inflammable matter.
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by M. Klaproth, was brought over from thence by
Mr. Hawkins. Similar specimens were also brought
from a neighbouring island : and in both instances nu-
merous grains of quartz were disseminated through the
mass. From this circumstance, joined with the results
of the anal ysis and the primitive character, in a geolo-
gical point of view, of the islands of the Archipelago,
I should conclude that the fullers’ earth of Cimolus
was derived from the decomposed felspar of a disin-
tegrated granite. Iullers’ earth is met with in France,
Saxony, and Sweden; and in very great abundance
in different parts of England, as at Woburn, Ryegate,
and Maidstone. A great proportion of the fullers’
earth of commerce comes from Hampshire.

English fullers” earth is often met with between
strata of sandstone. . '

The specific action of fullers’ earth depends on the
alumine contained in it : and it appears that the pro-
portion of this should not be less than a fourth or fifth
of the whole mass. It should not however be much
more ; for in that case the fullers” earth would be too
tenacious to diffuse itself through water. The silex
also should be in a very minute state of division;
atherwise the particles, being too rough, would wear
out the texture of the cloth to which it was ap-
plied. ‘

M. Klaproth found that the earth from Cimolus

possessed the fulling property in a superior degree to
the Lnglish.
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It was superficially glazed in the heat of the Berlin
porcelain furnace.

Specific gravity varies from 2,65 to 2,93.

Primitive form, a four-sided prism at right angles
with its base; which is a parallelogram with
angles of 120 and 60"

Bl .t 05 ED
Alumine . . . 35
Magunesia . . 1,35
Tame .o oe e 133
Oxyd of Iron . 7
04,68 Faug.

Mica 1s so called from its glittering appearance ;
by which it may in general be easily recognized in
compound rocks, as granite, gneiss, &c.

When distinctly crystallized, which does not often
happen, its form is usually an hexhedral plate; and,
according to Saussure, these plates are almost always
set on their edges. Sometimes a great number being
closely applied to each other produce a six-sided
prism.

In whatever form mica occurs, it has the peculiar.
property of being divisible into lamina to any extent ;
which often, simply in consequence of their extreme
tenacity, reflect the colours of the rain-bow. Hauy
says that by calculation he found the thickness of
some of these lamine to be not mo.e than the
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White or greenish mica may be distinguished from
tale, by its elasticity ; and by not possessing the
unctuous feel of the latter substance: from selenite,
by remaining unaltered in a low red heat: from sul-
phuret of molybdena, by its elasticity; and by not
staining paper when rubbed upon it : from crystallized
oxyd of uranium, by its elasticity ; and by not passing
into the state of a black scoria under the action of
the blowpipe : from grey micaceous iron ore, by
being less fragile, and by adhering less easily to the
fingers when crumbled ; also, by not being magpetic,
as that often 1s. |

Schistus or Slate.

Under this head may be ranged a numerous class
of rocks, principally of an argillaceous base, re-
markable for their schistose structure, In some of
these, organic remains occur very frequently; in
others, rarely, if ever: hence the latter are called
primatice schisti; the former, secondary schisti.

Primitive schistus is met with, in general, conti-
guous to granite ; from which its characters may be
traced by almost insensible degrees; gneiss and its
varieties being the first steps of the transition. Strata
of primitive schistus are often nearly vertical ; some-
times, incurvated in the most irregular manner. They
are commonly intersected by small veins of quartzor
calcareous spar which divide the whole mass into
compartments of a rhomboidal form,
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quently project from the matrix containing them, so
as only Lo exhibit a part of the prism with the pyra-
mid attached to it, double pyramidal crystals with
an intervening prism do not often occur. Where they
do occur, they are either simply aggregated, as in
some of the varieties of the mineral called Sinople;
or entirely imbedded in the matrix containing them,
as in decaying granite and other rocks. The surfaces
of the prism are often transversely striated, while
those of the pyramid are to the eye perfectly smooth.
In general the length of the prism is greater consi-
derably than that of the pyramid. In some instances
the prism is so shortened, as to be scarcely per-
ceptible ; and then the form resembles that of two
six-sided pyramids, joined base to base: but it very
rarely happens that the prism is absolutely wanting,
though the eye cannot discover it. Crystals ap-
proaching to this form, and of a very remarkable
degree of transparency, occur in the iron stone found
near Bristol : they are called Bristol diamonds.
Although the greater number of quartz crystals are
varieties of the form above described, yet from the
mutual disproportion of the different sides of the
prism and pyramid, the resemblance is often so much
obscured that the real form cannot easily be traced.
Sometimes two opposite sides of the prism are so
much broader than the other four, as to give the
crystal a tabular form: sometimes the area of one of
the sides of the pyramid.is larger than that of the
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T R R ¢ |
Alumine . . . 6
Lane’ o & s 1

100 Bergm.

If the authority of Bergman may be questioned,
the proportion of silex is probably greater than here
stated : perhaps indeed colourless quartz is alto-
gether of a siliceous nature; for even the common
black flint contains ninety-eight parts in one hundred
of silex : and it may reasonably be supposed from all
its characters that colourless quartz is a purer naturaj
form of silex than common flint. The analysis of
amethystine quartz gives nearly ninety-eight parts in
one hundred of silex.

Perfectly transparent and colourless quartz resem-
bles glass very closely : but the bubbles and fissures,
which often occur in both, afford an easy method of
distinguishing them ; the bubbles being irregularly
diffused, and nearly of a spherical shape, in glass ;
but, in quartz, disposed on the same plane or on
parallel planes : and, generally, in the form of clouded
specks.

The iridescent appearance often visible in the inte-
rior of quartz depends on the refraction of light, in
consequence of fissures either naturally or artificially
formed. The Iris of Pliny is perhaps a variety of
this kind ; for he says, in speaking of it, ** sexangulam
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Transparent quartz sometimes contains in its inte-
rior a green substance very closely resembling moss ;
which 1s supposed to be chlorite : sometimes 1t
contains prismatic crystals of tourmaline, or of thal-
lite ; and of red titanite, formerly called red shorl.

Transparent blackish brown Quarts,

Cairngorum ; from a mountain of that name in Aber-
deenshire.

Crystallus colorata fusca, of Wallerius ; and Quarts-
hyalin enfumé, of Haily : the colour being often
like that of smoke.

Movrio and Pramnion ; of Pliny? ““ Morio qua miger-
““rimo colore translucet, in India vocatur Pram-
‘* nion *.”

This varies in colour from a deep black, to a shade
of brown sc slight as scarcely to be perceptible: in
the last case the transparency and lustre are very
beautiful ; and of such specimens seals &c. are com-
monly made. A yellow tinge is sometimes mixed
with the brown: and in a few instances the colour is
a pure yellow,

Transparent brown quartz is met with abundantly
in the Alps. |
This variety of quartz is occasionally of so intense
a colour as not to be transparent, except at the edges
of its fragments. In those crystals that are of the
darkest colour, the transverse striz are often very

* Plin. Nat. Hist. lib. xxxvii.
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observable on the surface of some of the crystals,
is a more highly oxydated state of these metallic
substances, which in a less oxydated state occupy the
corroded cavities of other crystals.

The mountains of Murcia contain great abundance
of amethystine quartz.

Opague Crystallized Red Quartz.

Hyacinth of Compostella ; from the colour and local |
situation of one of its varieties.
Crystallized Jasper ; improperly so called.

The colour of this substance which is nearly a
brick-red, is upon the whole very uniform : the sub-
stance itself is met with in very different states of ag-
gregation. A mass of it sometimes consists of distinct
prismatic crystals loosely adhering to each other; and
the form of the crystals, which is a six-sided prism,
terminated at each extremity by a six-sided pyramid,
is very delicately defined. At other times the form
is less distinct: and in some instances the mass ap-
pears to be made up of minute crystalline grains.
In the last case it is called sinople. The texture
becoming still more compact the granular character
is lost, and it assumes the appearance of red jasper.

This variety of quartz is found near Compostella in
a matrix of gypsum. It is coloured by oxyd of iron

Those small red crystals imbedded in the va-
riety of caleareous spar called arragonite are crystals
of opaque red quartz.
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Jasper.

Very little satisfaction is to be obtained from the
writings of the early natural historians respecting the
characters of this substance; some describing it as
transparent and of a vitreous appearance ; others, as
opaque.

It is infusible by the blowpipe.
In hardness, nearly equal to quartz.
Specific gravity varies from 2,3 to 2,7.

Silex 75
Alumine . 20
Oxyd of Iron 5

100 Ka’apr.

The formation of jasper is supposed by some to
have arisen from the infiltration of siliceous particles,
m a very minute state of division, into the substance
of a natural clay, coloured by oxyd of iron: and the
appearance of jasper in many instances strongly justi-
fies this opinion. In the Oxford collection there is
a specimen, which, in looking at its polished surface
and judging by the eye alone, might easily be ima-
gined to be a mass of soft ochry clay separated into
wregular clefts, and having the interstices filled with
nearly limpid water. On examination the colourless
part appears to be of a pure siliceous nature; and
the coloured part, which to the eye alone is of a pulpy
softness, Is found to be as hard as jasper in general.
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Blood-stone.

Heliotropium ; of the ancients.

In the heat of the Berlin porcelain furnace, the co-
lour became whitish grey; and the red spots
disappeared, leaving cavities in the places which
they occupied.

Specific gravity 2,66.

Pliny describes the appearance of this substance
very accurately. He says it is ““ porracel coloris, et
“ sanguineis venis distinctum*.” Jn another passage
he speaks of a variety of prase marked ‘‘ sanguin-
“‘ eis punctis.”

The colour of this substance is a deep, but not en-
tirely uniform, dark green; with occasional small
specks or points of a blood-red colour. From the
beauty of its polished surface it is much used for or-
namental purposes; as in snuff’ boxes, the handles
of knives, &c.

According to Brogniart it is believed to be a va-
riety of calcedony coloured by chlorite. Mr. Kirwan
considers it as evidently allied to jasper.

The blood-stone came originally from the East. Tt

has been found in Iceland, and in Bohemia, in the
form ef a vein.

#* Nat. Hist. lib. xxxvii,
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and all those districts where strata of chalk occur ;
these beds being principally made up of fragments
of the common black flint, altered by exposure to the
air &c.

Entrochi and varieties of the echinus occur in a
fossile state imbedded in flint; the substance of those
fossile bodies being at the same time of a flinty na-
ture : sometimes the shell of the echinus 1s calca-
reous, but so far changed from the animal state as to
be of a sparry structure ; and in these cases the cavity
is filled with flint.

Hollow nodules of flint occur occasionally, partly
filled with a white crumbling substance, resembling
chalk in its appearance ; but not always effervescing
with an acid. Sometimes the cavity of these no-
dules has a blistered surface; as if the flinty matter
had been deposited stalactitically : in this case the
appearance of the blistered part is very like calcedony.

Pear-shaped masses of flint are sometimes met
with, bearing no mark of an organic origin with the
exception of their shape : and in some intances these
are penetrated in various directions by tubular cavi-
ties somewhat resembling the cavities formed in lime
stone by the pholas ¥,

The flint of the chalk strata in the neighbourhood
of Waitage has often a flattened form ; and consists
of two plates attached to each other imperfectly, much

* Vid, p. 21.
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chalk during the infiltration into these cavities: for
these cavities do not appear to have been distinct or
insulated, but continuous throughout the whole extent
of the strata of chalk; which is divided by them into
immense tabular masses; and which without support
must, obviously, have subsided on each other. The hy-
pothesis of the forcible injection of the ignited and liquid
flint is Dr. Hutton’s : against the admission of which
may be urged the difficulty of conceiving that a stream
of liquid ignited matter would have been forced in
lines so regularly parallel as the seams of flint evi-
dently are. It may be said indeed that this may in
some measure be accounted for by the regular strati-
fication of the chalk : but why then is not the same
appearance observable in the case of basalt or whin
among the strata of sandstone, which are equally
regular with the strata of chalk? Or, again, why
did the stream of flint divide itself at all, and
why was it not forced forward in one irregular mass
or vein like basalt : and, if it did thus divide itself,
where are we to look for the point from whence it
began to diverge into different veins ?

But this is a question, like many others in geology,
that may exercise the ingenuity of those who speculate
upon it; but does not seem likely to admit of any
satisfactory solution on physical principles: and con-
sequently does not deserve that warmth of argument
which is often bestowed upon it.
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often not distinctly perceptible, except in great masses
its texture in particular parts is as close as flint: and
hence the term siliceous schistus is applied to it.
Sometimes in the same specimen one part will be
completely compact; another, distinctly schistose to
the eye; though the lamin are very compactly aggre-
gated, and scarcely capable of separation. In siliceous
schistus of this kind earthy chlorite frequently occurs.
The use of the touch-stone for the purpose of ascer-
taining the degree of purity of gold and silver is
‘'spoken of frequently in the writings of the ancients.
Avdly Toov e wéTpn Sopa” KpUToy Gmoly
Mevdovrar pn Pavioy érTupoy oipyvpaporSol *,
Xahndv natdyeveoy xal cpyveor ywopilel, xad wiooy
els 1ov sarqpa wépinrar . Theophrastus gives an ac-
curate description of the use of the lapis Lydius ; and
describes an apparatus very analogous to the fouching
needles of the present day ; by which, in employing
various artificial alloys as a standard of comparison,
the purity of gold was readily ascertained by the
colour of the streak impressed on the touch-stone.

Black compact basalts, and even dark coloured
limestones, are often used as touch-stones.

Novaculite, or Hone-stone.

Most of the finer kinds of hone-stune are a remark-
ably compact siliceous schistus. Those hone-stones

* Theoer. Id. i€, + Theophr. p. 397,
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A very singular stalactitic form of calcedony oc-

curred some years since in one of the Cornish mines :
it is nearly opaque and colourless ; and from its close
resemblance to an agglutinated mass of the cylindri-
cal, bones of small birds it has been denominated
skeleton calcedony.
- But although calcedony appears to have been se-
parated from water in as great a state of purity as any
mineral ; and often to have been placed under circum-
stances as favourable as possible to crystallization ; it
never shews the least tendency to an internal erystal-
line arrangement of its particles : its fracture is always
perfectly compact. Crystals, indeed, the substance of
which is calcedony are often met with ; but they are
always pseudomorphous; and very frequently they
are not solid, which is a strong argument in favour of
their stalagmitic origin. Their surface is rarely smooth.
The derivation of calcedony from the common black
flint may be traced by very delicate gradations, and
sometimes in the same specimen : for upon breaking
a nodule of the flint a cavity is not unfrequently dis-
covered, the surface of which consists of irregularly
blistered calcedony ; the substance of the flint insen-
sibly passing into that of calcedony.

Calcedony is frequently contained in rocks of the
basaltic genus, in nodular masses. These masses,
which are in general of a light bluish grey colour, are
often hollow, and set with amethystine quartz crystals.
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yellow : the transverse section of this represented an
irregularly oval surface of a red colour, surrounded
by a band of yellow.

The sardonyx of modern jewellery is a variety of
the onyx of the present day.

Stratified Ony..

Onyx, stratis diversimode coloratis constans ; of Wal-
lerius,

Camehuia ; of the same author, and others,

Camaieu or Cameo, and Onyx ; of modern jewellers :
particularly when the colours of the strata are
white and black, or white and brown.

"Ovdyov of Theophrastus : who says, 70 3¢ ‘Oviyeon
pixty Asvnw wed Qaiw waparinra *. The word
(Qaicg is described in Constantine as expressive
of a colour between white and black : and a
stone consisting of parallel bands of this and of
4 white colour corresponds with the onyx of the
present day.

Winkelman describing an antique Egyptian gem,
consisting of a white stratum under a stratum of a
deep colour, calls it agat’ onice t : which description
agrees with that of Theophrastus. Natural appear-
ances would justify the classification of this substance
either with calcedony or agate.

The value of this substance in jewellery depends
-particularly upon the difference in the colour of the

% P, 396. + Vol. i p. 123.
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it had been introduced, after it had deposited the
earthy particles before held in solution.

Wallerius says that solutions of silver and other
metals are sometimes used for the purpose of giving
artificial colours to agates; but that artificial may
always be distinguished from natural colours by ex-
posing them to the fire, which destroys the former.

In some agates the lines are so disposed as to form
numerous radiating angles : these are commonly
called varieties of fortification agate; a term which
very.aptly expresses the general appearance of their
distribution as compared with the plan of the out-
works of a fortified town.

In many agates the intervals of the concentric lines
are partially or universally of an opaque reddish
brown colour, owing to the presence of oxyd of iron
in that part of the substance of the agate: these
parts are of the nature of jasper; and from the
mixed character of these varieties the term jasp-
agate has originated.

In some instances there is an arborescent distribu-
tion of the lines ; which is occasionally owing to the
actual presence of leaves, and a substance resem-
bling sea-weed or fine coral intangled as it were in the
siliceous matter of the agate : from this appearance
has arisen the term dendrachates.

These various appearances, which have given rise
0 appropriate terms, are taken notice of by Pliny;
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rivers of Tartary, and that the literal signification of
its name is the ¢ stone of the river.” According to
Wallerius the Kalmucs form their idols of this stone.

Agate of the same kind is met with in other parts
of the world.

Carnelian.

Achates Carneolus ; of Wallerius.

Quartz Agathe Cornaline ; of Haiiy.

Sardion ; of Theophrastus ; and Sarda; of Pliny. The
term Sardion, or Sarda, is by some derived from
a resemblance in colour to the flesh of the an-
chovy, or a similar fish, when salted : the expres-
sion in Pliny is “a Sardis sale conditis.” Salma-
sius says it is from Sardinia or Sardes. 'The
term Carnelian is perhaps expressive of the
flesh-colour of this mineral.

In the heat of the Berlin porcelain furnace it became
of a snow white colour, preserving its lustre.

Specific gravity 2,6.

Carnelian, often called Cornelian, is sometimes
imported from India in the form of irregularly shaped
nodules, very much resembling Scotch pebbles ; and.
a transverse section of these nodules very often pre-
sents a similar arrangement of concentric lines with
that of the common agate: of which it is now gene-
rally considered a wvariety. The nodules of car-
nelian have generally a reddish brown coloured crust.
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Common bluish white Opal of || Common greenish yellow or

Kosemiitz in Silesia. Pitch Opal of Telkobanys
in Hungary,
Silex'. . o~ 9BYS Bilex . .. D550
Alumine ) aslight trace || Oxyd of Iron 1
Oxyd of Iruuj- of each. Waker s o0 i
08,75 Klapr. 90,50 Klapr.

According to Tavernier the opal is only found in
Hungary : this observation is perhaps applicable to
the variety called noble opal.

It occurs, invery irregularly shaped and imperfectly
defined patches, in a kind of indurated coarse sandy
clay, of a light reddish yellow colour; by Werner
called clay porphyry. It is sometimes nearly trans-
parent and colourless; sometimes slightly wheyish
and opaque; the degree of this opacity and wheyish
appearance varving so that it occasionally becomes
completely opaque, and of a milk white colour. But
in all the intermediate stages there is a disposition in
the substance to refract the rays of light in a very re-
markable manner: the colour most in esteem, as
arising from this refraction, is green. The effect is
produced in consequence of the presence of numerous
small fractures or fissures in the interior of the opal,
the intervals of which produce a varying refraction of
the rays of light. All these colours disappear when
the substance of the opal is reduced by mechanical
means to very minute particles.
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Tourmaline of Brasil . . . of Ceylon.
SHEE b v 04 AD b1 e 200 3 AR IR
Alumine . . . 39 o34 ad'T's 39
LN o m e Tl vy e S
Oxydoffren ., 12,50, » ;e o o B

of Manganese 2

—_———

07,54 Vaug. 100 Bergm.

Crystals of tourmaline are almost always of a pris-
matic form; the prism longitudinally striated or
channelled, and terminating in a flat irregular pyramid
at each extremity : the number of the faces is different
in the two pyramids; and that which has the smallest
number acquires by heat the negative or resinous
electricity ; the other, the positive or vitreous : hence
the former repels, the latter attracts light bodies;
and if two crystals of tourmaline suspended by a
thread of silk be presented to each other in an electric
state, the similar extremities will repel, the dissimilar
will attract each other. The heat best adapted to
shew the electricity of the tourmaline is from about
100° to 212" of Fahr. It may be rendered electric
either by holding it near the fire, or plunging it in hot
water for two or three minutes. If heated above a
certain point it ceases to be electric : if heated still
further, it recovers its electricity ; but with this dif-
ference, that the poles which were before positively,
become now negatively electrified : and vice versd.

The electric property sometimes remains for seve-
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The transparency of the tourmaline is attended by
this singular circumstance ; that, generally speaking,
it only takes place when the light is viewed in a di-
rection perpendicular to the axis of the prism ; even
when, from the shortness of the prism, its thickness
is greater than its length.

Crystallized tourmalines occur very commonly in
the Tyrol ; in rocks, the base of which is talc.

Fragments of crystallized tourmaline are frequently
found in the sand of the Ceylon rivers ; and the most
beautiful specimens come from that island. Black
tourmalines are met with in granite, gneiss, and other
primitive rocks. Tourmaline is distinguished from
hornblende, actinolite, thallite, the chrysolite, and
the emerald, in being electric by heat; and by

the singular nature of its transparency, abovemen-
tioned. '

Rubellite.
Red Shorl of Siberia.
The physical characters of this mineral correspond
very closely with those of tourmaline ; of which
it is supposed to be a variety by many minera-

logists : it principaliy differs from the tourma- -
line in being infusible.
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rious ; as pointing out the electric property of a pre-
cious stone, evidently resembling the rubellite.

In speaking of gems of a red colour he says, ¢ Ex
“ eodem genere ardentium Lychnis &c. precipue
“ gratise—probatissima in Indis, quam quidam remis-
¢ siorem Carbunculum esse dixierunt. Secunda bo-
¢ nitate similis est Ionia, appellata a prelatis flori-
““ bus : et inter has invenio differentiam ; unam, que
¢ purpura radiat ; alteram, quz cocco ; a sole exvcale-
“ factas, aut digitorum adtritu, paleas et chartarum
“ folia ad se rapere*.”

Hornblende.

Basaltine, and Basaltic Hornblende ; of Kirwan : so
called from its frequent occurrence in basaltic
rocks.

Opaque Rhomboidal Shorl ; of de Lisle.

Amphibole; of Hauy: so called on account of its
‘doubtful character; which arises from its resem-
blance in some points to other minerals.

Fasily fusible into a greyish black glass.

Sufficiently hard to scratch glass ; but scarcely strikes
fire with steel.

Specific gravity 3,25.

Primitive form, a four-sided prisin which makes an
oblique angle with its base : the base is a rhom-
boid with angles of 122' 56" and 67 4".

* Nat. Hist. lib, xxxvii. ed. Brot. vol. vi. p. 286.
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The two foregoing characters taken together are
very distinctive of this substance.

Zeolite occurs principally in rocks of the basaltic
order, accompanied by calcareous spar and calcedony.
These several substances, disseminated through the
rock containing them in the form of irregularly shaped
nodules, produce that appearance, which has given rise
to the term amygdaloid ; the white nodules appearing
like almonds imbedded in the surrounding substance,
and being particularly conspicuous in consequence of
the darker colour of the matrix containing them.

These nodules sometimes moulder away, leaving the
space vacant which they had occupied : and hence the
origin of those cavities observable in some varieties of
basalt. T'his effect i1s probably owing to a loss of the
water of crystallization ; and in proportion as the
zeolite becomes of an earthy or farinaceous consistence,
its electric property is weakened.

Zeolite is commonly crystallized in delicate pris-
matic fibres, which radiate from a common centre.

The Stilbite of Haty, so called from its delicate
pearly lustre, is considered by some as a variety
of zeolite ; and resembles it in many points : but

it is neither electric by heat, nor does it resolve
itself into a jelly in acid.

The Chabasic of Hauy, often called cubic zeolite, is
also considered sometimes as a variety of zeolite;
from which however it differs in the same man-
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been first met with in the neighbourhood of a place-
called St. Andreasberg.

The cruciform crystals of this mineral consist of
two compressed four-sided prisms, terminated at
each extremity by four faces: these prisms cross
each other at right angles.

Those of St. Andreasberg are often very delicately
defined.

Staurolite has also been met with at Strontian in
Scotland ; but the crystals of this variety are either
single, or very irregularly united.

It is distinguished from white varieties of the hya-
cinth, by its fusibility and inferior degree of specifie
gravity : from zeolite, in not being electric by heat.

Vesuvian.

Idocrase ; of Haty. Its crystalline forms partake
of the nature of other minerals: and the term
idocrase is meant to express their mixed cha-
racter.

Brown Volcanic Hyacinth.

Veswvian Chrysolite ; of the lapidaries of Naples:
this name is applied to the yellowish green va-
rieties.

Sufficiently hard to scratch glass.

Has the double refracting power to a considerable de-
gree : but this is notoften perceptible ; few crys-
tals being sufficiently transparent.

































