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CHAPTER IIL

Onthe Laws of Attraction of dggregation and _

Combination.

THE more we examine the v’egetabl&
and animal worlds, the more we obferve of
.defign and contrivance. The moft fpendid.
., works ficft folicit and gain our attention; -
for men, like children, have thus their cu~
riofity excited. But this fpirit being once
raifed, we then find in the fimpleft produc-
tions fubje@s of admiration, and can then fit
unwearied contemplating the beauties and
wonderful ccconomy of a humble mofs or
lichen. Plan and defign are in all Nature’s
‘works, though univerfal difcord and con-
fufion feem to prevail, and though certain
ruin awaits her faireft produ&ions. A plant
ér animal comes into exiftence feeble’; but
JEERY ’ with
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with intherent powers adequate to the diffis
culties to be opqued, and to the offices it has
to perform. It increafes, a&s its part in the

ccconomy of nature, continues  its {pecies,

and dies. FEach creative is balanced by a

deftroying power, and each deftroying coun~
teracted by a creative; and thus the organic

world, after the lapfe of fo many ages, fill

continues the fame, though the individuals

which compofe it are ever changing. Were

things at reft, there would be no need of
any PpOWers in nature ; and comfequently

there would be no laws by which to be

dire€ed. ~ But things are far otherwife.

The modes of ad&ing of thefe powers, which

are ever the fame, are the laws ; and thefe

- are only*known by their effe@s.

Bodies fo different as the inorganic and
organic cannot be fufpe@ed of being gb-b
verned by the fame laws. In the latter, it is
the mechanifm of the ftructure which per-

D forms
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forms every tﬁiﬂg, dire@ing the matter. In
the former, it is the matter itfelf which pof-
fefles the power. If we examine what
paffes in organic bodies, as well vegeta-
ble as animal, we find the various indivi-
duals endowed with a firu&ure by which
they take in different fubftances foreign to
their own ; feparate, and aflimilate to them-
{elves what is proper, and reje& what is ufe-
lefs or hurtful; and this from their firlt
feeble rudiment. Thus the {fmall acorn be-=
comes a lofty oak, and the inert egg an
a&ive fenfitive animal. We obferve the
gradual change taking place, the increafing
ftature and development: we fee in part
the mechanifm by which it is accomplithed,
but know not its moving principle nor
mode of aging. We candidly acknowledge
our ignorance, and without meaning to ex-<
plain it, attribute it to an organic ftruéture,

and call it a growth of intus-fufception.
The
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“Thie matter taken in is confidered as inert,
and power and action are attributed to the
organic body alone, Could we fee further, -
probably, we fhould find that the chief ufe
of this firuture is to bring the extraneous
matter within the fphere of reciprocal
a&ion ;' we fhould fee that this firucture
performed the office of the infirumerits of
the chymift’s laboratory, by which bodies
through comminution, trituration, &c. &c.

are adapted to act upon each other. I
The clémentary {ubftances of the mineral
kingdom are not inert; they have their
active powers; and thefe we will iow pro-
ceed to examine. Two laws govern the
thineral world: attra@ion of aggregation,
and attracion of combination. To the firft;
mineral bodies owe their exiftence in fepa-
tate homogeneous maffes, in oppofition to
the ftate of accidental and heterogeneous
mixture; They likewife owe to it their re-
D2 gular
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gular cryftalline forms ; and without this: law,
the folid parts of our globe would only have
been a confufed chaotic mafs. To the latter
we are indebted for the great variety of com-
pound bodies which are the refult of fo few
elementary {fubftances, and likewife for the
changes that take place amongft them ; even
the procefles performed in the labdratory of
the chymift are founded on this. . Laws fo
important require a deeper examination: let
us therefore confider them more in detail.
And firlt of AGGREGATE ATTRACTION.
Bodies that are folid have their aclive
powers centred in themfelves, and eternal
repofe is the refuli;‘ unlefs. another body, '
in confequence of the attraction of combina-
tion, unites with them, when a new body
is formed. But all bodies in a fluid ftate
are combined with their folvent, and then
their particles,/thus feparated, have little ten-

dency to unite with each other. But as {foon
' as
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a3 this folvent is withdrawn, the particles
‘that compofed the fimple folid body again
utite ; and they unite according to parti-
~cular laws; fo that, as we fhall afterwards
fee, under proper circumftances tﬁey form
regular polyedral figures invariably the fame.
If {everal are mixt in the fame folvent, they
in becoming folid do not unite indifferently,
and without fele&tion, and thus form a
: heterogeneoﬁs mixture ; though this would
certainly be the cafe, did the great law of
attrattion, by which great maffes are go-
verned, prevail, where attra&ion.is.in the
reverfe ratio of the fquares of their diftances ;
but each unites exclufively with its own kind :
and the confequence of this is, that, inftead
of a tumultuous chaotic mixture, we have
_beauiiful cryftals, each kind having its own
proper character.

Mr. Pelletier, an ingenious French chymift,

relates the following curious experiment,
o D which
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which admirably exemplifies this do&rine,
He mixed a folution of alum in afemifluid
mafs of clay, and, having firred them veil
together, left it till it was dry: he then
broke it, and found the alum had formed
regular cryftals. It is quite evident, that,
inftead of regular cryflals, if nothing but
the common law of attraltion had "aéted,
the alum would, though concrete, have been
fill difperfe;l through the mafs of clay ; and
as in this femifluid mafs there could have
been no cavities, it is equally plain that the
particles of alum had the power to throw
afide the particles of clay, and unite with
their {imilar particles. To thislaw, then, the
law of aggregate attrattion, we are indebted
for every thing that is homogeneous and
fymmetric in the foffil kingdom. The differ-
ent kinds of elementary rﬁ_atter, of which
foffils are compofed, then, are not inert, but
poflefs a&tive fp‘eciﬁc powers, by which they
form
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form homogeneous and regular figures ; and

~ the form of cryftals is the natural ftate of
‘bodies belonging to this kingdom of

Naturé, notwithftanding fo very {mall a part

of its productions is found in this ftate.

To the formation of regular cryﬂals, it is
requifite that the matter be fufficiently
attenuated through heat, or through the
folvmg menftruum, and that the bufinefs of
aggregation fhould proceed in a flow and
tranquil manner. But though a very fmall
part of our earth is compofed of regular cryf-
talline bodies, this law of aggregate attrac-
tion has prefided at the formation of a great
part of it : for all bodies that have a fparry
or fpathous texture are nothing but a more
or lefs tumultuous affemblage of indetermi-
nate and half-formed cryftals. Let us ex-
amine ftill more in detail this fubject of cryl-
tallization, :

There is this analogy between the orga- -

D 4 " nic
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nic and ‘inorganic bbdies, that in their in.
 creafe or growth they retain their firlt forms,
and their change or difference is only iu ‘
fize: the former acquire. this, by an ine
tus-fufceptive growth ; the latter, by a
juxta-pofition of particles. As far as our
fight, even aided by the microfcope, will
extend, we fee that the firft rudiment of a
cryftal is its perfe& form ; that in this its
embryo ftate, if we may ufe the expreflion,
it differs only in fize from what it will be
hereafter., But we know by experience,
that feveral circumftances are requifite to
the formation of regular cryftals. It is pro-
bable, that the primary pirticles,- of which
they are compofed are polyedral forms ; and
that towards the formation of regular cryf-
tals they muft unite, not accidentally but
by particular fides ; yet it muft be admitted,
that as the primary particles are infinitely
“fmall, a greater accumulation on any par-

ticular



'\

ey

ticular fide may be one caufe of irregularity,
though the juxta-pofition thould take place .

B Wame fides. Many lufus naiture in
the cabinets of the curious in'cry{’calliza-

tions fhew this. ,

; It will, I think; now be eafy to conceive,
that many minerals which have not regu~
lar forms may be the refult. of cryftalliza~
tion ; and that we may go by degrees from
the moft perfed gcbmet_ri'c figure to the
moft tumultuous affemblage of cryftalline
patticles. In the fenfe in which the word
cryftallization is here ufed, every concretion
from a fluid ftate is the refult of cryftalliza-
tion, and may exift either in the flate of
regular cryftals, or be fo irregular as not to
be definable, or in the ftate of confufed ag-
gregated particles. Thefe three different
flates, it is not neceflary to obferve, run
into one another. It is in this latter flate

that many of the mmerals that form entire
mountams



N
( 2 )
mountains are found ; probably all, except
_ thofe which are formed of the powder, duft,
or fragments of other rocks, as the brecciag;
fand-ftones, &c,: yet even thefe a&"ék but
the ruins of thofe which had been formed
in this manner. It is, then, to this law we
owe every thing that is cryftalline, fymme-
tric, and homogeneous. |
However importanf the law we have juft
treated of may be in the formation of
foffils, it muft be clear, upon an attentive
confideration of its charaters, that it can
only be the caufe of the aggregation and
concretion  of the elementéry {ubftances ;
that though it brought thefe out of their
chaotic confufion into beautiful homogene-
ous mafles, and regular fymmetry ; yet it
never could combine them, and in various
prdportic')ns; and thus create, from fo few
elementary principles, fuch a multiplicity of
minerals as are the xefult of thefe combi-

nations.

N .
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nations, " This is dependent on a quite dif<
ferent law, in fome degree an oppofing
me,;the LAW OF ATTRACTION OF COMs=
gINATION, which we will next confider.

- 'What are the real elementary and fimple
fubftances ; whether any of thofe which we
‘confider as fuch are really fo, muft be an-
{wered with a modeft doubt. We are right to
confider thofe as fuch, which hitherto have
admitted of no further analyfis, and -which
by fynthefis we cannot form ; but as chy-
miftry throughout its progrefs has from
time to time, by the analyfis of thefe fup= :
pofed elements, thewn us our error, we
ought to hold this opinion with the diffi-
dence of uncertainty, or perhaps rather re=
ceive it merely as a convenient language or
mode of expreflion. '

We did not enquire into the caufe of the
preceding lawv, we were content with ob-
ferving its effects ; nor fhall we attempt

now
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pow to find out the caufe why certain
‘bpdies‘ gombine‘ together in preference to./
ot_hers, but merely ftate the facts, agﬁgifth{;
fhew the immenfe importance of thls law.
As the feience of chymiftry, is little more
than the knowledge of the preferring or
feleGting difpofition of the different el-emen-'
_tary fubftances and their compounds, an&
its operations little more than the adjufting
and difpofing them to reciprdcal a&ion,
every page of chymiftry muft bear witnefs
to the exi{’cen(.:e of this law. It has this con-
formity with the laft ‘kind of attracion,
and this difference with the attraction of
great mafles, that it only acts when the
bodies are almoft or altogether in contact.
Though this law merely concerns.matter
of different kinds: there isno univerfal’ rule
that there thould be a combination between -
any two of them indifferently ; for, on the

contrary, there are fome that never will
combine
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combine together. When this union takes *
place, a new fubftance is formed, with pro-
" “perties different from the components, and
which* could never be afcertained by any
reafoning & priori. There is an intimate
_union of the different principles, and the vo- .
lume is in general diminifhed, and the tem-
perature changed. Yet are they not fo
combined or altered, but that often thofe
~ bodies which had a vﬁronger affinity with
either before this combination took place
‘will ftill aét upon them, and that in propor-
tion to the ftrength of the affinity of the
united principles. In moft cafes where a
third fubftance prefents itfelf, no further
combination takes place, except where it has
a fironger affinity for one of them. Then a
decémpoﬁtionv takes place, and a new fub-
flance is formed: but in fome cafes this
third fubftance unites with the compound, :
which changes accordingly its propertics.
Though
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; Though fuch triple combinations are bt
Tittle within the power of the chymift’s art, P,
yet are they very common in Nature: heze
the clementary bodies are often found
united not only 3, but 4 or 3 togetiler‘.
Thus, for inftance, the Emerald, according.
to the analyfis of Mr. Bergman, is the com-~
bination 22 parts of filex, 60 of argiil,
8 of lime, and 6 of iron.  The Hyacinth,
according to the fame celebrated chymift, is
compofed of 25 parts of filex, 40 of argill,
26 of catbonated lime (or about 6 of car=
bonic acid, and 14 of lime), and 13 of
iron: here is a combination of five fimple
fubftances exclufive of water, and both the
carbonic acid and water are compounds.
The Labrador Feldfpar is, according to Mr:
Bindheim, compofed of 69 parts of filex; 13
of argill, 12 of gypfum (a compofition of
about 7 parts of vitriolic acid and § of lime)s

4 of oxyde of copper, and 0,030 of oxyde
: of
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. of iron (both compounds). The Prchn‘ite;
5 iﬁccording to the celebrated Mr. Klaproth,

k&a combination of 44 parts of filex, 30 of
fd"argﬂl 18 of lime, 5 of iron, and 2 of wa-
ter and air. ‘Thefe are examples enough to -
fhew that nature ufes the elementary fub-
ftances to form new bodies ;' and fo far are
fuch gombinations from being fcarce occur-
‘rences' in the mineral kingdom, that there
are very few foflils which are not combina-
~ tions of feveral fimple fubftances.

A great difficulty here arifes relative to
mixture and COmbinatibn, which though
perfe@ly different in their natures are fome-
times not to be diftinguithed. There can
be no doubt, but that the principal compo-
nents of hard pellucid cryftalline bodies are
in a ftate of combination ; but likewife there
can be no doubt, that often adventitious
matter is enveloped in their mafles, with
- which they are only mixt, For weknow by

experience,
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Rocks and mountams have been dnrlded
into the ﬁranﬁed and’ un{’cratlﬁed the great ;
: Alpl‘ne,rocks being ranked under the latter,
and thofe of our gentle hills and plains
under the former: and there certainly isa
great difference in this refpe, between the
great Alpmc rocks and thofe of our hills
and plains, though it may be rather in de-
gree than in kind: I have followed a great
chain of primitive limeftone mountains, for
perhaps an hundred miles; yet they never
appeared to be divided into regulaf beds,
though they were fome hundred yards in

_height. But it is well known, that firata
* are fometimes very thick, from finding them
in the evidently firatified mountains. In
the Carpathian mountains, I found a ftratum
of ﬁndﬂone, about an hundred yards thick,
covering fmaller firata of fandftone and
fchiﬁhs, and covered by a bed of limeftone

of equal thicknefs to itfelf; and they are
found
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found from this thicknefs, and even thicker,
to the thinnels of a'fheet of paper, and ex~-

tend in length and breadth through whole-

provinces.

In general, the ‘more early or pfimitive
ftrata, which are moftly formed by precipita-.
tion, are found in thicker beds than the more
modern, which in general are compofed of .
the rubbith and {lime of the former by {ub-
fidence. ‘

Strata are ,found in all inclinations, from .
the horizontal to the vertical. This ‘xrériéty
of inclination may arife from two caufes,
either from the precipitating or fubfiding
matter falling upon an irregﬁlaf fwelling or
hilly -bottom or foundation,‘ which is often
the cafe I believe in the more modern firata ;
(fee plate 1.) or from the falling in, or giviﬁg;.
way of the bottom or fﬁppdrt' V\;hich has'
happened to both the pnmmve and modern :

| Ry S Strata
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Strata have a relative age, fome being in-
variably of a prior origin to others, as we
may judge from their formin.g the founaa;
tion for thofe which in their turn they ne-
ver cover. Granit, according to the re-
ceived opifion, is never found fupported by
any other rock, but is é, foundation for all
the others.

But many feem to be of cotemporary.
formation, which we infer from their be-
ing varioully placed relative to one another,
Thus gneis, which in general feems to be
the next in formation after granit, alternates
in Saxony with the faline or fcaly lime-
ftone, and likewife with horablend {chiftus,
and in Bohémia re{’tsupon porphyr}/r Mi- -
caceous {chiftus, which is nearly alhed '
to gneis, in the foreft of Thuringia refts

upon porphyry. Hornblend {chiftus, which

lies near Freyberg in Saxony between gneis
: ] ' and
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’bedfx éﬁf"ﬁfdf&‘, that are pi*e—éfniﬁént iy the
centré of great clufters of r'no‘unta"[:gs,. are
thofe which in their natural ftation would
be the loweft; and it is' moft probable,
that on {uch the more modern rocks, thofe
‘that are particularly called the ﬁratiﬁed,(
reft. Thele in fome parfs are vefy nu-
merous, and conftitute immenfe thick beds
of ftratified matter. At Gilmerton near
Edinburgh the ftrata being much inclined,
have been cut through in the procefs of
mining, and have fhewn a bed of ftrata
above a mile in thicknefs. Mr. Williams
fays *; “The number and variety aGually
cut through in this ficld, is. fo immenfe,
‘that it would Gl large book to enumerate
and defcribe them all. They are all what are
commonly called coal metals, that s, {trata as

are generally found to accompany beds of pit

* Williams’s Hift. of the Mineral Kingdom, vol. i.

p. 95 :
s ~ coal,
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of 'coht‘emplatiofx, and the elyfium ; of
the admirers of fublime and pi&‘urefquc_ |
beauty ? '
Mountains and hills are the protuberant
irregularities, the glens and valleys, the ex=~
cavations, and the great plains, the more na=
tural furface of the earth. Mountains being
nothing more than rocks tha"\t have been left
when the furrounding coun.try funk down,
or, as fome think, that have been raifed up
above it, can be nothing more than fingle
- beds or various firata of rock, or the ruins
and fragments of them.—There is no exa&’
line of diftintion between mountains and
hills : the former appellation is more ap«
propriate to the great elevations generally
formed of the thick and primitive beds of
rock ; the latter to the more gentle, and com-
pofed of modern firata or gravel. But it ig
the height and not the Anéture of the rock

which gives the denqminatioh.

5 ; Mountains:
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Thefe great chains and clufters of moun-
tains, however different in their forms, and
diftant in fituation, are compofed of neatly
the fame materials. Granit forms the centre
of them ; then micaceous {chiftus or {late, or
. primitive limeftone, is found, and thofe «
rocks of the earlieft formation I lately men-
tioned ; till you come amongﬁ the gentle
hills, where the thinner and more numerous”
_ ftrata of fandftone, .limeﬁone, &ec. prevail j

and it would be as fruitlefs a refearch to
look for ftatuary marble and ﬂa\fes»among{’c
the latter order of mountains, as for coal and ‘
ironftone amongft the former. From the
greateft elevations, there is a more or lefs'
'gradual defcent to the fc;a, whofe bottom
moft probably is varied with hills and valléys
like the dry land.

Very few of the inequalities we have
fpoken of, except the gentle fwells of the -
firatified countries, belong to the original -

~ formation
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