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T Obfervations on the Afinity between Bafalies and Granite.
By Thomas Beddoes, M. D.; communicated by Sir Joleph
Banks, Bart. P. R, S,

Read January 27, 1791,

LL our opinions on the formation of rocks and mountains,
except volcanic mountains, muft of neceffity reft upon
analogical reafoning, fincewe have no dire& teftimony concerning
their origin. Hence, whatever portion of the mineral kingdom
is but little conne&ted with our experience of the aGtion of fire or
water, muft be flightly pafied over, or fet afide for future invefti-
gation, while the partizans of the two oppofite hypothefes,
which at prefent divide the philofophical obfervers of foffils, fix
their whole attention, and lay all the ftrefs of their arguments,
on fuch particulars as they are able to conne& by fome ana-
logy with the chemical operations in which either fire or wa-
ter are principally concerned.  For this reafon, bafaltes has been
much more the fubjec of difputation than granite; the former
{pecies of rock offering appearances that coincide in fome degree
with both kinds ‘of chemical procefles, while the latter feems
to ftand aloof from the experiments that have given birth to
our fciences. We do, indeed, find opinions on the produion
of granite by one or other of the caufes above mentioned ; but
they are generally * loofe conjetures, thrown out at random,
rather than philofophical propofitions, laid down in precife

% The only exceptions known to me are, Phil. Tranf. Vol. LXV, p. 5—47-

-and Edinburgh Tranfa&ions, Vol. I, fi. 255—257.
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terms, and fupported by propef evidence. In confequence of
information obtained from various fources, I have been led to
confider this queﬂlon in a light fomewhat new ; and although
I cannot but expe® my conclufions to be controverted, how-
ever {trong may be my own convi&ion of their juftnefs, 1 am
encouraged by the hope of communicating fome, original ob-
fervations on the phyfical geography of our own country, and
of bringing forward to public notice fome facts not generally
known ,amongzus, though they are fuch as cannot be over-
looked in a theory of granite.

Notwithftanding the recent obje&tions of Mr. WERNER ¥,
I thall afflume the origin of bafaltes from fubterrancous fuficn as
thoroughly eftablithed by various authors 4. Several obfervations
of my own, which I intend foon to offer to the publick, will,
I flatter myfelf, corroborate the evidence, though already {fuf-
ficiently ftrong to remove all reafonable doubt, and add a con-
fiderable tra& to thofe where the effeGts of ancient fire have

* Bergméinnifchés Journal, March 1739. Amoﬁg the faéts adduced by
this celebrated mineralogift to prove the watery origin of bafaltes, I cannot
di{cover any very new or ftriking, The appearance of bafaltes between ftrata is his
great argument. But the fame, ora fimilar appearance had been noticed by Dr.
Hurtrton (Edinb, Tr.’I. p-279.); Warresurst (Chap. XVL) : Ferzer (Italy,
P+ 51.) mentions the infertion of lava between calcareous ﬁrata; and in LEsKE
(Reife durch Sachfen, 4to, 17835, p.517.), we have bafaltic columns in fandftone.

Mr. WernEer alfo infifts upon the gradual approximation of the adjacent firatum
towards the mature of bafaltes.

+ DESMAREST, in his well-known Paper, in the French Memoirs; RasrE,
Extinc Volcanos near Caflel ; Faujas, Volcans éteints, &c. and Minéralogie des
Volcans; Sir W. Hamirron, Campi Phlegrzi, and Phil. Tranf.: FErseg,
Traveis through Ttaly ; Doromitu, in his Account of the Lipari and Pontian
Tfles; Leske, /. ¢.; BEvorLpInGEN, in his Account of the Quickfilver Mines
in the Palatinate, &c.; Hamirron, Letters on the Coaft of Antrim; HurTon,
L c.; VELTHEIM, Etwas iiber die Bafalt, Leipfig, 14987 ; are Among the chief
of thefc authors,

Vor. LXXXI. H been
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been traced in our times. It may be proper to premife, that
under the term bafaltes I comprehend that vaft natural family
of rocks which is frequently cracked into regular colonnades,
and may be followed in an unbroken feries from this perfeét
form through endlefs modifications to the moft fhapelefs mafs
of trapp or whinftone. Though frequently of an iron-grey
colour and uniform texture, this {pecies of ftone varies greatly
in both thefe charalers, even in the fame rock. In particular,
it pafles, by the moft infenfible gradations, both to the por-
phyries, with which it coincides in appearance, in compofi-
tion, and doubtlefs alfo in origin, and to the bornflein of the
Germans ; a term including petrofilex and feveral forts of clofe
grained whinftone, of which I have found in England varicties
with a conchoidal frature, femi-tranfparent at the edges, and in
other refpects faft approaching * to a filiceous nature. Lillethall
Hill near Shifnal, in Shropfhire, to mention a fingle inftance,
affords fuch filiceous, befides femi-granitic, porphyritic, and
common whinftone, containing agate.

But bafaltes, of which a right knowledge is conduéing us
faft to a juft theory of the earth, is not lefs conneted with
granite ; infomuch that we may trace thefe rocks gradually ap-
proaching and changing into ene anotber. 1 have myfelf had an
‘opportunity of examining many conneéting links in this gra-
dual fucceflion ; and this opinion, which has fince been con-
firmed by other confiderations, was firft forced upon me by
{pecimens in great variety from volcanic and bafaltic countries.
But as it is a point by far too important to be admitted on the
mere authority of any mineralogift, I fhall endeavour to fup-
port it by the teftimony of obfervers, who cannot be fufpected

# Doromitv, Ifles Ponces, p. 111, 185, &c, defcribes juft fuch lavas,
2 of
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of any bias towards fuch an hypothefis. The firft ftep in
the progreflion appears at the Giant’s Caufeway in Ireland.
Many of the pillars there confift of fine-grained, dark-coloured
whinftone; that variety which may be confidered as moft
perfe&, and as equidiftant from porphyry, petrofilex, and
gramte, but at the promontory of Fairhead, the chara@er of
the ftone is feen to alter, and it has lately been defcribed as an
imperfe& kind of granite®*. Hence we are led by regular
approaches to perfect prifms of granite, accompanied by prifms
of common whinftone, and not lefs obvioufly than the dif-
ferent ranges on the Coaft of Antrim betraying a common
origin. The pillars of I.es Rameaux, though they rather
incline towards the dark colour and uniform hard {ubftance;
¢ yet, when broken, are unequal both in colour and texture,
¢ and fometimes inter{perfed with irregular pieces and patches,
¢ as it were, of an heterogeneous hard fubftance, which, by
¢ its micee and {mall rhomboidal cryftallizations, much re-
<« fembles a fort of granite I have frequently feen. ‘The
¢ mafs on which thefe columns ftand is of the fame mixed
¢¢ charaer 4. Other examples will occur afterwards; and
for bafaltiform colonnades of granite it is only neceflary to
refer to Mr. STRANGE’s defcription of Monte Roffo §. The
general thape of the Euganean hills, as if fuddenly raifed by

* Hawmirton, 2d edition of his Letters, p, 37. fays, it ¢¢ refembles an imper-
fe& compact granite,” I have {pecimens from an hill near Mallwhyd, in the vicinity
of Cader Idris, where the texture infenfibly changes from an uniform whinftone
ground to grains of mica, feldfpath, fhoerl, and, I think, fometimes quartz.
Theyare, I fancy, like thofe denfe lavas of Etna, *¢ Qui, vues & la loupe, laiffent
appercevoir des ébauches de cryftallization de fhorl, de quarz, ou de feld-fpath.
‘Doromiev, / ¢ p. 182,

4+ StrANGE, Phil, Tranf, LXV. p. 13,

1 Ibid,

H:2 the
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the expanfive and effervefcent force of heat * from the fur-
rounding plain, the lava intermizxed with granite, as if both
had concreted together, the columns of an uniform texture in
the adjacent parts of thefe hills, and the reft of the phanomena,
even then led the author to f{ufpe, ¢ a ftrong analogy be-
¢ tween granites and many particular volcanic concretions.”

From the mountain of Efterelles, in the South of France,
on the road from Frejus to Antibes, [ have before me granite,
gneifs, and {pecimens, in which feldfpath and grains of tran{=
parent quarti are diffufed through a pafte of the fame brownifh
red colour and texture as the bafaltic columns at Dunbar in
Scotland.

Nothing 1s indeed more common, or more varioufly modified,
than foffils of this intermediate charatter 4. We frequently find
a ground of jafper, and no doubt alfo of different varieties of
whinftone, as will hereafter appear, with feldfpath and fhoerl
at the fame time.imbedded in them 1 and again with grains of
feldfpath and quartz in fuch ,a manner as to leave it extremely
doubtful, whether the rock ought to be named granite or por-
phyry §.  The varieties of {uch rocks will conduét us, by eafy
fteps, from uniform bafaltes through the porphvrles to granite,
A chemical examination of the bafis of a number of thefe por=
phyries would be very interefting; yet I would not reft the
theory of their formation a]tog‘eth'er on the refult of analyfis,

% The fight of them impreffed Ferser alfo with the fame idea,
+ Il o’y a point de naturaliftes qui ne connoiffent le genre de roches, placé entre

le granit, les gneifs, et les porphyres, qui tiennent un peu des trois efpeces, Ifles

Ponces, p. 9o,
1 Haipinger, Tra& quoted below, p. 47.
§ Cuarrentrer (Mineralogical Geography of Saxony, 4to, 1748. in Ger-
man), p. §0. and elfewhere, finds himfelf in this ftate of uncertainty, "
The
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The fame ftratum is perpetually varying in its mixture; and
we thould not too rigouroufly adhere to the proportion of in-
gredients difcovered by the chemift in the hundred grains upon
which his experiments may chance to be made. The {fenfible
qualities, the ftile of fiffure, the accompanying foffils, and the
form of whole rocks, when furveyed by an expetienced eye,
are as good‘criterions of bafaltes as a certain proportion of iron,
and the black glafs which it yields on fufion. Should the
matter of any given rock contain too little iron to be fufible by
the blow-pipe, and yet have other ftriking features of whin=
ftone, would this be a fufficient reafon to conclude, that its
formation has been different ! Chemiftry, if thus ftritly fol-
lowed, would perplex mineralogy, inftead of reducing it to
order. Chara&ers of minerals, purely chemical, would fepa-
rate thofe whofe natural hiftory is alike, and bring together
fuch as differ widely in their formation.

The late Mr. FErBcRr’s letters from Italy furnith {fo many
fa@cs, confpiring in one way or another to thew the affinity
between bafaltes as well as other produéts of fubterraneous -
fire and granite, that whoever reads them with this view will,
I am perfuaded, find himfelf more interefted and inftructed.
The following are among the moft ftriking of thefe fa&s.

- ¢ 4th {pecies of bafaltes. Oriental bafaltes through which
<« the conflituent parts of granite are equably diffuted. Sepa-
¢ rate particles of red feldfpath, quartz, and mica, are
¢ difperfed through the fubftance of this {pecies : they feem to
¢¢ have been diftributed through an aqueous folution, and to
€ prove, that this {pecies had rather an aqueous than a fiery
¢ origin.” I fee neither proof nor prefumption in favour of
this fuppofition ; but in a feries of {pecimens, colleted with a

view
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view to thew the tranfition from black bafaltes to granite, this
{pecies and the granite from Efterelles would form two con-
tiguous links.

 sth Oriental bafaltes, with firipes of granite. The
« common black bafaltes, fafciated with large firipes of red
¢ granite, blended and joined to the bafaltes without any
« vifible feparation; not as the pebbles in a breccia, or as
« fiffures healed up and filled with granite, but as if both the
¢« bafaltes and granite had been fluid together *.”

Thofe {pecimens, which fhew how copioufly volcanos produce
feldfpath, fhoerl, and mica, efpecially the two former (fubftances
common both to bafaltes and granite), tend greatly to efta-
blith the near relation between thefe two kinds of rock. I
was furprized, at this day, to find an excellent obferver
ferioufly maintaining, that thefe earthy cryftallizations are
merely ejefted, and not generated, by thefe fires 4.

Attempts, I am aware, have been made to fet up boundaries
between the columnar granite of the Euganean hills, the
granite of the volcanic provinces of France, the granitello of
the Italians, and fuch granite as is found to conftitute high
and extenfive ranges of mountains, As to a difference in
the fize of particles, and hardnefs*of the ftone, the firft
diftin&ion is neither conftant, nor by any means calculated.to
perfuade us, that a caufe, capable of producing the one, is
inadequate to the produétion of the other. It may probably
be explained from the quantity of matter, more or lefs perfet
fufion, a different length of time in cooling ; and in the latter
charater I {ufpe the obfervers to have been deccived by the

* See FerBer’s Travels in Italy, pp. 231, 232. Englith tranflation,
+ Dovromizv, Ifles Ponces, and Laves de I’Etna, pafiim.

decay
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decay of the rocks they infpeted*. At all events, lavas in
abundance thew, that fire is capable of producing any required
degree of compactnefs +.

I thall conclude this indu@ion of particulars with an obfer-
vation lately publithed by one of our moft intelligent minera-
logical travellers. ¢ Among the ancient black flones, the
¢ compound fpecies are moft frequent. They often confift of
“ g kind of gramite,in which the {caly black fhoerl predominates
¢ {fo much, that the whole mafs appears black. It is accompa-
¢ nied by white feldfpath of fo{mall a grain, and fo entangled
¢t among the fhoerl, as to be fometimes {carcely diftinguifhable.
¢¢ The feldfpath itfelf is fometimes tranfparent, and by tran{-
 mitting the colour of the fhoerl, in which it is imbedded
¢ (empAté) appears black . . . . . Sometimes fcales of black
¢ mica occur. The conftituent parts do not always obferve
¢t the fame proportion; and when the quantity of feldfpath.
«¢ increafes, the appearance of a real grey or red granite‘is pro-
¢¢ duced. Hence we have veins and {pots of grey granite in
« almoft all the dark-coloured rocks that pafs under the
¢¢ denomination of bafaltes. Thefe veins have very much.
«¢ embarraflfed thofe naturalifts whq maintain that all bafaltes
¢¢ has been produced by fire.,”” This circumftance, however,"
according to my view of the {ubjet, 1s far from embarrafling :-
I confider it as a ftrong proof of my opinion, fince it feems to
involve this confequence, that, if bafaltes proceed from fufion,
granite alfo muft. Specimens, fuch as thofe here defcribed, I
fhould place near granular bafaltes, like that of Cape Fair-.
head. ¢ In blocks of ancient bafaltes,” proceeds M. Doro-

* o« Though partial {pots of this granite are often friable, efpecially about the
 furface, yet in general it is very hard.” StRANGE, ubi fupra, p. 9.

+ See Doromiev, Ifles Ponces, p. 139.
MIEU,.
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Mieu, ¢ have obferved the tranfitien from fhoerl in a
¢ mafs nearly homogeneous (I fay, mearly homogeneous, be-
¢ caufe 1 know of no ftones, belonging, as thefe do, to the
¢ primitive mountains, without indications of a feparation of
¢ feveral fubftances which were mcorporated together in a
< pafte, or rather which are generated in that pafte) to black
¢ and white granites, with large grains, and compofed of
¢ nearly equal quantities of white feldfpath and black fhoerl.
¢¢ The tranfition depends altogether on an increafed proportion
« of feldfpath and on the enlargement of its grains; * a
¢¢ pheenomenon which leaves no room to doubt, that all thefe
¢« ftones belong to the fame fyftem of mountains *.”

By obfervations like thefe, which the fpecimens I either
poflefs, or have examined, corroborate and compleat, 1 am
perfuaded, that when once it becomes an objet of attention,
perfons who have an opportunity of exploring countries where
bafaltes and granite abound, will eafily find a fucceffion of
fpecunens beginning at the former and terminating at the
latter. Nor 1s it perhaps difficult to affign highly prabable
reafons, why a mixture of different earths with more or lefs
of metallic matter, in returning from a ftate of fufion to a
folid confiftence, may aflume fometimes the homogeneous
bafaltic, and fometimes the heterogeneous gramitic internal
firu&ture. No fa& 1s more familiar than that it depends alto-
gether on the managemént of the fire, and the time of cool-
ing, whether a mafs fhall have the uniform vitreous fra&ure,
or an earthy broken grain, arifing from a confufed cryftalliza-
tion. The -art of making REauMUR’s porcelain confifts en-

# Journal de Phyfique, September 1790, p. 196. I have feveral fpecimens
from the whin rocks about Edinburgh perfeétly anfwering to this defeription,
and fo like fome Vefuvian lavas that it is impoflible to diftinguifh them,

I tirely
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tirely in allowing the black glafs time to cryftallize by a flow
refrigeration ; and the very fame mafs, according as-the heat is
conduéted, may, without any alteration of its chemical con-
ftitution, be fucceflively exhibited any number of times as
glafs, or as a ftony matter with a broken grain. In the flag
of the iron furnaces, the fame piece generally exhibits both
thefe appearances ; the upper furface cools faft, and is glafs;
what lies deeper, lofes its heat more’ gradually, and is allowed
time to take on the cryftalline arrangement peculiar to its
nature, in as far as a number of cryftals, ftarting from various
points at once, and crowding each other, will admit of it.
Here indeed the cryftals are uniform, and not of a different
form and compoﬁtlon, as in gramte‘ fo that this analogy
applies clofely only’ to bafaltes ; and it perfetly explams why
this body in congeahng has affumed an earthy and not a
vitreous grain. But it is eafy to conceive how, under certain
variations of heat and mixture, a melted mafs may coagulate
into quartz, feldfpath and -fhoerl, or mica*. ‘The moft
permanent difference between bafaltes and granite, as to mixj~
ture, confifts in the quantity of iron; for the earths in the
innumerable varieties of each vary indefinitely in their propor-
tions ; and as,to heat, that the latter having becq perhaps in
general raifed from a greater depth, and confifting of more

% ¢ ] eft certain que dans les porphyres les criftaux de feld-fpath n’exiftoient
“pas avant 1%¢poque de la précipitation de leur bafe.” He fuppofes them to be of
aqueous origin; but the fa& is much to my: prefent purpofe.  ¢¢ On y {uit les
progres fucceffifs de leur formation: onvoit que peu a peu les fubftances qui leur
{font propres fe rapprochent, s’epurent et prennent’ les formes qui conviennent 3
leurs molécules ; ils étoient comme en diffolution dans leurs matrices et ils ont
d’autant plus de facilité a fe joindre que la.fnidité a été plus parfaite et que le
deffechement a été plus long.”  Ifles Ponces, 247, 248,

Vor. LXXXI. I huge
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huge mafles, muft have cooled more flowly, and perhaps they
have undergone different degrees of fufion. Befides toadftone,
bafaltes inclofing feldfpath, Zzeclite, &c., various lavas clearly
demonftrate that heterogeneous earthy cryftals do {eparate from
~ a fufed pafte, once undoubtedly as uniform as a metallic calx and

its reducing flux before the fubfidence of the metallic particles.
We fhall, Iimagine, be much deceived by a narrow analogy
if, becaufe n our procefles for glafs-making an homogencous
produé is obtained from heterogeneous materials, we conclude,
that an heterogeneous ‘produé@ may not, under other circum-
ftances, refult from fufion; and that fire keeps infeparably
blended whatever it has once reduced to an uniform liquid pafte.

It muft alfo be carefully remembered, that this difficulty
does not prefs the igneous more than the oppofite hypothefis.
Since the conftituent parts of granite are cryftals, the whole
mafs muft once have exifted in that flate of entire difunion of
its particles which is neceflary to cryftallization. Now, whe-
ther fuch a folution have been effe@ed by the repulfive power
of fire, or the intervention of water, it is juft as eafy to con-
ceive ' heterogencous earthy cryftals fhooting from different
points of an uniform liquid, according to the former fuppofition,.
as the latter.

In the natural hiftory of granite and bafaltes, another
ftriking circumftance occurs : they lie fo contiguous, and are o in-
volved in one another, that we cannot but fuppofe both to have
undergone the fame operations of nature at the fame time. This
1s feen with the utmoft frequency upon every poflible fcale,
and under a vaft variety of modifications. The fa&s already
quoted afford inftances in point. I have before me a fpecimen
from the park at Stockholm, confifting partly of trappand partly
of granite. The adjacent parts are as firmly united as the other

7 parts.
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parts of the fpecimen; and when a violent blow is ftruck,
the trapp and granite do not feparate, but the fraCure takes
fome other diretion. They feem in feveral places of the
boundary to run into one another. The whole mountainous
diftri& furveyed by Mr. Lsxe * with fuch fcrupulous accu-
racy affords multiplied examples of the contiguity and connec-
tion between thefe different rocks. ¢¢ From all thefe minute
¢ defcriptions,” fays the Author, ¢“it appears, that the bafe
¢ of the whole range confifts of granite. ©n the declivity of
¢¢ the higheft elevations, and on the folitary {fummits of the
< external chain, corneous porphyry lies upon the granite, out
¢ of which as well as the granite itfelf, and the fandftone at
¢ its foot, bafaltes has been protruded by the force of fubter~
¢ raneous fire.” The manner of conneftion will appear
from a few examples. The bafaltes of the Spizberg I has a
granulated ftru&ure, and is imbedded in granite. 'The fub-
ftance of the pillars of the Gikelfberg § is clofe and granular
in fome pieces ¢ I found the conftituent grains of granite Jistle
¢ gltered.” Of the columns of the Knorberg, ¢ the fubftance
< is clofe, uneven, and confifts of diftin& grains: . . . large
< pieces of imperfectly fufed granite are diffufed through its
<¢ fubftance. In the Whinftone of the Hochwald there are
¢ found pieces confifting of a mixture of white feldfpath,
¢ quartz, and black thoerl ||.” Again, in the Rauberg, the
conftituent parts of granite are fo diffufed through the bafaltes,

* Reife durch Sachfen.

+ Ibid. p. §13. ¢ It is alfo remarkable, that granite in general throughout
Velay and Auvergne is frequently intermixed with the bafaltine and other common
volcanic hills, I have obferved the fame in Italy.” STrRANGE, p. 14.

i Reife durch Sachfen, p, 328.

§ 1bid. p. 498, { Ibid, p. 5135,

Iz that
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that the Author imagines the rock to be an imperfe@tly fufed
granite *. I rather confider thefe as inftances of imperfeétly
cryftallized granite, where fome unfavourable circumftance
has prevented the conftituent parts from receding completely
from one another. Experiments thew, that almoft all granites
melt into a black glafs +; and perhaps it is no abufe of analogy,
nor inconfiftent with what I have already remarked, to con-
clude, that granite, in the ftate of imperfet fufion, thould pre-
fent a glafly {ubftance, involving the more infufible parts of
which this ftone confifts.

The Scheibenberg, near Konigfbruck, confifts of a flone’
which Mr. LeskE knows not whether to call hornflate {, or
corneous porphyry §.  From the defcription it appears plainly
to be a whinftone. The colour 1s dark grey; it breaks into
columnar fragments ; 1s hard, fine-grained, and fonorous ; little
veins of quartz crofs it in all diretions, and it frequently
becomes porphyritic, as enclofing cryftals of feldfpath. The
Author himfelf is afterwards aware || of its affinity to bafaltes,
both in fubftance and from its afluming the columnar form.
In this hill a mafs of granite is found imbedded in the whin-
ftone, and on all fides furrounded by it, and the mafs of
granite 1s in its turn in all direGions interfeGted with veins and
ftripes of whinftone. Mr. LrskE is much firuck by this
mutual and intimate incorporation ; but he makes no attempt
to explan 1t. In fome inftances, he thinks an eruption has

* Reife durch Sachfen, p. 330.
+ Harpineer’s Einthcilung der Gebirgsarten, Wien, 1487, p. 11, and the
Authors quoted there,
1 Hornfchiefer,
§/Ibid. p. 24—29. No chemical charalers are given.
II Ibid. p. 513, 514
1 breke
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broke out threugh the granite; and in others, is at pains to
thew, that thefe {ubftances are not thoroughly blended, as in
the laft example, and in that defcribed by FErBER.

It may be faid, and no doubt it fometimes happens, that
thivers of granite, broken off by the violence of explofion,
are licked up by melted matter as it moves along; thus, in
volcanic breccias an older lava i1s im:lofed in one more reccnt;
and thus what is called primary is fometimes encafed in fecon-
dary granite. But fuch an hypothefis is too narrow to embrace
all the phanomena. It does not explain the incipient coagula-
tion of the uniform pafte into grains, and thofe the different
grains of granite; nor the diffufion of the conftituent parts of
granite through the fubftance of bafaltes ; nor the fifth fpecies
defcribed by Mr. FERBER.

In the whinflone rocks of England, which are far more
numerous than is commonly fuppofed, I have frequently ob-
ferved in the fame hill, 1. homogeneous dark grey ftone; 2.
feldfpath enclofed in this as in a pafte; and, 3. the pafte difap-
pearing, and the whole becoming granular, and the grains
heterogeneous.  Befides feldfpath quartz 1s found in mnu-
merable mafles of varying magnitude * in many whinftone
rocks, and as proper bafaltes is but a confufed mafs of cryflals
of fhoerl, we have all the ingredients of granite; and why

* Tn the Wrekin, Cader Idris, &c. numerous and large veins filled with
quartz occur; but thefe have not been fecreted from the fubftance of the rod\s,
in which they lie. They, perhaps, fhew this moft filiceous ingredient of granite
to have been near and in fufion at the fame time. About Cader Idsis I fufpeét an
incorporation of granite and bafaltes may be found. I have feen picces of granite
about that mountain which did not feem to . have been far removed from the rock
to which they belonged; but I had then no particular inducement to make an

accurate examination.
may



62 Dr. Beppors’s Obfervations on the
may we not expect to find them incorporated together, and in
every ftate of diffufion and feparation ?

Under this head 1 fhall only remark further, that feveral
late obfervations, from which it has been inferred, that certain
extin& volcanos have been feated in the heart of granite *, feem
to admit of a much more eafy explanation, on the fuppofition
that granite has cryftallized frem fufion. 1. Volcanic fires
reach to a much greater depth than any at which we have had
an opportunity of making obfervations. The focus in different
inftances may be feated at a different diftance from the furface ;
but none are probably lefs than feveral miles at leaft deep. 2.
The currents of granitic lava + in the Pontian ifles leave little
room to doubt of the power of fubterrancous fire to produce
this fubftance. To fuppofe them to be rocks of granite fufed,
but otherwife unchanged, and that even fiffile rocks may be
made to flow without lofing their laminated ftructure; is as bold
an affumption as can eafily be taken up. In the great igneous
procefles of nature fire need not be imagined to act otherwife |

* Doromiev, Ifles Ponces, p. 30, 31. and Ifles de Lipari, in variots parts.

+ Dovowmiev, /. ¢ paffim, and particularly p. 89—g%. Inftrudtive as the
particular facts deferibed by this excellent mineralogift always are, I muft diffent
from him both on the mode of a&ion of volcanic fires, and on the production of
zeolite and other cryftals, in glvandular rocks, for the reafons affigned here and

below.
1 ¢ Le feu produit, dans les laves, une fluidité qui n’a aucun rapport avec la

Celui des volcans n’a point d’inten-
P

fluidité vitreufe que nous opérons , . . . .
. il pro-

fit€; il ne peut pas méme vitrifier les fubftances les plus fufibles . . .
duit la fluidité par une efpece de diffolution, par une fimple dilatation qui permet
aux parties de gliffer les unes fur les autres (Doromitu, Avantspropos, p. 8.).
See alfo p. 84. Fire in a crucible produces fluidity no otherwife; and when
there is this freedom of motion among the partieles, how can we fuppofe the
cryftals of granite and the leaves of {chiftus to remain unmixed even in a current

of lava?
than
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than in our fmall experiments; we a&ually fee it producing
glafs and cellular fpongy fcoriz : when the produéts are of a
different charater, we muft have recourfe to acceflory circum-
ftances, and not violate the plaineit rules of philofophifing by
attributing different effeéts to the fame caufe. The latent mo-
tive for fuch an extraordinary hypothefis may eafily be divined ;
the.obferver took it for granted, that all granite is of aqueous
formation ; hence he was obliged to reafon backwards from
the unknown, that of the Alps for inftance, to the known,,
inftead of proceeding from the palpable effe@s of {ubterraneous
fire by eafy fteps to a general theory of granite. When it is
taken for granted, before examination, that granite cannot be
formed by fire, there remains no refource but to {ay, that gra-
nitic * lavas are granite rocks fufed, but not altered in the
arrangement of their conftituent parts. 3. Though the heat
of volcanos be fometimes and in fome kpla,ces moderate ; in
others we have good reafon to believe, that it exceeds any de-
gree we can produce, except by means of factitious air; we
are certain that it forms molten currents of petrofilex and fling
exaltly the fame as our gun flints .

 If weadmit this reafoning, the appearance of granite in the
bofom of volcanic defolation may, if duly examined in all its
circumftances, afford firong evidence of its producion by fufion ;
and 1t is reafonable to conclude, that it was once covered to.a:
confiderable depth by erupted matters, which the courfe of

% ¢ Tes laves blanches de I'Ile Ponce paroiffent appartenir plus particuliere=
ment au’ granit et aux roches feuilletées granitiques. On reconnoit les fubftances
‘qui conftituent ordinairement ce genre de roche compofée dans prefques toutes les -
matitres blanches (volcaniques) de cette ifle; favoir, le quartz en grain, le mica:
noir &cailleux et le feldfpath plus ou moins pur, DoLoMIiEU, Z ¢ P 8¢

4 Idem ibid.. p. 107. .
time,,
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time, and the injuries of the atmofphere, have removed;
though I by no means deny that.a volcano may force its way
through pre-exifting rocks of granite.

There is {lill another analogy between bafaltes and granite,
more important to the theory of the earth, and lefs liable to
controver{y than either of the preceding. In their fituation,
with refpelt to other rocks, we may obferve the fame law. The
general rule of {uper-pofition, reckoning from below upwards,
is, 1. granite; 2. {chiftus; 3. limeftone. This rule has
been found to hold good by {fo many mineralogical travellers
that, though it may not be abfolutely univerfal, it muft be
allowed to prevail very extenfively. Now, in this ifland there
are numerous inftances where bafaltes is fubftituted in the feries
inftead of granite, and where it feems to alternate with gra-
nite as the fubftratum of other rocks. On the road from
Dolgelly in Merioneththire, by Mallwhyd and Cann’s Office,
through Llanfair to Welchpool, fchiftus appears always in-
cumbent on whinftone, except fometimes when the latter is
interjected between the ftrata, or fqueezed up through fiffures.
In Wales the country 1s fo hilly, that the limeftone, if it
exifted, has probably been wathed away; but on the confines
of England it comes in. The road from Welchpool to
Shrewtbury pafles over the fide of the Long Mountain, which
confifts of {chiftus; on the left, or towards the eaft, rife fome
confiderable bafaltic hills. The ftrata of the Long Mountain
point towards the fummit of thefe hills, as if the narrow
valley that intervenes had been cut by water upon the lifted
edge of the fchiftus. At a fmall diftance from the north and
fouth fides of the bafaltic hills calcareous firata are found.
Beyond Shrew{bury, on the road to London, we have, inftead
of the continued ridges of Wales, a number of infulated, and

generally
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generally rugged, points, rifing over the face of Shropfhire
and the adjacent counties. Were the plains covered with
water a few yards in depth, thefe eminences would appear
from diftance to diftance like fo many flepping ftones. They
all, except the Malvern Hills, which, though compofed of
granite, I confider as part of the fame fyftem, confift of whin-
flone. Among thefe ftepping ftones I reckon the bafaltic hills
near Welfhpool, the Wrekin, Lillethall Hill, and, at a greater
diftance towards the Eaft, the rifing grounds near Newecaftle in
Staffordthire, whence the whin rock, perhaps, communicates
by the toadftone of Derbythire, through the hills in the North
of England with the whinftone towards the South of Scat-
land. In a fouth or fouth-weft dire&tion from the Wrekin, a
number of craggy eminences arife. They are bafaltes, and
form a firiking contraft with the {mooth, rounded, and
lumpith fwells of fchiftus in their neighbourhood. From the
whin rocks near Stretton we may pafs by the Brown and
Titterftone Clee Hills (on the latter of which are regular prif-
‘matic columns) to the Malvern Hills. About thefe hills lie {trata
of fchiftus and limeftone, as is feen on the road from Much
Wenlock to Stretton. To the fouth-eaft an extenfive field of
whinftone, with occafional elevations, is {pread over the confines
of Worcefterthire, Warwickfhire, and Staffordfhire. Here we
have the Rowley ragftone. Whether the bafaltes proceeds
fouthward by fuch interruptions till it join the Elvin or
whinftone, and granite of Devonfhire and Cornwall, where
I imagine they may be found incorporated, I with for an
opportunity to examine. In the plain part of this whole
diftri&, the whin rock appears frequently at the furface, or
a little below the ftrata, fo that the hills have probably a fub-
terrancous commaunication with one another, and there needed
, Vor. LXXXI. K but
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but a little more lifting force to form continued ranges of
mountains. The road from Welthpool to Birmingham, above
threefcore miles, is repaired in a great meafure with whin-
ftone. A colonnade of bafaltes has been lately expofed in
digging the Shropthire canal; and in the mining country
around, levels have been driven in the black rock, as it is
fometimes called. AsI have feen whinftone and flate in vari-
ous other parts of North and South Wales, the whole weftern
-fide of our ifland has probably been raifed by the bafaltes on
which the fuperficial ftrata now reft, though from particular
circumftances the fufed mafs has now and then cryflallized
into granite; and as it has been conjeCtured, that the bafaltes
of Ireland once joined that of the Scotch ifles and the main
land itfelf, fo perhaps the bafaltes of North Wales joined the
Irith coaft tll the fea worked its way or broke in, and de-
ftroyed the continuation.

As limeftone is fometimes faid to reft immediately on gra-
nite *, f{o at the foot of the Wrekin, and at Lillethall Hill,
no flate is interpofed between the limeftone and bafaltes; fo
that the analogy extends even to the exceptions.

But another-feries has been obferved, which feems to con-
nect granite by a clofer tie with the operations of fubterraneous
fire, In Italy lava ftands to flate and limeftone in the fame
relation as granite and whinftone in other countries +. Whole
ridges of mountains in the Venetian territory confift of folid
lava, fometimes almoft bare, fometimes retaining . the fuper-
incumbent ftrata, with feveral local variations; all of which
are reducible to a greater or lefs degree of lifting force, Thefe

* Born’s Letters, p. 207.
t FEREER, L ¢ pp. 42. 51.; and efpecially STRANGE, / ¢, P, 2432,
chains
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chains have a totally different form from the common conical
thape of volcanos or heaps of loofe ejeGted matters. They
feem to afford a clear inftance of the manner in which long
continuations of mountains have been elevated; for it is not
ealy to admit the fuppofition of the obferver, who has fo accu-
rately defcribed them, that the limeftone has been converted
into lava; and that the ridges exifted, fuch as they appear at
this day, before this change was produced by fubterrancous
fire. Chemical and mechanical confiderations are unfavourable
to this hypothefis; and ¢ fince moft of thefe branches, whether
¢ marine, volcanic, or mixed, preferve nearly the fame exter-
¢ nal chara&ers, direCtions, and parallelifm ;” it appears highly
probable, that they have not pre-exifted as hills in another
ftate, but owe their elevation to the expanfive force of fire;
and that the fame lava which appears in fo many places lies
alfo under all the limeftone hills, of which indeed there are

evident indications.
- Several modern travellers have defcribed the ftrata of granite
mountains ; but neither in their defcriptions nor drawings have
I.been able to find fatisfalory evidence of this arrangement ;
nor have I obferved it in nature. A liquid mafs {welled by
heat muft crack in cooling. Granite feems to me to have
cracked moft frequently like the bafalte en tables ; and thefe
flat mafles have been taken for ftrata. A ftratum, confifting of
‘proper materials to form whinftone or granite, may have
been expofed to the neceffary degree of heat, and poflibly have
undergone this change without much relative local derange-
ment. - Should fuch a firatum be difcovered, it would afford
no proof of the ftratification of the great mountains of granite
or fhapelefs whinftone, which, in confequence of its nu-
K2 merous
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merous fiffures in all diretions, fometimes affumes enough of
this appearance to impofe on an unwary eye.

One confequence of thefe obfervations is too important to be
omitted. They lead us to reje@t the common divifion of
mountains into primary and fecondary. The chains of granite,
{chiftus, and limeftone, muft be all coeval; for if the central
chain of the Alps burft as a body expanded by heat from the
bowels of the earth, it reared the bordering chains at the fame
effort. But it muft be recolleGted, that the mountains no
longer wear their original form, vallies having been cut
between and through them, and various other effects of dila~
pidation having taken place. It is by no means difficult to
underftand why no exuviz of organized bodies are found in
thefe imaginary primitive mountains. Rifing from a great
depth, they threw afide the fuperficial accumulations of the
ancient ocean. What was deepeft is therefore now moft
central ; and what lay on the furface now fkirts the high inte-
rior chains. Hence the ftrata reft indifferently on gfanite,
bafaltes, or lava; all which fubftances derive from their fitua=
tion an equal claim to be regarded as primordial materials. It
is a little furprizing, that this inveterate error, which has
effeGtually barred the way to all great difcoveries in geology
till of late *, fhould have prevailed fo long : for, 1. it is well
known, that granite is fometimes found enclofing pieces of
fchiftus §; nor are long firetches of f{late uncommon in moun-
tains of granite}. Now, how can a fecondary be fo enve-
loped in a primitive rock ! and how eafy is this to be under-
ftood, if we fuppofe granite as a fufed mafs railing, rending,

* Till Dr, HutTon’s Theory of the Earth, Edinb. Tranf, Vol. L. appeared.
+ Born’s Letters, p. 207, 208.
] HaAIDINGER, J ¢ p. 18

3 and
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and thivering the incumbent ftrata, while its heat hardened them
into laminated ftone. 2. Suppofing granite mountains previoufly
exifting in the ancient ocean, the inclination of the incumbent
ftrata, and their difarrangement is fuch that they could never
have been depofited as they appearat prefent; they would have
been much more horizontal in their direGtion. It feems im-
poﬁible to attribute the diforderly deviation, which is {o general
in the mountains of flate, &c. from that pofition which all
fediments from water affume, to any thing but a force lifting
from below, and fometimes burfting through.

- It is moreover certain, that all thefe lifting mafles, from
granite to acknowledged lava ¥, are found {queezed up through
fiflures formed in . the ftrata by their own expanfion. This,
and not the infiltration of water, as M. DE SAUssURE would
perfuade us+, appears to be the true origin of fuch veins of
granite.

% FERBER, L ¢ p. §I.

+ Voyages dans les Alpes, 4to, I. §32—g36. The whole paflage well
deferves the notice of thofe whoare interefted in thefe enquiries. Vertical firata,
in one inftance, lying againft the foot of a granite mountain, are divided by
oblique fiffures, full of granite. This naturalift fuppofes them to have filled up:
gradually by the rain water diffolving particles of granite, carrying them down
and depofiting them in the form of granite again ; two operations which one may
fafely deny to rain‘water the power of performing. Other infuperable objections
to this theory ftart up at every ftep in the defeription.  If water can diffolve any,
it is furely but a very fmall part of all the ingredients of gramte. Now, fup-
pofe a fiffure full of fuch afolution; the water is, I fuppofe, to evaporate, and
the cryftallization to take place the cryftals muft be {mall, on account of the
imall quavntity,vdf matter to form, them, and a fucceeding folution can only yield
another crop of fmall cryftals, it will not enlarge thofe already formed; but we
are told, that the cryftals of granite in the crevices in queftion are remarkably
large. ‘This hds always'appeared to me a chemical demonftration of the falfehood
of a very common fuppofition, that the cryftals often occurring in the cavities of

the



7o Dr. Beppokrs’s Obfervations, &c.

the amygdaloides rocks have been formed by the infiltration of water, The cryftals are
frequently of fo large a fize that you can by no means fuppofe the quantity of water,
at any one time exifting in the cavity, could have held the folid matter, of which
they confift, in folution. Now, I think, it is contrary to all our experience in che-
miftry, to fuppofe cryftals built up by fucceflive operations. If upon cryftals of
nitre I pour a folution of the fame falt, the former cryftals will not be enlarged
and amended, but a new fet will be formed; fo fucceflive quantities of water,
pafling through thefe cavities, ought to form fucceflive fets of very fmall cryftals,
Neither can I imagine, what caufes can produce within thefe cavities a depofition
of the matter once diffolved by the water. 1t is not cooled ; it does not evapo-
rate; it lofes no fixed air ; it comes in conta& with no mew matter, whofe attrac-
tion may overpower the attraction of the water,

The divifions, ¢ rather marked out than formed, which crofs each other
irregularly (p. §33.), and indicate an incipient retra&ion,” are rmuch more con-
fiftent with a fimultaneous congelation than a gradual appofition; and the granite
is the fame as’ that of the .contiguous hill in the colour and appearance of its
conftituent parts, This coincidence is a ftriking fadt.

In truth, the philofophers who attribute the formation of granite to water feem
not to have advanced a ftep in their proof beyond the equivocal circumftance of

its being a cryftallized mafs,




