On the Pseudomorphous Minerals found in Cornwall, illustrative
of a replacement of one mineral substance by another.

" By JOSEPH CARNE, Esa., F.R.8,, &c.

TREASURER OF THR SOCIETY.

It is well known that every mineral body is subject to certain
laws of crystallization, and when the primary or essential form of
the crystal of any mineral substance is discovered, it is not difficult
for an experienced crystallographer to ascertain all the other forms
or modifications which the mineral can possibly take ; all of which
are connected, either immediately or remotely, with the primary
crystal. 'When, therefore, the mineral is found crystallized in
either of those forms, it is supposed to be in its natural state—
crystallized according to its own law. But it occasionally happens
that mineral substances are found apparently crystallized in forms
which naturally, and by their own law, they cannot possibly take ;
and even when the crystals have the natural form, their fracture
and cleavage prove that they are not the natural crystals of the
substance. Such crystals are known by the term *Pseudomor-
phous”—false form or figure. It is, therefore, a very interesting
enquiry, how they have become so crystallized, or, if not really
crystallized, how they have become possessed of forms which are
not natural to them, but belong to other bodies? The only general
conclusion to which we can come is, that the minerals which now
appear are not the same as those which the crystals first exhibited
—that either a partial or a total change has taken place, by which
they have become either different varieties of the same substance,
_or different minerals altogether.

Some apparent transformations of minerals, especially metallic
minerals, are not at all uncommon, and are easily accounted for.
A mineral substance—suppose sulphuret of iron—is decomposed,
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and the sulphur is disengaged from the metal, and, uniting with
the oxygen of the water, or the air, or both, becomes sulphuric acid,
which, again uniting with the metal, under the influence, probably,
of certain changes of temperature, sulphate of iron, or vitriol, is
formed. Thus the sulphurets of metals may become sulphates.
Copper in its metallic state, when exposed to the action of other
bodies, combines in various ways with their elements. This was
strikingly evinced in the copper coins found some years ago near
the Hayle Causeway, on many of which the oxide, the carbonate,
and the muriate of copper were very visible.

These changes, however, are not replacements ; neither are the
new crystals pseudomorphous. The new mineral has not the same
form as the old one, but has taken its own form. They are not what
it is principally intended to describe in this communication, and
are alluded to here merely for the purpose of exhibiting the illus-
trative specimen on the table, in which the change actually occurred
in my own cabinet. Some time ago I found a specimen of iron
pyrites rapidly decomposing. I took it out of the drawer and
placed it in the window. Perhaps three months might have
elapsed before I noticed it again: in the mean time the rain had
entered through the crevices of the window, and had run over the
specimen, and when I next observed it, I found it covered with
crystals of sulphate of iron, and the decomposition had entirely
stopped.

Another change to which I shall here allude, on account also of
the specimens which illustrate it (and which is indeed a replace-
ment, although not of one mineral substance by another), is that
which takes place in the petrifaction of organic bodies, especially
vegetable and animal substances. Here the stony or other matter
appears to be gradually deposited as the organic substance decays,
until it acquires the precise form of the decayed substance. The
petrified wood found in many parts of England, and also the petri-

-fied bones and other parts of animals, are so common, that their
discovery oceasions no surprise ; but when the matter deposited is a
metal, the singularity of the case gives it greater interest, although
there is, in reality, no greater difficulty in supposing a deposition
from a metallic than from an earthy solution. Of this kind are
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the pyrites mushrooms, and other animal forms, of Dorsetshire ; and
there are on the table some small plants in native copper, so ex-
quisitely formed, that not only are the stems and the leaves quite
perfect, but the very fibres of the leaves are equally so. Indeed a
good botanist might almost venture to give us the names and
description of the plants. They were found in a copper vein in
Treskerby mine. How plants could possibly have grown or have
existed in such a situation, we may, perhaps, be quite at a loss to
guess, yet it is not easy to account for the formation of these speci-
mens in any other way, for if we apply to them the term Zlusus
naturce, we may use it with respect to all organic remains. There
is another shrub-like specimen of native copper from Condurrow
on the table, which, however, does not bear so exact a resemblance
to a plant as to be classed with the former specimens.

The next class of pseudomorphous minerals to which I shall
allude, is that in which the change or replacement of metallic ores
appears to be caused by the loss of one of the constituent parts—
that part by which the metal is held in the state of ore—and the
acquisition of another. Thus in the change which frequently takes
place in iron pyrites from the sulphuret to the oxide of iron, the
original body seems to have lost, or been deprived of, its sulphur,
and to have taken up oxygen and water, the form of the crystal
not being in the smallest degree altered. Of this there are several
specimens on the table from Levant mine, which are now oxide of
iron, but whose crystals are the natural crystals of sulphuret of
iron ; such as the octohedron, the dodecahedron, the cube, &e.
Amongst these specimens there are two in which the change is not
yet complete, but appears to be still in progress. In one, the
whole is oxide of iron, except two small spots on the edge, which
are still sulphuret. The other specimen is highly illustrative of
the progress of the replacement. It is a part of a large cubical
crystal which, it is evident, could not have been originally as it
now appears to us; as a crystal cannot naturally comprise two
substances, unless they are in chemical combination ; but here we
perceive the sulphuret of iron cracked all over, and the oxide ap-
pearing in the crevices, and on one side, the interior seems to have
become entirely oxide. Mr. Haidinger supposes that the change
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begins at jhe surface and gradually penetrates the interior; but in
this crystal one would almost suppose that the change had com-
menced in its very heart, and extended from thence to its external
parts. In these changes there is no appearance of decomposition,
but the mineral, retaining its solid state, seems to have gradually
and imperceptibly passed from one combination to another. Yet it
is impossible to say that some degree of decomposition may not
have taken place, although almost imperceptibly : even the brown
tarnish which sometimes appears on the surface of crystals of
pyrites may be incipient decomposition.

A replacement of the carbonate by the oxide of iron has also
occurred. As the iron exists in the carbonate as a protoxide, the
mineral has only to part with its carbonic acid to become an oxide
of iron. This appears to have been the case in the six-sided tabular
crystals in the specimens on the table from St. Just, in which the
carbonate and the oxide may be seen in similar crystals on the same
specimen.

The prismatic crystals of sulphuret of lead, called blue lead, from
Jiuel Hope, in St. Agnes, probably belong to this class. They
appear to have been originally phosphate of lead, which is easily
decomposed by sulphuretted hydrogen, even at the common tem-
perature of the atmosphere ; and the same agent which decomposes
the phosphate may, by parting with its sulphur, form the sulphuret
in its place. 'Where the crystals are hollow, the external part only
has been changed, and the internal afterwards dissolved ; but where
they are solid, the change is complete. In one of the specimens on
the’ table several stages are apparent in the crystals: some are
wholly sulphuret ; others show the sulphuret with an external coat
of phosphate ; others appear to be partly sulphuret and partly phos-
phate throughout, and a fourth variety are wholly phosphate.

The converse of this change sometimes takes place by the sul-
phuret of lead becoming carbonate and phosphate. A specimen on
the table shows the carbonate of lead in cubes, a form which is not
natural to it. .

The next mode of replacement to which I shall refer, and which
is perhaps of the most frequent occurrence, appears to have been

caused by the deposition of one mineral substance upon the crystals
D
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of another, and the primary substance having been afterwards dis-
solved, the deposited mineral remains externally in the same form as
that which has been destroyed. These crystals (for so we must call
them, although improperly) are, therefore, usually hollow. Illus-
trations of this substitution will be found in hollow cubes of quartz
from Huel Spearn, and also cubes of chalcedony from Craft-an-
Verth, both in St. Just, the siliceous matter of which was probably
deposited on cubic fluor. Rhomboids of quartz from St. Just, of
which the silex might have been deposited on felspar, or more
probably on pearlspar. Dog's-tooth quartz, and hexagonal pyra-
mids of quartz, both from Botallack, in which the deposition was
doubtless on calcareous spar. Flattened rhomboidal quartz from
Botallack, which appears to have been deposited on carbonate of
iron, Tabular quartz from Huel Edward, which even now incrusts
the oxide of iron. Octohedral quartz from North Roskear, perhaps
deposited on iron pyrites.

It will probably have been remarked, that in these specimens
the deposited matter is invariably siliceous.

It is possible for hollow crystals to be formed by a different pro-
cess. Mr. Haidinger mentions an experiment made by Professor
Mitscherlich, of Berlin, in which solid crystals became hollow, and
a crystallized substance was formed within them by the application
of heat. He exposed crystals of hydrous protosulphate of iron
immersed in alcohol, to a degree of temperature equal to the boiling-
point of that liquid. Decomposition ensued, although the external
shape of the crystal remained unchanged. On being taken out of
the liquid and broken, each of them was found hollow, and presefited
a geode of bright crystals of the same substance. I have no idea
that any of the crystals here alluded to were formed by this process;
but there is a specimen on the table which highly illustrates it. The
crystals are oxide of iron ; they are all hollow, and filled with small
crystals of quartz. Supposing the crystals to have been originally
siliceous oxide of iron, the origin of the quartz crystals is evident.

The last class of minerals which I shall mention as illustrative of
‘replacement, consists of those whose crystals are perfect of their kind
—quite solid and compact—but not being in the natural form of

the minerals which they represent, were originally, in all proba-
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bility, crystals of other minerals. Such are the solid cubical crystals
of quartz from Huel Alfred, and also from Botallack, which were
perhaps originally fluor : on the Botallack specimen is a crystal in
which the accuminated angles, often seen in fluor, are perfectly pre-
served. The nail-head crystals and also tabular crystals of quartz
from Botallack, probably at one time carbonate of iron. Hexagonal
tabular crystals of chalcedony from Balleswidden, in two specimens
of which may be observed the different stages of the replacement ;
in one, the chalcedony is merely deposited on carbonate of lime,
which is everywhere visible ; in the other, where the carbonate of
lime is seen at all, the line of it is but just perceptible, and in some
parts it is wholly gone, and the solid crystal of chalcedony remains.
Octohedral crystals of chlorite from Roskear: the primary crystal
of chlorite is a flat six-sided prism, a form quite opposed to that of
an octohedron : the latter, therefore, is probably a replacement of
some other mineral, although it is not easy to say of what mineral.

The beautiful crystals of copper pyrites from Huel Tolgus prob-
ably belong to this class. They are in a form in which that
mineral has rarely, if ever, before appeared—that of an obtuse
rhomboid, ‘one of the natural forms of carbonate of iron, some of
which is still perceptible on the specimen ; and of this it may be
reasonably supposed to be a replacement. Another specimen*
exhibits copper pyrites in solid cubes, which have probably re-
placed cubes of iron pyrites. Here also, I apprehend, we must
place the crystals of oxide of tin from Huel Coates, in St. Agnes,
having the exact forms of the various crystals of felspar That the
tin has here taken the place of the felspar can scarcely be doubted,
as the specimens on the table exhibit the change in almost all its
stages. It is probable, however, that previous to the replacement
by the tin, the felspar had become decomposed, and by giving out
its alkali had remained in the state of a sandstone. Here is first
the crystal of felspar, or rather sandstone, partially decomposed ;
another crystal shows that the tin has just begun to invade it ; in
another, it has made greater progress ; two others are nearly equally
divided—one lengthwise, thie other crosswise—in which one half

* Presented by Mr. Joseph, of Redruth.
D 2
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is oxide of tin, and the other half felspar ; in another, only a little
felspar remains at one end of the crystal; and others exhibit the
complete replacement, and even a new erystallization, of tin on the
first crystal. In a broken crystal, the fracture, lustre, &c., are just
as they appear in the common rich tinstone of our mines.

In another mine in St. Agnes—Huel Primrose—crystals of
oxide of tin have been found having the exact form of quartz
crystals, in which the quartz may possibly have been invaded by
the tin. I say invaded, for it is not a complete replacement, as a
part of the siliceous matter still exists in chemical combination
with the tin, forming a siliceous oxide of tin.

The crystals of Haytorite, from Haytor, in Devonshire, are also
generally supposed to be pseudomorphous. Dr. Brewster thinks it
likely that datolite was the original substance, which contains more
than one-third of its mass of silica, and that the lime and boracic
acid have been exchanged for an additional quantity of silica, and
- thus the whole has been transformed into chalcedony. In the same
class have also been placed the octohedral crystals of hornstone
found at Beeralston, on the evidence of their internal structure.

In attempting to account for these replacements, some have sup-
posed that they have all taken place by the deposition of one sub-
stance on the crystals of another, and that after the dissolution of
the original substance had left the hollow coat or mould of a
crystal, this was subsequently filled by a second deposition. I can
only say, that in all the fractured crystals which I have seen I have
observed no marks of such distinet depositions. Others have sup-
posed that after these moulds have been filled, the moulds them-
selves have been dissolved, leaving the form of the crystals perfect ;
but the peculiar state and circumstances of some of the specimens
which have come before us would rather lead us to contemplate the
possibility of a replacement of a solid substance by a -solid sub-
stance, probably particle by particle, or molecule by molecule, with
very little; if any, of what we usually denote by the term decom-
position, and without any alteration of form or figure ; but in what
manner this is accomplished we must yet ¢ nfess our ignorance.
The only agent which presents itself to our minds is electricity,
which daily accumulating etperiments teach us has had much to




Pseudomorphous Minerals of Cornwall. 31

do with the formation, the decomposition, the reformation, the
replacement, and the various combinations of mineral bodies.

Had the subject been treated more generally, it would have been
easy to accumulate facts to a much greater extent, such as the
replacement of the blue carbonate of copper by malachite, and vice
versa, in Siberia, and at Chessy, and of the oxide by the carbonate
of copper at Chessy, and in South America; with many other
instances, but it is intended to confine this communication to the
replacements which may be illustrated by specimens found in
Cornwall and on its borders.

It will also have been observed, that these remarks have been con-
fined to cases in which crystallized bodies have come under our notice,
and these are, in fact, the only bodies which will admit of proof
of the change which has taken place; but reasoning from analogy,
it will scarcely admit of a doubt that the same process has been
in operation, and is constantly proceeding, not merely in separate
crystals, but in immense amorphous masses, both of earthy and
metallic minerals, in different parts of the globe. The change, for
instance, from copper pyrites to sulphuret of copper.in the metal-
liferous veins, which Mr. Fox's experiments have shown to be
easily effected, furnishes an instance, probably by no means solitary,
of the possibility of such a replacement.



