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ON

TRANSITION AND METAMORPHOSIS OF ROCKS
IN THE LAND’S END DISTRICT.

By Mlss EL1zABETH T. CARNE.

Berore we notice the transitions by which all these
rocks are connected with one another, it may be well
to point out the distinguishing features of the rocks
themselves. Amidst much subordinate variety, there
are five well-marked formations in our western dis-
trict—a district which we will define by drawing a
line from Hayle to Marazion.

1st. Granite.

2nd. Hornblende and actinolite rock, and green-
stone. These vary but little in their composition;
but they have two distinct types in external character.
Any one walking through the fields from Paul to
Newlyn Cliff may notice large blocks of hard, heavy,
dark-coloured stone in the hedges, which on fracture
show a peculiar glistening surface of a greenish-black
colour. This is hornblende rock. A broad band of
it runs from Mousehole and Penlee Point northward
to Paul Hill, and it is almost the only place where it
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2  On Transition and Metamorphosis of Rocks

is found south of the granite, though it is not un-
frequent in St. Just, Zennor, and St. Ives.*

The more common greenstone is the hard blue
stone generally used to mend our roads. It is well
marked in Lariggan rocks, in the larger masses near
the gas-works, in the foundation of Chyandour, in
the quarry up the Coombe Lane, at Tolcarn and Gul-
val Carp. It is said to be a compound of hornblende
and felspar; but in this district the hornblende is
often mixed with or superseded by actinolite, and
the felspar by axinite.},

8rd. Purple killas. This is a rock hard to de-
scribe, yet very strongly marked by its pinkish-purple
tint. It is sometimes compact and hard ; sometimes
laminated, splitting like clay-slate ; sometimes spotted
with dull dark spots; but these varieties pass so
readily into each other as to be easily traced. The
harbour -at Newlyn is full of beds of this rock, and
the southern jetty there is built on it. It also forms
the old quarry just opposite Newlyn Church, and
occurs in patches on the rocks between Newlyn and
Penlee Point. }

4th. A felspathic rock, varying so widely that it
can only be described as possessing a large excess of
felspar. This rock extends several hundred yards
along the shore beyond the southern jetty at Newlyn
in soft and hard, light and dark varieties, inextricably

# This is the hornblende rock of Dr. Forses, the greenstone of Dr.
Boase.—Geol. Trans. of Cornwall, vol. ii. 261; vol. iv. 393-403.

+ This is the greenstone of Dr. Fornes, the greenstone and actinolite-
rock of Dr. Boase.

t This is the slaty-felspar of Dr. Forses, the cornubeanite of Dr. Boasz.
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mixed with purple killas, actinolite, &c. Another
form of felspathic rock is found in the so-called elvan-
course at Polmenor, which lies open in a pit by the
roadside near the farm-house. A third form, massive
and very hard, is to be seen in the elvan-course that
runs through the Chimney Rock.*

5th. Finally, there is a well-marked rock which,
as its two varieties may be best studied in the cliffs
beyond the Lelant ferry, I will call the Lelant rock.
I do not know its boundary northward; but I have a
specimen from St. Ives Island and St. Ives Consols
Mine. At Porthminster Point (south of St. Ives) it
forms the upper part of the cliffs, and further south,
beyond Carrickgladden, the whole of them, extending
to Lelant village, and across the water to Phillack
Towans and to Hayle Foundry and railway cuttings.
It is found at Crowlas railway cutting; also in an
excavation for building formerly made near Mara-
zion turnpike, and on the sea-shore east of Marazion.
I presume, therefore, that it stretches across the
country from St. Ives to Marazion, constituting the
unaltered Devonian beds of the Ordnance map. In
structure it is evidently sedimentary, occurring at
‘Lelant in layers on beds varying in thickness from

* This formation is, I presume, the felsparite of Dr. Boass, the compact
felspar of Dr. Founes. Geol. Trans. of Cornwall, iv. 876; ii. 261. 1 was
" for a long time greatly perplexed and mixled by Dr. Forses’ statement that
slaty-felspar is “a rock apparently of the same composition as compact
felspar, or only with the addition of a very small portion of mica, with a
distinet slaty structure.” I do not doubt that purple killas and felsparite
are closely connected; but they are not *apparently so.”” The appearance
of the two rocks is widely different; and until I met with the intermediate
forms I could never identify Dr. Fornrs’ slaty-felspar.
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4  On Transition and Metamorphosis of Rocks

an inch to a couple of feet, dipping to the S.E., and
often regularly alternate in coarse and fine grain.
The coarse-grained is compact, granular, of a green-
‘ish-grey colour, sprinkled with minute white specks,
which give it a pepper-and-salt aspect. The fine-
grained is sometimes a dull grey slate, or a glossy
-grey shale; indeed the colour of the coarse beds is
often blue-grey when freshly cut; but the prevailing
tint is a dirty greenish-grey. In many places, where
the alternate beds are not to be traced, the deposit
seems to be a mixture of both, having a fine grain
and a greenish-grey tint. The granular pepper-and-
-salt aspect of the coarser beds is very peculiar, and
in its frequent conjunction with the fine-grained
glate or shale enables us to trace and identify the
-rock in various localities. The softer beds underlie
great part of Penzance, and extend on the shore as
far west as the Wherry Rocks; and inland, the dull
-greenish-grey variety and the glossy shale were both
visible in the town-cuttings on York Hill. It is, I
‘think, indisputable that these coarse and fine-grained
beds are due either to separate depositions by water,
or to mere settlement in water. A piece of dried
‘mud which I took from a pool in the Hayle quarry
showed the coarse grain and greenish colour at the
bottom, and the fine grain_and greyiéh colour at the
top.* '
This undeniably sedimentary rock supplies me

* T cannot identify this formation with any of the definitions of Dr.
Forses or Dr. Boass. No doubt its laminated fine-grained beds might be
called clay-slate; but that term could not be applied to the whole deposit.
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with the first link in the chain of transition. I am
prepared to show, 1st, That its softer beds, which we.
may call clay-slate, pass into hard quartzose clay-
slate, and more rarely into purple killas and into
greenstone; that its glossy shale passes into purple
killas; that its intermediate variety also passes into
purple killas; and that its coarser beds pass, either
by a mixture of actinolite into a sort of greenstone,
as at Marazion, or into a hardened felspathic rock
closely allied to certain elvan-courses, and to mixed
masses of felsparite which border on granite.

2nd, I shall show that elvans and felsparite pass
into purple killas on one hand, and into massive fel-
spar on the other.

8rd, That purple killas passes into axinitic green-
stone and into hornblende rock ; but not, I think, into
the coarse felspathic greenstone of the Marazion rocks.

4th, That links may be found between felspathic
greenstone and granite; but not, I think, between
axinitic greenstone and granite.

As these facts can only be established by long
details connected with the examination of numerous
specimens, we need not detain the meeting by the
several proofs, but proceed to notice the manner
in which these transitions have been effected, and
the forces which may have been instrumental in pro-
ducing them.

(i) Transition in structure.

(if) Transition in substance.

(iii) Connection if not transition shown by alter-
nate courses or beds.
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(iv) A union of complete transition and sharp
separation.

(i) Tranositions in strueture. There are schistose
forms of granitic and hornblendic rocks, so too there
is a.schistose as well as a compact form of our own
purple killas. This being so, there seems no reason
why the laminated Lelant rock as it becomes purple
killas in substance should not become schistose
purple killas in structure; but as a rule it does not:
its tendency is to become a tough compact purple
killas, which does not break readily in the direction
of the surface planes, Further, there seems no
reason why schistose purple killas, as it becomes
more hornblendic or feldspathic in composition,
should not retain its slaty structure, and become
hornblende slate or gneiss; but as a fact it does
not: it becomes more massive in structure, as its -
substance is pervaded by hornblende or felspar.
All changes in the composition of rfcks seem to be
accompanied in this district by a change in structure
from the schistose to the massive.

Further, transition is sometimes implied by iden-
tity of structure amidst change of substance. It is
curious to see in the St. Ives cliffs how completely
the weathering and general aspect of the Lelant
rock are preserved, when the hammer reveals the
substance of the purple killas. In many places the
surface 18 honeycombed and disintegrated in a man-
ner which does not belong to ordinary purple killas,
but which does belong to the softer Lelant rock. I
do not know how to explain this, except by the sup-
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position that the Lelant rock has really become purple
killas. In the same way the purple killas at Mouse-
hole, at its junction with the granite, so retains its
external aspect and its dark weathering that even an
uninstructed eye can in many places trace the sharp
line of junction, while the hammer shows that fel-
spar is largely mingled with the killas, oftenest in
the plains of lamination, producing spotted purple
killas, but sometimes destroying the schistose struc-
ture and forming massive felsparite. We can hardly
doubt that this mixed rock, which still retains the
external aspect of the killas, has been subsequently
modified and become felsparite.

(ii) Next as to transition in substance. Its most
complete form is that in which the very substance
of two different rocks may be seen interpenetrating
each other, even in a hand specimen. Clay-slate
_and purple killas at the Wherry rocks—Lelant rock
and purple killas in the St. Ives cliffs—felsparite and
purple killas at Polmenor and Newlyn—greenstone
and purple killas everywhere, meet in this particular
mode. It does not in itself prove that the one rock
becomes another, for it may result equally from a
mixture of original elements, or from two separaté
masses having been forced together while in a soft
pasty state. :

Another form is, when two rocks are so inter-
mingled that the substance of one retains the grain
of the other, as the purple killas at Carrickgladden
Point retains the glossy grain of the Lelant shale. In
this case the shale has manifestly become purple killas.
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Another form is when one substance pervades
another through a series of minute cross-joints.
Nothing is more common than to see actinolite thus
invading purple killas; so that in a hand-specimen,
whilst the fractures in one direction show the grain
of the purple killas, every fracture in the other
direction reveals the actinolite. In both this and
the former case some law of crystallization seems
evident, which acts across the grain of the original
rock, instead of penetrating through it as the easiest
entrance.

It is a more doubtful case of transition when iso-
lated veins or bunches of one substance are found in
another. In a hand-specimen we may find a spot of
purple killas, or of something like greenstone in the
very centre of a piece of Lelant rock; or bunches of
actinolite beginning and ending in a bit of purple
killas. And we are told that the same thing hap-
pens on the large scale, and that masses of granite
are found completely isolated in slate.®* These
facts are not perplexing if both rocks are assumed
to be of contemporaneous origin, but it is hard to
understand how a solitary piece of rock could be
metamorphosed and reformed while all its surround-
ings remained unchanged. Doubtless, if isolated
decomposition begins, isolated reformation may follow
it; nevertheless, I think we must admit that this
class of facts is more in harmony with a theory of
original chemical affinities than with that of subse-
quent metamorphic action.

® Geol. Trans. of Cornwall, vol. v. p. 167; Prim. Geol., p. 144.
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(iii) Connection, if not transition, is manifested in
alternate courses and beds of rock. By courses I
mean bands of rock divided by joints more or less
vertical, and which in this neighbourhood, according
to my experience, runi from N.W. or N.N.W. to S.E.
or S.S.E. An instance of the alternation of soft and
hard courses occurred lately in the cutting for the
new St. Just road near Tregavara Lane. At the
northern extremity of the cutting there was a mass
of hardened purple killas mixed with actinolite, then
came a block of white axinitic rock allied to green-
stone, then rotten ground, then a band of white rock
much decomposed, then rotten ground, then a band
of greenstone much decomposed and blackened, then
rotten ground, then another black band, then a long
piece of rotten ground, then a quartz vein, and on
the other side of it lamellar clay slate, or purple
killas. The same alternation of hard and soft courses
was shown in the cutting at Leskinnack Gate. These
facts remind us of the alleged alternations between
granite and slate, and seem to imply some law of
structure at present unknown.

Of alternation in beds, the Gurnard’s Head is an
admirable instance. The plate which accompanies
Dr. Forbes’ account of that promontory* gives little
idea of the twelve or fifteen narrow beds of schistose
purple killas which regularly cap the upright masses
and shattered terraces of more crystalline rock. And
the terminal mass, which is marked hornblende rock
in the plate, is itself built up by beds of greenstone

* Geol. Trans. of Cornwall, vol. ii.
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with intervening stripes of purple killas. That ter-
minal mass is held by some theorists to be a bed or
series of beds of submarine lava intermingled with
the stratified mud of the sea-bottom; and a vein of
so-called hornstone is triumphantly claimed as a
proof of collision between igneous and aqueous
forces. As a matter of fact, there are perhaps twenty
places where beds of greenstone and purple killas
come in contact, and there are but two or three where
this hornstone is found; moreover, it is found with
purple killas above as well as below, and with green-
stone below as well as above, though sometimes it
runs on a line of well-marked contaet between the
two rocks. The so-called hornstone I believe to be
nothing but a vein of massive and somewhat impure
sxinite, a mineral very common in all our western
greenstone. The union of these two rocks, I hold to
be, not accidental, as by the intrusion of lava, but
structural ; that is to say, it is part of the structure
of the whole mass, the beds of crystalline greenstone
and the beds of schistose killas that cap them being
as much one rock as the fine mud of an estuary and
the coarse sand beneath it are one aqueous deposit,
as the scoriaceous surface bed and the basalt pillars
beneath it, are one lava stream. In confirmation of
this I would point out the regularity of the alter-
nation on the western side of the Head, also the
identity of structure which runs through the whole
promontory, the tilted edges of the beds dipping
harmoniously N.N.W., while all the surface planes
dip towards the north-east. We can find hard horn-
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blende rock on the western faces of the terminal
back-bone and head, and well-marked layers of purple
killas between them ; but if we go round the northern
side, and climb down the eastern descent, the whole
mass becomes more schistose, and the two rocks are
mixed together in shallow irregular layers. The
whole mass is plainly under the same law of structure;
but on the west we have the uptilted edges of the
deeper beds, where structure is best developed, and
on the east we have the surface planes, where
structure is worst developed. '

Whether this common structure is one of original
formation or of subsequent metamorphosis is another
question ; but all facts on both sides should be fairly
stated. On one hand, I was certainly surprised to
find on the great bed of purple killas which under-
lies the grassy slope of the promontory, weather-
stains and eroded surfaces, and white lines of deposi-
tion, which much resembled those of the Lelant
rock. Moreover, these white lines certainly do be-
come harder in the more compact purple killas, and
seem to point onwards to other and more crystalline
white lines near the hornblende rocks, and finally to
the so-called hornstone or axinitic veins. On the
other hand, the very substance of the purple killas is
often so intimately but confusedly mingled with that
of the greenstone as to forbid the idea that the one
could have been metamorphosed while the other
remained unchanged. And this brings me to my
fourth division.

(iv) Gradual transition is in some rocks united with
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sharp separation. For instance, if clear division and
alternation between purple killas and greenstone is
so frequent at the Gurnard's Head, gradual transition
and complete intermixture are also frequent there,
proving that if there be a regular structural connec-
tion between the two rocks, it is.a regularity very
easily disturbed. The same thing was evident in the
little quarry lately opened opposite Alverton Gate,
from whioh I have a series of specimens, showing
both a gradual transition and sharp separation. It
resembled the Gurnard’s Head also in its prevalent
joints and courses, running N.N.W. and S.8.E. It
had, moreover, a partial alternation of the two rocks
cut off by the occurrence of the joints. And in the
fresh fractures of the quarried blocks the wavy lines
and smooth greasy texture of the killas appeared
confusedly mixed together with a coarse-grained
mixture of axinite and actinolite, as though there
had been an imperfect mixture of original materials,
the large grain of the latter rocks wanting the pasty
matter of the killas to form our usual compact
homogeneous greenstone.

The same union of gradual transition and sharp
geparation may be seen in the mixed felsparite and
killas of the sea rocks between Newlyn and Mouse-
hole. Every shade of gradual transition is there,
and yet in a hand-specimen they will be sometimes
sharply separated. There are no regular beds or
courses of rock, no systematic tendency anywhere
towards transition, but felsparite and killas, and in-
termediate varieties, are all mixed together in stripes

. 4
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and patches and shapeless blocks in the most com-
plete confusion.

The same union of gradual transition and sharp
separation is found in the junctions of granite and
killas; in one place gradual transition, in another
sharp separation, but in either case there is a certain
relation between the two rocks. Dr. Boase distinctly
tells us, that not only in Cornwall, but throughout
‘great part of Europe, any special characteristic of a
mass of granite is shared by the rocks around it.*

In al) these instances we have the relation and
transition which belong to laws and affinities, and
also the confused irregular mixture produced by the
rough action of mechanical forces.

As to the nature of these forces, I venture briefly
‘to suggest my own conviction, that the force which
elevated the rocks of this district was not simply ele-
vatory but undulatory, and that it acted as the ocean
acts on a line of cliffs, not by a dead weight of water,
but by the impetus of a million successive waves.
Even now earthquakes are known to act in undula-
tions, and we speak of an °earthquake wave' as
familiarly as of an ocean wave.

An undulatory force would have two effects: it
would produce a stretching out or rolling of beds so
far as there was any room for free action in a hori-
zontal direction; and it would produce lines of ten-
‘sion and fracture at right angles to its course. We
see both these effects in our bay in a storm; the un-
dulations come rolling in from the Atlantic, produc-

* Primary Geology p. 206-8.
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ing lines of breakers at right angles to their course,
and stretching out sheets of foaming water on the
surface of the sea. So, if we look at a geological
map of our own county, we see lines of greenstone
and elvan running S.W. and N.E., whilst the quarry
courses of which I have already spoken run at right -
angles from N.W. to S.E., in strict conformity with
the lines of our western valleys, which, as Mr. Whitley
has shown us,* generally follow this direetion. So
also the horizontal joints and beds of surface granite,
the occasional schistose structure of greenstone, the
lamination of purple killas, and the apparent stretch-
ing of the spotted purple killas, might all be due to
a lateral motion imparted by an undulatory force to a
pasty mass.

The occasional prevalence of the undulatory over
the elevatory force might also explain why various
kinds of unstratified rocks have (to use Phillips's
phrase) “ their stratified analogues” in some districts
and not in others. If the constituents of granite or
greenstone were rolled out instead of being allowed
to settle and coalesce under steady pressure, it is
very possible that they would take the forms. of gneiss
and hornblende slate. '

Another force, that of gravitation, manifests itself
in aqueous deposits by separating and settling the
finer and coarser particles. In connection with this
we must remember Mr. Scrope’s opinion (now re-
ceived by many), that if lava be under pressure which
forbids the formation of steam, it may be loaded with

* Geol. Trans. of Cornwall, vo). vii. p. 350.
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water, and be in the state of red-hot mud. The
question then occurs whether the force of gravita-
tion (acting conjointly with chemical affinities as the
whole mass cooled and set) might not cause a settle-
ment of the fiery mud, tending to produce an alter-
nation of fine and coarse-grained beds when the pro-
cess was undisturbed, and an irregular mixture of
fine and coarse materials if the unquiet fire-sea was
agitated.

The union of chemical and mechanical forces gives
a wider variety of result. Take, for instanee, that
curious law by virtue of which crystallization comes
into play at right angles to surface planes. The

" most familiar illustration of this is found in basalt.

In a horizontal stream of basalt, the crystals, or as
we commonly call them, the pillars, are perpendicu-
lar, but in a vertical dyke of basalt the crystals are
horizontal. Are there not glimmerings of the exist-
ence of some such law in the transitions which oceur
among our primary rocks? Purple killas forms across
the grain of the glossy shale; actinolite and horn-
blende creep in through minute veins irr cross direc-
tions to the grain of the purple killas; and so
pérhaps, on the large scale, the forces which have
produced alternate hard and soft courses, have come
into play on N.W. and S.E. lines at right angles to
the direction of the bands of greenstone.

Chemical affinities also have doubtless a powerful
influence in effecting transitions. The great differ-
ence between granitic and hornblendic rocks is, first,
a larger proportion of silica and alumina in the
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granite ; but, secondly, the presence of potash or
soda in granite, and of lime, magnesia, and oxides of
iron and manganese in hornblende. Now, these
minerals—potash, soda, lime, magnesia, and the pro-
toxides of iron and manganese—are isomorphous;
alumina and peroxide of iron are isomorphous; that
is, they have “ the power of replacing each other with-
out producing any noticeable change of form in the
crystal of the mineral.”* It appears, then, that one
great difference between felspathic and hornblendic
rocks consists in the presence of minerals which have
special facility in replacing each other. Naturally
this would seem a fruitful source of transition in
rocks. Greenstone itself is an illustration of this.
It is said to be a mixture of felspar and hornblende;
but in Durocher's analyses given by Jukes,} the green-
stone has less potash than the felspar would have
supplied, less magnesia than the hornblende would
have supplied ; but it has a large excess of the oxides
of iron and manganese. The latter minerals seem
to have replaced the former. So with regard to the
axinite which abounds in our western greenstone. It
seems as if part of the alumina which would have
formed the felspar had united with some lime and
oxides of iron and manganese supplied by the horn-
blende, and so had formed massive axinite in the
place of felspar. This facility of replacement pro-
bably explains why hornblende so readily penetrates
and absorbs crystals of felspar, as it does in the

* Jukes' Manual of Geology, p. 24.
t Manual of Geology, p. 75.
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Round Rock and the Wolf Rock; indeed felspar
crystals appear to me in a very unstable condition,
peculiarly liable to be invaded and absorbed by other
minerals—by oxide often, as we all know, and here
by hornblende and by chlorite, as I have noticed in
vein stones in the Liskeard district; they also gradu-
" ally disappear in the massive felspar Polmenor elvan-
stone. The metamorphic theory assumes that there
is a reconstructive action continually tending to-
wards granite as a final form ; but the foregoing facts
incline me to doubt whether hornblende is not the
stronger and more permanent form of the two.

To conclude; many of the facts connected with
transition amply prove the existence of metamorphism;
in other words, that some rocks actually change into
other rocks; nevertheless I have not been able to
discover any trace of a regular order or system of
metamorphism. That granite is brought by degrada-
tion to the state of sand and mud, that these are
changed by heat and pressure into sandstone and
slate, and then by further heat and pressure restored
to the state of quartz, rock, and granite, is a theory
far too narrow to include all the facts of our own
limited districts. Several objections occur. In the
first place, how are we to account for the fact that
the very same rocks which sometimes pass into each
other by gradual transition, are at other times sharply
separated ? Thus near Porthminster Point the Lelant
rock lies upon, and is clearly separated from, the
purple killas by a series of quartz veins. Thus in
many places the granite is sharply distinct from the

VOL. IX. c
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killas. It is hard to account for this by any theory
of metamorphosis.

Again, the confused irregular intermixture which
‘sometimes takes place between two rocks, as between
felsparite and purple killas, and purple killas and
greenstone, makes it difficult to believe that the one
has been altered while the other remains unchanged.

Again, there are the narrow limits to which transi-
" tion is sometimes confined. When granite and killas
meet, though the general disturbance of one or both
may extend far beyond a few feet, it is no less true
that often, within a few feet of the junction, perfect
specimens of each rock may be found. Now, when
we consider the strength of the forces necessary to
manufacture miles of granite out of killas, it is but
reasonable to suppose that they would have at least
partially altered a wide tract of intervening rock.
It is difficult to conceive how they could have failed
to do this, if they were forces potent enough to trans-
form one rock into such huge masses of the other.

Again, there is the strong argument derived from
change of structure. As I have noticed before, the
transitions in the substance of our rocks are accom-
panied by transitions in structure—internally from
the laminated to the crystalline, externally from the
schistose to the massive. Slow heat under pressure
is known to produce these changes; and as slow heat
under pressure is the chief agent invoked by the
theory of metamorphism, we have some right to con-
clude that the laminated structure would be destroyed
in the process of transition; yet hornblende slate
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and gneiss are well-known forms, highly laminated,
and said to be highly metamorphic.

Again, it must be remembered, that the fact of
transition is in itself no proof of systematic meta-
morphism, since it belongs equally to rocks that must
have had different origins. The limestone of Glen
Tilt becomes silicious at its junction with granite,
but no one thence argues that it is the ultimate des-
tiny of limestone to become granite, or that granite
once was limestone.

In short, the whole result of my investigations pre-
sents a singular anomaly between theory and facts.
According to facts, it is comparatively easy to estab-
lish a series of transitions between the sedimentary
felspathic Lelant rock and greenstone; but not so
easy to establish such a series between that rock and
granite—elvan-courses being the principal link. Aec-
cording to the theory of metamorphism, the case
should have been reversed. The felspathic sedi-
mentary rock should have passed onward readily into
crystalline granite, and only have tended towards
greenstone by the side introduction of hornblende.
At present I can only regard granite as a somewhat
isolated rock, connected with others by chemical
affinity rather than by manifest transition. Perhaps
the felstone of Ireland, and the hornblendic granite
of Scotland, may supply links in transition which are
wanting in Cornwall.

The introduction of hornblende and other minerals
forms another objection to the theory of metamor-
' phism. Where do its lime, iron, and magnesia come
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from? They at least are simple elements, which
must have had some origin independent of metamor-
phism. Again, where does the alkali of our granite
and its surrounding killas come from? Dr. Boase
has already pointed out that it is not found in later
deposits.* Again, where do the metals of our mineral
veins come from? Either they are a new introduc-
tion, or they existed in former sedimentary rocks as
the waste of still earlier metallic deposits. But, in
that case, would they not have taken the form of
horizontal beds, like our own stream-tin and the
iron-stone of the coal fields? If all these new ele-
ments have existed outside of the assumed circle of
metamorphic action, independeut formations may
have arisen, and be still arising, outside of that circle
also. Metamorphic and igneous action are but the
result of forces acting upon existing rocks—of forces.
which, acting upon free, simple elements, might as
easily form original rocks.

On the other hand, it appears to me that the theory
of igneous eruption as applied to granite and green-
stone is utterly untenable, and for this broad reason,
that the further we go in our investigations the more
insight we get into the existence of relations between
these rocks and those which immediately surround
them ; whereas eruption is a thing of haphazard,
which can have no relation to the point at which it
issues. No theory of eruption will explain why our
granite is always surrounded by a band of purple
killas; why one so-called rock of eruption (granite) is

¢ Primary Geology, p. 319.
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in bulky masses, and another (greenstone) in narrow
wedges; and why one so rarely comes in contact with
the other. If, indeed, our granite and greenstone
were in any sense eruptive, that is to say, if they
were pushed in a plastic state into contact with the
deposits around them, I submit that it was done
under such circumstances, and in conjunction with
such unknown forces, as to make the analogy with
modern eruption a point not worth mentioning, nay,
tending rather to mislead than otherwise.

When we refer the original or metamorphic opera-
tions of nature to vast depths beneath earth or sea,
where pressure forbids the formation of steam, where
water and mud may become red-hot, and where
white-heat reverses (as we are told it does) many of
the laws that act upon the earth’s surface, we deprive
ourselves of all excuse for confident speculation or
dogmatic assertion. In that unknown sphere there
must be room for all the agencies to which every
theory has appealed—aqueous, igneous, chemical,
electrical, mechanical—sometimes one prevailing over
the rest, sometimes all inseparably mixed together.



