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It is no mitigation of an author’s temerity in publishing,
that he can say for himself he had no intention,
when collecting and arranging his materials, of
ever submitting them to the eye of the public, or of
provoking criticism by his speculations. Certain it
is, however, I have often, and with severity at times,
questioned myself as to the propriety of my geological
pursuits, my ardent love of them, and their compatibility
with the strict discharge of professional duty.
My answer generally was, I sought not these things
of themselves; they were hung up and displayed before
me, wherever I went on pleasure, on business,
or on duty. I simply inquired after their names;
and of all the geological phenomena that have passed
under my review, I can safely affirm of them, in their
darkest, deepest places, they have uniformly led me
“from nature up to nature’s God,” and have inscribed
upon them in brightest characters—Benedictum sit
nomen Dei.

How often, I have argued, in the leisure hours of
life do we find men idling away their time, wasting it
in vain talk, or consuming it in the most trifling
pursuits, when a most interesting branch of science
can be learned by wandering over the green fields,
the rocky dell, the mountain side, or by the walk
at even-tide, and there to hold converse with the Creator’s
works and the records of his will? I have recalled
the list of great and good men, whose names
are imperishably connected with the science of geology,
who have given much of their time to these researches,
and who have reaped laurels from their discoveries.
Can Buckland, Conybeare, Sedgwick, Sumner,
Smith, Fleming, and Chalmers—all either explorers
or expositors—and other eminent divines,
have been engaged in improper pursuits, or have
given the sanction of their authority to tenets and
views connected with the scheme of nature that do
not accord with the religious principle? Often on such
occasions have I dwelt upon, and compared with my
own humble pursuits, the lofty and impassioned descriptions
of the Psalmist, where, sometimes in a single
piece, he takes a magnificent sweep of the great
master-keys of creation—the foundations of the steadfast
earth—the course of the fluid waters—the revolutions
of the sun and moon—the vicissitude of the
seasons—the habits and instincts of the lower animals—the
earthquake and volcano—and all recited
as demonstrations of Divine wisdom and goodness,
and all calculated to awaken and to sustain the devotional
feelings of the heart.

Having, under the influence of such impressions,
gathered, and now put together in this form, the
notes of my researches, I do not mean to aver that
I have visited every locality referred to, or personally
observed everything noticed in the publication.
Where so much has been done by others I have
carefully examined their works. Where the field is so
boundless, and the course of illustration necessarily so
discursive, I have freely made use of their collected
materials. Still, I have been chiefly induced to adopt
the line of description from the Grampians to the Alps,
because, at sundry though often distant periods, I have
examined the various suites of rocks comprised betwixt
these mountain boundaries. If there be any novelty
in the volume, it will be found, not in the subject-matter
itself nor in the mode of treating it, but
by following the geographical sequence in the descriptions
of the several geological formations, and their relations
to each other in the countries passed over.

I have to express my acknowledgments to Messrs.
W. and R. Chambers for a considerable number of
the figures contained in the volume, and which have
already appeared in one or other of their numerous
publications. To Mr. David Page, than whom I do
not know a better practical geologist, I am indebted for
much valuable information, gleaned by him in an extensive
acquaintance with most of the ground passed
under review. The errors of the volume are my own,
and these, I doubt not, in a science subject to such
daily mutations and receiving daily such additions as
the science of geology, will be found neither few nor
venial.

Newburgh Manse, May, 1850.






THE

COURSE OF CREATION.


Table of Contents





GEOLOGY OF SCOTLAND.

PART I.



Table of Contents






CHAPTER I.

INTRODUCTORY.



Table of Contents





Geology is that branch of science which comprehends the
knowledge of all that relates to the form, structure, mineral and
fossil constituents, of the earth. The Scottish Grampians, it is
generally admitted, form part of the lowest sections of its crust,
to which the researches of geologists extend. We must go to
other countries for any coeval, and, to North America for any older,
competing land: and still, there, the rocks are of the same mineral
qualities and arrangement. The Ben-Mac-Dhui group form the
highest and most prominent masses in the whole range of these
crystalline mountains.

When I first stood on the broad flat top of Ben-Mac-Dhui, I
had no thought or purpose of ever recording its geological history.
The excursion was undertaken simply for recreation, and a delightful
one it proved. I longed to plunge into the deep recesses of
the old forest, and to see the trees which nature had strewed
with careless hand, ere, perhaps, Caledonia was tenanted by the
human family. I looked down from its rugged sides, as I ascended,
with awe and wonder—snatched a little alpine as I drew
breath for the next spring—chipped a piece of granite as I obtained
a footing over a yawning chasm, or breasted along by
jagged precipitous defile,—and when, having fairly scaled the
summit, I gazed out upon the world beneath, the feeling which
for a moment flitted across my mind was one of no merely vain
complacency, that I was then the most elevated subject of all the
twenty-six or twenty-seven millions inhabiting the British Islands—and
the lowest, too, in their stony regions! The mountains of
the earth serve to inspire some of the loftiest sentiments that can
fill the breast of its intelligent inhabitants. Imbosomed in their
deep solitudes, man feels his own littleness, and is forced to inquire
who made these wonders, and who sustains them? We are all
the better, morally speaking, for leaving occasionally our daily-trodden
haunts, where we see only human things, and hear only
of the triumphs of human craft, the excitement of human passions,
the littleness and vanity of even the noblest human daring. There
is an image of Jehovah’s greatness impressed upon the outward
face of nature, which for a time will awaken and sustain the most
salutary reflections, breathing, as it were, a new life into the soul
of the wayfarer. A man escapes from himself, forgetting the
burden of a thousand petty cares, and rising above his sensual
condition, when he looks upon the physical world in these its
grander features and secluded scenes, which irresistibly speak to
the inner sense of divinity, wisdom, and omnipotence.

The philosophy of the mountains, in the classic ages of Greece
and Rome, inclined but little to any analysis of their grosser materials
of earth and stone. The poetic and ideal were exclusively
associated with their structures and form. The dii majores dwelt
upon, and thundered from, their lofty summits. The clouds
hovered in peaceful majesty over their council of sage or fierce
debate. The elements were the ready ministers of their will; and
Oreads, Dryads, and Naiads, peopling all the hills, forests, and
streams, were the creations of that principle of the inner man,
which has always searched for the spiritual behind and beyond
the tangible attributes of Nature. Hence, too, the gnomes of the
caverns, the spirits of the mists, the fairies of the glens, the kelpies
of the torrents, were all the embodiment of forms, which fancy,
in her later superstitions, has cast around the mountain landscape,
with the witchery at once of the terrible and beautiful. The
charm that spell-bound the human mind for ages, is not dissolved
when, with ruder intent, we traverse these rocky solitudes, listening
to the echo of our obedient hammer, learning the secrets of
the universe amidst the voices of the everlasting hills, and seeing
the wonders of the material world throwing light on the wonders
of the spiritual.

We are reminded, among the mountains, of one of the first and
loveliest of all material things, the creation of light. Loving
them for their own sakes, as well as for the legends of the old
world with which they are everywhere inscribed, the geologist
takes to the hills with the first faint fresh streak of dawn. Emerging
with earliest day from the somber shades of the forest which,
like night, invests the prospects with its own sadness and gloom,
speedily a scene of joy and activity bursts upon the sight. The
light comes upon you like a real tangible thing. You see it glinting
and breaking on the lofty ridge, then nearing down along the
brown slope of the mountain, here projecting in long bright lines
through the trees, and there—delicious, golden morn! first-born
of Nature’s children, harbinger of life and gladness. How beautiful
are thy first footsteps upon the heath-clad mountains! What
a brood of gloomy thoughts thou dispellest, chasing them before
thee, like yonder envious mists rising lazily from the plains, valleys,
and streams, which they would fain hide from the eyes that
now revel amid their exuberant loveliness. These lofty peaks are
worthy altars for the beacon-fires of the orb of day, after he has
finished his journey through the nations; and comes back to us,
over the floating splendor of the sea, in the eastern heavens.
And see! he hath lit a hundred on these splintered summits, which
blaze now as they blazed centuries ago, and diminish not!

The view from this remarkable group of mountains—the most
remarkable by far in the island—differs much from any other
with which I am acquainted. The impressions at first are all
very confused, and some time is required to resolve into distinct
pictures the wondrous panorama before you. We have stood
upon Skiddaw, where everything is clear, distinct, and palpable
in distance and form; on Ben Lomond, where the far-stretch of
perspective over lakes, rivers, and plains, is like a first lesson in
painting; on Ben Lawers, where the eye sweeps rapidly over well
known, familiar objects, spots of wood, glen, and mansion; on Ben
Nevis, where you fancy yourself in mid-air, every object is so
separate and apart, and so disposed the whole you are looking on,
that the view is all downward upon the picture. But here, these
dark giant masses crowd as it were against you. There is a struggle
for the post of elevation. You are highest, no doubt of that;
but so jealous all are these proud somber peaks, that every one
seems to overlook, though yet actually beneath, the broad ample
table-head of the center of the group. Sometimes one is tempted
to leap across the narrow dells of separation, and at once master
the geology of the district, so near seems every hill-top as almost
to be touched. But as you approach their several positions, expanding
valleys, deep fathomless chasms, and the channels of
noble rivers, bar farther approach, and attest the wide, independent
domains of each. They are monarchs every one of them—Brae-Riach,
Cairn-Toul, Cairn-Gorm, Ben-Avon, Ben-y-Bourd—each
holds his own regal court, over tarn, lake, and stream; torrents,
cataracts, and all the appurtenances of the boldest mountain
scenery.

After one has time to gather up his thoughts and perceptions,
the scene resolves itself, still indeed as of one whole, but of distinct
component parts. In the far distance you attempt in vain to
number the peaks that everywhere rise against the sky line; but
more closely around, five or six summits are seen to spring from
a single root; a common circumference marks out the limits of the
group; and, by no unreasonable liberty with the imagination, you
easily replace the old materials into the vacant interstices, before
the water had begun its work of abrasion, or the earthquake coming
to its assistance shivered their solid rounded forms into these
hideous, precipitous gorges and chasms. The great hills here
stand, every one of them, upward of four thousand feet above the
level of the sea; and when entire, one aggregated whole, as possibly
they originally were, the center mass may have towered
thousands more into the overhanging firmament. The scene is
utterly unmatched, as it cannot be described, by any other in
Great Britain: and make your ascent when you may, there are
sights and objects to be met with at every step, in every salient
dell, that will cause you evermore to rejoice you commenced your
travels among the Aiguilles of Ben-Muich-Dhui.

It is in the great mountain groups that the true key is to be
found to the science of geology, as well as all those collateral
circumstances which impart so much charm to it as a healthful
and invigorating exercise to mind and body. Here, amidst these
piled-up masses, we are furnished with the lowest ascertained sections
of the earth’s crust, from which we can at once study the
nature of its rocky divisions, and the laws which prevail in the
order of their superposition. When the world was in its primeval
state of chaos, without form and void, we are warranted to assume
that the mountains as yet had no place on its surface, but subsequently
arose out of the bosom of the deep; and lifted up, as they
emerged above the waters, the rocky strata already enveloping the
globe. These strata are still to be seen folded round the central
masses, disrupted and torn like a garment too tight for the body,
and displaying through innumerable cracks and fissures the inclosed
rocks. This fact lies at the foundation of all geological inquiries,
gives to the subject all its pretensions as a science, and
before proceeding on our “Course” a word of explanation will be
in place.

The first condition of the earth, of which we have any historical
notice, is that which is represented in Genesis, where, after the
initial declaration that God was creator of all things, we are told
of a period when the whole of its materials were as yet unarranged,
“and darkness was upon the face of the deep.” The Divine
Spirit moved upon the surface of the shapeless mass, when the various
elements of air, earth, and water gradually assumed their respective
positions. The form which the earth had impressed upon
it, as philosophy has demonstrated, was that of a spherical body,
flattened at the poles, a figure resembling as nearly as possible
that of an orange. There is reason to believe, therefore, that
every part of the solid mass of earth is symmetrically arranged,
and that every individual particle occupies the position which Divine
wisdom has assigned it.

Rocks, let the reader be assured, have not been indiscriminately
heaped together. Everything here, amidst all the apparent confusion
which surrounds us, is in the most perfect order, following
one uniform law of superposition. When God fixed the foundations
of the earth, stretched his compass “upon the face of the
deep,” and laid “the beams of his chambers in the waters,” he
completed the mighty edifice agreeably to the plan which he had
determined upon “from the beginning:” the different portions of
the building rise one above another in regular succession; and the
work, so far as we can survey the interior, displays the several
courses into which the materials have been thrown. These constitute
what geologists call the strata of the earth, layers of varying
thickness, such as our slates, sandstones, and limestones exhibit,
and which nearly envelope the circumference of the globe. The
order in which the strata are disposed is uniform from below upward,
and this order is never inverted. From the blue slates of
the Grampians to the Chalk cliffs at Dover, there is a regular succession
of intermediate rocks, piled one upon another like the
mason-work of our houses; and while to many there appears
nothing but confusion, to the scientific eye every portion of the series,
although the same ingredients enter into several classes of
rocks, is as well defined and as easily recognized, as the two members
at the extreme points are by the common observer.

But beside the stratified rocks, there is another class of rocks
equally extensive, and which occupy an important place in the
economy of nature. These are the granites and whinstones of
which the highest mountain ranges are usually composed. There
are many subordinate varieties belonging to both classes, which
are characterized by slight shades of texture and composition and
distinguished by different names. One thing is common to the
members of each group. They are not disposed in layers, and
exhibit no lines of stratification, except in the granite rarely,
throughout the entire mountain chain. These rocks occupy no
fixed place in the order of superposition, but seem to be intruded
in the most irregular manner among the stratified rocks, separating
one bed from another, filling up fissures and rents; and
binding and interlacing the various deposits more closely and
firmly together. They are often composed of the fragments of
other rocks, agglutinated into a compound mass by a base of clay.
Remarkable changes are also produced upon all the strata where
they come in contact with granite and whinstone—chalk being
converted into crystalline limestone—limestone into chert—clay
and sandstone into a substance as hard and compact as flint—and
coal is deprived of its bitumen or the quality which renders it so
useful as a combustible body.

From these, and other appearances, geologists have been led
to the conclusion, that these rocks are of later origin than those
which are stratified, that they have been injected among them in
a state of fusion; and by the expansive force of internal heat, that
they have burst through the stony crust of the earth, and elevated
and disrupted the strata which compose it. They are, if
we may use the expression, the levers which the Almighty has
employed in bringing up the lower deposits to the surface, in
laying open the interior chambers, and in producing all that infinite
variety in our earthly habitation which ministers to the comfort
and well-being of man. Much seeming confusion and disturbance
mark everywhere the course of these rocks, similar, though upon
a more extensive scale, to the disorders attendant upon the irruption
of a modern volcano; but throughout the whole there reigns
such a harmony of purpose, that the conclusion is irresistible,
these operations could only have taken place by Divine permission,
and are in accordance with the Divine plan, controlling the most
refractory agencies of nature, and causing them to contribute to
the general good.

These eruptive rocks have been produced under the sea, at a
period, many of them, when the waters and the dry land were
not as yet separated from each other. They are therefore termed
sub-aqueous products, and are, in consequence of the pressure to
which they have been subjected, hard, compact, and heavy.
They differ in this respect from the products of modern volcanoes,
which are light and porous, as being formed under the simple
pressure of atmosphere, and are denominated sub-aerial. The
most prevailing ingredient both in ancient and modern lavas is
feldspar: this, combined with hornblende, quartz, and augite,
characterizes the whole of the two families of the trap and granitic
rocks; and completely establishes their claim to be regarded as
originating in submarine volcanoes. Geology is thus in its first
step, and initial principles, in perfect accordance with the scripture
record; and, in walking over the varied fields of creation, we shall
tread all the firmer, and enjoy our recreations all the more, that
we find the word and works of God illustrative of each other,
revelation never contradicted, and science bearing enlightened
testimony to the wonderful truth—that the hills melted like wax
before the Lord.

Two reasons, therefore, are to be assigned for the starting
point of our investigations, and the route fixed upon in following
them out. This center group of mountains comprises the first or
lowest phenomena connected with the science of geology: here
the earliest lessons are inscribed; and here, developed on a great
scale, we are presented with the axis of elevation which has given
character and outline to the whole surrounding district. Ben-Mac-Dhui
is the most prominent type of our primary mountains,
and has been mainly instrumental in lifting up a large portion of
the Grampian range. Looking abroad from its summit, over all
that varied landscape of plain and valley, and further than the
eye can reach, summoning in imagination before us the successive
strata as they recede in the far distance, a diagram which would
faithfully represent the order of the rocks and their relation and
proximity to the granite, would be quite correct in making Ben-Mac-Dhui
a pyramidal basis, and the other formations as steps to
the apex of the pyramid.

This lofty chain of primary rocks on the one hand, and the
Alpine region of Switzerland on the other, may likewise be regarded
as constituting the barriers or edges of one great basin,
within which are inclosed members of almost every rock formation,
fossiliferous as well as non-fossiliferous, existing anywhere
on the face of the earth. Along the line of tour indicated, you
pass over every intermediate deposit, from below upward; and
have laid before you, for inspection, specimens of all that is interesting
and curious in the science. Betwixt the two points, selected
as our termini, lie strata upon strata, organic bed upon bed, not
piled up in one colossal mass, but drawn out and slipped over the
edges of one another, and so arranged and disposed at successive
intervals as most happily to suit the convenience and successive
stages of the journey. This is one of the most remarkable facts
in descriptive geology, whereby we learn that a depth of nearly
ten miles of solid rock can be duly examined, every particle and
fossil of it, not by perforation downward to the bottom, but by
the natural inclination of the beds, and their several outcrops rising
to the surface like the inverted tiles on a roof. In consequence
of this persistent arrangement, objects, both new and strange, will
at every step meet the view. There the whole system of geology,
page after page, is spread out before you. Every day opens up
a new chapter geographically, as well as mineralogically divided.
And when you have gained the summit of Mount Blanc, you can
leisurely, in the mind’s eye, look back over the whole Course of
Creation.

It is a reproach, I am aware, sometimes cast upon geological
researches, that the portion of the earth’s surface exposed to view
is as nothing compared with the entire mass, and that another
portion, by far the largest segment, is concealed by the ocean,
and its own debris. In addition to these disadvantages, it may
now be objected that the line of description indicated narrows the
field of research still farther, and that a few disconnected materials
only are all that can therefrom be extracted. It may be answered,—“That
the earth is constructed with such a degree of uniformity,
that a tract of no very large extent may afford instances, in
all the leading facts, that we can ever observe in the mineral kingdom.
The variety of geological appearances which a traveler
meets with, is not at all in proportion to the extent of country he
traverses; and if he take in a portion of land sufficient to include
primitive and secondary strata, together with mountains, rivers,
and plains, and unstratified bodies, in veins and in masses, though
it be not a very large part of the earth’s surface, he may find
examples of all the most important facts in the history of fossils.”[1]
We shall, however, along with our lineal descriptions of the mineral
kingdom, notice the occurrence, position, and fossil contents
of the strata as represented in other parts of the world.
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In beginning a description of the earth, every one is prepared
for the information, that it must have existed in some form or other
antecedent to the development of life upon its surface. Revelation
asserts a succession in the objects created, as well as in all the
cosmical arrangements connected with the early history of our
planet. Things were not perfected at once, and brought simultaneously
into adaptation and form; a preparation and a fitting up, as
it were, of the inorganic preceded the introduction of the organic
structures of creation; and, accordingly, the solid framework of
the globe gives corroborative evidence of this anterior condition
of its history. The rocks of the period are, from this circumstance,
denominated Primary, because they not merely denote the
absence, but are assumed to have been formed before the existence,
of any types of organic matter, vegetable or animal.

Nowhere can this first lesson in geology be more forcibly taught
than by an examination of the sterile rocks and rapidly decomposing
precipices of this bleak and hoary region. Once through
the glens, and fairly commencing the ascent of the center mountain,
every symptom of existing life has disappeared; and amid
the huge, tabular masses that accompany you in the upward journey,
there is no trace of organic forms in these vestiges of the
past. The nucleus of the whole group is granite, one dense aggregation
of crystals; now rent and furrowed by a thousand
seams, the heart and penetralia bared and open, a convulsed sea
of molten matter still and motionless as the grave! The associated
rocks, all of the primary class, are gneiss, mica-slate, quartz-rock,
chlorite-slate, and limestone; and these inclose no relic of a living
thing. Geology thus ascends the stream of Time; but it gives no
farther tidings of a scene like this, save that it arose from the
depth beneath at the Creator’s bidding.

The Structure of the District.—The mountain of Ben-Mac-Dhui,
according to recent measurements, is 4,418 feet in
height, and covers a superficial area of nearly forty miles in extent.
It occupies a central position in the Grampian range, being
about equidistant betwixt Aberdeen on the German Sea and the
western coast, so ribbed and indented by the Atlantic. Ranges
of granitoid rocks, of the primary class, diverge for nearly forty
miles south and north of Ben-Mac-Dhui, thereby giving this
mountain a prominence in position possessed by no other within
the boundaries of the island.

The valleys by which this monarch is surrounded, open in every
direction, and run toward every point of the compass. Two great
rivers, the Don and Dee, take their rise in some of the deep gullies
of the mountain, while the Spey is fed by the innumerable
streams that issue from its sides. These rivers have each an easterly
direction, which, by their water-shed, give shape and character
to the whole district. A hundred lateral glens, with their
tributary streams, and all their tarn-head or loch, debouch upon
the three principal straths, whereby their deepest solitudes are
reached, and the very foundations of their loftiest peaks bared and
laid open. There, remote from human habitation, the geologist
sees as it were two conditions of the world,—the one, the shattered
framework and fragments of its early convulsions, huge mountains
prostrate and crumbling beneath his feet,—and the other,
the spring-heads of renewed vitality collecting in countless dripping
rills, each to sustain its own little plot of pasturage and flowerets,
not the less welcome that they are all so rare and alpine,
and looking in their freshness as if they were there purposely
to cicatrize and heal up the deep scars in the rugged precipices
around.

Loch-na-gar on the south-east, and Ben-y-gloe on the south-west,
have also their separate congeries of lofty hills and precipitous
defiles, inclosing tarns, lochs, and rivers; likewise their own
peculiar grouping of glens and straths, whose inner recesses are
all most speedily attained through the velvet pathways of their
moss and crow-berry. From the poetic peak the prospect is
worthy of its fame. All around is a vast rolling surface of mountains,
with steep mural precipices, and separated by deep ravines,
while immediately underneath a cliff of 1,300 feet lies the lake,
contracted to a span, and rendered even darker in its gloom by the
snowy glaciers that sparkle here and there on the overhanging
rocks.

From Loch-na-gar eastward to Craigdarroch and the more distant
Morven, and through the great forests of Balloch-bowie,
Glentanner, and Glenesk, granite is the prevailing rock. Around
Balmoral, immediately under “these steep frowning glories,” the
granite rises into a number of smaller and beautifully dome-shaped
hills. Cloch-na-bein and Mount Battock, washed by the Feugh
and the Dye, are likewise composed of granite. Gneiss, mica-schist,
quartz-rock, and clay-slate hang on the southern slopes,
training down into the plains of Kincardine and Forfarshire. To
the west of Loch-na-gar, and intermediate betwixt that range and
the granitoid masses which cluster round Ben-Mac-Dhui, the same
alternating series of stratified rocks occur. From Castleton to the
head of Loch Callater, and along by Glen-clunie to the junction
with Glen-beg, where the counties of Aberdeen and Perth meet,
the strike of these rocks is again passed over in a walk of a few
miles; the beds penetrated and tilted up by veins of granite and
feldspar. Several dykes of the latter mineral, of an extremely
deep-red color and glassy crystalline texture, traverse the district,
extending over a vast range of country, penetrating indifferently
the granites and schists, and always forming attractive objects in
the beds of the rivers.

In the immediate vicinity of Castleton and Invercauld, the geological
phenomena of the district are very accessible as well as
instructive, in consequence of the comparative smallness of the
mountains, and isolated position into which they are thrown. A
magnificent amphitheater of hill and plain is spread out before the
traveler, through which the Dee, after a course of upward of
twenty miles from its wells—mysterious as the fountains of the
Nile—rolls its waters, now joined by the Quioch, Clunie, Candlie,
and all the tributaries of the surrounding peaks. Some of the
hills present bare precipitous cliffs, as Craig Koynach and the
Lion’s Face, where the granite, schistose, and calcareous rocks
are finely exposed to view. Their strike is continued westward,
when they are severally crossed in the easy ascent of Morne, half
of whose dome-shaped top is covered with quartz-rock, which
here, as in most of the neighboring heights, attains to an enormous
thickness, and shows in weathering the yellow granular texture
of sandstone. So remarkably like are some specimens we
picked up by the roadside, that for a time we imagined ourselves
to be approaching a region of secondary deposits. Internally,
however, the bright crystalline structure is uninvaded by decay.
Ben-Beck, Cairn-a-drochel, and Ben-Viach behind Mar Lodge, are
chiefly composed of gneiss, passing into a slaty micaceous schist.
The same character of rock continues upward through Glen-lui
until its junction with Glen-lui-beg and Glen-derry, where the
granite maintains its sovereignty over all that primitive lofty
region.

The geologist, in penetrating these primeval wilds, has but little
choice left him as to the comforts of his pathway. Arrived at
the top of Glen-lui, the two diverging passes, right and left, are
equally desolate, savage, and grand. He may make his selection
as the feeling of the moment prompts, but he will not be able to
congratulate himself as the traveler in a different field—




Hic locus est, partes ubi se via fundit in ambas:


Dextera, quæ ditis magni sub mænia tendit;

Hac iter Elysium nobis: ut læva malorum

Exercet pænas, et ad impia Tartara mittit.







No “fiends,” indeed, as Dryden renders it, are here, unless the
belated traveler may allow his fancy to shape these gnarled withered
stumps of the old forest, as it well may, into grisly living
forms; or the red deer breaking from their coverts, and gazing
in wild amazement from the crags, startle him from his propriety.
Still Loch Avon, black as pitch, and imbosomed in horrid rocks,
is not an unfitting emblem of the Tartarean lake.

Pursuing his route to Strathspey, either through the desolate
openings of Ben-Avon, or by the wild passes of Brae-Riach and
Cairn-gorm, the geologist again drops down among the gneiss,
schists, limestone, and quartz. These types of rock line the
trough of the Spey, on both sides, as far as the granite district of
Ericht and Laggan, presenting the usual phenomena of granitic
and feldspathic dykes, and in some places, as at Loch-an-Eilan,
remarkable twistings and flexures in the mica-schist around this
eagle-haunted lake. Glen Tilt, on the south-west, is distinguished
by a singular display of granitic veins, appearing to radiate from
a common center—the well-known phenomena which the philosophers
of the Hutton and Playfair school pressed so keenly and
successfully into the service of their theory. The gneiss is
generally to be observed in the form of low ridges, interstratified
with quartz-rock, and approaching in mineral qualities to the
mica-slate.

The bearing of all these stratified rocks is, on the main, sufficiently
indicated by the outline of the Grampian range. The
quartz, mica, and chlorite slates, are nearly continuous along the
chain, traversing in a S. W. by N. E. direction the breadth of the
island, from sea to sea. The line of strike, however, is often interrupted,
either by the eruptive veins above mentioned, or by
the upheaval of the central axis, which, as it rose with greater
violence, or was parted into higher and unequal ridges, would
necessarily occasion corresponding changes in the lie and direction
of their coverings. This principle in geological dynamics
has been satisfactorily established by Mr. Hopkins of Cambridge,
who has shown, that in the production of any great line of elevatory
disturbance, whether affecting straight, curvilinear, or
ellipsoidal masses, the strata would frequently be broken by fissures
at various angles to the chief line of strain or elevation.
Hence these interminable glens, transverse straths, cul-de-sacs,
and countless depressions, forming tarns and lochs, all inosculating
into each other, and which give such variety and grandeur
to this alpine region. The pent up ebullient matter beneath the
crust would thereby force its way to the surface—now in the
form of veins—now in long narrow ridges—and in other quarters
assuming the contour of broad mountain domes. The dip, in
like manner, corresponding to these partial strikes, as well as
great axis of the chain, is often various—as at the Linn of Dee,
and along the braes of Corry Mulzie, the beds being almost
horizontal, while generally they are so highly inclined as to be
nearly vertical.

There are also numerous examples where the crystalline strata
dip inward toward the granite ridges, and in this manner form an
acute angle with the base, instead of being infolded over and
welded to them. The only admissible explanation in these instances
of the dip is, that the ends of the strata adjacent to the
eruptive masses have sunk into depressions occasioned by the
evolution of igneous matter, while their upper edges have been
tilted backward. Hence the schists often rise into independent
elevated crests all along the chain, and even where no granite
appears at the surface. The rocks in Glen-Beg and Glen-Clunie
afford examples of this kind, where, as in Cairn-na-well, and the
other mountains here, they are highly inclined, and plunge in the
direction of the principal range. Geology, viewed in this light,
becomes an auxiliary to physical geography, explains many anomalous
appearances on the earth’s surface, and successfully accounts
for all the flexures, breaks, undulations, and inequalities,
that constitute such marked features in the primary strata.

Until very recently, the doctrine maintained was, that nearly all
the inequalities on the earth’s surface were produced by the
erosive and denuding effects of water; that not merely the small
lateral valleys and branches of rivers, but likewise all their main
trunks, were caused by the slow and gradual working of the
stream, cutting the most solid and massive rocks in the same way
and almost with the same instrument by which the lapidary divides
a block of marble or granite. Nay, with such a ready agent,
acting through incalculably remote and indefinite periods of time,
the conclusion was arrived at, that “on our continents there is no
spot on which a river may not formerly have run.” A sounder
philosophy, and one far more accordant with the facts, is now
beginning to prevail, namely, that nearly all transverse gorges,
by which rivers escape across ridges from one water basin to another,
are nothing more than ancient apertures in the crust of the
earth, which have resulted from the former disruption and denudation
of the rocks: and that rivers, properly so called, have never
cut sections through chains, but simply flow in chasms prepared
for them.

Nature and Qualities of the Rocks.—The granite is the
most prevailing, as well as the most striking in its appearance and
texture, in the whole range. Mineralogically considered, every
specimen is a gem. Granite is a compound, aggregate rock, here
of a lively flesh or rose color, consisting of perfectly formed crystals
of quartz, feldspar, mica, and in some instances hornblende,
when it merges into what is termed syenite. The sparkling film
is mica. It is not metallic; but it shines with metallic luster; and
in some places of the chain, as at Rothes on the Spey side, it is
found in plates so large as to become a substitute for glass. The
component parts of mica are silex, alumine, potash, iron, manganese,
and traces of other substances. The colors of the mineral
are various, according to the proportions of some of the ingredients.
The laminæ are divisible into plates no thicker than
1/300,000th part of an inch. Entering into the composition of almost
every rock from the oldest to the newest, it abounds chiefly
in granite and schist, but also occurs in sandstones, and the slaty
shales of the coal formation.

I never look at a piece of granite, fragments of which are
strewed on every heath, without being reminded of Paley’s inaccurate
and disparaging comparison betwixt “the stone” and “the
watch,” in his celebrated argument for the existence of Deity.
Take a specimen fresh and living from the rock, or from any
bowlder that meets you on the way. There is not a stain in all
that composite mass: how bright every ingredient! No workmanship
of man can rival it in its closeness of texture, beauty of
color, distinctness and delicacy of shading and outline. What
chemistry elaborated these particles as they separated and united?
What scales weighed their impalpable elements? What hands
constructed their nicely harmonizing proportions? Whence derived
their principle of cohesion as they cooled and inosculated in
the burning crucible? As that fragment of rock, so is the whole
interior of the mighty range—the whole basis of the continents
of the world—countless myriads of sparkling gems wrought into
symmetry and form; the foundations of our earthly habitation
literally “garnished with all manner of precious stones.”

Paley, forgetful of every law or purpose so conspicuously
developed in the whole of these beautiful arrangements, thus
commences his great work on Natural Theology:—“In crossing
a heath, suppose I pitched my foot against a stone, and were asked
how the stone came to be there, I might possibly answer, that,
for anything I knew to the contrary, it had lain there forever:
nor would it perhaps be very easy to show the absurdity of this
answer. But, suppose I had found a watch upon the ground,
and it should be inquired how the watch happened to be in that
place, I should hardly think of the answer which I had before
given, that for anything I knew, the watch might have always
been there.”

How many fallacies are there in this statement so far as mention
is made of the stone? The science of geognosie, not so far
advanced in Paley’s time, now clearly establishes the “absurdity”
of supposing its having lain from “eternity” in the place where
it is found. The relative ages of mountains, and therefore their
succession in Time, are now demonstrable and well understood.
Then, the component parts of the mineral are as well defined, as
accurately proportioned, and arranged in manner and order as
precisely, as the several parts of the watch. The mica, the quartz,
the feldspar, have each their law or order of structure, as well as
their principle of aggregation; and they have taken their respective
forms and no other, and have assumed their compound structure
and no other, in obedience to chemical affinities and an atomic
adjustment, as certain and unalterable as are the conditions and
requirements of dynamics.

Nay, more, the parent rock, from which that stone was taken,
has its own place in the system; its position, amidst the upheaved
disrupted strata around, has been assumed for a purpose; and
the very size, form, and outline of the giant mass, are all shaped
to an end. Rocks are as easily distinguished as trees or animals,
which have not risen up by accident, but have been constructed
out of certain materials, and arranged each according to its own
class. Their internal characters, and even outward shape, are
marked and defined. The gnarled oak in fiber and texture differs
not more from the soft, pendulous, graceful willow, than are the
differences of rocks and minerals in their normal arrangement of
particles; in their diversity of fracture, cleavage, luster, and
density. We see at once the mechanism of the watch, the growth
and expansion of plants and animals. But so, upon gaining the
least knowledge of its frame-work and structure, we cannot open
our eyes upon any part of the external world, without being impressed
with the conviction, that all which we see and admire,
must be the work of a higher power. Design is stamped upon
everything. Will, order, and might are everywhere visible.—Geology,
discovering harmony amidst apparent confusion, renovation
in decay, shows that every rock is fitted to its place; that
systems and series of formations are arranged upon a principle of
utility; and so thoroughly calculated to exercise their assigned
functions have all the parts been formed, that the most elaborate
machinery of man’s contrivance falls infinitely short of the beauty
and perfection everywhere displayed in the material creation.
Lain forever! No; such a scene of mountain, valley, river, plain,
and ocean—all related to each other—does not exist by chance,
is not conserved nor arranged by accident.

Theory of Formation.—When we examine a piece of granite,
nothing appears less likely, to a common observer, than that it
was once in a molten state through the action of fire, and that its
crystalline structure was assumed in process of cooling. Now,
the fact of its crystallization, the beautiful and perfect arrangement
of its parts, the impress of the one crystal upon the other
reciprocally communicating their respective shapes to each other,
and the compact, agglutinated state of the whole, is regarded as
the strongest proof of the igneous origin of this remarkable rock.
Granite is not a mere congeries of parts, which, after being separately
formed, was somehow brought together and united; but it
is certain that the quartz, at least, was fluid when it was molded
on the feldspar. In some granites, the impressions of the substances
on one another are observed in a different order, and the
quartz gives its form to the feldspar. The ingredients of granite
were therefore fluid when mixed; and this fluidity was not the
effect of solution in a menstruum, as in that case one kind of crystal
does not impress another, but each retains its own peculiar
shape; and the conclusion is, that they crystallized from a state of
simple fluidity, such as, of all known causes, heat alone is able to
produce.

This is the account given in the Huttonian theory, as expressed
nearly in the words of Playfair, which, along with the position of
veins, the disruption of superincumbent strata, and other phenomena,
has resulted in the universally received admission of the
Plutonic character of this class of rocks. Dr. Macculloch has extended
the principle, and has satisfactorily proved, that granite is
but one term in the series of igneous products, the passages from
which are distinctly traceable into granitoid syenite, and syenitic
greenstone, and thence into greenstone, basalt, and lava. Professor
Forchhammer considers granite, when melted, as one simple
compound, and which only on cooling becomes separated into the
different minerals that compose it.

Granite, wherever it is found, is inferior to every other rock;
and as it composes many of the greatest mountain chains, it has
the pre-eminence of being elevated the highest into the atmosphere
and sunk the deepest under the surface, of all the mineral
constituents of the globe to which our researches extend. The
associated primary rocks in this upland region overlie the granite,
and possess a distinctly stratified structure. They are not now in
their original position. They have been tilted up, traversed, and
interlaced by the granite while in fusion, and have been altered
greatly in their texture and qualities by their contact with the
heated mass. Hence they are called Metamorphic Rocks, because
of the change to which they have been subjected.

The rocks that immediately overlie the granite are gneiss, mica-slate,
quartz-rock, and limestone. They all partake of the crystalline
structure, and all, except the last, possess the same ingredients,
and assume interchangeably the same aspect. Of gneiss
there are three varieties, each composed of feldspar, quartz, and
mica, and distinguished by the size and form of the crystals that
constitute the mass. This rock, consisting in all cases of thin
lenticular plates, has a ribbon-like appearance, and, according to
the predominance of one of the parts, becomes glandular, slaty,
or aggregate. Mica-slate consists of quartz and mica—the latter
predominating—and feldspar frequently entering as an adjunct.
Quartz-rock, as the term implies, is formed of the pure siliceous
matter, nearly homogeneous in many instances—but scales of
mica are often present—and feldspar not always absent. The
limestone, again, differs from all the above in the excess of the
calcareous element, while, along with talc, steatite, actynolite,
asbestus, and other simple minerals, mica, quartz, and feldspar are
likewise to be numbered among the imbedded crystals. These
rocks, over the entire surface of the globe, are of one family, and
generally associated. They are always the lowest of the stratified
series, and follow in the order now described. They are essentially
one and the same in their constituent mineral qualities—different
in the form and proportions in which they are aggregated—and
geographically connected with the granite in their
distribution. Thus these crystalline rocks not only constitute the
floor of our earth, but have in all probability supplied the materials
under whose plutonic agency, when fused and molten, the
massive pavement was raised above the waters and tempered into
its present consistency.

Granite, the derivative rock, is found, accordingly, in every
region of the globe—the lowest as well as the most universally
distributed—the basis as well as the apex of every great mountain
chain. No true Highland scenery is anywhere to be found that
does not embrace granite as the most prominent feature in the
picture. Not a hill in Scotland, two thousand feet high, but incloses
a portion of this rock. The beauties of the English lake
country are all derived from this source. The lofty serrated
peaks of Wales have been raised upon its crystal foundations.
The north-west and central portions of France, the Swiss and
Tyrolese Alps, the vast expanse betwixt Dresden and Vienna, the
Caucasus, great part of the Himalayan, Uralian, and Altai mountains,
and large elevated districts in China, are all less or more
of granite formation. Through Northern Russia and Scandinavia
the granite may be regarded as merely a continuation of our Scottish
range—one great stony girdle, which forms the primary
mineral boundary of Northern Europe. America, Africa, Australia,
possess not a single ridge of celebrity through which the
same fundamental rock is not traceable in every district. How
simple, uniform, universal the component elements of the globe!
One and the same atmosphere surrounds it, one ocean washes it,
one system of massive pillars supports it, one sun enlightens it.
How direct and irresistible the inference, that one intelligent, all-powerful
Being fashioned and framed it!

The separation of the dry land from the waters was, doubtless,
effected through the instrumentality of means. The igneous
theory of granite, and other amorphous rocks, is in accordance
with this supposition, which thereby imparts a sacred and peculiar
interest to all our investigations respecting the origin and elevation
of mountains. The range of geological investigation is thus
wide as the circumference of the globe—deep as the foundations
of the earth—and sublime thoughts are everywhere awakened of
Him—




Whose dwelling is the light of setting suns,

And the round ocean, and the living air,

And the blue sky, and in the mind of man:

A motion and a spirit that impels

All thinking things, all objects of all thought,

And rolls through all things!
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The group of rocks on which we next enter are termed fossiliferous,
that is, there is contained in their hard stony substance the
impressions and actual remains of organic bodies. As we proceed
upward through the series in their ascending order, we will find
different rocks distinguished by different classes of fossils, and
characterized by distinct lithological appearances. They are in
consequence divided into different formations, and called by particular
names. Hence the origin of systems, of which there are
five or six recognized by geologists, separable into their respective
groups of strata. Descending from the primary, the highest as
well as lowest in the series of rocky combinations, the group which
first invites attention is the Silurian; so denominated because the
strata are widely spread over the districts in England and Wales,
anciently inhabited by a people called the “Silures.” They are
found in various quarters of the world, and occupy a large area
on the southern frontiers of Scotland.

The rocks of this class consist of a group of argillaceous, calcareous,
and arenaceous deposits, varying in color and texture. They
are of great thickness and severally impressed with their own
written story, the fossil memoranda of the changes and events
that occurred betwixt the formation of each. These are the transition
rocks of Werner. The newly-adopted term of Silurian implies
no peculiar theory as to their origin. It simply expresses
the fact that in the district in question a complete succession of
fossiliferous strata is interpolated between the oldest slaty crystalline
rocks and the old red sandstone. The system is divided
by their discoverer and historian, Sir R. I. Murchison, under the
ascending series, into the Cambrian System, Llandeilo-flags, Caradoc
Sandstone, Wenlock Shales and Limestones, and Lower and
Upper Ludlow Rocks.

Do the equivalents of all, or of any, of these groups exist in
the Grampian range? Geologists for the most part have been
answering these questions in the negative. Hitherto no true silurian
deposits have been recognized as existing among the northern
Scottish mountains, and no well-authenticated organism of the
system has been detected in any of their localities. This, however,
will hardly be taken as a conclusive argument after the
admission into the family of the Skiddaw slate, in which the
faintest traces of organized matter have only very recently been
observed, while the over-lying series consisting of chlorite-slate,
and alternating beds of porphyry and greenstone, from twenty to
thirty thousand feet thick, have not yet been proved to contain a
single fossil. “Good fossil groups,” Professor Sedgwick argues,
“are the foundation of all geology; and are out of all comparison
the most remarkable monuments of the past physical history of
our globe, so far as it is made out in any separate physical
region.”

We are convinced that the clayslates and graywackes which repose
on the southern flank of the Grampians, as well as abundantly
in the interior, will, upon strict examination, have their
place assigned among the Silurian class. Mr. Nicol, who has
done so much for the Lammermuir deposits, will find ample scope
for his investigations, and all his ingenious speculations, in determining
the true position of these argillaceous beds, which are of
prodigious thickness and vast extent. This is not the place to
enter into details, but in support of the view now advanced, the
following among other reasons may be given.

First of all, the clayslate of the Grampians resembles in its
lithology the slates of Wales and Cumberland, admitted to be
silurian. In hand specimens they cannot easily be distinguished
from each other: practical men consider the slates of Dunkeld
and Glenalmond as softer and less flinty than those of the south.
They pass from extremely coarse into the finest grained varieties,
when the graywacke character is entirely lost in the homogeneous
mass. Their position in reference to the crystalline rocks, in the
next place, is very distinct, never alternating with, nor lying conformable
to, either the gneiss or mica-schists. They form the
outer zone, from east to west, of the Grampian range, where feldspar,
porphyries, and trappean rocks are along the whole line
mixed up or associated with them. Then overlying the clayslate,
precisely as in Cumberland, the old red sandstone is found in
immediate succession and resting unconformably. Shall we add
that, even in a topographical point of view, these beds will be admitted
to vindicate their claim to Silurian origin, constituting, as
they do, in extension, a portion of the great primary belt that
encompasses the western shores of Great Britain, and beyond the
channel, stretches through Brittany and Normandy?

From considerations such as these there are sufficient grounds,
we think, for constituting the clayslates and porphyries of the
Grampians into a “physical group,” existing in a “separate physical
region.” The absence of organic remains may be accounted
for by the fact of the vast disturbance prevailing in the seas at
the period, and indicated by the prodigious quantity of igneous
matter spread repeatedly over their bottom. These causes would
act in so far in preventing the existence and increase of living
things, over all these parts, and most certainly in obliterating the
traces of their remains, if any were deposited. But as future explorers
may yet detect them in abundance we proceed to consider
the nature and classes of fossils elsewhere discovered in the Silurian
strata.

Animal Remains. Here, in this series of rocks, we are carried
back to the beginning of life upon the globe, in which we see the
very dawn and commencement of earthly enjoyment, the first
forms and races of creatures which were privileged to eat at the
banquet of creation. As matter of history, therefore, nothing can
be more interesting; as a subject of mere curiosity concerning
ancient relics, the most ardent archæologist will be amply gratified;
and as showing the manner of the divine actings in replenishing
the earth with living things, the word and the works of
Deity are again to the devout inquiring mind brought into pleasing
harmonious comparison.

We find that the creatures belonging to this first epoch of organic
existence are, generally, low in the scale of animated being.
The rocks in which their remains are imbedded are, in some instances
almost entirely composed of organic matter, showing that
life at first was not bestowed sparingly, or, through some hidden
mysterious processes, stealthily introduced upon the stage; it rather
appears in an abundance and variety, speaking of a purpose
in obedience to a designing creative act. As suitable to the condition
of the planet, not at once but by successive arrangements
brought into a state of adaptation for sustaining life, the animals
now formed appear to have been chiefly of the invertebrate division,
that is, animals of comparatively simple structure, destitute
of a bony skeleton, suited to live in shallow waters and muddy
bottoms, and to be content with such fare as an infant state of
things over the young earth could produce. Among these ancient
families are graptolites,—many of them zoophytic bodies,
allied to the modern sea-pen; crinoids, or lily-shaped animals, of
beautifully-developed forms; and trilobites, crustacean creatures
divided into three dorsal lobes. There are several species of each.
And so accurately has nature adhered to her plan of operations,
that we find the corals of that early age doing the same offices,
and piling up similar submarine reefs, by which these busy little
architects are still distinguished. The mollusca of the period are
very numerous, embracing almost every order and form of shell
that are found in our present seas, though wholly of different species;
conchifera, brachiopoda, gasteropoda, cephalopoda, pteropoda,
beside the heteropoda, of which there are no existing
analogues. The habits of all these orders must have been nearly
the same as those of our modern types. The cephalopoda, embracing
the nautilus and orthoceras tribes, were then as they are
now, the tyrants of the deep, furnished with eyes and ears, and
armed with powers that enabled them to roam and prey at will in
the bays and estuaries of the primeval world. There have
been named and catalogued of these first forms of the moving
creatures of the deep about three hundred and fifty distinct
species.

But, beside these, there have been discovered in the silurian
rocks six or seven genera, involving a still greater number of species,
of fishes of the order of the Placoids, so denominated from
the broad scales or plates with which they are covered. The
probability is, that more of these higher organisms will yet be
brought to light, as all the strata of the system consist of marine
deposits, and only the most limited sections have anywhere been
explored. They constitute the lowest of the fossiliferous beds;
are generally found, except in Russia, in a vertical or highly inclined
position, and consequently but little of their superficial area
is exposed. Here, however, geologists have named and described
an Onchus Murchisoni, a Thelodus parvidens, and other four genera
of equally erudite-sounding names. The onchus type is
continued, and greatly multiplied in species, in the two succeeding
formations, when it dies out, or at least no trace of the genus
is found in later times; while the rest appear to come and to depart
within their own geological epoch. These organisms are all
as yet termed Ichthyolites, that is, simply fossil fragments of fish,
as no entire animal has been anywhere detected, while of their
true class M. Agassiz affirms with confidence. Teeth, fins, spines,
occur so abundantly in a stratum of the Upper Ludlow series in
Wales as now to be termed “the bone-bed,” giving assurance
that the seas were thus early stocked with the finny tribes. The
families of most of these fishes have yet to be determined. But
nature, though in her operations “simpler than man’s wit would
make her,” was still pretending enough to be shaping out thus
early the higher types of life.

The science which introduces to such sights and studies, occupies
no mean place among the various branches of human inquiry.
To neglect to decipher what is so indelibly recorded on these
pages of creation, is willfully to shut oneself out from what has
been actually preserved for information—a voice from the past,
which speaks in the same distinct articulate language as the present
of the fiat of Omnipotence. No object is mean or contemptible
which divine wisdom has formed, and no subject is unworthy
of investigation which illustrates His ways and works during any
period of creation.

The mind, at this starting point of life, is curious to know what
amount of information can be obtained as to the organic structure
and specific characters of these first denizens of earth, so as
to compare them with the forms and species of the analogous families
now existing. The information derived from this first
chapter in palæontology, we believe is, that the earliest specimens
of organization are as perfect as the latest, each after its kind;
and that, in these morning-days of existence, nature at once
stamped, with her plastic hand, her lineaments of beauty and
adaptation on everything she made. There is nothing omitted
to be afterward supplied—nothing formed defective in a single
part or organ that requires to be corrected. The first discoveries
in geology at once speak conclusively of a plan or course of creation
derived from the beginning—a power, not delegated, but
linked forever with the first intelligent cause—a world, through
all its changes, continually presided over and ruled by Him who
made it.

Vegetable Remains were long wanting, and sought for in vain,
to complete during this period the picture of the ancient world,
as described in the pages of revelation. Geology, indeed, had
everywhere sternly held back the required evidence, and animals
were announced to be the first of living things. This, though contrary
to all analogy with regard to the conditions of animal subsistence,
was generally received as a well established dogma; and
the earliest book of history was laid aside, or its statements in
these circumstances regarded as irrelevant. Vegetable remains,
however, have been detected in the oldest fossiliferous group of
rocks, and this apparent discrepancy has been forevermore disproved.
Fucoid plants are found in great abundance in the transition
series of Scandinavia as well as in the silurian strata of our
own island. That they are not more widely distributed is satisfactorily
accounted for by experiments which show that some
species of plants entirely disappear in water. A productive flora,
therefore, may have existed from the earliest period, but, unable
to resist decomposition, all traces thereof have long disappeared
from the tablets of the earth.

Nay, so abundant in some quarters of the globe has vegetable
matter been at this period, that there are traces of beds, approximating
to coal, entirely composed of it, and the rocks inclosing
these beds so charged with bitumen and carbon as to be used as
fuel. “The silurian strata of the Scandinavian peninsula and the
Island of Bornholm, contain,” says Professor Forchhammer, “in
their oldest parts, large beds of aluminous slate, which is used in
a great number of manufactories for making alum; and this
aluminous slate has the great advantage over those slates of the
carboniferous system of Germany and a part of France, that it
contains the sufficient quantity of potash which is required to
make alum.” It is well known that potash constitutes an ingredient
in most vegetable bodies; and that when a plant is
burned there remains a skeleton of this substance. Hence, possibly,
the origin of the potash in the alum slate. But the argument
does not rest upon inference. The same authority relates,
that in Bornholm and in Scania, the southernmost part of Sweden,
this slate contains a great number of impressions of a fucoidal
plant, of which Liebmann has given minute botanical descriptions.
Then, pursuing his interesting tale of this first flora of creation,
he says,—“According to Professor Keilhau, Professor Bock, and
M. Esmark, the same ceramites occurs frequently in the aluminous
silurian slate of Southern Norway. Recently M. Hisinger has
figured an imperfect specimen of it from Berg, in the province of
Ostergothland, in Sweden. Thus this fucus appears to be characteristic
of the alum slate of Scandinavia: and I can scarcely
doubt that the most characteristic properties of the alum slate, as
depending upon its carbon, its sulphur, and its potash, are derived
from the great quantity of sea-weed which has been mixed
up with the clay, and whose carbonaceous matter so affects the
whole rock, that the slate is used as fuel for boiling the aluminous
liquor, and burning lime; and in some parts of the province of
Westergothland in Sweden, even small courses of true coal occur.
There can hardly remain any doubt that this coal is derived from
sea-weeds, of which fossil parts have been found, for not the
slightest trace of land plants has ever been discovered.”

These are instructive facts, yet greatly to be extended, when,
we question not, the land will also contribute of its flora to
complete our knowledge of the most ancient fossiliferous strata.—But
recently, bands of true coal have been discovered completely
inclosed in this group of rocks near Oporto, the town of which
stands on a ridge of granite, four or five miles wide, with mica-slate
and gneiss resting on both sides. To the eastward, these
again are overlaid by sedimentary rocks, chiefly clayslate; which,
commencing on the coast about thirty miles north of Oporto, run
down and cross the Douro, about sixteen miles above that town.—To
the south of Vallango, the strata overlie a deposit of anthracite
in several beds, some of them from four to six feet thick.—This
coal is now worked in several pits, and principally sent to
Oporto. Along with it are beds of red sandstone and black carbonaceous
slates, with vegetable impressions too indistinct to be
determined, but strongly resembling ferns of the coal measures.
In the shales above this coal Mr. Sharpe, the discoverer, found
many fossils, as orthides, trilobites, and graptolites, most of them
new species, but others well known in the lower silurian rocks of
Northern Europe. It would thus appear that the coal deposits of
Oporto are included in the silurian formation, and are far below
the usual level of the coal.

We cannot overvalue the theoretic importance of these discoveries,
which do not indeed bring to light any exuberant variety
of the vegetable tribes, such as the earth afterward threw out of
her affluent bosom. But they mark sufficiently the period when
plants, according to the geological reading of the history, first
make their appearance on these lithological pages: fucoids and
algæ are there in abundance, to give the vegetable portion of the
narrative, as trilobites and molluscs form unquestionably the predominating
features of the animal department. The coal-beds
of Oporto—should their position turn out to be truly defined—show
the dawning of a terrestrial flora, not sparingly but luxuriantly
developed: and thus the silurian period may be regarded
throughout as sufficiently characterized by well-marked types of
vegetation, more doubtful in the higher forms, but determinate in
the acotyledonous and cryptogamic tribes which prevail indifferently
from the lower to the upper beds of the system. Nor do
we require to overstrain the statement, by questioning nature or
revelation as to the species, genera, orders, and classes of vegetables
referred to in their respective pages. They are coincident as
to the great truth itself, that Plants did exist in the earliest
“days” of the earth’s history. As a science, nothing is taught
in the Sacred Record. None of the technicalities of physical inquiry
are employed. But a beautiful progression, and elimination
of one thing after another, are intimated. The light is
separated from the darkness. A firmament is set in the midst of
the waters. The first plant that burst from the soil had thus
every element provided which its nature and habits required—the
light, to which it turns and ever yearns after—the air, in which
to perform its respiratory functions—the water, from which to secrete
the juices of circulation—and a dry land, out of which to
elaborate materials for its structure. This is a Wisdom which is
above all philosophy, instructing in the elements and principles of
things, long before botanical arrangements were dreamed of, or
“bushy dell” there was, where




“hoary-headed frosts

Fall in the fresh lap of the crimson rose.”







The silurian group of rocks is very widely extended, as in
Britain, France, Russia, the north-west of Asia; in South Africa,
North and South America, the Falkland Islands, and Australia.
The most ancient physical features of the Old World can almost
be recalled, as we thus trace the outline of the deposit, marking
out, by its geographical distribution, the primary islands and
mountain peaks of the aboriginal land. How changed the very
face of things—continuity between states and kingdoms where
seas now roll—and all the great continents occupying the sites
over which the waters held unbounded sway!
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Trilobites of the Silurian System.





CHAPTER IV.

THE DEVONIAN SYSTEM, OR OLD RED SANDSTONE.
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A geologist requires not, like the tourist, to be told of the various
conflicting roads that run among the mountains, in what precise
course he is to wend his way. He will follow his own pathways,
roads of nature’s forming, guided by the strike and lie of the
rocks rather than by the beaten tracks of every-day life. But
come whither he will—through Glentilt, Glenericht, Glenbeg, and
the Spittal, Glenisla, and Clova,—or along the Dee, the heights
of Glentanner, and penetrating to the sources of the Esks—sure
we are, when he reaches by any of those passes the frontiers of
the Grampians, he will pause and gaze wistfully, thoughtfully, admiringly,
ere he descends, upon the magnificent prospect that
stretches before him, unrivaled by any on the terraqueous globe.
The Gran-pen, celticé, the shelvy or precipitous summit, Romanized
into Grampius, has its own inner charms, peaceful rock-girt
valleys where princes dwell, and happy as Rasselas ever trod.—And
escaped from these, what an outer world beneath, fertile,
abundant, replete with everything that can charm the eye or interest
the student. Looming in the far distance, the Lammermuirs,
of silurian origin, can just be descried as a dark-blue line
on the verge of the horizon; the Ochils and Lomonds, of carboniferous
age, repose like islets on the pendant sky; while, in the foreground
of the picture, there is the most charming variety of woodland,
meadow, farmstead, town, and mansion, all as I now gaze
upon them in their autumn coloring, invested with a Claud-like
mellowness that speaks with a moral yet romantic sympathy
to the heart. The round tower of Brechin, the moldering walls
of Edzell, the frowning battlements of Glammis, the worn-out
and now verdant ramparts of Dunsinane, have each their crowds
of visitants, and are all within the compass of a single day’s
journey.

The eye of the geologist is in search of another object as it
wanders over that lovely scene: Kinnordie, the birth-place of Sir
Charles Lyell, must ever be classic ground in the history of our
science. It rests on the old red sandstone, and furnishes some
of the most valuable illustrations in Sir Charles’s early sketches.
What influences, may we here ask, gave being and shape to the
ingenious and splendid generalizations of this accomplished geologist?
Is it too much to assume that the philosopher, as well as
the poet, is all his life-long captive to first impressions, that the
scenes of his boyhood claim “a local habitation” for many of his
future speculations, and that his most matured trains of thinking
have been dependent upon casual circumstances? Born and educated
in the shadow of the Grampians, who can doubt that the
spirit within was early stirred to lofty views as he gazed upon
their elevated forms, and wondered how their peaks rose so high
in air, and were thus lifted above the valleys? May it not be
presumed, though the philosopher himself may have no recollection
of the matter, that his speculations regarding the alternate
elevation and depression of land and sea had its germ in some
such happy moment of mountain inspiration? Byron owned the
influence in all its power, when, in the rocky defiles and dark pine
forests of Lochnagar, he had early communings with spiritual
beings, the wreathe-forms and kelpies of the streams; and in
visions imparted amidst the wilds of the Dee, prepared his mind
for the daring flights of the Alps. The geologist had here all
the materials of after-thought, which in his various essays and
works he has so skillfully expanded—from his explorations of
Bakie-loch with its alluvions, peat, marl, shells, and horns, in
which he had the type of some of his Alpine tertiaries—the old
canoe and ripple-mark here too, the representatives of their far-sundered
ages and onward to his bold speculations on the elevatory
hypothesis, of which the Grampians, as well as Sidlaws,
supplied him with ample illustrations.

The descent from the mountains upon the series of rocks that
occupy the plains, is one not merely of space, but likewise of
time. A geological epoch has vanished, and a new order of
things has been called into existence. This implies a change in
the animal as well as in the mineral kingdom. The change may
not have been sudden, but it has been thorough and pervading,
accompanied by circumstances that show a general shift in the
sea-bottom, and causes that have been nearly uniform in their
operation over the surface of the globe. The shift in the sea-bottom
is detected in the elevation of the silurian group of rocks,
which have been lifted from a horizontal into a highly-inclined
position: in some instances they are nearly vertical; and in most
cases where the igneous rocks occur, they are bent and twisted,
greatly altered and disrupted, by the process of upheaval to which
they have been subjected.

Geology notes in this an epoch or age of organic existence.
The superjacent series of rocks are seen lying unconformably upon
the silurians, that is, the older series had been consolidated and
upheaved, and a period of intervening time had elapsed before
the deposition of the newer. The fossils imbedded are likewise
distinct and peculiar—one and the same over the superficial area
of the globe—and thus we learn to mark the great and interesting
cosmical changes which had already begun to be effected. We
are now among the Old Red Sandstone, or Devonian system of
rocks, so denominated from their great development in that district
of the sister kingdom.

As contrasted with the former system, the rocks of this period
indicate considerable disturbance in the waters of the ocean, currents
and agitations widely prevailing, and perhaps also deeper
seas. The crust of the earth was still rising, and the mountains
becoming higher, and these effects would necessarily follow. A
superior order of animals were introduced. The fishes, which
begin to appear in the upper beds of the silurian group, are now
increased both in numbers and in variety of structures. The invertebrata
were the prevailing types of the former age. The old red
sandstone is pre-eminently characterized by the vertebrata, when,
completely adapted to the element to be inhabited, mailed and
plated over with thick horny scales, huge bony heads, fins and
tails of corresponding strength and size; the Sauroid family appear
upon the stage, capable all of buffeting the waves and fulfilling
their destiny amid the greatest commotions. The fish of this
early period are generally well preserved, even better than those
of the tertiary age, in consequence of their osseous scales being
harder than the bones, and which, from their interlocked arrangement,
have contributed to preserve the general form of the body
when the inner skeleton has disappeared and every other part and
organ have been destroyed.

The old red sandstone formation is very extensively distributed
in the northern counties, forming a great belt round the coast
from Caithness-shire to Aberdeenshire, and consisting of three
well-marked divisions, the lower, middle, and upper series of beds.
The strata flank the northern walls of the Grampians and their
out-liers, traversing the great central or Caledonian valley for a
hundred miles, and training round the western coast by Oban,
the shores of Mull and Morven. They are of great thickness in
many places; and in some of the beds, as at Cromarty, Lethen-bar,
and Gamrie, contain nearly all the fossils peculiar to the
formation.

The order of Ganoid fishes, which afterward fulfill so distinguished
a part in the kingdom of nature, is wholly absent from
the silurian group, while, in the Devonian, nearly thirty genera,
and considerably above sixty species, have been described and
named. The scales of these creatures would appear to have been
richly ornamented, enameled, and shining, and hence the term
Ganoid applied to the order. In the northern districts, beyond
Ben Mac-Dhui, the following genera, with several species belonging
to each, have been found, namely, coccosteus, cheiracanthus,
cheirolepis, dipterus, diplopterus, diplocanthus, glyptolepis, osteolepis,
pterichthys. The principal localities of these fossils are—the
Dipple on the Spey, Tynet Burn in Banffshire, Seat-Craig
near Elgin, Altyre on the Findhorn, Clune, and Lethen-bar in
Nairnshire, Gamrie, Cromarty, and various places in Sutherland
and Caithness. Shetland is chiefly composed of the old red sandstone,
which yields abundantly the fossils peculiar to the deposit.
The formation extends through the Orkney islands, inexhaustibly
fertile in organic remains, and among which have been found
plates and fragments of the Asterolepis, the largest of all the genera
belonging to the period: the head and jaws, at least, appear
to have been of enormous dimensions, and portions of the inner
skeleton must have been bony, contrary to the general cartilaginous
structure of the class. The Placoids of the subjacent rocks
have many resemblances to the cestracions, centrinæ, and spinaxes
of our present seas, their scales being set like plates at irregular
distances over the body. The Ganoids, on the other hand,
whose scales were continuous, and enveloped the entire animal,
have no affinities to any living types.

Specimens of vegetable organisms are very common in some
of the flagstones of Orkney, resembling, in some instances, the
Lycopodiaceæ, or club-mosses, so abundant in the carboniferous
strata: and branching fucoid plants, of which portions have been
found from two to three feet in length, and of nearly the same
diameter of stem throughout. But in tracing the course of creation
in this department of her works, the most important fact to
relate is, the discovery of a coniferous lignite, imbedded in the
old red sandstone of Cromarty. This interesting relic was obtained
from these beds, several years ago, by Mr. Miller; and,
though still of that remote age an instantia solitaria of its kind,
like the foot-print of Robinson Crusoe, it is the sure token of a
race that inhabited the island, and harbinger of a luxuriant flora
then waving along the shores of the boundless waters. These
northern localities, on the mainland, as well as in the islands, are
also remarkable for their shell-beds in this deposit, while very
few of such organisms have yet been detected in any of the Scottish
rocks of the system to the south of the Grampians. The
relics are confined to one species of shell, resembling in general
appearance the form of the Cyclas, and are found in various
quarries in the district.

What a revolution in letters, knowledge, and civilization since
the days of the Romans! This, their Ultima Thule! and a science
in the very rocks of which they never even dreamed.
Proud they were of their fabled origin from the twin boys suckled
by the wolves. Here are the spoils of ages long anterior to their
myths of remotest genealogy—families of creatures that had fulfilled
their destiny—buried in the sand, and upheaved into lofty
mountains, while the Seven Hills of their proud city slept beneath
the waves.

We now proceed to trace the order of the formation southward
of the Grampian chain.

1. The conglomerate, a deep red and well-marked deposit,
skirts the base of the mountains, and in some places is of vast
thickness, betwixt Stonehaven and Blairgowrie. This rock is
composed of fragments of the primary series, gneiss, mica-slate,
quartz, and porphyry; the granite constitutes the paste in which
these are set and agglutinated together. Excellent sections are
to be seen in those localities, where the principal rivers, the North
and South Esks, the Wast Water, the Isla, and the Ericht, make
their passage in debouching upon the plains. In all these defiles
the cliffs are precipitous, and often very picturesque, their variegated
and bright flesh-colored sides forming a pleasing contrast
with the dark waters as they eddy into pools, or dash headlong
over their broken ledges. A momentary inspection of this composite
rock leaves not the shadow of a doubt upon the mind as to
its derivative origin, while its vicinity to the great chain where its
several ingredients are to be found as directly points to the quarry
whence it was hewn: not, it may be, slowly accumulating, as
generally asserted, during the lapse of indefinite periods of time,
but rapidly brought together and consolidated, as so many of the
sharp angular edges of the materials most unequivocally attest.
The finer beds that occur in the vicinity would seem to have been
the talus or outgoing of the coarser conglomerate, formed of the
minute particles of the same ingredients which had accumulated
in the more tranquil hollows of the sea-bottom. The slaty fissile
sandstone of Coventry Quarry near Fettercairn (so remarkably
tilted up and welded literally to the igneous dyke), stretching
throughout the north-east and south-west parts of the counties
of Kincardine and Forfar, and prevailing over the districts of
Auchtergaven, Crieff, and Callander, may be mistaken in many
places for the clay-slate itself slightly altered in texture and appearance.
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