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PREFACE.

The general plan of this work is by no means what was at first in-
tended ; without, therefore, this explanation, it may be liable to animad-
version. My original object was to publish nothing more than the result
of certain geological researches conducted in Shetland, with an Essay on
Stratification, illustrative of the views on which an explanation of the com-
plicated distribution of the rocks of these islands would be attempted. Un-
der this arrangement, many pages had been printed off, when, on the sup-
position that a work of this kind, purely mineralogical, could only bear refe-
rence to a very limited class of readers, it was recommended to me to extend
my plan, by including a popular account of the Scenery and Manners of the
country, and a particular notice of its Antiquitiés. I was eventually indu-
ced to comply with this request, notwithstanding the peculiar awkwardness
of allowing matter of a lighter kind to mingle with investigations purely
scientific ; but in order to obviate, in some degree, the inconvenience of the
arrangement that resulted from an altered system, the miscellaneous account
of the country, is printed in a larger type, and being completely separated
from the Geology, each department of the book may be easily read as a
detached work.
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Respecting the various subjects treated of a few words may be said. Of
the Antiquities which were to be investigated, none are so singular as
those that relate to the Udal System, and to the process of Feudaliza-
tion which took place in Shetland and Orkney. Into this curious research
I inadvertently plunged, and the task of reconciling opposite statements,
and of arranging the materials that came into my possession, has been infi-
nitely beyond what could be calculated upon, having been such as to induce
a consumption of time, that, being totally out of the sphere of my proper
pursuits, nothing can repay. I may, indeed, truly state my case to be that of
an illustrious townsman of my own, who, in a work executed with a learning
to which I can have no pretensions, however great may have been my trouble,
has remarked, that, * had he foreseen the full extent of his scheme at first, he
should never have had the hardiness to form it; had he foreseen in any part
of the execution the time and the labour which the rest would have cost
him, he had certainly shrunk back from the attempt, and had closed the
whole work immediately ; but he proceeded on the model before him, ever
flattering himself, that a few months more would dismiss him from the em-
ploy, and remit him again to those professional studies which he had very
unwittingly deserted *.” ~

With the exception of my account of the Geology of Shetland, and the
ancient Udal System of the country, all the other matter may be consider-
ed as of a popular character. A view is given of the manners and state
of a country, which, in their simplicity, do not a little resemble what the
most improved districts of England and Scotland must have been many
centuries ago. Thus, in respect to the Agriculture of these islands, I have
rather dwelt upon the curious features attending it, than imitated prior
visitors by pointing out all the improvements of which it is susceptible.
The natives, indeed, as husbandmen, differ little from that humble state

. M_r WaiTTARER of Manchester, in the Preface to his History, &c. 4to, vol. i.
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of advancement, which has been so well described in a Teutonic poem
of the eighth century, the original of which, along with a Latin trans-
lation, appears in a recent work, illustrative of ancient Scandinavian man-
ners.

Baurn dlu thau “ Suis rebus contenti
Biuggu oc undu,— Domos edificarunt et liberos genuerunt,—
logdu garda Seepibus segetes cingebant,
akra toddu Agros oblimabant,
unnu at svinum Sues nutriebant,
geita geettu Capras custodiebant,
oc gréfu torf. Et cespites effodiebant.”
Song of King Eric*.

There has, in fact, been scarcel y any exertion made until very recently, to
improve the condition of the country. It is true, that, in the year 1742, the
Earl of MorTON had interest sufficient to bring in a bill, whereby he
obtained a discharge of the reversion of Orkney and Shetland to the Crown,
for the sum on account of which he held them in pledge, pleading that the
emoluments were not sufficient to pay the interest of the mortgage, and
promising to ameliorate the state of these islands, by draining lochs,
and establishing fisheries and manufactories. These chimerical schemes,
however, it is needless to add, were never put into execution. But about
seven years ago, the Agricultural Society of Shetland was formed, the in-
stitution of which ought deservedly to be considered as an epoch in the
annals of this country. The effect of a number- of well-educated indivi-
duals of rank and property meeting together to consult ‘on the state and
circumstances of the several districts in which they reside, cannot but be
favourable to the interest of the whole of the community. At the same
time, the introduction of a better state of husbandry, which is connected
with many complicated relations under which the landholders stand, not
only to the Superior of the country, but to the Government of Great
Britain, must necessarily be a very slow process. Yet, under all these
untoward circumstances, the industry evinced by the Society is scarcely

* Ilustrations of Northern Antiquities, printed at Edinburgh A. D. 1814, p. 449.
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less than that which has been attributed to an early civilizer of the North-
men a thousand years ago:

0xn nam at temia Boves didicit mansuefacere,
ardr at giorva Aratra fabricare,
hts at timbra domos =dificare,
. hladur at smida horrea struere,
karta at giorfa currus parare,
oc keyra plég. . et aratro terram vertere.
Song of King Eric.

Respecting the Fisheries of Shetland, little more than a popular view
is given of them: but to the Superstitions of the country, a greater de-
gree of importance has been attached than may be conceived necessary ;
the motive for which has been to preserve opinions, that in this seques-
tered group of islands seem to approach much nearer to the original Pa-

gan tenets of the Scandinavians, than are to be found in several districts of
Norway itself.

The subjects to which I have little adverted are connected with Zoolo-
gy- This omission has been chiefly owing to the unexpected extent to
which other matter treated of has swelled the volume. For the same
reason, no account is given of the Botany and Meteorology of the coun-

try.

The Geology of Shetland cost me great pains to draw up ; my labour
was also much impeded, by the wretched charts of these islands that have
been published, so that I was obliged, with the aid of nothing more than
a pocket compass, to climb almost every point of high land in the country,
in order to obtain a new draught fit for my purpose. The map, therefore,
that is now produced, appears so totally different to any that has ever been
before engraved, as to have every claim to the title of a New Survey.
That it contains many imperfections is to be expected, but I believe they
do not affect it in the least, in a geological point of view *.

® The rocks of Shetland, which I have undertaken to illustrate, were first examined
partially by Professor Jameson, and the work he produced, is a highly creditable memo-
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- It is to myself a source of regret, that my investigations have been con.
fined to a class of rocks (the primitive), of which WERNER appears to have
entertained very imperfect notions. But that no erroneous view may be
entertained of what I have said with regard to this truly great naturalist,
I shall state my conviction, that although his system is, in several respects,
open to many strictures, yet, faken as a whole, there has been nothing pro-
posed by any other theorist, that has comprehended so many inductions
that appear perfectly unobjectionable; and the mode of prosecuting the
study of rocks that he first taught, has given to the history of geological
scie'ilée':é' new era.

An abstract of that part of the present work, which relates to the dis-
tribution of the rocks of Shetland was first read to the Wernerian Na-
tural History Society, and it was to their active President, Professor
the JAMESON, that I produced, as the fruits of my voyage to Shetland,
Chromate of Iron. This result of my first journey having been communi-
cated to one who was well able to judge of its importance, he was, upon
examining the metal, so struck with the quality and magnitude of the
masses which I had brought over with me, that, at his earnest request, I
consented to undertake a second voyage to Shetland, for the purpose of ren.
dering the discovery conducive to its interests, and, at the same time, of
completing a Geological Survey of that country. In the history, then, of
my labours, I have no slight mention to make of the encouragement that
they met with from Professor JaMEsON, who, in constantly stimulating
his pupils to persevere in investigating the Mineralogy of Scotland, shews

rial of the early attention that he paid to Geology. Since this Gentleman’s visit, Dr TaaiLt
and Dr Fremine have visited the country, each of whom has given a very good descrip+
tion of the districts which he examined. I have made several allusions to their researches,
whenever I had no opportunity of directing my own personal observations to the objects
that attracted their attention ; and have mentioned, in a particular manner, the more im-
portant remarks that they made. Professor JaAMEsoN’s account of Shetland, was published
above twenty years ago, being afterwards reprinted in his Mineralogical Travels through
Scotland. Dr TraiLL’s short notice of Shetland will be found in Mr Nemv’s Tour, and
Dr FrLeuminag’s in Mr Sairreyr’s Agricultural survey of Shetland, and in the paper on the
Rocks of Papa Stour, given in vol. i. of the Wernerian Transactions.
' ’ b
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in all such instances a zeal that is well calculated to prove the National
utility of the Science that he teaches with such success.

I may now, perhaps, be allowed to remark, that I had long, for several
reasons, abandoned the idea of giving any farther account of my investiga-
tions in Shetland, than were made public through the means of a Scienti-
- fic Journal ; but the honorary token of approbation that I received from
the Society of Arts and Commerce in London, as a reward of my discove-
ry of the Chromate of Iron, urged me to offer to the public the details of all
my researches, to which the circumstance that they were pleased to stamp
with their approval, was merely incidental. A ccordingly, the present volume
comprehends the account of an arduous examination of the nature and distri-
bution of the rocks of Shetland, carried .on in the autumn of the year 1817,
and continued in the ensning summer, during a period of six months, the
chief obstaele to it arising from the imperfect maps that have hitherto been
rendered of the ecountry. In the process of such a minute survey, it
can rarely fail to happen that some contributien to the resources of the
eountry shetild not follow; and it is a pleasing reflection, that a truly pa-
triotic Society exists, whose approbation is the best stimulus that can be gi-
ven to the renewal of exertions, the object of which is to encrease our know-
ledge of the mineralogical productions of the British kingdom.

During the progress of this work, 1 have felt particularly obliged to Dr
BEEWSTER for the ready assistance that he has always afforded me, when-
ever, from the uncertainty that teo frequently prevails in identifying mine-
rals from their external characters alone, I should have been unable to dis-
cover their nature without a chemical analysis. It is, indeed, from opti-
cal researches such as those which he is now pursuing, that we must expect
to see mineralogy advanced to a rank among the sciences that it has hither-
to failed in attaining.

As a eonsiderable part of this work is historical, it was necessary to con-
sult many scarce works, for the loan of several of which, I have been greatly
indebted to Mr Davip LAING of Edinburgh. Much information has
been given me by the gentlemen of Shetland, particularly by WiLLiamM
HEeNDERsoN, Esq. of Bardister, to whom I would return my warmest ac-
knowledgments for the interest and zeal he has taken in procuring me ma-
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terials for this work. From his superior intelligence, relative to the earlier
manners of the country, I have derived much valuable information. So
many, indeed, have been my obligations to this gentleman, that I should
be ungrateful in not mentioning them in a particular manner. .

The attentions paid me during my visit to Shetland, I shall often feel
myself called upon to acknowledge. I may indeed safely aver, that the
grateful sense I entertained of them after a first visit to this country, had
no small share in influencing all my conduct subsequent to my discovery of
the chromate of iron. Upon the result of my journey being published,
several inquiries were made after this mineral on views of speculation; but
as its site was known to no one but myself, I was unwilling to afford any
clue to the knowledge of it, until the proprietors of the ground, whoever
they might be, had been apprised of an event so important to their interests.
This was the object of my second visit to Shetland; and in communicating
every instruction in my power relative to the nature and value of the ore
that was diffused in large masses throughout the hills near Balta Sound, as
well as in urging the importance of a minute examination of the rocks in
which it abounded, I sought for nothing more than to leave behind me
some memorial of the visit of a stranger, happy to acknowledge the hos-
pitality of this remote extremity of the British Islands.
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On account of this publication swelling to a size far beyond what I could have anti-
cipated, in consequence of its enlarged plan, I have been obliged, for this reason
alone, to withhold, under the form of notes, many references and authorities, and,
in 'a few instances, the acknowledgments due to authors from whom I have derived
assistance in my descriptions. I may therefore now observe, that the modern sta-
tistical accounts which I have chiefly consulted, in order to correct my observations
on the subject of the husbandry and fisheries of the country, have been those writ-
ten by Tromas MovarT, Esq. and by the Reverend Messrs Morisox and Baz-
cLAY; having availed myself more particularly of their remarks in my descrip-
tion.of some of the implements and operations of agriculture. I have also exa-
mined. the observations on general subjects which are to be found in Mr NEILL’s
Tour, in Dr EnmonsToNE’s History of Shetland, and in Mr SHIRREFF’s Agri-
cultural Survey. In reverting to the earlier state of manners in Shetlund, the an-
cient Country Acts published by Mr Leisk of Uyea have suggested many inqui-
ries.

Much information on the superstitions of the country, I obtained while rambling
among the wild, sequestered districts of the west of Shetland; and many of them
have, since my retwrn to Scotland, been communicated to me by some of my
friends.

I shall lastly observe, that a volume of Mr Low’s MS. Tour having fallen into my
possession, it will be found that I have frequently adverted to it. The work was
drawn up with great care, but from some unexplained cause, was never published,
while the most important observations were selected from it, (evidently with the
author’s consent), and appeared in Mr PENNANT’s Arctic Zoology. After poor
Low’s MSS. had been thus freely drawn upon, little more remained meriting a
distinct publication, and the Tour, along with the author’s Fauna Orcadensis,
eventually fell into the_ hands of his friend Mr PatoN; when they were again,
by other writers, more or less ransacked for information. On the occasion of
Mr Paron’s decease, Mr Low’s MSS. were brought to the hammer, when the
Fauna Orcadensis fortunately came into the possession of Dr LEacH, who publish-
ed it, with a well deserved tribute to the author’s memory. The Tour afterwards
appeared in the sale catalogue of Mr Liarxe of Edinburgh, when it was purchased -
by myself; but there was little matter left that had not, in some shape or other, been
long before the public, the drawings being the most valuable part of the whole.
Some information, however, respecting the earlier customs of Shetland, still re-
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mained that had escaped the notice of those who had seen the work, and it is now,
for the first time, presented to-the public; and if F-have been more particular in
referring to any one individual that has been consulted than to another, it has
been to this excellent yet unfortunate authbr, having indeed no other wish than to
render every tribute in my power to departed merit.

The numerous plates that are given in the body of the work, were.for the most pact
from shght sketches that I made, which were not, originally. intended for the pub-
lic eye, otherwise they would have been produced with more care and seleetion.
New drawings, however, were made from these, while-X was in England, by an in-
genious young artist of Manchester; Mr Parny. For an originel view I am. in-
debted ta a friend, and .I have been favoured with another by a gentleman of Edin-
burgh. A small view of Foula, and a figure of the Torsk fish, are by Mr Low,
and three sketches, viz. of the Cradle of Noss, the Fort of Lerwick, and the Burgh
of Culswick, have before appeared in a Magazine of the present publishers.

e —— e

1t ought to be particularly remarked, that, on account of the necessity of observing
a certain order in the geological description of the various places examined, ¥ found
it impossible, in describing an itinerary through Shetland, conducted with the view of
noticing the miscellaneous objects occurring in each successive district, to regulate it by
the strict rules that a regular diary of my travels might demand. But having vi-
sited almost every corner of Shetland, I am perhaps entitled, for this reason only, to
assume the functions of a guide, and to lead the reader through the country in the
route that is most convenient for examination, rather than in the order in which I
passed through it myself. In pursuance of this plan, the Itinerary is divided into
distinct Iters,—a word lately Anglicised, and in common acceptation among antiqua-
ries, to express a district through which a gradual progress has been made. In this
sense it has been used by many authors, among whom is Mr FENTON, in his Histori-
cal Tour through Pembrokeshire.

I may also be permitted to observe, that while this Work was in the press, a new
novel by the “ Great Unknbwn™ was announced, with the notice that the scene was laid®
in Shetland. Among the many reasons that I have had jfor regretting the present
publication, in its enlarged plan, it is assuredly not the least of them, that this volume
must appear cotemporaneous with The PIRATE ; for, in adverting to the scenery and
manners of this country, I am sensible that I cannot fuil to provoke a camparison
which must be highly to my disadvantage. Still, we owe so many obligations to the
Author of Waverley, for the pleasure he has afforded us in perusing his works, that
an author dught not to complain if he has incautiously brought himself into such a di-
lemma as to stand as a mere foil to the greatest of all modern masters of description.
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PRELIMINARY ESSAY

ON THE

PHENOMENA OF STRATIFICATION.

IN the earlier prosecution of Geological Inquiries, there is, perhaps, no privation
under which the student labours, more injurious to his progress, than the want of de-
finite names and characters applicable to the various divisible portions into which
Rocks are reducible. Geologists are constantly in the habit of describing portions of
rocks under the names of Grains, Concretions, or Masses, but they have never yet
been at the trouble of explaining such terms in common language, expressive of their
comparative magnitude, or of all the variety of forms of which such portions are sus-
ceptible. This imperfection of geological language is not, indeed, a complaint of the
student only, but is acknowledged at the present day by the most experienced ob-
servers in this department of science: ¢ Il est étonnant,” remarks M. D’Avsuissox,
respecting such a familiar word as that of Grain, ¢ que nétre minéralogie n’ ait pas
encore un nom pour désigner une circonstance si importante de la texture des mine-
raux ; le mot grenu n'est point ici assez précis."—(T'raité de Geognosie par J. B.
D' dusuisson de Voisins, Tome Premier, § 100.)

The mutual relations also of Position subsisting between stratified and unstratified
rocks, is far from being described in language that is free from ambiguity. On this
account, therefore, it is not by any means surprising, that although the subject of
Stratification has been for more than a century discussed as an appearance perfectly
familiar to every one, doubts should at length be expressed, that Geologists, like sa-
vants in less speculative branches of philosophy, have been very freely reasoning all
this time about what they could not either very well define, or what they did not, in

-reality, very well comprehend. The recent Queries of Mr GezENoucH on this subject,
A
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ought, indeed, to have created no other surprise, than that they were not made much
earlier.

¢ Let me ask,” says this gentleman, ¢ where & rock is stratified, is it necessarily
bounded by parallel surfaces ? If so, let us hear no more of mantle-shaped, saddle-
shaped, shield-shaped, fan-shaped, bason-shaped, trough-shaped stratification.

< Are its surfaces necessarily parallel to those of the adjoining rock? If so, let
us hear no more of unconformable and’ overlying stratification.

%¢ Is it sufficient that parallelism shall be found in a portion of the rock ? Let us
never hear of substances being unstratified. Or must it extend through the ennrc
mass? Let us hear no more of strata.

¢ The lamine of flagstoite; the folia of slate; ate these strata ? Are laminse four
hundred yards thick, strata? Is there any assignable limit to their thickness or te-
nuity ? :

‘}" When one set of paralle]l planes crosses another, are both sets to be called Stra-
ta, or neither, or only one of them? If one only, by what rule are we to be guided
in distinguishing the real from the counterfeit ?

¢« Must the beds be so arranged as to convey to the observer the idea of deposi-
tion alternately suspended and renewed ? If this is not necessary, how is the parallel-
ism derived from stratification, to be distinguished from parallelism resulting from
other causes? If it is necessary, where two observers have imbibed contrary impres-
sions, how shall we determine which of the two is right ?

. ¢¢ Let him who can answer these questions rest assured that he has a dlstmct idea
of Stratification."——GRrEENoUGH's Geol. Essays, p. 88. to 90.

These very pertment Queries, conjoined with' the remark prevxously quoted of
D'AvuBuissox, serve as illustrations, not only of the indistinct notions which prevail, on
several of the most common phenomena of Rocks; but also of the imperfection of that
language, which is intended to describe them: at the same time, they afford the best
grounds of apology that can be well offered for an occasional endeavour to attain, by
the adoption of hew terms, or by the dismissal of a few madequate expressions too-
long in use, that precision of language which the geology of the present day denies
to its votaries. The attainment of such a precision is, as a preliminary measure, par-
. ticularly necessary to the description of certain appearances in nature, as they present
themselves in the Shetland Islands. The time, however, is not, perhaps, far dis-
tant, when the task of preparing a mere efficient nomenclature, or of rendering of
less loose signification words long and vaguely adopted, will be taken up by some in-
dividual, in every way qualified by his extensive observations for such a task. In
the mean time, there is no other alternative left for the aspirant, if precision of ideas
be an object worth contending for, than to trust to his own resources for its acquisi-
tiow:
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“The first step in Geology, after acquiring a preliminary knowledge of the Chemi-
cal Nature of the ingredients of rocks, is to trace, not only in the order of encreasing
magnitude, but also in their form and complex relations, the various Portions into
which a rock is resolvable. "These pomons being at the same time involved more or
less in the phenomena of Stratification, will, in the course of this quumuon, be treat-
ed of successively aﬁer the following order:

1st, The Moleeulee of the compact structure of rocks.
2d, Granular Particles.
8d, Concretions.
* 4¢h, Massive Portions.
5th, Veins.
6th, Mountain-Masses.

SECTION I

ON THE MOLECULE OF THE COMPACT STRUCTURE oF RocCKs.

Regarding these—the minutest portions of rocks—a very few words will suffice.

" Those ultimate particles of rocks supposedwposseesademdéd chemical character, but
the form of which is neither distinct nor appreciable, may be conveniently expressed

_ by the name of Molecul. When these coalesce 50 as to form a solid mineral body,
the extreme minuteness of their individual forms, induces every appearance of a con-.
tinuity in the substance of the rock, which is, consequently, said to possess a compacT

STRUCTURE.
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SECTION II.

ON THE STRUCTURE THAT IS DETERMINED BY THE GRANULAR PARTICLES. OF
Rocks.

When particles of rocks assume the average magnitude of the grains of sand
which occur on the sea-shore, their form becomes appreciable, and hence the struc-
ture of the rock is termed Granular. It is unfortunate, however, for geological de-
scription, that writers should by no means admit the necessity of limiting the magni-
tude of the particles which compose the granular structure of rocks to the grains of
sand on the sea-shore, from whence, in fact, grains in the cohesive state of rocks ap-
pear to have derived their name. On the contrary, mineralogists do not hesitate to
speak of mineral grains dttaining the magnitude of hazel-nuts, and even of eggs!
But it should be recollected, that when portions of rocks to which the name of Grains
is allotted, attain these gigantic dimensions, it becomes necessary, for the further
course of precise mineralogical description, that they themselves should be described
in relation to their structure, or to their componeni parts; and thus the task still re-
mains of determining whether or not these remarkable grains are severally divisible
into others of more moderate dimensions, or into the molecule of a compact structure.
This illustration is quite sufficient to demonstrate the necessity of affixing an ultimate
magnitude to grains; or, in other words, to let their magnitude be such, that any fur-
ther resolution into parts is impracticable; at the same time, it is evident, that if we
follow up, in such hazel-nut or egg-like portions, the description which precision sug-
gests, we must ultimately arrive at that compact or granular structure denoted by
particles of the comparative magnitude already explained.

When a rock possesses a compact structure, common treatises on mineralogy sup-
ply us with an adequate number of terms, by which it may be further described.
But when its component parts, either in the form of grains or concretions, are dis-
tinctly visible, the knowledge of their particular form becomes one of the most im-
portant objects of the geologist to establish; particularly as it bears upon a theory in-
volving the circumstances under which they were consolidated. Still it is remarkable,
that in no systems of geology are there any restrictive characters which illustrate the
variety of constituent grains in a rock, and hence the just complaint on this head of
a celebrated French naturalist, to which I have already alluded.

Mineral grains may be described as CRYSTALLINE, SEMI-CRYSTALLINE, OF ARE-

NACEoUS ; the particular forms of which give corresponding characters to4he rocks in
which they occur. -
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1. The Crystalline Granular Structure.

Grains may be described as crystalline, when, by aid of the microscope, or perhaps
by unassisted vision, they may be referred to some definite form, which is recognised
in treatises on crystallization as peculiar to the substance of which such grains are
composed. Most frequently, however, perfect granular crystals occur in compara-
tively small quantities, disseminated in a definite base; the rock may then be de-
scribed as crystalliferous, a term of the same import as porphyritic, which is so
strangely adopted by mineralogists *.

2. The Semi-crystalline Granular Structure.

The granular structure of rocks may, in the second place, be described as semi1-
CRYSTALLINE. Most frequently the circumscription of the crystalline figure of the
component grains is incomplete, these grains being so chemically blended with each
other as to be rendered imperfect by the junction; hence the propriety of the term
SEMI-CRYSTALLINE, in relation to the structure of the rock of which such grains are
component parts. ‘This sEMI-CRYSTALLINE structure of rocks is expressed by
D’AvusvuissoN under the term eraNiTIC, from the circumstance, that it is the struc-
ture particulatly characteristic of rocks allied in nature to granite. But there is this
objection to the adoption of the French word cranITIC, that resembling so nearly in
sound the term GEANULAR, which is applied to structure in general, it might fail in
its purport as a clear restrictive expression. The SEMI-CRYSTALLINE OF GRANITIC
structure is very accurately pointed out by the same French writer: the component
grains or bodies of a small volume are described as so intimately conjoined, that they
seem in a manner to grow into each other. This mutual connexion of the granular
particles is considered as resulting from the affinity of cohesion; hence the interlace-
ment of their parts. The same observer also considers the component grains of
this structure as imperfect crystals deprived of a polyedrous figure by the manner in
which they were generated. This latter view fully authorises the use of the term
SEMI-CRYSTALLINE. It may be finally observed, that most of the rocks usually term-
ed PRIMITIVE, illustrate this structure.

® How the term Porphyry, which was used by the ancients to denote the purple colour of an Egyptian
stone, in which were contained white spots, could be first introduced to express a structure characterised by
imbedded crystals, is a matter of no less surprise than annoyance to every one, who can acknowledge from ex-
perience that proper terms are no little facilitation to all studies of science. The language of geology has
indeed suffered materially by the abuse, on the one hand, of ancient expressions, and, on the other hand, by
overloading the science with vulgar names derived from the dull and heavy atmosphere of German or British
mines. From these Beeotian depths, it is highly unfortunate that harsh-sounding barbarisms, such as Wacke,
Grauwacke, or Griinstein, (Anglicé Greenstone), should ever, according to the elegant vocabulary of our Cor.
nish miners, have ¢ cropped out,” or have ¢ risen to day.”
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8. The Arenaceous Granular Structure.

* The third and last distinction of the structure of granular particles may be term-
ed ARENACEOUS.

To this description of granular structure may be referred all those rocks, the
component particles of which do not exhibit the complete or incomplete forms of crys-
tallization. Their figures are various, differing often with the nature of their chemi-
cal ingredients: they are either rounded or angular; or, as in mica, scaly; or, as in
argillaceous particles, of the appearance which mineralogists describe as earthy,
There is no such intimate junction subsisting between the particles at present under
consideration, as among the semi-crystalling grains of granite; and, if inspected dis-
tinctly, they shew that mechanical character which is seen in the sands of the sea-
shore; whence the propriety of the term ARkNAcEous. Although they are often an-
-gular, they have at the same time no tendency to the symmetrical form which is exhi-
bited in the granular particles of granite, whilst they not unfrequently mnmfest in
- their rounded figure appearances like those resulting from attrition.

The distinction between the SEMI-CRYSTALLINE and ARENACEOUS structure, is of
'no little importance in drawing the true line of difference between a particular kind
of sandstone of frequent occurrence, and granite, where each rock may contain an
equally proportionate share of felspar, quartz, and mica; for which purpose of dis-
crimination, the opposite characters attempted to be drawn of each kind of structure
may perhaps be in every respect sufficiently adapted. In granite, along with an inti-
mate cohesion-of its eomponent particles, therelsatendencym each of them toa
symmetnca.l form, whilst in sandstone, there is often a perfect distinctness of its
- grains, arising from their less firm junction, and at the same time no tendency in the
granular shape to the decided figure of crystallization.

These are nearly all the hints to be offered.on the important distinction of gra-
nular structure, as deducible from the figures of the grains themselves. According
to the view that has been taken, it is not sufficient for the complete purpose of geo-
logical description that a rock should be described as baving a granular structure ;'
but it is also necessary to restrict this expression, by stating whether the granular
structiire be CRYSTALLINE, SBMI-€RYSTALLINE, Of ARENACEOUSs; or if it be a com-
bination of more than one, or even of all these varieties of structure.

In cases, however, where the structure of a rock is both compact and granular,
the geologist has only to enquire what component parts necessary te the structure of
each are in excess. Should the compact substance of therocksofarpopomomlly
exceed in quantity the granular substance, as to completely separate its grains from
each other, the compact part is properly the basis ar matrix of the grains which it in-
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cludes. But if the compact substance of the rock be comparatively. so small in quan-
tity as to fail in séparating the grains from each other, merely occupying their in-
tervals, it is a cement. This rule of description, in fact, holds good, wherever por-
tions of rocks, of different magnitudes, so coalesce ds to form one mixed structure.

SECTION IIL

ON THE STRUCTURE DETERMINABLE BY THE PRESENCE oF CoNcrETIONS OF Rocks.

The arguments previously advanced were intended to demonstrate, that geologists
would not greatly fail in their descriptions of structure, if to granular particles the
magnitude were assigned which actually occurs, when, by natural mechanical processes,
they are reduced to a state of disintegration. Hence also this rule of description,
that when particles exceed the size of the grains of the sea-shore, they ought no long-
er to acquire the name of granular, since they now become themselves, in relation to-
their component parts, a peculiar appreciable structure, itself requiring to be described.
Thus, losing the name of grains, they properly acquire a title expressive of an assem-
blage of moleculs, or of distinct grains, and may be accordingly expressed by the
name of CONCRETIONS. '

The greatest magnitude, however, which these concretions may attain, is not so
easily to be rated. 'Their variety in this respect, may perhaps be familiarly compared
to that which diversifies the gravelly portions of rock that are distributed on stony
beaches. Here all degrees of magnitude are visible, from that of the coarse gritty
particles which exceed in one degree only the finer arenaceous grains of the sea-shore,
to the dimensions of those boulders which are selected for the common purposes of
pavement. But since concretions are most liable to be confounded with the next or-
der of portions named Massive, the frue distinction between these will be investi-
gated in due order. '

Concretions distribute themselves, according to their particular form, under one
or other of the following classes:

1¢, They may be described as Crystalline; 2dly, As Semi-crystalline; Sdly, As
Concentrically-Laminar; 4¢kly, As Amygdaloid; 5thly, As Irregular; 6thly, As
Fragmentary ; 7thly, As Organic.

1. On the Structure of Rocks determimable by the Presence of Crysialline
Concretions.
A rock cannot well consist altogether of portions which, attaining the size of con.
eretions, severally possess a perfect crystalline form. Generally, crystalline coneretions

~
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occur in a compact or granular base, when the structure of the rock is identified by
geologists with that which obtains the strange appellation of Porphyritic, but which,
with all due deference to the German school, will, in the course of this inquiry, be
occasionally changed to that of ervstarLLiFEROUS. All the remarks made on the
crystalline granular structure, apply to concretions of a similar form: it is therefore
unnecessary to dwell longer on this species of structure.

2. On the Structure determinable by the presence of Semi-crystalline Concretions.

This concrete structure of rocks may be described as semi-crystalline. It is the
kind of structure which is best exemplified in coarse granite, gneiss, or sienite, and
indeed in all rocks of a similar character, where, along with grains in the form of
imperfect crystals, we have concretions. All the remarks that have been made on
the distinctions of the semi-crystalline granular structure, apply to that which is
determined by the presence of concretions of a similar form. It may be repeated in
general terms, that each concretion is an imperfect crystal, deprived of its complete
symmetrical form, by its intimate junction with the portions of rock to which it is con-
tiguous.

8. On the Structure of Rocks determinable by the presence of Concentrically-Lami-
nar Concretions.

“This singular concrete structure of rocks is recognised by the presence of portions
which are either spheres or spheroids, more or less perfect. Every spheroid is
found to be composed of concentric layers or folia, either of an uniform chemical cha-
racter, or in this respect differing from each other. In granitic rocks distinguished
by this structure, each concentric layer belonging to a concretion is not unfrequently
composed of radiating matter, directed from the circumference of the spheroid to-
wards the centre, or towards its axis. The form that the radiating matter assumes
is very distinct, and has been described by the French under such names as ¢ lan--
guettes,” ¢ petits fuseaux,” or  aiguilles.” Occasionally, the concentric layers, instead
of being even in their direction, are undulatory or scollopped. In the spheroids found in
rocks exhibiting a mechanical character, the centre is not unfrequently occupied by a
fragment of shell, or a grain of siliceous matter, differing from the nature of the in-
vesting folia ; and thus round such foreign substances the concentri¢ arrangement of
particles appears to have operated. These concretions are generally united by a com-
pact or granular base or cement : their form is then tolerably perfect; but when con-
tiguous spheroids meet, their figure is considerably impaired by the junction, and
a form rather tuberculous than spheroidal is induced. . Lastly, it may be remarked,
that concentrically laminar concretions exhibit a great variety of magnitudes, from the
size of aniseed, as in oolite, to one that is several feet in diameter, as in granite.
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4. On the Structure of Rocks determinable by the presence of Amygdaloid
Concretions.

All geologists are familiar with this appearance. In compact or granular rocks,
kernel-shaped or amygdaloid portions occur, of a nature differing from that of the
base in which they are contained. Thus, for instance, amygdaloid portions of cal-
cedony are found in a base of felspar, or of argillaceous felspar. But besides these,
other interruptions to the continuity of the base may be detected, in the presence of
small vesicular cavities.lined with quartz or calcareous crystals; but these, although
they are not necessary to the discrimination of the rock, do not fail to render great
assistance to geological views of its character and origin.

5. On the Structure of Rocks determinable by the presence of Irregular Concretions.

For the discrimination and name of this structure, we are chiefly indebted to the
French geologists, who, under the head of ¢ structure irregulier,” have described
those grotesque forms which are reducible to no certain standard of figure, and which
compose the well-known rock of Verde Antique. The portions of rocks of an irre-
~ gular structure, differing in their chemical nature, are very intimately blended with the
substance contiguous to them, indicating circumstances of attraction in their primary
formatien, which allowed the matter of the rock to separate into portions, according
to their affinities, but not to assume the symmetrical forms of crystallization. D’Avu-
BuissoN identifies under this character of structure certain marbles of Campana, which
he describes as * melange de calcaire et de schiste steatiteaux diversement entrelacés.”
The common verde antique is also “ melange absolument irregulier, de calcaire, et
d’une serpentine a pite tres fine."—(D'Avsu1sson, tom. i. 285.)

6. On the Stmucture of Rocks determinable by the presence of Fragmentary
Concretions.

This is the Conglomerated Structure of English geologists ; but the term is objec-
tionable, since it is so liable to be confounded with that of aggreguted, which
is used to denote a general agglutination of mineral portions, differing in their che-
mical nature. The word Fragmentary (fragmentaire) is used by the French geo-
logists to denote this structure; and although it has met with some reprehension
from Jounson, is still perhaps the best that can be adopted ; it explains the character
of this structure, which is denoted by apparent fragments of rocks that almost indicate
their pre-existence in a state of integration, and that they had been subsequently al-
tered by mutual attrition. But when these rocks are studied with much attention,
considerable doubts arise whether such an inference is perfectly legitimate. The ap-
parent fragments frequently pass into each other, showing a tendency towards the ir-
regular structure last described. On this account, the word Fragmentary is not al-

B
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together unobjectionable ; and hence a more suitable term might easily be found,
which might merely express a resemblance to mechanical fragments. But since the
term Fragmentary is in common use on the Continent, and approximates so closely to
the character of this-particular kind of structure, no hesitation can surely arise in re-
gard to the propriety of adopting the term in .preference to the English word cox-
GLOMERATED. The latter expression is indeed in every way inadequate, since no
idea is conveyed of the particular form of the portions which are thus sdid to be con-
glomerated.

It may be observed, that when granular portions assume forms similar to those of
fragmentary concretions, they properly fall under the term arenaceous ; and the pro-
priety of the language thus used is well sanctioned by nature. For since the arena-
ceous, 1o less than the fragmentary structure, excludes grains of a crystalline or se-
mi-crystalline form, the concurrence of grains and concretions of this common charac-
ter, ought to be expected in the same rock. Geologists need not be reminded,
that in their examination of the-rocks named Newer, this is frequently the case.

7. On the Structure determinable by the presence of Organic Remains.
The last species of concrete structure is the Organic, or that which derives its
name from the presence of apparent vegetable or animal fessil bodies.

No remarks on this kind of concrete structure are demanded on the t occa-
sion; it is sufficiently recognised in all works of geology, and as the Sh Islands

are totally destitute of organic remains, the consideration is scarcely requisite an the
present occasion.

‘SECTION IV.

ON THE APPLICATION OF GEOLOGICAL SPECULATIONS 0 THE VARIETIES OF
STRUCTURE EXHIBITED BY Rocks.

Hitherto little has been said.of rocks more than appertains to mere description.
Tt is almost unnecessary to-add, that the various forms of all the mineral portions
composing the varieties of structure hitherto enumerated, have been more or less the
subject of speculative remarks. Phenomena of nature are still examined with refe-
rence to two theories adopted by rival schools of geology. It is time, however, to
abandon the reveries so intermixed with the hypotheses of a Hurron or of a WEz-
NER. The intentions of these ingenious theorists are already fulfilled te their due
.extent; the examinations to which their peculiar opinions originally gave rise, have,
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within these few years, multiplied to an extraordinary degree, and the result of them
is more or less adverse to each of the parent systems. Plutonian and Neptunian
speculations may therefore be registered at the present day, as mere geological curio-
sities, which, after having stimulated the exertions of science, ought peacefully to be
resigned as fertile themes for the imagination of idle fabricators of worlds, .whose
lucubrations are hatched within the limited precincts of a closet. In the mean while,
the true geologist may betake himself to a sphere of active research, narrowed only
by the limited superficies of the globe itself; stored with observations derived from
the least infallible of sources,—from rocks themselves, or from their solid strata, he
may then perhaps retire to the closet with advantage, and, aided by the chemical pro-
cesses of the laberatory, read in new analogies the history of Nature's primeval works.
Certain appearances presented in the unchanged matter of lava when it is first ex-
posed to the action of atmospheric air, lead to the suspicion that the inflammable
bases of the earthy matter of rocks may probably exist, either partially or univer-
sally, beneath the solid superficies of the globe. Could the matter ejected by vol-
canoes prior to the action of oxidating substances, such, for instance, as atmosphe-
ric air or water, be submitted to chemical examination, some few geological difficul-
ties might be removed ; but, after all, it is questionable if it would explain any other
circumstances than those which are connected with the origin of rocks associated with
the undoubted igneous matter of extinct or active volcanoes. The difficulty would
still remain of accounting for the formation of all those rocks which cannot be imme-
diately referred to a volcanic origin, and the chemical combination of which cannot be
* explained without the contemporaneous aid of such a fuid as water. To compromise
these difficulties, perhaps the most rational assumption is, that the particles of earthy
matter, which, in a state of cohesion, now form the existing rocks of our globe, had their
origin contemporaneous with an aqueous fluid, in which they were held in solution or sus-
pension, and that the whale of this matter derived its immediate origin from circumstan-
ces of combination external to the present globe, and identical with those under which
all planetary bodies are formed. Thus, by the immediate condensation of gaseous
matter, when strata (nan{ed by LarrACE Anneaux) were, in the order of their density,
regularly disposed around the centre of the earth’s gravity, the chaotic or primeval fluid
by which these were finally invested, was the latest result of gaseous condensation. The
theory of Physical Astronomy, indeed, commences from a supposed period preceding
the Wernerian scheme of Geognosy. The system of the celebrated German, which
has suffered most from hypothetical attempts to expand it into detail, properly com-
mences with an assumed formation of the lesser particles of rocks, such as are cap-
able of being retained in solution or in suspension, under circumstances of which no
explanation is attempted, and of which no adequate 'conception can well be enter-
tained. These minute particles may be perhaps described as corresponding to the
B2 : )
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moleculse and grains which have been represented in the course of this investigation,
as forming, by their mutual cohesion, the structure of solid rocks. '
It may be remarked, that the views of L arLAcE, which consider this Globe as a con-
cretion of gaseous matter, appear to be gradually introducing themselves into all geolegi-
cal systems. The disciples of WERNER and HuTTON may be detected eitherin the act
of releasing themselves from the trammels with which they have been so long retained
with a force that appeared almost insuperable, or in the act of reconciling their opi-
nions to certain appearances of Nature, inadmissible into their respective systems un-
der any other conditions than those suggested by the views of the French astrono-
mer. Thus the Huttonian finds in the condensation of gaseous matter the source of
the heat so necessary to his process of consolidation; whilst the Neptunian detects in
the latest condensation of gaseous matter which has invested the globe, the primeval
fluid of WkeNER *. Certainly, since the renunciation of all hypothesis is not con-

® The three following quotations, will serve to show how much the theories of Larracz are beginning to
excite the attention of geologists, no less of the Neptunian than the Huttonian School.

1. D’Avusuisson gives so general a view of the system of Larrace, that he may be quoted verbatim with
much profit ’

¢ M. Larrace, aprés avoir pris en considération toutes les parties de notre systéme planétaire, et tous leurs
divers movements, en déduit une hypothése qui n’est en opposition avec aucun des faits astronomiques ob-
servés, et qui en explique une grande partie. % La considération des mouvements planétaires nous conduit d
penser, dit-il, qu’en vertu d'une chaleur excessive, I’'atmosphere du soleil s'est primitivement étendue au-deld
des orbes de toutes les planétes, et qu’elle s’est resserrée successivement jusqu’ a ses limites actuelles; ce qui
peut avoir eu lieu par des causes semblables i celle qui fit briller du plus vif éclat, pendant plusiers mois, la
fameuse étoile que I'on vit tout-d-coup, en 1572, dans la constellation de Cassiopée....On peut conjecturer que
les planétes ont été formées aux limites successives de cette atmosphére, par la condensation des gaz qu’elle a dd
abandonner dans le plan de son équateur, en se refroidissant et en se condensant a la surface de cet astre. Les
zones de vapeurs ont dd former, par leur refroidissement, des anneaux liquides ou solides autour du corpe cen-
tral ; mais ce cas extraordinaire ne parait avoir en lien dans le systdme solaire que relativement i Saturne.
Elle se sont généralement réunies en plusieurs globes, et quand 'un d’eux a été assez puissant pour attirer i lui
tous les autres, leur réunion a formé une planéte considérable....On peu conjecturer encore que les satellites
ont été formés d’'une maniére semblable par les atmosphéres des planétes.” D’aprés cette hypothése sur I'ori-
gine du monde, que M. Larrace présente, dit-il, avec la défiance que doit inspirer tout ce qui n’est point un
résultat de 1'observation ou du calcul, la terre serait comme une concrétion de matiére originairement gazeuse.

« Les derniéres observations d’HxrscrzLL, sur le systéme du monde, semblent donner un nouvean poids i cette

opinion. Cet habile observateur, dans se remarques sur la matiére nébuleuse qui'est disséminée dans I’espace,
pense que cette matiére éthérée a pu produire, par sa condensation, les étoiles et les planétes. Il croit avoir
encore remarqué que le noyeau de quelques cométes diminue de volume, dans le voisinage du périhélie, et qu'll
augmente ensuite lorsque 1’astre s’éloigne de ce point. Vraisemblablement, dans le premier cas, la chaleur du
soleil réduit & 'état de vapeur une partie de la masse du noyau, et cette vapeur redevient solide lorsque 1a cha-
1eur diminue.

¢ Un pareil mode de formation concemerait I'intérieur ou le noyau du globe ; car d'ailleurs, dans ces hy-
pothéses, comme dans celle de Burrom, I'écorce de la terre, objet des obeervations du géologiste, pourrait tojours
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sonant to the true rules of philosophising, none less open to objection can be ‘enter-
tained than that of LarrLAcE, and none can perhaps be rendered of more universal
application, since it may reconcile appearances in nature which demonstrate that the
formation of rocks is neither exclusively igneous nor aqueous. But, at the same
time, the ample scope which the French theory gives to an ardent imagination, de-
mands that its views be incorporated into systems of geology with the utmost caution.
The gaseous matter originally derived from the sun,—expanded by heat to the limits
of the solar system,—condensed by cooling into numerous spheroidal nuclei, liquid
and solid,—investing these with concentric strata (anneaux), of which, perhaps, in
the instance of this globe, a deposit of inflammable Huttonian matter was subjacent
to the present crust of the globe,—of which the chaotic fluid of WERNER might
have been the last deposit :—all these circumstances afford themes capable of being

avoir été produite dans le sein d’une vaste mer, résultant de la condensation de cette prodigieuse quantité de
vapeurs aqueuses (ou de nature analogue), qui entouraient nécessairement ces globes ignés, et qui étaient
mélées avec les vapeurs ou les gaz qui ont produit les corps solides.”

I1. In Brawos's Journal of Science and the Arts, N° 1. appears the following notice of a paper containing
certain of Larrace’s views, as communicated to the Royal Society of Edinburgh by the late Professor Pray-
raIR, the most distinguished of the Huttonians :

¢« Feb. 5 (1816.)—At this meeting (of the Royal Edinburgh Society) Mr Pravraz read some extracts
from a memoir of the Comte Larrics, not yet published,...which referred particularly to the determination of
the figure of the Earth, from the experiments made on the vibration of pendulums. From a selection of 87 of
the best experiments made on the length of the seconds’ pendulum in different latitudes, Larracz finds, that
the increase of gravity from the Equator to the Poles, follows the law which theory points out as the most
simple ; and hence, he conceives, that the density of the layers, of which the mass of the earth consists, must
augment regularly from the surface to the centre ;—a condition from which he thinks it reasonable to infer the
eriginal fluidity of the whole mass of our planet ;—a otate, he adds, whick nothing but the action of excessive
heat could produce in the whole mass of the Earth.”...Agreeable intelligence for & Vulcanist !

II1. By the notice which has been given in N° 1. p. 198. of the Edinburgh Phflosophical Journal, of the
views of Larzacs, and which, I presume has been sanctioned by an Editor who has the merit of being the
original founder in Britain of the Wernerian School, the Freach theory will be found to be operating like a
two-edged weapon in contrary directions ; influencing no less the Neptunian than the Huttonian views, and -
subservient to the system of each party.

¢ Larrace has given the following very interesting results, as deduced from anllym,md&omthe expe-
riments made with the pendulum in both hemispheres.

¢ 1. That the density of the strata of the terrestrial spheroid increases from the surface to the centre.
2. That the strata are very nearly regularly disposed around the centre of gravity of the earth.—3. That the
surface of this spheroid, of which the sea covers a part, has a figure a little different from what it would as.
sume in virtue of the laws of equilibrium, if it became fluid.—4. That the depth of the sea is a small fraction
of the difference of the two axes of the earth.—e5. That the irregularities of the earth, and the causes which
disturb its surface, have very little depth.—6. That the whole earth has been originally fluid.”

« These results” (says Larrace) ¢ of analysis and experiment, ought, in my opinion, to be placed among
the small number of truths which Geology presents.”
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expanded into illusions as highly poetic as were ever presented to the dreams of a
cosmogonist. He, who unfettered by Wernerian or Huttonian trammels, first fixes
his attention on the condensation of gaseous matter,—~who is inclined to admit that
a chaotic aqueous fluid, in which earthy particles are either dissolved or suspended,
might have been the latest result of this condensation,~who does not dispute the
possibility that the unoxidated principles of earthy matter may still exist below the
solid superficies of the globe, under the form of a prior stratum, regularly disposed
around the centre of the earth’s gravity,—such a geologist will scarcely be at a loss
to reconcile to his more extended views any facts, volcanic or aqueous, which may be
presented for his consideration. The sources of oxidation acting on a substratum
of inflammable matter can scarcely be mysterious to him, when shey are contained in
a superambient fluid, which has left decided marks of having formerly covered the
whole surface of the globe. He can scarcely fail to account for basaltic matter, which,
although in one place referable to volcanic, and elsewhere to aqueous circumstances
of origin, still maintains, in the uniform chemical nature of its ingredients and in its
external characters, a perfect identity. The geologist of the school of LarLack, af-
ter he has explored with results equally innoxious to his theory, the volcanic depths
of Pluto in search of the inflammable principles of basalt, may attempt a flight for
the self-same purpose to the immense regions of planetary space, where his unre-
strained imagination may detect, whilst tracing the actual process of condensation,
that, under the form of gaseous matter, the igneous base of Basalt had been antece-
dently present. It is happy for the completion of such a process, that contempora-
neous elements of water can be summoned ad libitum, for the purpose of forbidding,
by their oxidating effects, the further condensation of an inflammable stratum. The
globe may be now invested with the latest chaotic fluid of WerNER, and, in the
chemical action which takes place, the geologist may dazzle his imagination with the
evolution of a light illumining the ethereal sphere with the fleeting brilliancy of a
Cassiopea. Lastly, by the separation of earthy particles from their aqueous men-
struum, a symmetrical suite of Basaltic Columns may arise, sublime amidst the turbid.
deposition of German Grauwacke and Fleetz Sandstone.

Such are the gaseous visions of Petromania, which the speculations of Physical
Astronomy may suggest. But if the more qautious geologist only avoid the vain
attempt of forming a theory which would connect together every irreconcileable cir-
cumstance into which the Huttonian and Wernerian Theories have been dilated ; if,
also, he be determined not to shut his eyes against the facts introduced by each
party in support of their peculiar system, he may perhaps hope in time to explain the
appearances of nature by some happier theory than prevails at the present day.

In the absence, therefore, of any hypothesis, of sufficient authority, either exclu-
sively Plutonian or Neptunian, the geologist cannot well err in assigning the origin
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of mineral structure to that which is most countenanced by chemical facts, whether
referable to igneous or to aqueous circumstances of formation.

On the principle, then, of admitting as an adequate cause any agent that can
account for the varieties of structure hitherto treated of, the component portions of
rocks, may be examined in relation to. speculative views concerning their origin, dedu-
cible either from direct analogical experiment, or from circumstantial evidence. But
these are seldom required, since abundant tests, decisive of .origin, are much more sa-
tisfactorily afforded by Nature herself, than the universal Vulcanist may be disposed
to admit. Wherever included portions of felspar occur in the trachytic * rocks of ex-
tinct or active volcanoes, the igneous marks are decisive. These portions have a vitreous
brilliancy ; they have a fused appearance, and they are fibrous or cellular. Hence,
since disseminated crystals of felspar characterise all rocks so associated with the clas-
ses theoretically named Older and Newer, as to be assignable -along with them, to a
common ongin, a natural question arises, Why are these marks of vitrification .absent,
when, from certain @ priori arguments used by the Huttonians, this Plutonian test
ought naturally to have been expected? That this question has not been sooner
made a prominent one, can only be explained by the ignorance which has prevailed
until very lately, of the true distinctive character of Trachytic rocks, in which the por-
phyritic or crystalliferous structure is no less frequent than in granite or greenstone.
But since the question involving this test of volcanic origin cannot be answered, by
reference to any marks of vitrification which are observed in common rocks of a por-
phyritic structure, similar to those exhibited by trachyte, the Huttonian hypothesis
becomes in the highest degree unsatisfactory.

Two rocks, however, where the test afforded by the presence of crystals of felspar
is absent, yield no internal evidence of vitrification. These are Basalt and Phonolite.
They are observed under circumstances of association with decided volcanic products,
that render their origin far from ambiguous; and since they are equally observed in
association with ‘rocks where not the least volcanic trace is to be detected, the geolo-
gist can only wait for some theory applicable to:a.more varied range of geological
facts, by which, from a similarity of external characters, similar circumstances of for-
mation may still be inferred.

® Trachyte, from the Greek word Tgexis, is 0 named from the sensation of roughness which it imparts
to the touch. It is described as composed in a great measure of felspar, which shews in its external characters
sach unequivocal marks of its igneous origin, that we ought to pause before any rock containing felspar be
eventuaily referred to a similar source, unless it can afford a similar evidence of the action of heat. Trachytes
are thus distingnished by French geologists : « Le Trachyte lithoide on Trachyte proprement dit : le trachyte
vitreux, qui nous presentéen une varibié émaillée, ou semi-vitreuse trds-remarquable, et le trachyte cellulaire
ou pouceaux.”
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Lastly, it may be remarked, that the process by which the porphyritic structure has
been manifested, is detected vid humidd, or under circumstances diametrically oppo-
site to those in which the trachytic rocks of volcanoes are produced ; and, of course,
presenting very contrary appearances in the character of contained crystals of felspar.

The hot-springs of volcanoes, which in some situations deposit mud, and elsewhere
matter freed from the solvent power of an aqueous menstruum, each of which depo-
sitions afterwards consolidates into a firm mass, manifest in their products distinct
crystals of felspar. Hence, the analogical inference with respect to all porphyritic
rocks, that crystals are contemporaneous with the base in which they are contained.
D’AusurssoN relates an ingenious experiment of a French chemist, which, in demon-
strating the exact manner in which crystals may be formed, leads to a similar conclu-
sion. M. PELLETIER took a solution of alum, to which he added a quantity of pot-
ter’s earth, forming the whole into a thick tenacious paste. This compound remain-
ing undisturbed for a considerable period, was found, when next observed, to contain
interspersed a number of distinct crystals of alum, the respective magnitude of which
was considerable. Thus the affinity of the aluminous molecula had been sufficiently
strong to enable them to separate from the paste in which they were contained, not-
withstanding the resistance which the tenacity of the medium offered, and to reunite
them in the form of crystals. It is impossible that such an experiment should not meet
with a ready application from the Wernerian supporters of a Chaotic Fluid, where
water, holding the earthy matter of crystals in solution, overcomes the resistance of a
turbid medium, in which larger particles are suspended, so as to form contemporane-
ous crystals. The formation of these crystals, as contemporaneous with the base or
cement in which they are found, is indeed the fairest of analogical inferences which
can be made in the application of PELLETIER’s experiment to the mode in which por-
phyritic rocks may have been formed. ¢ D’aprés ce mode de formation,” remarks
M. D’AvusuissoN on this chemical result, ¢ on peut déja_entrevoir que le plus sou-
vent les cristaux des roches porphyriques ne seront qu’une réunion des molécules qui
dominent dans la péte, c'est & dire qu'ils seront de méme nature qu’elle. Ils en seront
habituellement la partie la plus pure; car les molécules qui, en cédant a la force de
cristallisation, se seront séparées du reste de la masse, y auront abandonné, en trés-
grande partie, les impurités dont elles étoient souillées.”—T'raité de Géagriosie, tome i.

104.

: The manner in which crystals are thus produced, is susceptible of a still wider
application. The amorphous concretions of the IRREGULAR sTRUCTURE of Verde
Antique are, with the same propriety, referable to an origin contemporaneous with
their base or cement. In the moistened clay of Lancashire, which is used for the
purpose of brick-making, I have often seen this structure imitated after the substance
has been subjected to the igneous operation of the kiln ; particles of calcareous mat-
ter which had previously been diffused through the clay, appear to have so overcome
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the resistance arising from the tenacity of the argillaceous paste, as to coalesce and
form distinct amorphous portions, not unlike those which denote the irregular struc-
ture of rocks.

With regard to speculations on the circumstances under which the characteristic
portions of the amygdaloid structure may have been formed, it is probable, from ob-
servations made on the manner in which the cells of porous lava are occasionally filled
up by siliceous or calcareous matter, that.these contained portions are the result of
infiltration. I have seen these portions imitated in claystone-porphyry, which, during
the process of decomposition, was rendered so permeable and cellular, as to allow mat-
ter by infiltration to occupy its cavities, in the form either of amygdaloid portions, or
of small crystals. Similar natural processes have also been recorded in observations
made upon other rocks.

The experiments which have been conducted with speculative views, for the pur-
pose of determining the origin of that structure which is characterised by Concentri~
cally-laminar concretions, demonstrate that they may be referable no less to an igne-
ous than to an aqueous origin. The formation of globular masses, not unlike those
which are produced by nature, is a process that may be imitated in the labora-
tories of the chemist; as by the fusion of basalt. Similar phenomena have been also
exhibited in glass-houses, upon the cooling of vitreous masses.

On the other hand, spheroidal concretions concentrically laminated have been ef
fected vid humidd. Dr Kiop of Oxford remarked, that common clay, on drying,
separated into curved and wavy laminz; that a concentric parting was manifested in
a native stratum of argillaceous sand ; and, lastly, that quicklime in slowly slaking,
by exposure to the atmosphere, crumbled away by concentric dmntegrauon, %0 as to
develope a succession of spherical masses.

The nucleus of spheroidal concretions may be regarded in certain instances as
strictly chemical ; since it may have been derived from the compound attraction of s
certain number of moleculse prevailing over the affinity of a solvent or suspending
fluid. To such circumstances of origin may be, with every probability, referred all
the spheroidal concretions of granite, basalt, or greenstone.

But frequently the nucleus of lamellar spheroids consists of a foreign substance.
Thus, in Pisolite, the spheroidal masses of which occur from the size of a pea to
that of a hazel-nut, the concentric lamelle of calcareous matter are often arranged
round a grain of sand. In the Pearlstone of Hungary, the nucleus is frequently
formed of a grain of obsidian. SAussuRE noticed, that in the district of the Jura, the
centre of the concretions was often occupied by a fragment of a shell.

M. Beupant has been led to infer a cotemporaneous formation of these remark.
xble portions of rock. His opinion is derived from the circumstance, that if a slighs
agitation be given to saline solutions in a very concentrated state, 8 solid mass

: C
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will be induced almost instantaneously, in the form of distinct concretions, which are
severally composed of crystals that unite themselves to numerous centres.

From the general tenor of the foregoing observations on the structure determi-
nable by the presence of spheroidal bodies, it is evident, that no inferences of an ori-
gin exclusively aqueous or exclusively igneous, can be legitimately admitted. On the
contrary, these concretions may, in certain peculiar situations, be claimed by the
Plutonians, and in numerous other districts by the Neptunians.

Rocks of an arenaceous and fragmentary structure, which certainly in’ their com-
ponent parts bear the prima fucie evidence of attrition, have been the particular subject
of speculative observations. Hence the reference of sandstone as well as fragmentary or
conglomerate rocks to the debris of pre-existing formations. But Professor JamEsox
long ago, in relation to the fragmentary form, of which, indeed, the arenaceous is but
a miniature resemblance, conceived that it was an original peculiarity of structure, de-
riving his opinion from the circumstance that the apparent fragments not unfrequently
passed into each other, or into the substance of their base, the line of circumscription
becoming consequently indistinct. There is certainly a multiplicity of circumstances
which favour such a notion ; but, at the same time, as will be hereafter shewn, there
is much reason for the suspicion, that mechanical causes have still had no little share
in inducing the fragmentary structure. '

The last and most speculative theme for the geologist, arises from the structure
which is determinable by the presence of organic remains. But, for reasons before
stated, namely, that the Shetland Islands shew no indications of this description, it is
unnecessary to enter into a review of this nature.
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SECTION V.

ON THE INTERNAL ARRANGEMENT OF STRUCTURE.

A geological distinction of structure having been obtained, bearing relation to the
magnitude and to the form of the component portions of rocks, those circumstances
of internal arrangement, in which are involved all the varieties hitherto treated of un-
der the names of Moleculee, Grains and Concretions, may now be considered.

There is, perhaps, no mineral structure to be found, the component particles
necessary to which possess a reciprocal attraction for each other, subsisting with
equal force at all their points of mutual contact. The rock which contains par-
ticles uniting with a considerable firmness, and by a force of cohesion apparently the
most uniform throughout, is obsidian. Yet it is evident that such an admission can-
not, in this instance, be legitimately made. The conchoidal fracture, which is indu-
ced by a blow of the hammer, indicates a previous constituent arrangement of parts
incidental to the structure of the rock ; and this arrangement can imply little more
than a modification of the force of mutual attraction, so exerted on the firm connec-
tion of the component particles of the obsidian, as to render certain points of mutual
contact more feebly cohesive than others, in conformil\:y with the conchoidal direction
of the fracture.

If it be supposed that the outward forms of crystallization are alone necessary to
the inference of an internal order of particles, depending on modified cohesion, a re-
futation of this objection may be derived from the experiments of a very able che-
mist, in which it is shewn that crystallization does not necessarily include symmetry
of outward shape. An amorphous mass of metal, presenting no other form than that
which'was derived from the impression of a crucible, exhibited by the action of a
weak solvent on its surface, an arrangement of particles, no less regular than the
most mathematical figures of a crystallised salt.—(DaANIELs on Crystallization, No. 1.
BrANDEs Journal.)

Thus it may be proved, that every component portion in a mass of rock is con-
nected with the portions to which it is contiguous, by a state of cohesion which
varies at different points of mutual contact. The direction of cohesion thus subsist-
ing among the constituent portions of a mineral, is susceptible of developement by
mechanical force, or by the contraction or shrinking which takes place in the mate-
rials of certain mineral-bodies during their consolidation from a previous state of

ce2
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fluidity or suspension: it is again exhibited in certain homogeneous bodies by the
superficial application of weak solvents. In explanation of the true nature of inter-
nal arrangement, we may oonceive of a number of conjoined lamine, each of which is
composed of certain ultimate layers of particles. Then, by the strongest power
- which is exerted of cohesion, any number of particles may subsist together under
the form of an ultimate layer; by a more feeble state of cohesion, laminz are
separable from each other in the direction of their ultimate layers. Or in concen-
trically lamellar concretions, by a more powerful stite of cohesion, the particles
coalesce in the form of a concentric layer ; by a weaker force, those remaining points
of cohesion, which are not exerted in the constitution of the layer, render each suc-
cessive lamina, when traced from the. circumference of the spheroids to the centre,
more easily separable from each other.

For the reasons advanced, the term INTERNAL ARRANGEMENT can imply nothing
more than certain powers of cohesion unequally exerted among the constituent por-
tions of a rocks and so modifying its structure, as to induce a separation of its parts
more easily in one direction than in another.

Geologists are, however, in the habit of describing all the phenomena now treated

of ti_nder one general term STRucTURE; and it is only from a conviction of the in-
convenience which has resulted from this want of precision, that a distinction is sug-
gested on the present occasion. It would indeed be very convenient for the pur-
pose of mineralogical description, that the simple term StrucTurE should be limited
td the expression of the mere circumstance of cohesion subsisting among the compo-
nent particles of a rock. When, however, an order or arrangement under which
such patticles coalesce is implied, such, for instance, as is generally denoted by the
terms Tabular, Foliated, Laminated, or Schistose, the expression of INTERNAL Ag-
BANGEMENT of STRUCTURE is in every respect distinctive and precise.
. According to this view, the simple term STRUCTURE, when applied to a lamellar
spheroid of any kind, expresses nothing more than the cohesion of particles which
assume a certain size and figure; but the term INTERNAL ARRANGEMENT of
- SteucTuRE refers immediately to their concentrically-laminar disposition. Again,
in a schistose specimen, as of Gneiss, the term structure is applicable to the
mere circumstance of the cohesion of its several portions, distinguished by magni-
tude and form : the additional term, INTERNAL ARRANGEMENT, however, implies
the order or disposition of these portions, inducing the schistose appearance.

The most frequent appearances in rocks which evince an internal arrangement of’
structure, are those to which the names have been given of Tabular, Lamellar or
Laminar, Foliated, Schistose or Slaty ; but from the wild and wandering manner in
which these terms have been long applied, they are now become the fere nature of
mineralogists, and the property of any one who may chuse to secure them to his own
views by the best of all possible titles, a definition.
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Of the three synonymous terms Laminar, Lamellar, and Foliated, any one is quite
sufficient. Of the two wards Schistose and Slaty, either may answer the purpose
of geology. Tt may still be found necessary to retain the word tabular, since it ad-
mits a meaning of which the other terms are not altogether susceptible.

Each arrangement, then, under the several names thus allotted to them, may be

regarded as consisting of dimensions in which the length and breadth greatly exceed

_ the thickness. But whilst a single lamina, schist or tabula, partakes of this cha-

racter in common, the specific distinction of each may consist in a comparative
* difference of density.

The medium density of a Lamella and a Schnst, may be best characterised by that
of roofing-slate; which, when acted upon by mechanical force in the direction of
any of its ultimate layers of particles, does not exceed the thickness of three or -
four inches. The easy separation also of schists and lamellee from each other,
sufficiently distinguish them from tabulse, which are either divisible with much
greater difficulty into portions of the density described, or altogether baffle the'me-
chanical attempts which are directed to such a resolution. A single tabula js, in-
deed, an arrangement of portions of rocks into layers, the length and breadth of which
greatly exceed the thickness; but where this disposition of structure is so obscure,
that it is only to be ascertained by a frangibility of the rock, more evident in one di-
rection than in another. The remaining distinction between the lamellar and schis-
tose structure may be thus stated. A single lamella is an arrangement of portions of
rock, the density of which is perfectly equal throughout: A schist varies some little
in this respect.

Although, however, the attempt has been made to affix certain significations to the
terms Lamellse, Schists and Tabule, the practical -geologist need not be reminded
how difficult it must frequently be to determine whether the lamellar, schistose or
tabular character most prevails. Still it is very necessary to keep always the three
kinds of internal arrangement in view, since numerous occasions will occur in nature,
in which their distinctive characters will be far from ambiguous. '

It may be further observed, that lamellee, schists or tabulse shew certain modifi-
cations in regard to the direction of their component parts, upon which it is not re-
quisite to dilate. They are described as fibrous, radiated, striated, undulating, or
curved. At the same time, numerous varieties of structure discriminate the rarer and
subordinate mineral-products of nature, of which the common nomenclature of mi-
n'eralogists takes ample cognisance. But in the appearances of most common oc-
currence, the expression LaMELLAR or ScuisTose will rarely fail to be applicable to
any arrangement, which, by its easy separation in the direction of its layers, yields toa
slicht blow of the hammer; whilst the term TasuLar will, with equal propriety,

-
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be applicable to a structure denoted by a firmer cohesion of its constituent layers of
particles. It is, at the same time, scarcely allowable to suppose, that the lamel-
lar, schistose, or tabular arrangement is only evinced in stratified rocks: hence,
probably has arisen one source of error which has induced certain geologists to
advocate the stratification of granite. An attempt, therefore, to submit to some
definite rule the precise circumstances whence the stratification of rocks can be infer-
red, now becomes an immediate object of inquiry, to the facilitation of which the
foregoing observations of this essay have been for the most part directed. For, al-
though the succession of beds or strata which appear to invest the globe in all posi-
tions, horizontal, inclined, or vertical, are phenomena perfectly familiar to the most
common observer; and, ¢ although,” as Dr Kipp remarks, ¢ the first notion of
stratification is usually acquired with great facility, yet it is not, till after repeated
observation and reflection, that any one feels conscious of possessing a comprehensive
view of the subject.” This eventual consciousness may not, however, be the com-
mon fate of all geological observers. The present examination may, as far as I can
anticipate, be closed with a conviction, that no one in relation to the very few facts
which geology has yet established, can possibly flatter himself with the idea that he
has attained a comprehensive view of the nature of stratification. ¢ Stratum is a
word,” adds Mr GreeNoucH, ¢ so familiar in our ears, that it requires some de-
gree of manliness to acknowledge ourselves ignorant of its meaning; the sense in
which it is used is, however, very far from precise. Easy as it may seem to deter-
mine whether a given mass be, or be not stratified, there is, perhaps, in the whole
range of geological investigation, no subject more pregnant with controversy.”

Upon an examination of the rocks displaying a decisive character, to which no
one would hazard a refusal of the term stratified, we may observe, in the arrange-
ment -of their component portions, a general parallelism, or, in other words, their
structure is characterised by a number of parallel arrangements or layers, either of
moleculse, grains, or concretions, or of a mixture of these, separable from each
other in one direction only. If, again, after this examination we inspect certain
other rocks, affirmed by some geologists to be unstratified, of which are Granite,
Sienite, Greenstone or Basalt, we shall by no means arrive at the conclusion, that
there is only one definite direction in which they yield to the hammer. Their com-
ponent portions will be found to dispose themselves in a polyedrous arrangement,
in the planes of which they intersect each other under determinate angles. Such
2 modification of structure, although it sometimes requires much care in detecting,
may often be ascertained in the rhomboidal or cubic fragments which are ]ooeened
from quarries. In the immense masses of granite which are each winter on the
coasts of Northmavine in Shetland detached from their native beds by the storms of
the Western Ocean, ample opportunities have been afforded me for verifying these

observations. -
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The foregoing remarks lead to the establishment of a very important distinction
of structure, which takes place in all rocks with reference to the internal arrangement,
or direction of cohesion subsisting among their component portions. The internal ar-
rangement of structure may accordingly be distinguished under two different heads:
as into the sTRATIFIED and roLYEDBOUS. These may be now treated of separately.

1. The Stratified Arrangement waka.

An inquiry into the internal arrangement which subsists indiscriminately in the
circumstances under which moleculee, grains or concretions cohere, will probably ren-
der less difficult of explanation an additional peculiarity of structure, upon which
correct opinions regarding the phenomena of stratification most immediately de-

In forming the notion of an individual lamella, schist or tabula, one compre-
hensive direction, in which its particles unite, which is in that of its constituent
layers, will be, in the first place, evident. But, in the conception of an ultimate
layer of mineral portions, it is scarcely to be expected, from arguments previous-
ly advanced, that they should subsist together with a degree of cohesion equally for-
cible at all their points of mutual contact. Accordingly, there is a parallel linear
direction to be also observed, involving certain particular points of mutual con-
tact, in which the portions of a single row cohere most firmly. This may be re-
presented in the diagram of Plate I. fig. 1. where, among the particles united to-
gether under the form of an ultimate layer ABCD, the points of firmer cohesion
are supposed to be included in parallel lines, which severally pass through the
successive axes of each linear order of component particles.

Conformably with this view, every lamella, schist or tabula, comprizes a number
of ultimate layers of constituent portions: while each layer comprehends a nuin-
ber of parallel linear arrangements. A question now arises: Is this subordinate
arrangement confirmed by the direction of any fracture on the plane of a lamella,
schist, or tabula? Or is a fracture easily induced in a direction parallel to the line of
firmer cobesion, or, in other words, between each linear order of particles, where the
power of cohesion ought, d priori, to be the most feeble? Every mineralogist may
decide this question by the use of the hammer. If he take up a slate separated
from a parent rock, a fracture easily induced will be in the direction of its ultimate
layers. Another fracture yielding with facility, will be that which is effected on the
thick dimension of the slate, dividing such ultimate layers in the direction observed
by their linear arrangement ; whilst a line of fracture induced with the greatest diffi-
culty, will be one intended to intersect, under some angle, each linear order of par-
ticles. '
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The leading principles of stratification may now be briefly stated. In the first
place, a linear parallelism of direction characterises the order in which the component
portions of a rock subsist together under the form of an ultimate layer ; 2dly, A con-
Joined number of such ultimate layers properly constitute lamellz, schists, and tabu-
lee ; 8dly, When innumerable seams or joints occur in the direction of the ultimate
layers of lamellar, schistose, or tabular rocks, the familiar appearance is induced of
beds or strata. These seams are of greater number in rocks which are on the one
hand lamellar and schistose, while they are much fewer in number when the rocks
have a tabular degree of cohesion in their conjoined layers. The causes of such na-
tural joints may, with some plausibility, be referred to a shrinking or contraction of
the materials of which rocks are composed, subsequent to consolidation ; but often
to the combined influence of external atmospheric agents, which, in their chemical
cffects, are’ most successfully exerted in the direction of those planes of arrangement
where a slight degree of cohesion had previously subsisted.

We have thus, at length, by a rigid examination, had an opportunity of confirm-
ing the notion originally derived from Saussurg, which is,—That strata are those di-
visions of rocks induced by accidental seams or fissures parallel to the planes of the la-
mine or folia of which such rocks are composed. But the additional fact, that Strati-
fication involves a linear direction of particles in each laminated or foliated plane, is
an important circumstance which has been hitherto overlooked by all authors who
have treated of the subject. They have never thought of connecting the line of di-
rection which is to be traced in the outgoing of a stratum with a number of parallel
lines existing in the plane itself of the stratum.

We shall now inquire into the circumstances of linear direction, as they are to be
found in horizontal and inclined strata. :

When strata are horizontal, the linear arrangement of an wpper stratum may of-
ten be detected on its surface by numerous fractures, all agreeing in their direction,
and producing certain of the planes incidental to the rhomboidal, cubic, or prismatic
fragments, so generally exhibited by strata. But when a stratum is inclined, then
arises the importance of the line of direction, which can only be detected among a
number of parallel strata, in the course which their outgoings describe on the earth’s
surface. The outgoing of a stratum is in fact what geologists strictly call it,  a linc
of direction,” or in reference to some point of the compass, “ a line of bearing :”
and this line is only parallel to an infinity of others, which we may trace along the
plane of a stratum in its inclination. Thus the importance of keeping most in view
the line of direction, as it exists in the outgoings of strata, is rendered particularly
manifest ; since from this line the plane of inclination may be considered as genera-
ted, .
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From the principles laid down, our notion of stratification, as far as relates to in-
clination or dip, may be much facilitated. The line of direction or bearing is that
which is described on the surface of the earth, by the outgoing or upper edge of a
stratum, and it is estimated at any given point by the angle contained under its in-
tersection with a line of the meridian.

With regard to the inclination of strata, it would perhaps be very convenient for
the purpose of geological description, to imagine the uniform continuation of a stra-
tum through the solid contents of the earth, until it intersects at right or oblique
angles, the plane of the great circle of the horizon, which is supposed to pass through
the centre of the globe. Then, by the intersection at right angles, may be under-
stood the vertical position of strata. When the intersection is at oblique angles, the
dip may be denoted by the angle contained under a line of the meridian, and another
line supposed to be given off at right angles from the line of bearing or outgoing of
a stratum, in a direction which tends towards the intersection of the plane of the ra-
tional horizon by that of the inclined stratum.

An inclined stratum is further estimated by the angle which is contained by any
exposed part of its plane meeting that of the sensible horizon.

Thus in the circumstances of an inclined stratum, the information required is its
line of direction or outgoing ; the point of the compass towards which it may be incli-
ned, denoted by a line drawn at right angles to the line of direction ; and, lastly, the
angle of inclination.

Although the knowledge of a few leading principles in stratification have proba-
bly been acquired, yet we should greatly err in flattering ourselves, that a compre-
hensive view of the subject is likely to be very soon the result of this inquiry. We
may now advert to the importance of conceiving of a stratified rock as composed
of a number of distinct laminee, schists or tabuls, of various yet very limited dimen-
sions. For when the notion of a single lamella, a single schist, or a single tabula, has been
distinctly formed in the mind, it becomes a great geological error to suppose
that any one of these is produced uninterruptedly throughout the whole extent of a
stratified rock. Appearances exhibited by nature are entirely adverse to such an ex-
pectation. It is impossible in a schistose rock, to separate a single slate that does not
shew, by the intersection of natural cross seams or joints, dimensions of very
small extent, rarely exceeding two or three feet. This characteristic is perfectly
evident, when we_trace the parallel joints or seams by which strata are bounded ;
their respective extent, depending on the intersection of cross seams or fissures,
may be illustrated by a number of insulated lines of small extent, such as are
delineated in a horizontal section of the rocks in Shetland (accompanying the
large Map), where, from the general direction of the seams, that of the strata is
meant to be inferred. When, therefore, we mean to say, “that strata are continuous
in a direct line through a certain hill, or chain of hills, nothing more can certainly

D
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be implied, than that a conjoined assemblage of lamellee, schists or tabule, agree in
preserving one definite parallel direction. At the same time, seams or joints are un-
derstood by which one stratum is separated from another, or by which the extent of
the component layers of each is determinable.

Thus whilst every stratum is a distinct assemblage of laminze, schists, or tabule,
these again are resolvable into a number of ultimate layers of a more or less uniform
thickness. If their respective densities had been uniform throughout, it might have
been expected that the seams of division induced would be exactly parallel to each
other. But the expectation of meeting with such an exact uniformity cannot possibly be
realized. In the Shetland Islands, for instance, the general average direction of nu-
merous stratified rocks of gneiss, mica-slate, and clay-slate, is N. 12° E.; buton a
more particular examination of the strata, so far from being exactly parallel to cach
other, they will be found to vary from this direction several degrees, comprising, for
instance, a range of compass from N. 10° to 15° E. and even sometimes much
more. This deviation is every where less the result of actual contortions in the
strata, than of an unequal density, which is ultimately referable to their component
portions of rack of various magnitudes.

This view of stratification is farther corroborated, when observations are made
on the various inclinations, which take place among strata. In many vertical sections
of rocks exposed on the coast of Shetland, we should be much disappointed with the
. actual appearances exhibited, were we to expect that the seams of stratification would
be continued parallel during the whole of the course in which their inclination may
be exposed. New directions in the internal arrangements of structure occur at every
depth, giving to the strata thus diversified every imaginable state of varying posi-
tion.

. An attempt may now be made to explain the appearances which give rise to DE-
FINITE and PROMISCUOUS STRATIFICATION, as well as to GENERAL and PARTIAL
STRATIFICATION. -

Many disputes have arisen among geologists on the question whether granite is or
is not stratified. These contentions have been in no trifling degree increased by causes
that spring from the verbal confusion, which so peculiarly distinguishes the nomencla-
ture of geology, from that of every other science. By the counsel of certain geologists,
a rule of nomenclature was confirmed, that when granite becomes stratified, it pro-
perly assumes the name of Gneiss. Among the same philosophers it was subsequently
contended for,—not that certain granitic masses, which might have been improperly
so called, were really gneiss, or that gneiss was granite,—~but that, after all, the self-
same granite which involved 1n its general definition unstratification, was really stra-
tified! This is passing strange, affording additional evidence, if indeed any were
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wanting, of the tissue of contradictions which the terms of geology have rather ser-
ved to augment than to unravel. But in the contention, more pointed evidence
was afforded, that stratification does not possess characters so free from ambiguity
as to deceive those only who have no claim to the title of geognosts. Mr GrEENOUGH
has amply shewn, that, in the test of stratification which the granite of the Riesenges
birge afforded, the most celebrated adepts in Europe who inspected it have dif-
fered in their views of its structure. But it is time to take a closer examination of
the phenomena which may possibly have given rise to such discordant opinions.

Rocks have been shewn to possess a parellel arrangement of structure, or one that
is determinate, bearing reference to a certain point of the compass, and inducing, by
the intervention of seams or joints, the appearance of beds or strata. The question then
is,—If it be necessary for correct notions of stratification, that any small circumscribed
appearance of this description shall be construed into stratification ? Perhaps, if the
word Stratification be properly restricted in these cases by the term parTIAL, the ap-
plication might be justifiable. Thus, in the quartz-rock of the parish of Walls in Shet-
land, which characterises the geology of a large tract of country, stratification often ap-
pears in small insulated areas of a few yards only, perhaps four or five ; elsewhere, regu-
lar strata, rendered schistose by the admission of a quantity of mica, may be traced for
even more than a mile. At the same time, the rock, with the exception of these few
patches of stratification, shews no tendency to resolve itself into regular beds or strata.
Frequently also in sienite and granite, but to a much less extent, similar phenomena
take place. Surely, then, in all these cases, there can be no reason why the rock
should not be described as paRTIALLY STRATIFIED. Butif a more general character
of quartz-rock and granite be required, then the ‘application of the term is dubious,
since they are more properly to be considered as falling under the class of unstrati-
fied rocks.

But there is still another term apphcable to the internal arrangement of rocks,
namely, pROMISCUOUS STRATIFICATION. The common line of direction or bearing in
one limited mass of rock differs from that of another, although but a few yards dis-
tant. In short, no uniform reference to any one point of the compass can be stated
as subsisting among the directions of the strata. The expression PrReMIsCUOUS sTRA-
TIFICATION is also very applicable to many of the small stratified patches occurring
in quartz-rock, to which allusion has just been made ; but I have seen promiscuous
lines of direction characterise in a remarkable manner the whole of a considerable dis-
trict of gneiss in Shetland ; as, for instance, at Lunninghead and the island of Whal-

Thus, the result of our labours is, that rocks possemngammplearrangementof
structure, may be described,—
In the first place, as DEFINITELY STRATIFIED; where the strata are parallel or
nearly 50 to each other, or can be uniformly referred to some determinate
point of the compass.

DR
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In the second place, rocks may be described as PROMISCUODSLY STRATIFIED ;
where, in tracing the lines of direction among strata, no uniform reference
can possibly be made to any determinate point of the compass.

Lastly, in contradistinction t0 GENERAL Or UNINTERRUPTED STRATIFICATION,
rocks may be described as PARTIALLY 8TRATIFIED; this term is applicable
wherever stratification occurs in patches, or includes insulated areas of an
extent that is small in comparison with the magnitude of the whole mountain-
mass in which they are to be detected.

The ultimate cause of stratification is involved in the greatest obscurity.  Crys-
tallization refers to layers of particles meeting each other under determinate angles,
and deriving their particular arrangement from the form of some nucleus. In what
way, then, can be explained a structure exhibiting certain conjoined layers of par-
ticles, having no other direction than that of mere parallelism? Under such cir-

cumstances, the reference to a central nucleus is clearly out of the question. Whe-
 ther, on the notion of a mechanical deposition from an aqueous suspension of earthy
particles, some light on the cause of stratification may be ultimately thrown, is a ques-
tion which will be discussed in a more advanced stage of this inquiry, when the re-
lations of stratified to unstratified rocks come to be considered. :

2. The Polyedrous Internal Arrangement of Structure.

Respecting this,—the second great division of the internal arrangement of struc-
ture,—it is distinguished from stratification by a resemblance to the disposition of
crystalline laminse, which meet each other under determinate angles. Thus, the pris-
matic, cubic, and rhomboidal massive portions into which unstratified rocks are re-
solvable, very frequently manifest, as I have before observed, an internal arrange-
ment of their particles, which is denoted by the different directions in which they most
readily yield to the hammer. This character is particularly observable in Granitic
rocks, in Porphyries, Basalt, Greenstone, in certain Limestones, and in Quartz-
rock.

The question then is,—Are these large symmetrical massive portions of rock re-
ferable to a law, the operations of which have only been successfully investigated in
moleculs, agreeing in their chemical nature, form, and magnitude ; such for instance,
as are inherent in small earthy or saline crystals? In these, if the particles be assumed
as spherical, the compound attraction of a number of them, not exceeding twelve,
prevailing over the influence of a fluid menstruum, meet under the nuclear form of a
hexahedron: if a less number be associated in the same manner, the different figure
is that which may be artificially explained by the mere abstraction of certain parts of
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the hexahedral groupe®. Now, if we apply the principles of this process to ex-
plain the larger symmetrical masses into which rocks are resolvable, the analogy will
fail us in limine; since they are composed of grains or concretions differing material-
ly from each other in the chemical nature, form, and magnitude of their component
parts. '
It has been also previously remarked, that such coarse ingredients, when consoli-
dating, are found to resolve themselves into a congeries of concentrically laminar con-
cretions. In such a process, the possibility of a rude spherical nucleus being formed,
around which concentric layers were afterwards deposited, is very conceivable. Na-
ture herself in calcareous rocks, exhibits to us an instance of this kind in the un-
equal fragments of shell which occupy the centre of lamellar spheroids. The con-
ception is no less difficult, of a nucleus bemg formed by dissimilar granular portions,
of which a rude rhomboid, cube, or prism, might be constructed, whence, by the
-matter subsequently invested, the symmetrical forms incidental to granitic rocks would
be the latest result. The circumstances, however, which have induced certain par-
ticles, agreeing in every condition of chemical nature, form, and magnitude, to assume
in one rock the form of concentric lamins, and in the other of layers meeting each
other under determinate angles, seems entirely out of the reach of geological inquiry.
The application, nevertheless, of general crystalline principles, to account for each of
the phenomena, may still remain unaffected.

From the resolution of a mountain-mass into smaller massive portions, each of

which possesses a crystalline structure, certain speculations may be reasonably enter-

tained with regard to the circumstances under which such rocks were consolidated. It .

is probable that the process of consolidation began from an immense number of points
at the same time: this inference is deducible from the infinity of nuclei which appear
to have given origin to matter invested under a crystalline arrangement. An infe-
rence, besides, of the contemporaneous formation of all such symmetrical portions-of
a rock, is allowable, from the analogy of many chemical experiments, in which,
from a state either of solution or suspension, numerous crystalline figures are pro-
duced.

A tedlous, yet perhaps necessary inquiry, into the nature of the internal arrange-
ment of structure, is at length completed. . It is now time to proceed in describing
divisions of rocks more comprehensive than any hitherto treated of, into which moun-

taip-masses and veins are resolvable.

® Damisis on Crystallization, No. 1. Brawnz's Journal.
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SECTION VI

4 ON Massive PorTioNs.

When a mountain is examined, in relation to the parts of which it is composed,
an occasional difference in its mineral contents is the first circumstance of distinction
with which a spectator is impressed. Thus the earliest appearance in rocks which
Science has pointed out, has been the presence of those included masses, known un-
der the name of Veins. But if that part of the mountain or rock, which is uniform in

, its mineral nature; or if, indeed, an included vein be again examined, with relation to
some further resolution of which it may be susceptible, a natural subdivision is still
observable: this is into MAssIVE porTIONS, of which all the molecule, granular par-
ticles and concretions hitherto discussed, are the proper constituents.

By British geologists, the word mass is no less vaguely applied to express MOUN-
TaINs and VEINs themselves, than every description of CONCRETIONS; but, in this
inquiry the term MassIvE PoRTION will be restricted to that intermediate division into
parts, subordinate to MOUNTAIN MASSES Or VEINS, yet comprehending coNcrETIONS,
as well as MOLECULZ and GRANULAR PARTICLES.

A massive portion is a polyhedrous solid, often symmetrical, of which the prisma-
tic, rhomboidal and cubic form is the most common appearance. Its magnitude ad-
mits of the greatest variety ; for since the constituents of the solid may be molecula
or granular particles, the cubes or rhomboids which it exhibits, may present di-
mensions of a few inches only: but since a massive portion may occasionally include
spheroidal concretions of granite several feet in diameter, its magnitude may also, in
a proportionate degree, be.very considerable.

Massive portions, according to the internal arrangement which they severally ex-
hibit, may be divided into two kinds: they may be either referred to that simple
internal arrangement which consists of parallel layers, or to that crystalline arrange-
ment which implies that certain ranges of mineral portions meet under determinate
angles. From the full’ explanatxon given of stratification, there can now be no
difficulty in treating,

1st, Of stratified massive portions;

2dly, Of unstratified massive portions.

1. Stratified Massive Portions.

In clay-slate and other rocks, particularly those which are schistose, may be noticed a
frequent resolution into hexahedral or prismatic concretions, by means of fissures, in-
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dependent of their schistose arrangement, and intersecting at various angles the seams
of stratification. This resolution evidently implies a partial feebleness of cohesion in-
cidental to the conatituent pqrtions of a rock, and induced in a few particular direc-
tions ; hence, a rock, independently of its stratified arrangement, is predisposed to as-
sume certain definitive forms. Thus, if we obtain from a blow of the hammer exert-
ed on clay-slate or hornblende-slate, fragments of a decisive angular form, induced by
certain cross fissures intersecting those of the schistose arrangement, every effort will fail
to resolve the rock into more minute fragments, exhibiting in their new planes an equal-
ly determinate figure. The lamellar, schistose, and tabular arrangement involves, on
the contrary, circumstances of modified cohesion, not excluding any of the constituent
portions of a rock. Here, then, is an excellent criterion afforded for distinguishing
between seams of stratification, and those which in the same rock intersect such seams.
Seams of stratification are applicable to all the portions of which a rock is composed :
other seams, on the contrary, being induced by a partial feebleness of cohesion oc-
curring in a determinate direction, are applicable to a few only of its constituent por-
tions.

Thus it appears, that among strata, besides the seams incidental to their peculiar
arrangement, there are certain others by which they are resolved into an aggregation
of polyedrous concretions. The form of stratified massive portions, is indeed general-
ly more or less symmetrical : in hornblende-slate and clay-slate, they are often rhom-
boidal or prismatic. We thus also find, that sandstone, by means of fissures, aided
by seams of stratification, may be frequently resolved into an assemblage of rectan-
gular parallelopipeds. The same remark is often applicable to strata of coal and
limestone.

A theoretical explanation of fissures or cross seams is attended with a difficulty
exceeding if possible that of stratification. It is of lLittle avail in conjectures on the
cause of a cross fissure, to say, that it is occasioned by the subsidence of beds or
strata, or by a shrinking of the component parts of strata, or that there is a tenden-
cy in a fissure to propagate itself in a right line to a certain distance, or when indu-
ced by contraction to shorten thc three dimensions of a solid :—there must still
exist a cause capable of imparting to strata a tendency to resolve themselves into
one form in preference to another.

The importance of the cross fissures which occur among strata, has in ancther
point of view been already noticed. They limit the extent of those component layers of
mineral portions which are incidental to strata. The intervention of cross scams fre- -
quently also gives rise to the phenomena well known to geologists under the name
of Dislocations or Slips. In this case, certain parallel ranges of mineral particles
being intersected by a fissure, appear disturbed in their course, and are resumed’
from other remoter points in the line of fissure which has intervened.
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2. Unstratified Massive Portions.

Of Unstratified Massive Portions little may be now %aid, since they are the pris-
matic, cubic, or rhomboidal masses already treated of under the head of the Poly-
edrous Arrangement of Structure. Their magnitude may admit of a considerable
range, since, as I have before observed, they may occasionally include spheroidal con-
cretions of granite several feet in diameter.

Since the prismatic form is the most frequent that unstratified massive portions as-
sume, continental writers have accordingly treated of them under this title. The
resolution of a rock into a number of prismatic masses, is not, indeed, found in
basalt alone, but is occasionally seen in granite, porphyry, gypsum, and other rocks.
An observation of WERNER on the structure of basait is well adapted to explain the
comprehensive nature of these massive portions, as well as to afford the best justification
that can be framed for drawing a distinction between massive portions and concretions.
This justly celebrated naturalist remarked on the basalt which he examined, that it first
divided itself into prisms; these prisms were again resolvable into concentrical lami-
nar concretions, whilst the laminz themselves were distinctly granular. It is impos-
sible that the arrangement hitherto followed, of considering rocks in the successive
order of molecule, grains, concretions and massive portions, can be better defended
than by its perfect adaptation to descriptions of this complex nature.

Experiments of the laboratory have not been wanting to shew the mode in which
the prismatic form might be induced. Sir James Hart satisfactorily proved, that if
basalt from a state of fusion were cooled slowly, it would resume its stony texture,
and manifest & prismatic or columnar form. The experiment of Mr G. WarT, in
which he fused 700 Ib. weight of trap and basalt, shewed that globules or spheroids
were first formed, which continued to enlarge until their sides so pressed against each
other as to induce within the stony mass the more comprehensive form of polvgonal

prisms.

Before the consideration of the massive portions of rocks is disposed of, it may
be proper to consider this resolution in reference to a theory regarding the origin of
the fragmentary or conglomerated structure of rocks. That these rocks contain
marks of attrition almost unequivocal, cannot be denied. The chief difficulty at-
tending any hypothesis on the circumstances of their origin, is the impossibility of a
reference to any rocks existing in their vicinity, of which they may be considered as
the Detritus. Having examined fragmentary rocks with much attention, particularly
where they are composed of gneiss, mica-slate or clay-slate, I have not unfrequently
detected among them the polyedrous forms of regular stratified massive portions very
litle attrited. On the hypothesis, then, that a mountain-mass might have been ori-
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ginally composed of massive portions feebly cohering,=—that the attriting action of
" aqueous elements, on masses thus disintegrated, was easily exerted—that a subsequent
agglutmanon might have occurred, assisted by pressure, and aided by chemical ac-
tion,—it is possible that several manifestations of the fragmentary structure of rocks
may be explained.

This speculation is not altogether unsanctioned by nature. Frequently massive
portions are united, but with so slight a degree of attachment, that by the inva-
sion of the sea, their disintegration, under the form of prismatic fragments, iseffect-
ed with great facility.

SECTION VII
Ox VEINs. -

VEINs may perhaps be defined as partial interruptions to the continuity of a rock
by the occurrence of matter of a different nature, and of an elongated form.

The attention of geologists at this day cannot be more advantageously bestowed
than in reducing to some general rule of description, expressions applicable to the
different magnitude of veins, and their relations to stratified and unstratified rocks.
At present, mineralogists overwhelm us with terms collected from every mine in
England, from Alstone Moor to St Just in Cornwall. A confusion no less remark-
able prevails on the Continent. Resigning, therefore, to the Germans their Stockwerks,
and to English miners or their imitators the use of such terms as Rakes, Pipes,
Flats and Lodes, I shall content myself with the fewest possible general expres-
sions.. When veins are very minute, they may be properly described as FrLamen-
tous. When they are very considerable, which is chiefly when they contain stony
matter, geologists usually describe them under the name JDikes; a term that is
barbarous enough but from long use unavoidable.

When a vein occurs in ah unstratified rock, no peculiar distinction is necessary ;
but when found among strata, it is proper to inquire if it be an INTERsECTING, Or
merely an INTERPOSED or INTERCUBRENT VEIN; that is, if, by its appearance,
strata are crossed in their course, or, on the contrary, if the course of a vein is
intermediate or parallel to that of strata. When a number of parallel interposed
veins occur among strata nearly contiguous to each other, they may more properly be

regarded as INTERSTRATA.

The phenomena presented by veins have long been associated with geological
theories. The Wernerians, in particular, studied the different relations of veins, with

x
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a view to add confirmation to their notions of the structure of the earth. The objeot

did not succeed, for this plain reason, that a distinct theory of veins becoming the
last desideratum of these philosophers, they fell into the logical error of endeavouring to
confirm one hypothesis by the more recent invention of another. Thus, it was hypo-
thetical in the extreme for the Wernerians to maintain, in reference to a very trifling
portion of the earth’s surface which they had the opportunity of examining, that a
thick mass of granite was formed by a chemical deposition reund the globe ; that up-
on granite certain rocks gratuitously named rriMARY were laid; that upon these
were deposited rocks, named, from the same spirit of hypothesis, TRANsiTiON ; that
over these again rested earthy stratified rocks, the upper strata of which were by the
retiring and turbidity of the waters intermixed with the fragments of rocks that had
been previously formed. ,

In reference to veins, it was no less hypothetical to maintain, that they were clefts
occasioned by the shrinking of the materials of which rocks are composed, and subse-
quently filled from above with stony matter; that in primitive rocks, veins of the
transition and fleetz series are found; but that in transition rocks veins are never
found of any primitive formation ; that in fleetz formations also, veins are never found
either of primitive or transition rocks. It was equally assumptive to say, that where
two veins intersect each other, that which is filled with the formation nearest the nu-
cleus is always cut through by the other; and that since the order in which they in-
tersect each other is precisely the order of the position of the different formations, this
order of position is likewise the order of the formation of all the different rocks which
compose the crust of the earth. All this sort of reasoning was nothing more than ar-
guing in a circle; the premises were proved by the conclusion, and the conclusion by
the premises. It was a specimen of logic that might find a kindred illustration
among the obsolete arguments of the good Catholics : ¢ The authority of the Church
proves the truth of the Scriptures, and the authority of the Scriptures establishes the in-
fallibility of the Church.” The Huttonian hypothesis deserves much less respect ; it
supposes that dikes and veins were filled with their contents in a state of fusion, by in-
jection from below, the expansive force of the melted matter having cracked the sur-
face, and opened a passage for its reception.

All thes» views may be immediately refuted by a very few examinations of nature.
There is no such order or relative position of rocks as WERNER has laid down. Veins
bear no such relation to the superjacent matter of rocks, as to depend upon some
universal order of super-position for their particular formation. They are often dis-
tinctly insulated, giving no signs of Wernerian or of Huttonian origin ; they are
unconnected with any outlet from above, and frequently have « depth that may
be easily estimated.
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If the Wernerian theory had altogether depended upon that of veins, which it em-
braced, each would have long since fallen. But the geologist by whose zeal the Ger-
man system had been established in this country, now interposed to save the fabric
he had reared ; and instead of clearing away its deformities with the unsparing hands
of a common reformer, he merely removed a few excrescences which had concealed
its original character. By the spell of a conciliatory hypothesis, the mists were
dissipated which hung heavily over the chaotic ocean of Werner; once more
its turbid waves were seen to roll undaunted over a deposited stratum of earthy mat-

r, from beneath which the inflammable principles of HurToN had never escaped,
save from the partial crevices of volcanic craters.

This conciliatory hypothesis appeared a few years ago in an early Number of
the Wernerian Transactnons, being the contribution of the experienced President of
that Society. In this paper, veins were considered, on chemical principles, as secre-
tions of the rock in which they occurred, and consequently cotemporaneous with them.
This theory is altogether a very important one ; it is countenanced by those chemical
experiments of the laboratory, whence the inference has been made, That the crystals
incidental to the porphyritic structure are cotemporaneous with their base ; and it is
adequate to the explanation of appearances in nature, irreconcileable upon any other
assumption. '

The theory that veins are cotemporaneous with the rock in which they are con-
tained, would nevertheless be greatly misunderstood, if it could be supposed to
imply any thing more, than that we must look for exclusive chemical principles
to explain phenomena which are manifestly hostile to the notion, That veins were
injected in a state of igneous fusion from below, or that they were formed by infiltra-
tions from above. ¢ For what hypothesis,” says Dr Kipp, in reference to the two
prevailing theories of the day, ¢ will account for the singular fact, that in a series of
successive 'strata, alternately consisting of limestones and of rocks of a different cha-
racter, the metalliferous veins are present in the limestones, but not in the other
rocks P 'The same writer continues to remark, that ¢ when a vein has been cut off,
it is rarely continued on the other side of the intercepting rock in the sawne line; nor
does it often happen, that either its character or its dimensions are the same as pre-
viously to its interruption.” Here, then, it may be asked, What sanction does this com-
mon appearance give to the opinion, that where two veins cross each other, the inter-
cepted must be the oldest ~Though Dr Kiop was fully aware of the insuffi-
ciency of the opinions which he combated, he seems to have merely rejected them in
favour of such agents as eleetricity or galvanism,—a belief in which, his friend, Mr
GREENOUGH, is disposed to place upon a footing very little higher than that of the Phi.
losopher’s stone. Now, the theory of Professor JaMEsoN has this merit, that whilst
it admits general chemical principles, to the exclusion of any which are mechanical,

: 2
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in accounting'for the presence of veins, it does not involve, at the same time, any par-
ticular selection as necessary to it, from the wide range of known chemical phenome-
na: these, in the present state of geological science, would only serve the purpose of
conjecture.  Still, some degree of particular support, though faint, is given to the no-
tion, that veins are chemical secretions, of the rock which includes them, by the muddy
eruptions of volcanoes, which, on hardening, are found to secrete within their stony
substance crystalline and amygdaloid portions.

SECTION VIII.
ON MouNTAIN-MassEs.

THE notjon of a mountain-mass may now be properly considered, by retracing
the order in which its structure and internal arrangement have been described.

1s¢, The PARTICULAR STRUCTURE of a MOUNTAIN-MASS may be

(A.) Compacr. This structure implies the cohesion of MoLEcUL%, the figure

and magnitude of which are indistinct.

(B.) GranNuLar: which may be described as

a. CRY3TALLINE
b. SEMICRYSTALLINE.
¢. ARENACEOUS.

(C.) ConcreTe. This structure implies such a cohesion of molecule or gra-
nular particles, as to induce portions of rock of a particular ‘form and
magnitude, under the appropriate name of conNcreTioNs. These may
be '

a. CRYSTALLINE.

b. SEMICRYSTALLINE.

¢. CONCENTRICALLY LAMELLAR.

d. AmycpaLoID.

e. IRREGULAR.
J+ FraGMENTARY.

& Characterised by the presence of Organic Remains.

*,* In appreciating, however, the character of a8 MOUNTAIN Mass, we must be
* aware, that the foregoing distinctions are in certain cases incidental to a8 MIXED sTRUC-
TURE, which, whenever it occurs, renders this further rule of description necessary. If
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the larger portions are completely separated by the smaller, the latter is properly-the
BASE or MATRIX to the former. But when the smaller portions of a rock fail in se-
parating those which are larger, merely occupying certain intervals, they may be re-
garded as a cEMENT only. It has been also noticed, that the term CRYSTALLINE,
as distinctive of structure, is, in relation to a base or matrix, more properly express-
ed by the term CRYSTALLIFEROUS, synonymous to PORPHYRITIC.
2dly, Thc structure of a mountain-mass is again suceptible of an INTERNAL AR-
BRANGEMENT, which may be described as
(A.) LAMELLABR.
(B.) ScHisTOSE.
(C.) TasvrLar.
The Internal Arrangement of a mountain-mass, may be further discriminated ;
it may be
4. GENERALLY OF PARTIALLY STRATIFIED ; the lamelle, schists and ta-
bulee of the rock being parallel. The stratification may be also
«. Definite.
8. Promiscuous.
b. Por.n:nnous; the laminse, schists, or tabule so meeting under va-
rious angles, as to induce prismatic, cubic, and rhomboidal forms.

3dly, The more compreherisive structure of a rock is distinguished by mMassivE
PORTIONS ; these may be
(A) STRATIFIED MASSIVE PORTIONS, formed by cross fissures mtersectmg
strata. -
(B.) PoLYEDROUS or UNSTRATIFIED MASSIVE PORTIONSs : induced by lamelle,
schists, tabulse, meeting each other under various angles.
*.* Both stratified and unstratified massive portions present the frequent
figures of Prisms, Cubes, or Rhomboids.

.

4thly, A MOUNTAIN MASS may, again, contain EARTRY or METALLIC VEINS which
may be restricted when very minute, by the term FiLAMENTOUs: when
considerable, and formed by EARTHY MATTER, geologists distinguish them
by the name of pixxs,
When a vEIN occurs in & STRATIFIED ROCK, it may be described in reference to
the strata which it invades, as
INTERSECTING, or
"INTERPOSED,
When a number of PABALLEL INTERPOSED VEINS appear among strata, they
moré properly assume the title of INTERSTRATA.

1
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VEixNs, when attaining a certain magnitude, may themselves be susceptible of the
same particluar structure, the same internal arrangement of their component parts,
~ and the same resolution mto massive portions, which are exhibited by mountain
- masses.

. Thus it has been shewn, that a mountain mass may include veins, but must ne-
cessarily comprehend »massive PoBTIONs; the LAMELLZ, sCHISTS or TABULZ of
which, whilst they admit a STRATIFIED or POLYEDROUS arrangement, involve a certain

particular structure, which may be cOMPACT, GEANULAR, or varied by the presence
of CONCRETIONS.

'From this summary view of the constitution of a mountain mass, we may perceive,
that it acknowledges no such a comprehensive division into parts as is popularly un-
derstood by the term sTRATA ; since that considerable production of lamelle, schists,
or tabulee, to which the name of sTraTUM is usually given, cannot but be deemed
imaginary, when it is actually intersected by cross fissures, which resolve it into an in-
finity of stratified massive portions. But the term sTRATUM is by no means on this
account to be rejected ; it leads, in the 1s¢ place, to the distinct consideration of those
lines of direction which, notwithstanding the interruption of cross fissures, are resu-
med in a parallel direction to various distances; and, in the 2d place, to the position,
whether horizontal or inclined, of lamelle, schists, or tabule, in supposed reference
to a contiguous rock. :

STRATA, then, are considerable masses of rock, the respective length of which great-
ly exceeds their breadth and thickness ; they are formed by parallel lamellz, schists or
tabulse, which are supposed to be uninterruptedly continued, notwithstanding the in-
tersection of cross fissurres, to various distances, admitting in this respect the extent
of a few yards only to that of several miles.

SECTION IX.

SUMMARY OF THE FOREGOING VIEWS ON STRATIFICATION.

It will now be proper to take a retrospective glance at what has been already
premised concerning stratification in general.

It was shewn, in the firs¢ place, that with regard to the order in which the com-
ponent portions of a rock subsist together under the form of an ultimate layer, it
was characterised by a linear parallelism of direction.



ESSAY ON STRATIFICATION. 39

24ly, A conjoined number of such ultimate layers properly constitute lamelle,
schists and tabulse. Lamellee maintain an equal thickness .throughout ; schists are
of an unequal thickness, whilst the conjoined layers of each of these are easily
separable from each other. A tabula, however, is distinguished by a density exceed-
ing that of lamellze or schists, owing to its component 'layers separating with more
difficulty : whence also the greater obscurity of the tabular arrangement, which is
only to be detected by a fracture induced more easily in one direction than in ano-
ther. .
8dly, When innumerable seams or joints occur in the direction of the ultimate
layers of lamellar, schistose, or tabular rocks, the familiar appearance is induced of
beds or strata.

It may be now remarked, that a rock well calculated to explain the views of
stratification entertained in this inquiry, is a variety of Mica-slate which occurs in
the Island of Unst in Shetland. It is schistose, and has been described by the few
geologists who have visited that country, as striated. The position of the strata is incli-
ned, and the strise exhibited on their respective planes are parallel to each line of di-
rection which is manifested in the outgoings of the strata. Hence, that linear ‘ar-
rangement is more distinctly shewn, which, among other strata, can only be detected
by the direction in which a fracture may be accomplished. Such striee, at the same
time, display more effectually that important correspondence which, subsists between
the line of direction which is described on the outgoing of -a stratum, and that pa-
rallel linear arrangement, characteristic of the plane itself of the stratum. Thus, as
we have before attempted to demonstrate, the line of direction or bearing in a stra-
tum is not a mere accidental circumstance, induced by any imaginable section of a
rock more or less horizontal, but it is the representative of a real linear arrangement
generally to be detected on the planes of strata, and applicable to every particle of
which an ultimate layer is composed.

It has been shewn, that an individual lamella, schist, or tabula is of small ex-
tent, since it may be considered as every where interrupted by the cross fissures
which resolve strata into massive or angular portions. Seams of stratification also
correspond to this interruption, since few of them are to be traced in lines of a
greater extent than a few feet. Hence, they may be properly represented in a hori-
zontal section of such a country as Shetland, by an infinite number of small insu-
lated lines, the direction of which represents that of the strata which they divide.
(See Geolog. Map.) A stratum, however, is supposed to extend from one rock
of a different kind to another, often through a large tract of country, notwithstand-
ing the cross-fissures by which its continuity is every where interrupted. Thus, the
various figures in Plate 1. are intended to represent strata; yet we should greatly
err in supposing that such appearances are sanctioned by those which Nature herself
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presents to the geologist. It will be seen, that no cross-fissures are represented, and
hence, as in Plate I., Fig. 5., strata are by these means rendered continuous from
one rock of a different species to another. '

From this view of stratification it was lastly observed, that the constltutlon
of a mountain-mass strictly considered, authorises no such a division into perts as
“is usually understood by the term Strata. For, agreeably to the common notions
entertained of stratification, a stratum implies an imaginary continuation of its com-
ponent layers from one rock of a differcnt chemical nature or structure to another,
uninterrupted by cross-fissures, that actually resolve the strata which they intersect
into an infinity of adgular massive portions. Still, the term Stratum ought not on
such slight grounds to be discarded, since, as a mere expedient, it leads to the im-
portant consideration of parallel lines of arrangement, which, although intercepted,
maintain an uniform direction through a considerable tract of country; when also
the ultimate layers of rocks formed by the united arrangement of the various mineral
portions already enumerated, have been distinguished as they subsist under the diffe-
rent forms of lamellee, schists and tabule, the same comprehensive term stratum,-under
which they are supposed to be unmterruptedly continued, will materially facili-
tate a knowledge of their general position in reference to contiguous rocks.

Agreeably, then, to the principles laid down, a definition of the term Strata was
attempted.

Strata are considerable divisions of rock, the length and breadth of which greatly
exceed the thickness. They are formed by parallel lamellse, schists or tabula, these
again being severally resolvable into a conjoined number of ultimate layers. Thus
constituted, strata.are supposed to be uninterruptedly continued, notwithstanding
the intersection of «cross-fissures, to various distances, admitting in this respect the
extent of a few feet only to that of several miles.

After this explanatxon no further difficulty will probably remain in treating of
Strata agreeably to the views in which they have been considered, as involving con-
stituent layers, the course of which is to be traced from one rock to another of a
different chemical nature or structure.
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SECTION X.

Bl
Ox tHE GrOLOGICAL DIsTINCTIONS, ARISING FROM THE CHEMICAL COMPOSITION
oF Rocks.

Our inquiry into the varieties of Geological Structure being at length finally
disposed of, we may now consider rocks as susceptible of two distinctions still more
comprehensive. These relate to the nature and combination of the chemical elements
by which they are easentially characterised. . '

The chemical composition of a rock is either HOMOGENEOUS or AGGREGATE.

Any specimen of a rock is to be regarded as HoMOGENEOUS, when the moleculs,
granular particles or concretions of which it is composed, manifest an uniform simi-
larity of chemical nature ; or when the chemical elements of each component portion,
characteristic of its structure, are combined in equal proportions. An example of the
homogeneous structure is afforded in pure quartz or limestone, or in the uniformly

‘proportionate combination of chemical elements exhibited by compact felspo.r mica,

hornblende and greenstone.
The chemical composition of & rock is AGerEGATE, when the elements which se-

verally distinguish its component parts are dissimilar in their nature, or are combined
mdnfamtproporhom. Theaggregatecbmctermybe Muatratedmamygda-
loid rocks, in the irregular portions of verde antique, in common granite, or in con-
glomerate rocks; though, with regard to the last of these examples, specimens of
claystone are in my possession, where fragmentary portions subsist together of a homo-

genomnamre.

From the foregoing observations, we may regard the chemioal composition of a
Mountain Mass as
HoMocxNxouUs, ot
AGGREGATE.

’

The composition of & mountain mass is HOMoGENEoUS, when, in addition to the
similarity of chemical nature, or to the uniformly proportionate states of combination
existing among its component portions, it contains no veins : these, by the very terms
of their definition, imply a chemical nature dissimilar to that of their watrix. Thus
VENIGENOUS mountain masses are to be regarded, in an extemsive sense, as possessing
&N AGGREGATE COmposition, P
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SECTION XI.

GENERAL SPECULATIONS ENTERTAINED REGARDING THE STRATIFICATION OF
Rocks.

DEs CarTEs’ System of the Formation of the Earth, which, with certain modifi-
cations, was successively adopted by BurNET, STENO, W00DWARD, SCHEUCHSER,
and others, and lastly by WERNER, supposed that the solid superficies of the globe
was to be accounted for, by considering it, at firat, in the condition of a thick turbid
fluid, replete with terrestrial particles of a heterogeneous nature. A gradual subsi-
dence took place, whence, by the laws of gravity, different concentric strata were
formed, until at length was left a dry solid earth. Thus, the first philosophical spe-
culations entertained on the causes of stratification, were derived from the analogy of
depositions from an aqueous fluid, which, whenever they uninterruptedly took place,
were found to arrange themselves in distinct layers. “ The terrestrial matter,” says
the English naturalist Woopwarp, * is disposed into strata or layers, placed one up-
on another, in like manner as any earthy sediment settling down from a fluid would
naturally be.” - '

No geologist has, indeed, been inclined to dispute the general inference, that the
stratiform character of rocks has resulted from the action of water. But whilst some
philosophers direct the imagination to a period when terrestrial matter existed either
in a state of solution or suspension, or partly in each of these states, with an aqueous
element that covered the whole surface of the earth, certain theorists of a rival school
have supposed, that the only action of water of which we have any distinct evidence
in the history of the globe is partial and local ; *¢ though this action,” says Mr PrLay-
FAIR, “ may be evidently traced in the formation of those stratified rocks which com-
pose so large a proportion of the earth’s surface, yet it is of water transporting or de-
positing the fragments and detritus of solid bodies *.”

It is foreign to the immediate object of this inquiry to embark in a discussion,
which would lead to another comparative view of the merits of Huttonian and Wer-
nerian Systems, in addition to so many disquisitions of the same nature, which have
successively appeared with few or no new arguments to support them, and as few
geological facts tending in any degree to decide the question in dispute. It is suffi-

¢ Prayran’s Outlines of Natural Philosophy, vol. ii. p. 306.
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cient, on the present ocoasion, to offer independent reasons for supporting those views
which arise from the assumption, That a period did occur in the early history of our
globe, when the earthy particles of which the greatest part of the solid external coat-
ing of our globe was formed, were diffused through an aqueous fluid which covered
the whole of the eatrth’s surface. This is an hypothesis which appears to be suppart-
ed by such a number. of geological facts, that I feel persuaded it would be the result.
of all unbiassed examinations that are undertaken of the structure andatrangeme’nt
of rocks, independently of the plain testimony to the same effect which is to be found
mtheMosalcRecords T .

;-"" .

'SECTION XII:

ON THE CHEMICAL DISTINCTION SUBSISTING AMONG CERTAIN ASSOCIATIONS OF
Rocks tN THE ORDER OF THEIR SUPERPOSITION.

It will, at some future period, be a scientific result worthy the geological re-
searches so industriously pursued in different parts of the globe, that numerous data
will be afforded towards ascertaining the varying nature and proportion of the chemi-
cal elements which enter into the composition of rocks, and characterize the successive
- order of their superposition. In the mean time, it may be an object not unworthy
the consideration of science, to make some approximation, however faint it may be,
towards such an important estimate.

It is supposed that LEEMAN was the first observer of the order of succession
among rocks, who attempted a division of them into Classes. These were into the
Primitive and Secondary. Incorporating the views of this philosopher with those of
successive geologists, the terrestrial matter of which the solid superficies of the globe
is formed, may be considered as including

1st, Primitive or Primary Rocks.

2d, Secondary Rocks.

8d, Alluvium.

4th, Volcanic Rocks.’

5th, Basaltic Associations of doubtful origin.

The distinguishing character of Primitive rocks, is, that they contain few or no
particles, which, from being arenaceous or fragmentary, give indications of a mecha-
nical form ; on the contrary, the granular portions and concretions of which they may

Fg
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be composed, assume a shape more or less crystalline. The primitive series is to be
considered as fundamental to those rocks,which,auceeedingtothemintlwa'derof
superposition, and under the name of sEcoNpazy, contain the fossil remains of orgs-
nised beings, and generally manifest a structure that is formed by arenaceous par-
ticles, or by the larger fragments of disintegrated rocks,—all of which have been ap-
parently exposed to the abrading action of aqueous elements. Hence, primary
rocks are no less recognised by the positive indications of a crystalline or semi-crystal-
line structure of their component parts, than by the negative evidence, that they con»
tain no water-worn fragments or organic remains.

The general character of Secondary rocks is, that the form of their granular par.
ticles is arenaceous, whilst that of their larger portions is fragmentary. Geologists
are accustomed to include, under the definition of secondary rocks, certain hypothe-
tical notions, that they are the detritus of pre-existing mountains, worn down by aque-
ous torrents, and consolidated under pressure. If this had been their real origin,
many undisintegrated tests of such pre-existing rocks ought to have remained as mo-
numents of this eventful incident in the history of our globe. But a local demonstra-
tion of the particular rocks from which such debris might have resulted, has not I be-
lieve been ever yet made, and the probability is that it never will be.

There is every indication that the several moleculse, granular particles or concre-
tions incidental to the structure of Primitive rocks, were deposited from an aqueous

menstruum, and that the cohesion which followed, was rather the result of an inhe-
" rent or independent force of chemical affinity mutually subsisting among the deposi-
ted portions of such rocks, than an event combined with the mechanical cause of
pressure. In the structure of granmitic rocks, this inference is readily suggested
by the interlacement of their semi-crystalline portions,—by the' commixture of
substance at their junction,—and by the form that they present of imperfect cry-
stals, deprived of a polyedrous figure from the manner in which they were generated.
A strong suspicion may indeed arise, that so intense was the force of affinity subsisting
among the component portions of primitive rocks mn their disintegrated state, that the
firm degree of cohesion which now decides their geological character, instantaneously
succeeded to their deposition.

But no reasons can be assigned for attributing such circumstances of origin to Se-
condary rocks. There are no very general indications of a chemical affinity so ener-
getic, as that their several portions should have cohered the same instant that an
aqueous menstruum had deposited them. There is no crystalline form that appears
to have been rendered imperfect by a chemical affinity so active, as to have indiced,
at the junction of each component grain or concretion, a mutual interchange of sub-~
stance. Considered in a general point of view, the component portions of secondary
rocks exhibit a distinctness of farm, that can only be imitated by an agglutination of
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the sands of the sea-shore, or by the attrited fragments of stony beaches, which are
cemented together through the intervention of smaller particles of earthy matter.

The following theory, then, may be entertained regarding the origin of Secondary
rocks. Natural appearances indicate, that the several portions of which such rocks
are composed, have derived their origin from an aqueous fluid, by which they
were first deposited ;—that they- were originally united by a chemical affinity,
feeble in comparison to that by which the terrestrial matter of primitive rocks origi-
nally cohered ; and that, co-incident with this feeble chemical agency, was a much
slower process of deposition. Exposed, therefore, by this slowness of deposition to
the abrading action of aqueous elements, the marks of attrition exhibited by the are-
naceous and fragmentary portions of secondary rocks, will be readily enough explain-
ed. The subsequent form of consolidation, which took place among such portions of
rock, was probably due to a lesser degree of the affinity of cohesion, which, for the '
completion of the effect, required the assistance of pressure. For let it be assumed,
that the fragmentary portions of conglomerated rocks were originally deposited in a
disintegrated state, with the general form impressed npon them of massive portions of
a polyhedrous figure; or letit, in like manner, be assumed, that secondary rocks of
eandstone were deposited in an original state of loose granular particles, severally pos-
sessing the symmetrical or semicrystalline form, which is displayed among the ingre-
dients of primitive rocks. No conclusion, then, would remain, but that to the action
of water alone, must be attributed their present marks of abrasion, while the assist-
ance of pressure must explain the affinity of cohesion by which they were subsequent-
ly consolidated under the aggregate form of mountain masses.

Thus the origin of secondary rocks theoretically commences with a diminution of
that chemical activity, by which the portions or particles of the primitive formation
were no sooner deposited, than a cohesion instantaneously took place. But when
terrestrial matter of a secondary order of superposition was generated, the union of
its disintegrated ingredients was retarded by the feeble state of their chemical affini-
ties; and thus, in the interval of time between their deposition and their subsequent
cohesion, -a general form of attrition was impressed upon them by the mechanical ac-
tion of water.

Yet this theory, however plausible, is by no means equal to the explanation of
every appearance exhibited by secondary rocks. The phenomena of veins, for in-
stance, may be referred altogether to chemical agents, and ought perhaps to be re-
garded, agreeably to Professor JAMEsoN'swiews, rather as chemical secretions of the
rocks themselves in which they are contained, than as the infiltrations of a fluid
from above which merely filled up open fissures.

The distinguishing features of the foregoing observations are, That the depositing
power of that aqueous fluid from which terrestrial matter was derived, did by no
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means cease with the formation of Primitive rocks. On the contrary, the formation
of Secondary rocks appears to have resulted from a successive deposition of new ter-
restrial matter, but not from the wearing down of pre-existing rocks.

If, then, our opinion be, that secondary rocks are wholly attributable to.a deposi-
tion continued long posterior to the formation of primitive rocks, it is certainly of no
mean importance to inquire, how far the nature of this deposition may have varied in
the course of that extensive process of creation, by which the consdlidation of recks,
under a certain order of superposition, was gradually effected. An'attempt will,
therefore, now be made, to obtain a knowledge, which must necessarily be very im-
perfect, of the nature and combination of the different chemical elements of tetrestrial
matter, as they subsist among certain associations of pnmntwe and secondary rocks,
in the order of their superposition. ~

The materials of PRIMITIVE ROCKS may be considered as of two descriptions. The
first description includes silicious, calcareous, and argillaceous elements, to which may
be added potash and ferruginous matter. Of this kind are quartz, felspar, horn-
blende, greenstone, limestone, clayslate, mica-slate, gneiss, granite, or sienite.—
The second description of materials incidental to primitive rocks, comprehends the
chemiical substances enumerated under the first division, whilst it admits, at the same
time, the presence of magnesian earth. Of the materials containing magnesia; the
chief are steatite, serpentine, talc, chlotite-slate, euphotide, and those varieties of

gneiss and granite, the first of which contains ta.lc, and the latter either chlorite or.

talc, in the place of mica.

With regard to sEcoxnaky rocxs, three different associations present themselves
in our geological examinations of a district.

Under the first association, may be included the following rocks, among others ;
the transition clay-slate of the Wernerians ; a greenstone of the transition series ; trau-
mate or grauwacke; flinty-slate; mountain limestone ; the old red sandstone of Wer-
ner, with secondary porphyries; the sandstone of coal-measures; magnesian lime-
stone ; gypsum.

Under the second association, may be enumerated such rocks as the red marl of
England, which is a sandstone containing lime or marl as a cement, together with
beds of gypsum and rock-salt; the quartsose sandstone of Saxony and other places;
oolite ; lias; the limestone of Jura, and the green-sand formation of England.

Under the third association, may be included the chalk formation of London and
Paris, together with the alternations of marine and fresh-water beds deposited above
the chalk in basin-shaped hollows. These consist of pure calcareous matter, gyvp-
sum, calcareous sandstone, potters-clay, and other substances.

In proposing, however, an estimate of the chemical qualities of certain associa-
tions of rocks in the order of their superposition, it will be evident that such a cal-

——— ——— — ——
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culation’ cannot possibly include every description of terrestrial matter. ALLUVIUMA
for instance, may be regarded as comprehending the latest generation of earthy sub-
stances in a geological order of superposition. Many alluvial appearances, of which
are certain beds of gravel, mnay, with great probability, be regarded as formations of
rock in an original state of disintegration, whence they became subsequently cxposed
to the attriting action of water. But since ALLUVIUM is perhaps the only species of
earthy substance that is really mixed up with the debris of pre-existing rocks, a
knowledge of the chemical distinction of the latest kind of terrestrial matter that has
been generated, is by no means attainable.

Vorcanic Probucrs are altagether out of the pale of the present inquiry; and
if certain of them did not occur in situations where they are evidently associated with
rocks, the origin of which js different, they might have been passed over in silence.
VoLcaxic Pronucrs, in the first place, include TracuYTEs, which are distinguish.
ed by Continental geologists under the generic names of Lithoid, Vitreous, Semi-~
vitreous or Enamefloid, Celludar or Scorious, Brecciated and Tufvid. VoLcaNic
Propucts, secondly, include PHONOLITE or CLINXSTONE, which, when found among
active or extinct, volcanoes, passes into Trachyte. Vorcanic Prooucts, lastly,
contain Basavt: this substance, like Phonolite, is associated with Trachytic rocks,
under circumstances that render its volcanic origin far from ambiguous.

It would appear, from obgervations made at Auvergne and other places, that to
certain circumstances under which basalt and phonolite are found, as when they are
associated with the trachytic rocks of extinct or active volcanoes, an igneous origin
ought to be attributed. Yet, if a precise similarity in the chemical nature of rocks,
and in the proportion of their ingredients be allowed to constitute their identity,
under what new view shall we regard the sahe basalt and phonolite, when associated
with certain rocks that contain none of the igneous indications of trachyte, but, on
the contrary, afford every indication of an aqueous origin? This is a geological
problem of extreme diffioulty, for the solution of which extensive districts of trap
continue to be examined, whilst- numerous schemes of geognosy are devised in the
cleset. Yet Basalt still defies the repeated blows of the geognost’s hammer, and
Werner’s Clinkstone still transmits the sound of the ineffectual percussion.

A still greater difficulty occurs with regard to the- origin of ‘certain Greenstones,
porphyries, amygdaloids, tufas, pitchstones, and other rocks peculiar to Trap districts,
which are associated with basalt. - An-able view of the volcanic rocks of Auvergne,
compared.-also with those of a similar nature in Scotland, has been recently given by
Dr Boué of Paris, a late pupil of Professor Jameson, and an excellent naturalist.
He has arranged the trap-rocks of Scotland under three heads: the first comprises
those which he considers as ¢ evidently volcanic;” the second as ¢ probably vol-



43 ESSAY ON STRATIFICATION. ' '

canic;;” and the third as « doubtful rocks.” (Edinburgh Philosophical Journal,
vol. ii. p. 826. to 832.).
 -In a statement, then, intended to be given of the general proportion in which
the chemical elements of the mineral kingdom so combine as to form certain series of
rocks occurring in a certain order of superposition, how are we to dispose of Dr
Bou€'s ¢ evidently volcanic™ rocks, of which are certain basalts, as well as the * proba-
bly volcanic™ and « doubtful rocks™ with which they are associated. If theory ought
to sufzgest the admission or rejection of such products from our estimate, is it a ra
tional supposition, that during the process in which terrestrial matter was. deposited
from Neptunian elements, certain sub-aqueous eruptions should have taken place of
volcanic matter under the form of basalt? Is any explanation of the wnion of Vol
canic and Neptunian products to be derived from the phenomena of active volcances ?
Would eruptions of voleanic mud mingling with the sediments of terrestrial matter
newly deposited from an aqueous state of suspension or solution, explain the heterc-
geneous origin of certain porphyries, amygdaloids and tufas which occur in the vi-

cinity of basaltic rocks? Or would any explanatidn of the origin of such substances -

as augite-greenstones be afforded by Neptunian formations of terrestrial matter
being intermingled during the process of their deposition, with the granular particles
or the  goutelettes” which constitute the greatest part of the ejections of valcanoes ?
Geology has at present no reply to make to such queries.

After the reasons which have been given for supposing that certain rocks occur-
ring in trap districts are, like alluvium and genuine volcanic products, altogether out
of the pale of the present inquiry, a statement of the general proportion in which
the ingredients of the mineral kingdom have so combined, as to form certain asso-
" ‘ciations of rocks occurring in a certain order of superposition, will be now attempted.
But to such a trivial portion of the earth’s surface have the researches of geology
hitherto extended, that the event of the investigation, however carefully conducted,
can only be regarded as the most doubtful of approximations towards a true result.
The estimate, whilst it is necessarily derived from the analyses of terrestrial matter
of different kinds, must also involve calculations, little removed from conjecture, of
- the proportionate quantity of materials which diversify rocks of an aggregate cha-
racter. The estimate must, lastly, depend upon the scanty records of geology regard-
ing the comparative abundance of rocks that are usually associated together.

With this explanation, then, a general view will be given of the muonssup-
posed to occur in the nature and proportion of the chemical ingredients of rocks, in
the order of their superposition.

e e . ———— e —— . — e c— —
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TABLE INTENDED TO SHEW THE VARIATIONS OCCURRING IN THE NATURE AND Pro-
PORTION OF THE CHEMICAL INGREDIENTS OF Rocks IN THE ORDER OF THEIR

SUPERPOSITION.

Increas-
ing In. Decreasing Ingredients of Rocks. General Results.
! g A
he order of hﬂrSupeposio‘Ro:lhon-h. R Carb. Matters not | Sum of | Sum of
of thei ] um
v 48 [, [4 |3 | e | g
Parts. | Pt. [Pt. [Parts.| Pt.| Pt.|  Parts. Parts. Parts. | Parts.
Primitive association of rocks,
consisting of Granite, Gneiss,
Mica-slate, Clay-slate, Horn-
blende, Primitive Limestone, , ,
Serpentine, Euphotide, &c. | 1 |T§2 | % |+ i &Im&’ 11 |12
c. &ec.
Association of rocks, mcludmg '
WEeeNER’s Transition series,
old Red Sandstone, Moun-
tain Limestone, Coal-For-
mations, Magnesnan and
1st Flotz Limestone, &c. 2 |Tig |3 3 Iron, 10 |12
Bitumen,
Association of rocks, consist- Gypsum,
ing of Red Marl or new &e. &e.
Red Sandstone, 2d Flitz
Limestone, &c. - - 8 |71} } Gyp- 9 |12
| sum,
B Rock_salt,
WEerNer's Quader Sandstein, | Iron, &c. 1
Chalk-formations, and Stra- : C.
ta above them, - - 4 |61 3 G)’]&l; 8 |12
‘ sum, &c.
N. B—With the fore- &ec.
o ;““f o
compar he
w”i:cka,
of rocka of doubt-
Sl origin.
Trachytic rocks, as e. g.
Pumice and Obsidian:| } |9 |1} i| 3| § dron, 12
Pitchstone yiclds pro- ‘ Water,
ducts marly similar. &c.
Phonolite, - (the average
q‘:everal analyses), i |18 1| } 12
Basalt, - - 1 {6 (2] 112} Iron 12
. alone.
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®e® In explanation of the forcgoing Estimate, it may be remarked, that the term % Association,” which
-ought not to be confounded with ¢¢ Formation,” is arbitrarily used to connect in the successive order of their
superposition those particular rocks, the varying ingredients of which make up the encreasing and decrea-
sing terms of the Table. Otherwise, 1 would willingly (as in page 46.) have kept the Quader Sandstein of
WerwEs, as it occurs in Saxon‘y, distinct from the Chalk formation, with which it scarcely appears to be na-
turally linked. Yet if Wxanzn's newest Sandstone correspond with what Professor Bucxranp calls ¢ the
Green Sand Formation of England,” the place assigned to it in the present Table may be still conformable
to a natural association.—(Sec Prof. Buckrawp’s Table attacked to Puirrirs's Geology of England and
Wales.)

With the caution that is necessary in admitting any propositions which may be
faunded on an estimate, the unavoidable imperfections of which cannot but be mani-
fest, an apparent result is, That whilst silex is the most abundant ingredient among
rocks, carbonate of lime, alumina, carbonate of magnesia, and potash, follow next in
order, according to the degree of their respective quantities. Of the comparative
abundance of iron and other metals, of the bituminous matter of coal, of sulphate of
lime or gypsum, of muriate of soda, and other adventitious substances, no calculation
can well be made. If, also, the foregoing estimate could be depended upon, the mean
proportion of the ingredients entering generally into the rocks which observe some
order of superposition, would, out of 12 parts, be nearly as follows :

Silex, 7; Carbonate of Lime, 2}; Alumina, 1} ; Carbonate of Magnesia, };
Potash, }; Matters not appreciable and adventitious, } ;—Total, 12 Parts.

After having considered the general ingredients of a series of mountain-masses,
the superposition of which may be ascertained, theattention may now be directed to
the chemical composition of certain rocks, which, in this respect, observe no regular
order. Of such are the trachytes of active or extinct volcanoes, or the basalt and
phonolite of ambiguous origin, with which they are often associated. The analyses
that have been given of these substances, differ so materially from those of every
other description of terrestrial matter in the proportion of the ingredients which they
yield, that, independently of the soda by which they are further particularised, a sus-
picion can scarcely fail to arise, that they are referable to peculiar circumstances of
origin, differing from those which were concerned in the production of every other
kind of rock. The trachytes, for instance, contain potassa, but along with this alka-
li, a little soda; the alkaline matter occasionally amounting to a tenth part of the
whole product. Their siliceous ingredient much exceeds that which is the average
amount of primitive rocks. Trachytes also contain water, amounting sometimes to
more than 4 per cent., along with muriatic acid. The analysis of phonolite yields
about a twelfth part of soda, but no potash. Basalt, like phonolite, gives no potash,
and thus is distinguished from the trachytes, and other rocks containing felspar.
The alkali afforded is soda, but to the amount only of about 4 per cent.
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Several other important inferences arise from a general contemplation of the che-
mical qualities of rocks in the order of their superposition. Whilst observing the
variations which occur in the composition of certain assemblages of mountain-masses
as they are to be traced from the oldest to the newest serieg, a gradual decrease will
be found of such ingredients as silex, alumina, magnesia and potash, and an equally.
gradual acquisition of calcareous matter, which compensates, by its encreasing quanti-
ty, the place of the substance that is diminishing. In other words, the common dif-
ference of the increasing and decreasing terms may be considered as exactly or very
* nearly the same.

Thus, silex, alumina, magnesia, potash, &c. form 11 parts out of 12 in the
first or primitive association of rocks ; while the remaining twelfth part consists of car.
bonate of ime. -~ -

In a newer association of rocks, silex, alumina and the other decreasing ingre-
dients, form only 10 parts out of 12 ; while calcareous matter proportionally increases
to £ parts.

In a third association of rocks still'newer, the decreasing ingredients of silex, &e.
only form 9 parts out of 12; whilst the limestone increases to 3 parts.

In the last or newest association of rocks, the same ingredients of silex, alumina,
magnesia, &c. decrease in quantity to only 8 parts; while the proportion of calca-
reous matter increases to 4 parts.

Thus the terms of the decreasing series of ingredients observe the following or-
der: 11, 10, 9 and 8 parts out of 12; while the terms of the increasing and comi-
pensating series of calcareous matter, are as 1, 2, 3 and 4 parts out of 12.

As subordinate results of the estimate, it may be noticed, that certain substances;
of which are some metallic bodies, the bituminous matter of coal, sulphate of lime or ‘
gypsum, rock-salt, &c. occur only among particular associations of rocks. Potash,
which, above all other ingredients, characterises the chemical composition of primitive
rocks, lessens to a certain degree in the second super-imposed series, is very sparing
in the third which is still newer, and ceases altogether to be a constituent of the
fourth or newest association of rocks. '

With what general views, then, may this result be connected ? Are we entitled to
connect it with the researches of the French philosopher LA Prack, by whom this
Earth has been considered as a concretion of matter originally gaseous, first formed in
a fluid state by concentric layers disposed around its centre of gravity, and increasing
in density from the surface to the centre®? Let us, as a fertile theme for specula-
tion, apply such views to the variations exhibited by the earthy substances which
compose that external superficial layer of our globe, to which geologists have given
the name of ¢ the Crust of the Earth.” The mutable qualities of rocks which are

® See Note to page 18
G2
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displayed in the order of their superposition, will be accordingly regarded as the re-
sult of certain affinities, so comprehensive in their extent, as to regulate the conden-
sation of all planetary bodies from a state originally gaseous ; while the gradual and
uniform manner, in which, among successive associations of terrestrial matter, these
chemical changes appear to have been induced, may point to certain efficient, yet im-
perceptible laws of continuity, still slowly manifesting themselves by newer combina-
tions, and still influencing the distribution of the elements that pervade the immensity
of solar space.

*.* It will now be advisable to take a review of the progress of our research-
es, subsequent to the attempt which was made in our general views of stratification,
to annex to the term Strata a few definite ideas. Our investigation has since been.
more or less directed to certain ultimate opinions or speculations, regarding the na-
tural causes which may have influenced the modifications presented by strata.
s, It was found necessary to briefly notice the geological distinctions which

arise from the chemical composition of rocks, in anticipation of any future inquiries
in which a recurrence to such terms might be necessary.

2dly, It was shewn, that the general notions embraced regarding the causes of
stratification, were derived from the action of water on substances that had been dif-
fused in it, and that had been subsequently separated from it by deposition.

8dly, Certain prevalent opinions were combated regarding the origin of primitive
and secondary rocks, in the endeavour to prove, that the depositions of an aqueous
or chaotic fluid, in which terrestrial matter had been diffused, did not cease with the
formation of primitive rocks. On the contrary, the formation of secondary rocks
appears to have resulted from a successive deposition of new terrestrial matter, but
by no means from the wearing down of pre-existing rocks.

4¢hly, It was urged, that, with the exception of Volcanic Products, and those
rocks which are associated with Basalt or Phonolite, there appears to have been
some g(adual variations obgervable in the chemical nature of successive assemblages
of mountain-masses, as they are to be traced in an order of superposition one kind
of matter, as, for instance, calcareous earth, so progressively increasing in quantity,
as to compensate for the decrease of other ingredients, such as silex, alumine, mag-
nesia and potash: these phenomena, at the same time, pointing to a regular and uni-
form distribution of matter, which originally influenced the formation of the crust of
the Globe.

Our next object will be to demonstrate, that a law, no less uniform in its nature,
appears to have taken place, with regard to the mean density of rocks in the order
of their superposition.
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“We shall then be prepared to consider certain more particular opinions which
have been entertained on the deposition of terrestrial matter ; these having been de-
duced from the circumstances under which organic remains are found. Such con-
siderations will lead us eventually to a further inquiry into the causes which may
have induced the various modifications presented by strata, as indicated by their di-
rection, dip, angle of inclination, or tendency to forms of crystallization.

SECTION XIIIL

ON THE VARIATIONs oF THE MEAN DENsiTY oF Rocks IN THE ORDER OF
THEIR SUPERPOSITION.

CERTAIN researches connected with Physical Astronomy, have led to the conclu-
sion, that the materials of the terrestrial spheroid which are dispesed into layers, in-
crease in density from the surface to the centre. An expectation could scarcely
have arisen, that such a structure would have been evident in the mere superficial
layer or crust investing the Earth, the solid matter of which, compared in quantity
to the contents of the Globe, is so very trivial.

Mr Pravrair has considered the mean density of the Earth as 4.867, or as near-
ly double that of the mountain Schehallkien in Perthshire. This rock consists of horn-
blende schistus and micaceous schistus. These materials, which were estimated at
2.75, may convey to us some general notion of the specific gravity of primitive rocks.
It was also observed, that ¢ the density of the rocks which compose Schehallien was
considerably greater than the mean of the rocks which form the exterior crust of the
earth.” A confirmation of this opinion was lately afforded at one of the principal sta-
tions of the trigonometrical survey, instituted in Great Britain. It was remarked by
the philosopher who conducted the experiments of the pendulum, that at Arbury Hill
a sudden increase of gravitation was perceptible ; and that at the short_distance of Lon-
don, this additional force was no longer sensible. The site of London is well known
to be characterised by alluvium, which again rests on rocks of the newest kind ; whilst
Arbury Hill is not far remote from the granitic rocks of Mount Sorrel. Hence, Major
KaTER remarks, that ¢ the sudden increase of gravity observed at Arbury Hill, may
be occasioned by a rock of primitive formation approaching the surface of the earth
in the vicinity of that station.” (Phil. Trans. ‘ﬁrr 1819, Part 3.)

Now, although it is well known that the primitive rocks, generally consndered are
_ of a specific gravity greater than that of secondary rocks, yet, from no sufficient data
- are we made acquainted with the exact degree of the diminution ; and, if an inquiry
of this nature be deserving the attention of geology, it would be desirable to calculate
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the mean density of humerous rocks that are usually associated together, each assem.
blage being viewed in some order of superposition. The error might be thus avoid-
ed of Woopwarp and other theorists, who have supposed, that in each individual
rock, rather than in each association of rocks, the order of succession was regulated
by some law of specific gravity.

From the facts advanced, a general remark on the gradual variations occurring in.
the mean density of rocks, may now be made.

If rocks of such rare occurrence as volcanic products, and many of those which
occur in trap districts, be excluded from our consideration, the mean density of the
matter which forms the crust of the earth, appears to have observed the same law
which has regulated the general structure of the materials of the globe. Terrestrial
matter seems to have increased in density from the surface of the earth to the centre,
conformably to the general order of superposition, in which we may trace the various
associations of rocks that have come under our notice.

SECTION XIV.

PRroOOFs THAT THE RESULT oF THE PROCESs CONCERNED IN THE FORMATION OF
THE CRUST oF THE GLOBE, HAS OBSERVED DISTINCT INTERVAL3 OF TIME.

IT was remarked, that the gradual and uniform manner in which, among suc-
cessive associations of rocks, certain chemical transitions have been effected, cannot
but be regarded as the result of a slow process of continuity, whence may have been
induced, from a state originally gaseous, the condensation of the ingredients consti-
tuent to the crust of the earth. Yet. however unintermitting might have been the
process itself attending the condensation of earthy or aqueous elements, it does not
follow that the ultimate result or manifestation of such a process, by which matter
has been actually disposed into concentric layers around the nucleus of the globe,
should have been also continuous. For we may suppose, merely for the sake of il.
lustration, that the imperceptible process of evaporation, by which a tropical atmos-
phere becomes impregnated with aqueous vapours, is a continuous process : yet the
meteoric effects or manifestations of such a process, as denoted by the rains usually
termed periodic, are by no means continuous, but, on the contrary, observe distinct in-
tervals of time. Auvailing ourselves, then, of this illustration, we may regard as con-
tinuous, a process whereby the elements of matter originally existing in planetary
space, may have combined under the form of earthy ingredients mingled with aqueous
ingredients ; but we must regard as intermitting, or as having obeyed distinct inter.
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vals of time, the eventual manifestation of such a process, or the actual distribution
of a heterogenous fluid of the nature described, around the solid nucleus of our
globe.

The opinion that the superficial structure of the Earth has arisen from an
aqueous fluid charged with earthy matters which it subsequently deposited, is
chiefly derived from the phenomena of stratification : but the additional information,
that such an investment of the globe was repeated at distinct intervals of time, is re-
vealed by the circumstances under which organic remains are found. If there had
been only one manifestation of the process concerned in the formation of the crust of
the globe, or, in other words, if there had been only one investment of the earth by
a chaotic fluid, from which all the various rocks observed in nature were successively
deposited, the question would be, Under what circumstances ought we to expect that
the fossil remains of vegetables, or animal products of dry land, should be exhibited ?
It has been shewn, that the deposition of terrestrial matter from the fluid in which
it had been diffused, did not cease with the formation of primitive rocks, but that
secondary rocks also appear to have derived their origin from a similar process. On
the supposition, then, that there has been only one general investment of the Earth
by a chaotic fluid, from which all the various rocks of the globe, as well primary as
secondary, were deposited ; the retiring of the waters ought, in like manner, to be
considered as only one event, or as having been uniform over the surface of the
globe. Consequently, no reliquiee of land-vegetables ought to have been found very
deep below the present surface of the earth, or ought to have evinced, that since
they ceased to exist, 2 resumed occurrence of new depositions of terrestrial ‘mat-
ter had taken place. Yet, in our examinations of nature, we find that, at a consider-
able depth, traces of land-vegetables occur, as among the secondary strata of coal-
measures ; whilst, superimposed on these strata, are certain associations of rocks in-
dicating, no less forcibly, the introduction of a still newer fluid on the earth’s surface,
charged with terrestrial matter of a kind still gmdually varymg from that of preced-
ing depositions.

The observations that have been long made on the circumstances under which
organic remains are found, tend to the following conclusions: 1s¢, That certain inter-
vals of cessation have occurred during the formation of terrestrial matter: 2dly,
That during these intervals of time, the surface of the globe has become the habi-
tation of certain tribes of animals or vegetables, to whom the cessation has afforded
a brief existence: 8dly, That such animals or vegetables have become extinct by the
successive investments which the surface of the globe has undergone from some new fluid,
charged with the suspended or dissclved materials of new strata of terrestrial matter.

These views are nowhere better illustrated than by the researches of Mr Paz-
XINSON, an excellent summary of which is given at the close of his examination, of
what he calls ¢ The Organic Remains of a former world.” ¢ In the lowest strata that
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have been yet examined, coals and traces of vegetables, with some particular marine
animals, are found. In the other strata, up to the surface, the remains of the inha.
bitants of the water only are met with. Near to, and on the surface only, are found
the fossil remains of various land animals. In some of the earlier strata, THE Cus-
ROCHAL LIMESTONE, the remains of animals are found, the cap and turban encrinite,
&c. ; but no similar fossils are seen in any of the succeeding superior strata, nor are
any similar animals found in our present seas. Some species of fossil animals (Pen-
tacrinite) occur in the Lias, and are not, I believe, seen in any of the succeeding
superior strata, but a recent similar animal is found in our present seas. Some fos-
sil animals (4mmonite) are first seen in the Lias, and appear in the first succeeding
strata, but they soon have become extinct in the ocean which deposited the hard
chalk. Some fossils (Belemnite) appear in the early strata, and are continued up-
wards to the SOFT CHALK stratum, after which they are not seen. Some fossils (oval
ammonite, scaphite, &c.) are not known in the early strata; they occur in the
HARD CHALK, but are not seen afterwards: as if they had been created at a com-
paratively late period, and had been soon afterwards suffered to become extinct.
Some fossil shells (#rigonite) are found in the Lias, and in M0sT OF THE SUCCEED-
ING STRATA, and sometimes, but very rarely, in the hard chalk. After this they
are not seen in the remaining superior strata; but of late years one shell of this
genus was found in the South Seas, yet the species was different ; since it could not
be identified with any shell which has been found in a fossil state. . ¢ In the sanp
and BLUE-CLAY above the chalk, many species of shells occur, of which not one is to
be seen in the preceding strata; but of which several approximate to those in the
present seas. In the GrRAVEL lying on the blue<lay, shells are found which differ
from those of any of the preceding strata, and nearly agree with our recent shells.
_ In these UPPER and LESS ANCIENT STRATA, are found the fossil rewains of land-
animals : and on this surface, which bears the marks of considerable torrents, are
disposed the present inhabitants.”

From the striking facts thus adduced, it appears, that several diluvian visitations
have occurred on the earth’s surface, and that such investments of the globe, whether
general or partial, have consisted of an aqueous fluid charged with earthy matters.
During the intervals of time in which these depositions may have taken place, suc-
cessive races of organised beings have been called into existence, and have as fre-
quently become extinct.
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SECTION XV.

ON THE ATTEMPTS TO CONFIRM BY ANALOGY THE POSSIBLE EXISTENCE OF A FLuiD,
WHICH I8 SUPPOSED TO HAVE DEPOSITED THE TERRESTRIAL MATTER CONSTI-
TUTING THE CRUST OF THE GLOBE.

It has long been with Geologists an object of importance to discover some aque-
ous menstruum at present existing, that is naturally impregnated with earthy matters ;
and thus to confirm by analogy the possible existence of a fluid, like that which is
supposed to have contributed by its deposmons to the formation of the crust of the
globe.

If, as some geologists have imagined, there had never been but one general in-
vestment of the earth by a chaotic fluid, and that from this universal menstruum
all the various rocks of nature were successively deposited in universal formations, as
they are named by some Neptunians, the task of finding out a similar liquid sub-
stance, existing at the present day, would have been hopeless indeed. The labour
of conceiving of a fluid, through which were diffused all the varieties of rocks, whether
of universal or partial formations, presented by granite, mica-slate, limestone, serpen-
tine, German grauwacke, sandstone, coal, magnesian limestone, gypsum, and even basalt,
would have been no less insuperable than the mental exertion that is required for
forming a notion of Lord PETER’s brown loaf; which, as it is recorded in Swirr’s
Tale of a Tub, “ ¢ontained in it inchusivé the quintessence of beef, mutton, veal,
venison, partridge, plumb-pudding and custard, and, to render all complete, was in-
termingled (like the Neptunian Fluid,) with a due quantity of water.” But it is for-
tunate, that, from the circumstances under which organic remains are found, we are
not reduced to the necessity of discovering an analogous fluid ef so comprehensive a
nature. We might, indeed, as well look for the Philosopher’s Stone. 'The introduc-
tion on the surface of the globe of earthy particles diffused in some menstruum, ha-
ving been repeated at different intervals of time, it follows, from the varieties of rocks
obeerved in the order of their superposition, that the nature of the menstruum must
have successively varied also ; and hence, less inexplicable compounds than those which
are required by certain of the Neptunians, must have in turns visited the globe.

Sir GRORGE MACKENZIE, the scientific traveller into Iceland, has lately, in some
very sensible strictures on Mr MENGE’s account of the Hot-Springs of that country,

' . H
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thrown out a variety of hints on the circumstances of a fluid capable of depositing
earthy matters. ¢ I believe,” Sir GEoRGE observes, ¢ I am the only Huttonian who
has ever pretended that the fundamental principle of our theory, Heat acting under
compression, rendered water a most powerful chemical agent. Most of the opera-
tions ascribed to your cold Neptunian element I must always consider as imaginary ;
but those of Plutonic water may have done much, and will yet do more,—as the two
elements combined may probably relieve us of much disputation, and at length unite
two theories, which are clearly both right and both wrong, since the one sometimes
explains what the other will not.”"—( Letter to Professor Jaurson, contained in the
Edin. Phil. Journal, vol. ii. p. 252.)—Such are the anticipations of Sir GEorce
M ACKENZIE, from the agency of water heated under compression ; yet I am very ap-
prehensive that they are not likely to be soon realised. Neptunians and Plutonians,
indeed, seem well enough disposed, from their contentions, to keep each other in

*hot water ;” but whether, by a result varying materially from the common sequel of
contentions in the moral world, these disputants should present the anomaly of a re-
conciliation in the hot water of the Geysers, time will shew. Nevertheless, the re-
marks of the gentleman from whose letter I have taken the liberty of offering an ex-
tract, are entitled to considerable attention ; and, on the subject of the phenomena of
the earthy deposits which are connected with volcanoes, I should be inclined to offer
the following observations.

From such sources as volcanoes, we can easily conceive that the water which is de-
rived from contiguous seas, from mountain lakes, or from glaciers, should be inter-
mixed with the edrthy products which it had encountered in its descent, and thus
should be ejected under the form of eruptions of mud: or we can well conceive from
known chemical facts, how such a fluid, when under a strong pressure, and at a high
temperature, should be capable of retaining in solution numerous earthy matters,
which, on encountering the cooler medium of the atmospheric air, it would subse-
quently deposit in 8 consolidated state resembling that of many well-known rocks.
But we are forbidden, at the same time, by numerous other considerations, the repe-
tition of which is needless, to suppose that such igneous circumstances of origin can
possibly account for the production of any kind of terrestrial matter, with the excep-
tion of that which is peculiar to undoubted volcanoes, or to rocks-suspected to be
volcanic. Accordingly, presumptive arguments yielding no feeble degree of support
to the notion of the igneous origin of trap-rocks, are to be found in the recent infor-
mation of Mr MzNcE on the nature of the extensive deposits from hot springs which
occur in Iceland. ‘These deposits, named by Professor Jaugson ¢ Thermal Rocks,”
are said to resemble basalt, wacke, amygdaloid filled with calc-spar, porphyry, tuffa
and obsidian.” A very simple question may now be addressed to the geologists who
absolutely deny the igneous origin of trap-recks: What must be the nature of the
“active inflamihable 'substance of volcanoes, when the water with which it comes into
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contact, can find no other soluble ingredients than those which are comstituent to
trap-rocks? A few more such visits as were paid to Iceland by Sir GEorGE MACKENZIE
and Mr MENGE, and another comparison or two, like that which Dr Boue institu-
ted between the volcanic products of Auvergne and the trap-rocks of this country,
would probably render the igneous origin of the latter very far from problemati-
cal. L '

But certain aqueous products in a frigid state are also supposed to confirm by
analogy, the possible existence of a fluid like that which may have contributed by its de-
positions to the formation of the crust of the globe. It is recorded, that from the
water which flows into hollows and forms lakes, very thick and extensive calcareous
depositions may be observed to take place. No explanation, however, is at the same
time rendered, whether the calcareous matter thus retained in solution, and afterwards
deposited, may not have been ultimately derived from limestone strata, through which
the water in its course had filtrated. Neither are we assured, that the products of
such lakes resemble, in any degree, with the exception of calcareous matter, the in-
gredients of even the newest of the secondary rocks. Where is the gypsum, the
buhrstone, the calcareous sandstone, and other products that are found in chalk ba-
sons? The analogy fails us altogether.

Professor J AMESON, whose opinions on questions of geology are always entitled
to particular respect, conceives that a theoretical use may be made, as occasion re.
quires, not only of hot or cold springs separately, but of hot or cold springs
conjoined. He supposes, ¢ That some of the newer secondary rocks, or, more
properly, tertiary formations of limestone, may have been formed from the water
of cold springs alone, collected into hollows, and thus forming lakes, or from hot-
springs in the same circumstances, or from both conjoined.”—Edinburgh Philo-
sophical Journal, vol. ii. p. 816.) It is scarcely necessary to repeat, that this expla-
nation will be at all times satisfactory, when, from the nature of surrounding or sub-
jacent strata, the source of the ingredients which fill up bason-shaped hollows can be
well pointed out. When this can be done, we may, with propriety, commission a Plu-
tonic solvent of hot water to take up a quantity of siliceous matter, for the purpose
of subsequent deposition, or we may summon to our aid some ¢ cold Neptunian ele-
ment,” to freight itself from surrounding hills of chalk with the super-carbenate of
lime.

What, then, are the conditions which may be required to confirm, by a perfect
analogy, the possibility that an aqueous fluid was introduced on the surface of the
globe, from which was deposited the materials of the crust of the earth? Is an
aqueous fluid demanded, the ingredients of which, whilst they are in the act of being
deposited, cannot be considered as the result of any known meteoric agents concerned
in evaporation and subsequent condensation, or as the result of aqueous infiltration
through rocks, or of any other known causes employed at the present day in effecting
changes in the distribution of the matter already constituent to the crust of the globe?

H?
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It is very doubtful if any collection of matter existing precisely under these circum-
stances, and possessing at the same time these qualities, can be found. The saline
ingredients of the sea most readily suggest themselves for our consideration, especially,
since it is a labour of no greater difficulty to conceive of a primeval period, when the
surface of the carth was first invested by the present ocean impregnated with muriate
of soda, than to suppose, that a condensation of matter had been previously distributed
. on the globe, under the form of an ocean of equal, or even greater extent, containing
siliceous, argillaceous, or calcareous ingredients. The water of the ocean, in another
point of view, very nearly affords the analogy that may be wanted. A tendency to
deposit the small quantity of earthy matter which it contains in solution, may be still
detected. The process may not, at the same time, precisely fulfil the conditions we
may require, since it is chiefly accomplished through the medium of carbonic acid
secreted from the bodies of myriads of animalcules of the Polypi kind, for the pur-
pose of being combined with the lime that is still a constituent of the sea. Thus are
formed the stupendous reefs of coral which rise abruptly from the unfathomable
depths of the Pacific.

Yet notwithstanding all the attempts which have been made to point out the ex-
istence of some analogous fluid existing at present on the earth’s surface, for proofs
that the globe has at intervals received certain acquisitions of earthy matter diffused in
an aqueous menstruum, it may be very fairly questioned, if the inquiry is not to be
altogether regarded as one of, the superfluous demands, upon which hypothesis, in
the plenitude of its requisitions, is so disposed to insist. There certainly appears to
be no real assistance that such an analogy can give to the true gtate of the ques-
tion. The circumstances under which organic remains are found, appear to be of
themselves perfectly sufficient for the conviction, That an investment of the surface
of the globe with an aqueous fluid, in which was dissolved or suspended the earthy
matter of rocks, must have been repeated at distinct intervals of time.

-

SECTION XVIL

O~ THE Limitep ExXTENT oF aNy INpIvibval Rock, or FormaTtioN oF Rocks.

Tue Wernerians, in reference to one or more supposed periods in the history of
our planet, when a chaotic fluid covered the whole face of the globe, and when all the
superficial parts of the earth were held in & state of aqueous solution or suspey-
sion, imagined that successive depositions of rocks had taken place in a crystalline
state, which surrounded the superficies of the globe like the coats of an onion. The
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investment was conceived at the same time to be so complete, that these successive
deposits were denominated Universal Formations. Thus, according to the Wernerian
theory, a thick mass of Granite was first formed by chemical deposition ; over Granite
was successively laid several rocks constituent to the Primitive and Transition classes;
over these, again, were laid the Earthy Stratified Rocks, which were intermixed with
the fragments of those rocks that had been previously formed. It was not, at the
same time, denied, that there were occasional interruptions to this universality of dis-
tribution ; but these were said to chiefly characterise the strata which filled up bason-
shaped hollows.

On the singularity of such opinions, a few remarks may be oﬁ'ered It is difficult to
conceive how a doctrine can be called perfectly rational, which presupposes a knowledge
of the comparative extent of the earth’s surface, that is occupied by successive forma-
tions of rocks in the order of their superposition. Such a knowledge would imply
even more than the actual existence of a geological map of the world. If, then, the
philosophers who maintained that certain rocks were universal investments round
the globe like the coats of an onion, hazarded their opinions of the earth’s structure
without such a map, they not only very modestly anticipated the experience of cen-
turies regarding the structure of that part of the earth which is unconcealed by the
sea, but they must likewise have derived their presentiment from some dream of cos-
mogony, where, by the expansive efforts of HurrToN’s geological machinery, sub-
marine districts themselves were elevated from the depths of the ocean, for the special
purpose of illumining our visionaries with a completion of their views on the univer-
sality of formations.

This theory was deservedly short-lived : the supposition that any individual rock,
such as granite, gneiss or clay-slate, possessed an universality of distribution over the
face of the globe, was soon renounced on more extended observations of nature.
Nor did a modified theory experience a much different fate, which first classed several
rocks together under the comprehensive term of a Formation, and then conceived that
it was not an individual rock, but a formation of rocks more or less perfect in its kind,
that invested the surface of the globe equally and uninterruptedly. There is not the
least evidence afforded of any universal investment of the earth by any particular rock
or by any particular association or formation of rocks. The views entertained of granite,
for instance, as a rock that must be fundamental to every other, are totally destitute
of probability: nor are we supplied with any satisfactory reasons in the place of
them for supposing, that any number of primitive masses considered under the collec-
tive term of a Formation, are continued uninterruptedly round the globe. Equally

_destitute are we of proofs, that secondary rocks so uniformly invest the globe like
the coats of an onjon, as to merit the name of universal formations.

A notion is, however, prevalent, that those rocks which constitute the class na-
med Primitive, may be fairly regarded as uninterruptedly investing the surface of
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the globe. Yet, even upon the validity of this conclusion, very considerable doubts
may be expressed. If there is any terrestrial matter which can be fairly deemed the
lowest in an order of superposition, it is similar to that which is ejected from volca-
noes. It is highly improbable that the lava which covers the granite of Auvergne
could have originated from that rock, and hence DorLom1EU has justly supposed that
there must be terrestrial matter still lower than that which belongs to the class of rocks
named Primitive. Yet Dr Bouk has lately identified the products of the volcanoes
of Auvergne, consisting of basalt, &c. with certain rocks of the trap districts of Scot-
land and Ireland ; rendering the suspicion irresistible, that they were originally sub-
jacent to primitive formations, and thus, that certain rocks of trap districts have ari-
sen to the height which they now assume, from a relative position fundamental to all
other terrestrial matter with which we are acquainted. Whether the elevation of trap
rocks ought to be regarded as an event prior or subsequent to the formation of primi-
tive rocks, becomes a distinct question. It is sufficient for our present argument to
observe, that, in reference to the comparative extent of trap districts, which is well
known to be great, basalt and the mountain masses with which it is associated,
must be regarded as materially interrupting the continuity of the primitive class of
formations. According to this view, therefore, no primitive rocks can possibly be
considered either severally or collectively, as distributed in an uniform manner over
the surface of the earth; or, in the language of the Wernerian school, as Universal
Formations.

. The partial distribution of Secondary rocks is still more evident, for in many ex-
tensive regions of the world they are wholly absent. A considerable tract of coun-
try, for instance, occurs in the Highland districts of Scotland, where no rocks of a
newer formation are superimposed on those that are primary.

But the limited extent of rocks, considered individually, seems to be involved in
circumstances of distribution which appear to have been the result of some general
laws, which might have influenced the structure of the crust of the globe; whence, by
the diversity of extent thus induced, the formation of no two districts can possibly be
considered so alike as to beidentified with each other. An exemplification, therefore, of
the comparative extent and relative position of those rocks which observe a regular
order of superposition ought to be our next object and this, I hope, will be in some
small degree accomplished by the two distinct inquiries which will now be instituted, into
the general circumstances attending the distribution of the Primitive and Secondary
classes of Rocks.
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SECTION XVII.

ON THE DistRIBUTION OF RoOCKs oF THE PRIMITIVE CLaSS.

Tais inquiry altogether involves the relative position of those stratified and un-
stratified rocks which are constituent to the Primitive class.

We have before observed, that the materials of primitive rocks may be considered
as of two descriptions. The first description includes siliceous, calcareous and argil-
laceous elements, to which may be added potash and ferruginous matter. Of this
kind ave quartz, felspar, hornblende, greenstone, limestone, clay-slate, mica-slate,
gueiss, granite or sienite. The second description of materials incidental to primitive
rocks comprehends the chemical substances enumerated under the first division,
whilst it admits, at the same time, the presence of magnesian earth. Of the materials
containing magnesia, the chief are steatite, serpentine, tale, chlorite-slate, euphotide,
and those varieties of gneiss and granite, the first of which contains talc, and the lat-
ter either chlorite or talc, in the place of mica.

It has been also estimated, that the nature and proportion of the chemical ingre-
dients which enter into the composition of primitive rocks, may, as some approxima-
tion to a general average, be stated as follows :—Silex occurs in the proportion of
about 7 parts out of 12; alumina 1} parts; carbonate of lime 2} parts; carbonate
of magnesia }; potash } : iron and other matters not appreciable }. Total, 12 parts.

It was lastly noticed, as the distinguishing character of primitive rocks, that they
contain few or no particles, which, from being arenaceous or fragmentary, give indi-
cations of a mechanical form ; but that, on the contrary, the granular portions and
concretions of which they may be composed assume a shape more or less crystal
line‘ I4

With these preliminary remarks on the nature of the rocks the distribution of
which is to be considered, I shall now, without more delay, commence the inquiry
that is proposed. -

The term DisTRIBUTION, as used by Geologists, may, in an unlimited accepta-

. tion, relate to the comparative extent of the earth’s surface that is occupied by any
individual rock, or association of rocks, as well as to their relative position. But
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it has been shewn, that the primary and secondary classes of rocks observe a certain
order or sequence. in their superposition ; that is, - primitive associations are always
subjacent to the secondary class. Consequently, the term DisTrIBUTION, When ap-
plied to classes of rocks, must be restricted accordingly.

There is, however, a material difference in the import of the term DisTRIBUTION,
when it is applied to determine the relative position of the constituent rocks of one
class without allusion to those of another. It will be hereafter shewn, that when the
relative position of the two classes do not come under consideration, but that when
primitive rocks are to be considered separately, or when secondary rocks are to be
considered separately, the term DisTRIBUTION 'must undergo corresponding restric-
tions; for, when intended to explain the connexion or situation of any individual rock
in the class to which it belongs, the expression will be found either to involve an or-
der of superposition, as among the constituent rocks of the secondary class, or it will
not necessarily involve such an order, as among the members of the primitive class.

WERNER conceived, that a thick mass of granite was universally distributed
around the surface of the globe, being the basis upon which all other rocks were suc-
cessively deposited ; that gneiss, mica-slate, or clay-slate, with other primitive strata,
were in like manner universal formations, observing a distinct order of superposition,
and successively investing the globe like the layers or coats of an onion. This notion
of the distribution of primitive rocks, although the correctness of it appears to have
been long doubted by the Huttonians, was most successfully combated by Mr ALLAN,
in & very well written paper, which appeared a few years ago in the Philosophical
Transactions of Edinburgh. Mr ALLan brought forward an instance, where the
Wernerian views of strata restiug on granite were so far disproved, that granite ap-
peared to be newer than the reputed newest of the primitive rocks. This gentleman
observed at St Michael's Mount, in Cornwall, a considerable mass of granite extend--
ing beyond its limits, sheoting into contiguous strata of Cornish killas, like the rami-
fications of the vegetable root, and, at the same time, enveloping detached fragments
of that rock. Mr AvrLaN, therefore, argues, that nothing but the hypothesis of Dr
HurToN, who met with similar appearances in Galloway, can account for this pecu-
liar feature of granite; for that nothing but matter injected in a liquid state could
possibly have formed the shoots, which, proceeding from the great mass of granite,
thus appear to have perforated the stratified rock. The validity of this opinion I shall
consider hereafter ; at present, we shall be content with the simple record of an ap-
pearance so fatal to the Wernerian hypothesis, That granite and other primary rocks
observe a distinct order of superposition, granite being fundamental to the rest, or the
lowest in the series. An explanation of this appearance was, however, attempted by
the Wernerians, which went on the supposition, that the granite veins of St Michael’s
Mount were simple elevations on the plane of the granite, which had existed previous-
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to its being covered by the stratified rock ; that the spaces between them were filled
up as the killas were deposited ; and hence, that the abrasion of the surface had
brought to light a section, which had more the appearance than the reality of veins.
But Mr ALtaN remarked in reply, that his opponent had passed over in silence the
detached masses of killas included in the granite, which this hypothesis did not account
for, and that if the killas had been deposited on the granite in the way he supposes,
it was natural to conclude that it would have been arranged in lines parallel to the
sides of the elevations, somewhat similar to the coating of bark on the trunk of a
tree ; but, in place of this the seams of the killas were set at an angle of about 30°
to the planes of intersection with the granite ®. _

It may be very possibly admitted, from the controversy to which the appearances
of St Michael's Mount gave rise, that Mr ALLAN was successful in pointing out the
insufficiency of his opponent's explanation of the appearance as well as of the reason-
ing that was employed to prove that granite was the oldest of the rocks. But there
were, at the same time, very strong reasons for objecting to the Huttonian inference
which Mr ALLAN proposed in the place of that which he had combated ; this was,
that granite, so far from being the oldest, was the newest of the members of the pri-
mitive series. A novel view of the distribution of the primitive description of rocks
was then beginning to be taught by the distinguished Lecturer on Natural History
in the University of Edinburgh, by which he was led to the conclusion, that granite
was neither the oldest nor the newest of the Primitive Rocks, but that it was to be
regarded as of a formation cotemporaneous with the rocks with which it was found to
be associated. This is an important doctrine, and, therefore, I shall dwell at some
length on the circumstances leading led to this and other conclusions, regarding the
distribution and formation of primitive rocks.

The views of Professor JamEsoN, that granite, as well as sienite, porphyry,
quartz, and other rocks which I conceive to be unstratified +, were cotemporaneous
with their associated strata, can be considered as little more than an extension of the
speculations which he had previously entertained, that similar circumstances of origin
were ascribable to veins. The resemblance, indeed, between veins and mountain-

® It has been objected to reasoning similar to what 1 have quoted, that WxrxzRr never asserted that strata
are always conformable to fundamental granite. This statement may possibly be correct. But, on the other
hand, many who have considered themselves as orthodox Wernerians, have maintained opinions similar to
those combated by Mr Actaw. It is particularly unfortunate for the publication of Wzrxza's opinions,
that they were, as Brother Pxran or Marrix would express the fact, not scriptory but suncupatory ; for, at
the present day, they are propagated with all the uncertainty of traditional evidence.

+ I believe Professor Jauxsox considers these rocks as occasionally stratified. This explanation it is high-
ly proper to give, since in enlarging on the general views of this gentleman, I might, wherever a question of
stratiication occurs, appear to have misstated his sentiments.

I
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masses of the nature of granite, is very striking, and hence, a satisfactory illustra-
tion of the relative position of the stratified and unstratified masses of primitive
rocks has always appeared to me best afforded by Nature herself. Schistose strata,
as of gneiss, are generally traversed by innumerable small insulated veins of granite
or of quartz, from a few inches to a few feet' in width, and the proportionate length
of which is equally insignificant. Veins of these trivial dimensions assume every va-
riety of figure, they intersect strata in numerous directions, and form, with their re-
spective lines of bearing, all possible angles; at the same time, they afford complete
epitomes of the relations subsisting between primitive strata, and those unstratified
mountain-masses, which in like manner assume every variety of form, and intersect
strata at all possible angles. A study, therefore, of the conditions of junction under
which small insulated masses of granite, sienite, porphyry, limestone or hornblende,
are found with the strata which they traverse, is likely to afford the most direct ex-
amples of the distribution of rocks of a similar kind, when, from their greater magni-
tude, we may consider them in the light of mountain-masses.

A confirmation of this view, on the resemblance subsisting between the form and
geological relation of unstratified mountain-masses and of veins, may now be derived,
with much satisfaction, from a perusal of Professor JaMeson’s latest account of gra-
nite. He considers granite as a rock that is émbedded among the strata with which
it is associated. * Granite,” he remarks, ¢ occurs in imbedded masses, varying in
magnitude from a few fathoms to several miles in extent, and often of great breadth,
in rocks of different kinds. These masses sometimes rise above the bounding strata,
forming hillocks, hills, mountains, or ranges of mountains. The surrounding strata
occur in different positions ; sometimes they are horizontal all around the mass, or
they rest on the mass on one side, and rise from under it on the opposite side; and
occasionally the strata afe mantle-shaped, or dip towards the granite from all sides.

« In some instances, the strata are observed under the mass of granite, as well as
on its sides, thus proving that it is imbedded ; and we see no reason why the same
may not be the case in all similarly situated masses of granite, of whatever magnitude
they may be.

¢ These imbedded granite masses, at their line of junction with the bounding strata,
. present precisely the same series of phenomena as occur among the distinct concre-
tions of granite, and other granular rocks, and at the junctions of smaller imbedded
masses of different rocks. -Here, then, we have, on the great scale, in junctions often
visible for miles, either the intermixture of ;the granite ‘with the bounding strata, or
their mere attachment without. intermixture ;- and often numerous veins of granite
shoot from the imbedded mass into the adjacent rocks.

¢ The imbedded granite masses are sometimes completely_enveloped in the sur-
rounding strata, but more frequently a considerable portion of the mass rises high
above the bounding strata. This is owing partly. to.the influence of the weather re.
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moving a part of the superimposed strata, and partly to the original formation of the
mass itself.”

Geological relations similar to these are attributed to sienite, porphyry and quartz
rock ; to this list I shall beg leave to add myself the unstratified rocks of serpentine
and euphotide.—( For Prof. Jameson's Essay “ on the Geognostical Relations of
Granite,” &c. see Edin. Philos. Journal, vol. i. p. 109.)

Such are the appearances which Professor JaMEsoN conceives as indicating that
the imbedded masses of granite and other rocks have an origin that is cotemporane-
ous with the strata by which they are inclosed : but any remarks on the legitimacy
of this conclusion will be deferred, until all the circumstances connected with the dis-
tribution of the primitive rocks can be ascertained.

It is, however, evident, that Mr ALLaN’s objection to granite being deemed a
rock fundamental to every other, was perfectly justifiable. For, according to Pro-
fessor JAMESON's views, granite is not the lowest rock in an order of superposition ;
but it is an imbedded mass, which is rarely observed to be parallel to the sides of the
strata by which it is bounded, but toirregularly intersect them, whilst the strata them-
selves of primitive rocks, are as seldom found to observe much order in their dip or
angle of inclination.

From the foregoing views, the futility of the occupation will be but too apparent
in undertaking to demonstrate, that in the case of an unstratified rock, which is ac.
tually imbedded among strata, no notions of superposition or subjacency can possibly
apply. The task, indeed, seems to be of equal importance with that of the Botanist,
who would seriously undertake to convince us, that a common ketnel cannot possibly
have any relation of superposition or subjacency to the pulp within which it is enve-
loped. = Yet geologists almost daily favour us with the very luminous intelligence,
that granite and sienite really repose upon gneiss, mica-slate and clay-slate; or that
gneiss, mica-slate, and clay-slate, really repose upon granite! Since, then, a serious
communication of this nature is stxll made, it ought to be honoured with as serious a
reply. '

If granite or sienite really occurred in the form or position of masses parallel to
the bounding sides of the strata in which they were contained, expressions of super.
position or subjacency might be allowable. But an unexceptionable example of this
kind is, perhaps, the rarest of geological phenomena. -When unstratified masses
are opposed at very oblique angles to the lines of direction observed by bounding strata,
it is not difficult to account for a mere semblance of superposition. An appearance of
this kind occurs in the deep section of a mass of sienite at Dunrossness in Shetland,
(Geological Plate, Appendix, fig. 1.) which appears to be supenmposed on certain’
schistose strata of gneiss, mica-slate, &c. Let us, then, as a previous step, imagine
the various forms under which an unstratified mass may exist among the strata where

it is imbedded.
12
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In the first place, any bounding side of an unstratified mass, as it occurs imbed-
ded among strata, may be VERTICAL.

2dly, Any bounding side of an unstratified rock which is imbedded among strata
may be IMPENDENT. For when the imbedded mass is supposed to possess a side
which is not vertical, we may imagine a plumb-line to be suspended from any exter-
nal point of it, which just appears above the surface of the ground. The plumb-line
may be then conceived to pass through the solid contents of the earth, until it reach,
at an unknown depth, the base of the imbedded mass. If the perpendicular, then,
fall without the base of the inclosed rock, or only pass through the strata that are
joined to it at various angles, such a side of the imbedded mass would be best de-
scribed by the term IMPENDENT, since it would appear to hang or jut over the
strata by which it is thus invested. An appearance of this kind is accordingly de-
scribed in the natural section of a sienitic mass, represented in the Geological Plate,
Appendix, fig. 1.

8dly, The bounding side of an unstratified rock, which is imbedded among stra-
ta, may be described as sLoPING, when, from any external point appearing above the
surface of the ground, the perpendicular which is supposed to pass through the solid
contents of the earth, falls within the base of the mass.

In the present instance, then, the sienitic rock exhibits to us a specimen of the
impendent surface ; the sienite appearing to hang over the strata which are attached
to it at various angles. Geologists would probably express the relation by the word
superjacent, as applied to the sienite. There is only one objection to the word su-
perjacent, that it assigns a fundamental character to the strata, and an incumbent
character to the sienite ; notions which cannot exist, as long as we can conceive that
the sienite may shew every variety of surface, as it is observable at different depths :
at one certain depth it may be IMPENDENT, at another sLopPING, and at another vEr-
TICAL, these varieties so alternating, as to give to the deep form of the rock, were it
exposcd, a waved or zigzag appearance. Now, it is evident, that a prolongation or
abbreviation of the substance of any individual stratum, in order to meet those va-
ried forms which we have supposed the sienite might possibly assume, would, at every
increasing depth of the section, exhibit to us the stratum and the mass of sienite by
turns, in a superimposed, and in a subjacent position. Certainly, then, in such a
case, we cannot say of any individual rock, that it is both a fundamental and an in-
cumbent one.

There is still another inference arising from this view of the attachment of pri-
nitive strata to an unstratified rock. It is admitted as very possible, that any unstra-
tified rock may at various depths exist under alternations of form, which may be verti-
cal, impendent or sloping: let us, then, inquire, what must be the corresponding
change in the form or state of any individual stratum, in order that its junction with
the same unstratified rock may remain unaffected. From a very little consideration,
it will be evident, that under whatever varying form the unstratified mass may exist
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at different depths, the only corresponding change of form incidental to the stratum,
.the contact of which is to be preserved, would consist in a prolongation, or abbrevia-
tion of its extreme edge or margin. If strata were placed upon an unstratified rock
like the layers of an onion, then would variations in the form of the fundamental
rock cause corresponding variations in the inclination of the overlying strata. But
the junction of primitive strata with the unstratified mass that they inclose, is not Z-
teral, but marginal or edge-wise ; and thus the contact is preserved by a mere cor-
responding prolongation or abbreviation of the margins of strata, but not necessarily
by a corresponding change in their inclination.

The possibility being thus admitted, that, in the junction of an unstratified mass
to its investing strata, an irregular or uncertain line of contact may exist, it would be
proper to avoid any terms which, in a geological account of rocks of the primitive
class, might lead to erroneous ideas of a relative position, either fundamental or in-
cumbent. Such words as VERTICAL, IMPENDENT, Or SLOPING, may perhaps be as
little objectionable as any others; but they are only proper as long as they are re-
stricted to the description of no more than that part of the bounding surface of an un-
stratified rock which some real section exhibits. -

For similar reasons, I am inclined to doubt the correctness of many vertical sec-
tions which have been given of primitive districts, where the deductions have been
made from the positions or inclinations of strata. It may, indeed, be fairly questioned,
whether vertical sections are under any circumstances allowable in primitive districts.
Respecting the propriety of laying down horizontal sections, there cannot be the least
doubt : the attainment of an accurate horizontal outline of unstratified rocks is often
in our power, and we may represent, at the same time, the stratification of the dis-
trict, by following the lines of direction presented in the outgoings of strata, which
meet imbedded masses at various angles.

Having now stated the latest geological opinions that have been entertained on
the relations of granite, and certain other rocks of a similar kind, which were con-
sidered as masses imbedded among the strata with which they were associated ;—hav-
ing shewn, at the same time, the practical consequences incidental to the examination
of a primitive district, which from this distribution must necessarily result ;—having
also, in further illustration of the subject, endeavoured to point out from nature the
analogy subsisting in the relations of granite, sienite, &c. whether they occur under
the form and magnitude of small veins or of mountain masses ;—I am now prepared
to observe, that this view cannot of itself be considered as conveying every informa-
tion on the relations of primitive strata to unstratified masses.

We certainly should not be in possession of all the knowledge of the mutual rela-
tions of these rocks, were we to suppose that an unstratified mass is to be regarded in
no other light than as imbedded among strata. Professor Jameson shewed, about
six or seven years ago, that a contrary relation might exist in nature, or that strata,
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so far from enclosing unstratified rocks, might themselves be the imbedded masses.—
Thomson’s Annals, vol. iv. p. 420. :

Such an appearance is accordingly presented by the sienite which occurs in the
vicinity of Yell Sound in Shetland, the length of which is about twelve miles, and
the greatest breadth about eight miles. In an examination of this unstratified rock,
we shall ot fail to observe, in the very centre of it, the occasional appearance of im-
bedded strata of gneiss. Crossing these strata nearly at a right angle to their com-
mon line of direction, I found them to vary from a quarter to half a mile in breadth.

Another remarkable instance of imbedded primitive strata is to be found in the pa-
rish of Northmavine in Shetland. The geology of this district is distinguished by two
considerable masses of granite and sienitic greenstone, the combined extent of which is
about twenty-four miles in length, and from one and a half to six in breadth. These
rocks at their junction graduate almost imperceptibly into each other; veins from
one rock penetrate the other, whilst insulated masses of . granite occur in the sienitic
greenstone, and vicé versa. But the line of junction between the two unstratified
rocks is not complete. An occasional sepdratioh of their parts appears to have taken -
place, in which the masses have so far receded from eachi other, as to have induced an
interval of space a mile and a half in length, and about three quarters of a mile in
breadth. This interval may be considered as having been supplied by the strata of
Hillswick Ness in Northmavine, which consist of gneiss, mics-slate, and chlofite-slate, di-
versified by veins and inter-strata of quartz, hornblende, greenstorie, felspar—porphy-
ry, steatite, serpentine, talc, &c. It will be seen, at the same time, that the extent of
these strata is trifling, in comparison with the unstratified rocks within which they are
contained. . )

These examples clearly prove, that any view of the distribution of primitive rocks
is incomplete, which is confined to the solitary circumstance, that unstratified rocks
are imbedded among strata: The opposite fact may indeed be occasionally demon-
strated, namely, that strata themselves are actually contained in unstratified rocks.
It is almost needless, at the'same time, to observe, that when the latter circumstance
occurs, the arguments that were used to shew the absurdity of applying such terms
as SUPERPOSITION OF SUBJACENCY to the relations of unstratified rocks whith are im-
bedded among strata, may be rendered more general, 50 as to apply to strata imbedded
in unstratified rocks. Expressions of this kind, which were justifiable when it was
conceived that granite was fundamental to every other rock, become perfectly unau-
thorised by later experience. It is now known, that a very different relative position
of primitive rocks is actually exhibited by nature.

We have at length demonstrated, that the distribution of rocks of the primitive
class on the surface of the globe is not restricted by any order of superposition. Un-
stratified rocks of an irregular form are proved to be imbedded among strata, and,
vice versa, strata are found inclosed in unstratified rocks. Consonant with this ir-
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regularity will be the result of our observations, if we cross the primitive strata of any
district transversely, or at right angles to their general line of direction, continuing
our course at the same time over imbedded masses which may be unstratified. It will
then be found, that no two primitive districts are alike ; either the arrangement of the
rocks in each will be different, or certain rocks which are present in one district will
in another be absent. A suspicion may, in fact, be entertained, that there is no con-
ceivable permutation or different order in which PRIMITIVE BoCKS may be arranged,

and no conceivable combination under which they may be alternately repeated, that
nature, in this peculiar class of terrestrial matter, does not exemplify.

SECTION XVIII

ON THE COMPARATIVE ELEVATION AND DEPTH OF PRIMITIVE STRATA, AND THE
UNSTRATIFIED ROCKS WITH WHICH THEY ARE ASSOCIATED.

It has been shewn, that in the distribution of primitive rocks, unstratified masses
may be considered in certain situations as imbedded among strata, and, vice versa,
strata may be considered in other places as imbedded among unstratified rocks. But
in the assertion of one primitive rock being imbedded in another, a complete invest-
ment is by no means intended ; and if the term ¢ imbedded” be not thus restricted,
it cannot well apply to a hill of granite, the superior elevated surface of which, when
compared with the height of the strata that surround its base, demonstrate an invest-
ment that is but partial. The elevation, indeed, attained by any individual moun-
tain mass may be greater or less than that of the rock within which it is supposed, in
geological language, to be imbedded. 1n all these cases, primitive strata generally meet
the unstratified masses with which they are associated at various angles, whilst the
outgoings of the strata sometimes rise much higher than the bounding masses to which
they are opposed, and sometimes have a much less elevation. Thus, for example,
the sienite of Shetland is often found to occupy the low level of deep vallies or chan-

nels of the sea: but the strata by which it is surrounded often rise to the height of

1000 feet or more. In another instance, granite attains an elevation of 1400 feet,
whilst the strata which are opposed to it at various angles scarcely rise higher than

30Q feet.

A consideration of the comparative elevation of strata and unstratified masses, as
they occur on.the earth's surface, affords some little degree of assistance to our specu-
lations at a depth far removed from human observahon For it is as easy to conceive
of strata attaining a depth greater or less than the unstratified rocks to which 'they
are opposed at various angles, as of their exhibiting the same diversity in their re-
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spective elevations. But it is perfectly gratuitous to advocate the existence of an uni-

~ versal formation of granite that affords a basis to every other rock ; or, in other words,
to imagine that if gneiss, mica-slate, clay-slate, serpentine, or any other primitive
rock, stratified as well as unstratified, were. penetrated to their utmost depth,
we should eventually arrive at a fundamental rock consisting of granite. The
known distribution of primitive rocks is far from sanctioning any such a conclusion.
There is, indeed, no mountain-mass belonging to this order of rocks, that may not
with every propriety be individually conceived of as extending to those remote depths,
where the presence of the earthy matter of rocks ceases altogether, and where denser
matter of a different nature, constituent to the structure of the globe, first com-

' mences.

-

SECTION XIX.

Ox THE PRIORITY OF DATE ASSIGNABLE TO THE CONSOLIDATION OF PRIMITIVE
UNSTRATIFIED ROCKS OVER THAT OF THE STRATA WITH WHICH THEY ARE AS-
SOCIATED.

Our notions of primitive rocks are scarcely yet of sufficient precision ; and it is of
importance to inquire if some more simple view of the relative position of stratified
and unstratified rocks be not attainable.

It was shewn in our last inquiry, that unstratified rocks of an irregular form may

"be found imbedded among strata, and, wice versa, strata may be found inclosed in un-
stratified rocks. Are we then authorised, from any of the facts adduced, to consider
unstratified rocks as merely filling up the intervals of space, which are incidental to
the distinct formation of primitive strata; or, vice versa, are primitive strata to be con-
sidered as merely filling up the intervals of space incidental to the distinct formation
of unstratified rocks?

It is manifest, that no reply to this question can be offered on any principles that
are wholly divested of theory. The priority of date assignable to one description of
rocks over another, is unavoidably a subject of speculation; and the real question is,
If the consolidation of primitive strata ought to boast of a date anterior or posterior
to that of the unstratified masses, with which they are associated ? For to either set
of primitive rocks, stratified or unstratified, let but an antecedent consolidation be al-
lotted, and an answer to the question proposed will be immediately suggested ; it will
be then perfectly evident, which description of mountain-masses has filled up the in-
tervals of space common to the distinct formation of the other set.
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The observations which I have to make, in connection with this inquiry, are few.
I have considered the agency of crystallisation as admissible in the formation of rocks,
that present no appearance of stratification. The particles which compose them will be
often found to consist of layers, that meet each other under determinate angles, so as to
produce cubes, rhomboids, or other figures, that approach to a symmetrical shape. If
we suppose, then, that the substance of rocks has been consolidated from a state of
fluidity, the most familiar chemical experiments would shew, that marks of crystallisa-
tion are the most decided proofs of an energetic chemical action, and that a strati-
fied arrangement is the character of a slower process of consolidation, incidental to a
successive deposition of particles, which has been chiefly influenced by the laws of gravi-
ty. For this reason, then, I am inclined to conceive, that among rocks to which no
relations of superposition can possibly apply, as among those of the primitive class,
unstratified rocks were consolidated sooner than the strata which are contiguous to
them, and that any particular vein, earthy or metallic, was consolidated sooner than
the limited portion of matter, of a less crystalline structure, with which it is found
in immediate contiguity. :

If, then, the consolidation of a mountain mass could be supposed to have taken
place amidst other varieties of matter not so strongly disposed to change their state of
fluidity, the result would be a form perfectly symmetrical. Accordingly, the refe-
rence to a horizontal section of the rocks of Shetland, as displayed in the Map that
accompanies this work, shews outlines that much resemble the symmetrical shapes
of crystallisation. This is particularly observable with regard to the granite occurring
in the parish of Sandsting, that presents lines of boundary which seem to diverge
from a point. The same remark also applies to an extensive mass of quartz, imper-
fectly stratified, that in many respects puts on the character of granite.

It is again possible to conceive of the particles constituent to an unstratified mass
separating themselves, bya superior force of affinity, from a fluid, while other parts
of the menstruum were exhibiting similar processes of consolidation, though more
slowly conducted. In such a case, the free crystalline shape incidental to the earthy
matter endowed with a superior force of affinity, would be impeded. It is, then, to
circumstances like these, attending the consolidation of the crust of the Globe, that I
am inclined to attribute those forms presented by unstratified rocks of the primitive
classy; which have less of a symmetrical aspect than is exhibited by other masses of the
same kind. A glance at the outlines assumed by the rocks of Shetland, in a hori-
zontal section, may probably exhibit the appearance of symmetrical figures that have
been disturbed by the cotemporaneous, yet slower, consolidation of adjacent rocks.

According, then, to this view, unstratified rocks of the primitive class, have assum-

ed a magnitude and form independent of the relative position of contiguous strata.
K
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Primitive strata, on the contrary, can only be regarded as having derived their ge-
neral form from occupying the spaces or vacancies intermediate to the unstratified
rocks which had sooner arrived at a complete state of consolidation.

When, on this notion, we contemplate an extensive district of a primitive formation,
it will be evident, that the consolidation of mountain masses of this peculiar class of rocks
might have commenced from several points at the same time, by processes that have only
varied in their degree of celerity. Consequently, we are on such & notion justified in re-
garding any particular district of primitive rocks as of a cotemporaneous formation ; but
if, on a smaller scale, we contemplate together a vein and its matrix, or a single mountain
mass, and the strata with which it is invested, the term Cotemporaneous is scarcely al-
lowable. This is a distinction to which it is of much importance to attend, since, ow-
ing to a neglect of it, there has been much ingenious quibbling exerted by geolo-
gists, respecting the circumstances of cotemporaneous veins and cotemporaneous for-
mations.

SECTION XX.

GENERAL THEORETICAL REMARKE ON THE CIRCUMSTANCES CONNECTED WITH THE
ORDER OF CONSOLIDATION, THAT APPEARS TO HAVE BEEN OBSERVED AMONG SE-

coNDARY ForMAaTIONS OF Rocks.

I may here observe, that, with regard to secondary rocks, the theory which has
been treated of in a preceding section, in a limited degree only applies. Veins, or
very considerable masses included in a formation of a newer order, may be considered
as having a date of consolidation prior to the surrounding substance to which they are
contiguous, whenever they are found to traverse strata under the form of unstratified
rocks, or whenever their crystalline structure is more complete than the solld earthy
matter within which they are imbedded.

If, however, secondary rocks are to be contemplated in their relative posmon,
distinct mountain masses, their comparative age is indicated by an order of superposi-
tion, of which the whole of the primitive class of earthy materials is to be considered
as one formation, and as fundamental to the newer series. The order of superposition
observed by secondary rocks, was first happily demonstrated by WERNER ; and if this
naturalist, by the erroneous view that he took of the relative position of primitive
mountains, has led his disciples into many lamentable errors, regarding the nature and
structure of the superficies of the globe, certain of his notions, on the other hand,
when carefully separated from the objectionable opinions with which they are blended,
amply compensate, by their importance, for the delusion of which his doctrine of univer-
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sal formations has been the cause. The sequence that he laid down, was compared with
the geological suites of many countries, and, with the exception of the individuals of
the primitive series, a remarkable correspondence between them was found to subsist.

Hence, by observations, not confined to the limited precincts of Freyberg, an infe-
rence was ultimately drawn, That although the rocks of one district do not necessari-

ly possess the same number and variety as the more complete series of another dis-
trict, still the order of superposition presented by each succession of them is the
same. From this view, however, we must exclude certain substances, such as basalt,
phonolite, or pitchstone, belonging to the trap districts, which have, I conceive, been
successfully claimed by the Plutonians.

While the class, however, named Primitive, may be considered as the lowest for-
mation of a series of rocks, each of which contributes, in its partial distribution, to
form the earthy substance that constitutes the superficies of our globe, the question will
still intrude itself, from what source or origin this investing matter has been derived.
An inquiry of this nature is not indeed peculiar to the present day, having given
birth among the ancients, to numerous systems of cosmogony, that have been well got
up ; while, among later geognosts, it is suggested by that cheering spirit of petromania,
which infuses so essential a portion of vigour into the otherwise dull labours of the
hammer. It is the delightful relaxation of the petromaniac, after the completion of
some hard day’s * mountain sports,” to repair to his closet, and, with an eye

——¢¢ 1n a fine phrenzy rolling,
To glance from heaven to earth, from earth to heaven,”

and then to follow up the researches of Bunxn 8 phxlosapher, who, if report spoke cor-
rectly, met with much greater success in his pursuits than more modern world-makers ;

———————— Ashe profess’d

He had first matter seen undress'd,

He took her naked all alone

Before one rag of form was on.

The Chaos, too, he had descry’d

And seen quite through,—or else he ly'd.

A fine opportunity is indeed afforded for the exercise of the imagination, by the
views of La Prace, who, in considering the materials of the globe as disposed into
layers, which increase in density from the surface to the centre, has regarded them as
the consequence of successive condensations of gaseous matter. Thus the Neptunist
may conceive of primary and secondary suites of rocks, as the result of a process of this
kind, which has been of a diluvian nature. Possessed of this theory, the Vulcanist even
may freely allow his imagination to take its flight through the gaseous regions of solar
spacé, where inflamimable condensations have surrounded the nucleus of the earth in

the form of successive investments. Each rival school, indeed, may come to the con-
K2
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clusion of Dean SwiFT’s sectaries, who long ago entertained a theory that might have
suggested the more ‘modern notions of the same kind, now becoming popular. ¢ They
held the universe,” says the Satirist, ** to be a large suit of cloaths which invests
every thing; the earth being invested by the air; the air invested by the stars ; and
the stars invested by the primum mobile” But enough of these lofty wanderings
through the regions of condensing matter :

’

—————— Satan thus

Voyag'd th’ unreal, vast, unbounded deep

Of horrible confusion ;

And thro’ the palpable obscure toil’d out

His uncouth passage, spreading his airy flight,

Upborne with indefatigable wings,

Over the vast abrupt ; compell’d to ride

Th’ untractable abyss, plung’d in the womb

Of unoriginal Night, and Chaos wild. Mirton.

SECTION XXI.

"THEORIES ENTERTAINED REGARDING THE LINE oF DIREcTION, Cross Fissurks,
AND FOSITION EXHIBITED BY STRATA.

(a) Theoretical Remarks on the Line of Dircction exhibited by Strata.

T line of direction is, as I have attempted to shew, that parallel arrangement
of portions or particles of earthy matter which is constituent to every ultimate layer
of which a stratum is composed. It is exemplified most remarkably among strata
that exhibit, on their lateral surface, linear striz ; as, for instance, in a variety of mica-
slate occurring in Unst, which, when undergoing decomposition, shews parallel
lines that present the appearance of fibres of decayed wood.

But when these strie are not evident to the eye, the same arrangement of particles
may, in parallel lines of fissility, be detected by the hammer ; and, when a stratum is
viewed in situ, all striee or linear arrangements of particles, represent the same line
of direction which is to be detected in the outgoing of a stratuw.

It has been supposed in the nineteenth section of this essay, that the older strata can
only be regarded as occupying spaces or vacancies, intermediate to rocks generally of a
more crystalline structure, which had consolidated the soonest. If, then, in the hori-

.
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zontal section of a primitive district of rocks, we describe the relative situation of in-
termediate strata, the object may be accomplished by drawing lines from one mass of
an independent form to another. It is then a question, What is the most common direc-
tion on the eartly’s surface that these lines assume, which are, of course, represented
by the lines of bearing observed on the outgoings of strata. In Mr GREENoOUGH'S
work on Geology, I find it remarked, that HumsoLpr, from his observations in Ger-
many, Switzerland, Italy, Galicia and South America, inferred a general direction of
the strata in these countries from south-west to north-east, at an angle of 50° with the
meridian, and at a dip under an angle of from 60° to 80° to the NW.  The author,
however, from whom I have transcribed this information, considers, that succeeding
travellers have multiplied exceptions to this rule until it has become useless. That
numerous exceptions of this kind do exist, I am aware; but the question is, if they
are of such an amount as to render nugatory the assumption, that some law, with re-
gard to the direction of strata, has subsisted during the consolidation of the crust
of the globe. I am certainly myself inclined to attach much importan.ce to the remark of
HuysoLpT; and to conceive, that all strata which are of the primitive class, are disposed
to form some angle with the meridian, ina direction from south-west to north-east ;
but as we approach the more northerly districts of the globe, it would appear that
the line of bearing is gradually veering to a less easterly point. Thus, while in
Italy or Germany, it may be from S. 50° W. to N. 50° E. ; at the Shetland Islands,
and in the north of Scotland, it is not far from S. 12° W. to N. 12° E.

There has not been wanting a theory, in connection with the formation of our globe,
to account for this line of direction. As I have not had the opportunity of examining
what HumBoLpT himself has said on the subject, I shall insert the following notice of
his remarks, as it appears in Mr Kn1cHT’s ingenious work, entitled, a New Theory of
the Earth. ¢ In a spheroid covered with a liquid, through which mechanically diffused
substances were falling, which is in motion on its axis from W. to E., and is not act-
ed on by influences which produce vibratory tides, the suspended materials from the
combination of the rotatory motion with the diminishing velocity communicated to the
waters from the Equator to the Pole, would assume in their deposit the diagonal lines
from SW. to NE.” This view, as connected with speculations concerning the forma-
tion of the globe, is well entitled to notice *.

* The following remark from this celebrated traveller, which I quote from vol. i.
p- 107. of the Wernerian Transactions, has not hitherto obtained the attention that it de-
serves. “ What I have long said, that the direct_ion and inclination of the primitive strata,
the angles which they form with the meridian of the place, and with the axis of the earth,
are independent of the direction and inclination of mountains; that they depend on laws;
amtl that they observe a general parallelism, which can be founded only in the motion and
rotation of the earth.”
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The line of direction from SW. to NE. is, however, much less observed among the
newer formations of rocks; and in the chalk series, a law of this kind does not appear
to have existed. Nor is this rule observed by rocks that appraach by a strong crystal-
line character, to the character of granite, soas to be only partially stratified. Thus,
in Shetland, while the general line of direction, maintained by gneiss, mica-slate and
clay-slate, is from S. 12° W. to N. 12° E., the quartz-rock of the country exhibits a
line of direction very nearly from east to west.

Lastly, I may observe, that the line of direction is much modified by the interven-
tion of veins, and a proximity to unstratified rocks; a fact that is familiar to ali
geologists.

(b) Theoretical Remarks on the Cross Fissures of Strata.

It is exceedingly difficult to explain the cause of the cross seams that resolve stra-
ta into polyedrous massive portions often of a cubical or rhomboidal figure. I should be
inclined to suspect, that a modelling power of crystallization, indicated by an enfee-
blement of the cohesion of earthy particles, in a direction subservient td the formation
of symmetrical figures, was in action upon matter during its process of consolidation
under the form of strata. But this opinion I give as a mere hypothesis.

Thus, it has at length been shewn, that there are three directions of feeble cohesion,
incidental to the constituent particles of a stratum, that are assignable to different
causes. The first of these is connected with the arrangement of such matter under
the form of parallel layers ; the second depends on the linear arrangement of its parti-
cles; and the third direction of feeble cohesion is evinced in the cross seams or fis-
sures into which strata are resolved. '

(¢) Opinions Entertained with Regard to the Position of Strata.

Oxe stratiied mountain mass is to another stratified mountain mass, eit.her con-
Jormable or unconformable. '
If conformable, the lines of direction observed by the strata of each mass, are, ge-

nerally speaking, parallel to each other.
If unconformable, the lines of direction observed by the strata of one mountain

mass are opposed, at various angles, to the lines of direction common to the other
mountain mass.

It is also usual to describe the relative position of strata to unstratified masses, as
conformable or unconformable. But in reference to this distinction, some remarks aré
necessary.
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Strata are in a conformable position, when, in a horizontal section, their line of di-
rection is exactly parallel to the bounding line exhibited by the unstratified rock, to
‘which they are contiguous. But whatever position the strata may assume,—whether
vertical, or whether subjacent or superjacent to an unstratified rock, this is seldom the
case. Itis also usual, when strata repose upon an unstratified rock, to conceive of
them, as assuming a sort of tunicated structure, like the layers of an onion, while the
fundamental rock gives to the stratified mass the form and direction of strata, which
they exhibit. An appearance of this sort is delineated in Plate I. fig. 2.; but
I believe that it is wholly unauthorised by nature. It is very rarely, if ever, the
case, that any series of strata, indicate in their lines of direction the irregular surface
of a fundamental rock. In this respect, a stratified mountain mass may be compa-
red to a collection of matter, consolidated in a crucible, that has a general form communi-
cated to it, by the cavity into which it is poured, although the internal arrangement of
its particles, may, as chemistry has shown, exhibit a crystalline structure, independent
of the vessel within which it is contained. The relation of strata to an unstratified
subjacent rock, may in fact be represented by a number of thin roofing slates, wrought
by the hand of the mason, which, before being used, are allowed to recline against the
side of a wall, upon an even or uneven site of ground, and under any angle with the
horizon, while they are, at the same time, arranged so closely to each other, that their
upper edges accurately represent the lines of direction, that are depicted in the out-
goings of strata.  And,” remarks Dr Kipp, *‘ there seems an obvious final cause
for such an arrangement; for thus, the several strata successively presenting them-
selves at the surface of the earth, their contents, often of great value, are brought
within human reach; which, had the strata been placed vertically over each other,
“must, in the greater number of instances, have been for ever hidden from our sight.”
This view of the relative position of strata may be again farther explained, in refe-
rence to Plate I.  If strata were disposed upon the surface of an unstratified rock, like
the coats of an onion, to which they have been compared, one stratum only, the lowest
in the series, would come in contact by means of its lateral plane with a fundamental
rock, as is shewn in fig. 2. of this engraving. But if the line of direction be inde-
pendent of the surface of a fundamental rock, the relation of the unstratified rock
to the strata would be denoted by a contact of the inferior edges of every stratum
in the series. This will be evident, by a reference to Fig. 3. of Plate I.; here the
strata are vertical, but we may give them in our imagination a position nearly hori-
zontal, in order to represent the character of secondary rocks, without altering the

attachment that they manifest to a fundamental surface, by means of their lower edges.

It is for these reasons, then, that we must conceive of the relation of strata to un-
stratified rocks, as being in the rarest instances conformable. Strata are generally op-
posed to unstratified rocks at some angle, as is represented in Fig. 4. of Plate I., and
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they are connected to a fundamental rock, by their lower edges, as is represented in
Fig. 3. of the same plate. In endeavouring to ascertain the relation of strata of the
primitive class, when no fundamental rock is to be detected, we must endeavour to
trace their course, from one unstratified rock to another ; each of which they may meet
at various angles. (This is intended to be shewn in the plate on the title-page of this
essay.) There is dgain another relative position of rocks. We may conceive of the
surface formed by the upper edges or outgoings of any set of strata, as affording a
foundation for stratified or unstratified masses of a newer formation.

In explanation of the phenomena connected with the inclination of strata, nothing
satisfactory has yet been written. Primitive rocks, that have no relation of superpo-
sition to other masses, exhibit all varieties of position, from the vertical to the
horizontal ; although the inclinations of 45° to 70° with the horizon, are perhaps the
most prevalent. The angle of inclination observed by transition rocks, and the older
sandstone, is often from 20° to 85°, but much less in still newer rocks. Frequently
strata are vertical, when on some preconceived hypothesis they ought to have been
horizontal ; and the amazement that is daily expressed by geologists, on witnessing
such displays, is as unaccountable as the pertinacity with which theories are ad-
hered to, that are perpetually at variance with existing facts. Mr GRrEENouGH, in
explanation of some of these anomalous appearances, submits a question, “ If cor-
puscular attraction, that agent by which our tea-kettles are furred, and decanters coat-
ed, has not acted on the formation of veins and strata:™ The subject is involved in
the greatest obscurity. :

The disturbances which have given rise to the inclination of strata are, however,
often connected with the presence of dikes and veins, and a proximity to unstratified
rocks. Indeed, from the chemical views entertained in this essay respecting the forma-
tion of terrestrial matter, this phenomenon is what ought to have been expected. The
causes that have influenced the polyedrous arrangement of the particles constituent to
unstratified masses, seem to have often destroyed the stratified arrangement of the rocks
that are contiguous to them. The Huttonians wish to refer the cause of disturbance
among strata, to igneous matter ejected from below. This notion is in most instances
highly questionable ; but it is by no means unlikely, that, under the form and nature of
the inflammable bases of earthy matter, many mountain-masses which belong to trap
districts, might have been elevated from depths far below the present crust of the
earth. But as for granitic rocks, and the strata associated with them, there is no
evidence of any such circumstances of origin, since the felspar does not shew the test
of vitrification displayed in districts of undoubted volcanic origin.

Regarding the curvatures of strata, nothing satisfactorily has yet been advanced.
They appear to be assignable to mechanical causes, occurring during the deposition
of earthy matter, from a state of solution or suspension.
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These are most of the remarks I have to offer on the Phenomena of Stratification,
and the principles on which a Geological Survey of Shetland will be conducted. It
is, therefore, now time to abandon the speculations of the closet, and to survey Na-
ture as she appears in a country that affords every facility for examination, owing to
the naked rocks that are revealed along the shores of the numerous inlets of the sea, by
which these islands are intersected in every direction. * Ite, Filii,” says WarLERIUS to
his pupds, ¢ emitte calceos, montes accedite, valles, solitudines, littora maris, terrs pro-
fundos sinus inquirite ; mineralium ordines, proprietates, nascendi modos notate: tan.
dem carbones immitte, fornaces constructe, et sine teedio coquete ; ita enim ad corpo-
Tum proprietatumque coguitionem pervenietis ; alias non.”

Fag 2. 2P
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[Before describing the istands of Shetland, I find that it will be necessary to say a
few words respecting the numerous Names under which the group of islands to be.
treated of, has been known. AcricoLa saw Shetland from the shores of Ork-
ney, and gave it to the name of Thule ; (Dispecta est et Thule) ; an appellation
that was applied to other northern countries, of which the Romans had little in-
formatien. The oldest specific name, however, which has been given to the coun-
try is to be found in the Orkneyinga Saga; it is also used by Torrzus, in
his Orcades, in preference t6 “ny other term. < Hialtlandia vel Hiatlandia,”
says this author, ¢ prisco sermone semper usurpatur an a capulo gladiorum, qui
hiallt appellatur, demoninata sit incBlae viderint.” From Hialtland arose the cor-
ruption of Yealtaland—,the name that the natives gave to their country a century
ago or more. This appears to have been shortened by the Scottish settlers into
Yetland, under which appellation the country is described in some old documents
given in Mr PerErkin’s collection of feudal papers belonging to Orkney, as
well as in page 31. of Sir RosErT SrBBALD'’s description of Shetland. The tran-

- sition of Yetland into Zetland, was in Scotland a very easy one, for, as Dr Keup
has remarked on the word, ¢ The Z in the ancient Secottish dialect, and still in
vulgar pronounciation, sounds like Y ; witness Mackenzie, Menzies, pronounced
by the vulgar Mackenyie, Menyies.” Dr Craimers, however, supposes that
Zetland was a name given to these islands by the ancient rovers, (from the German,
zetten, spargere, dispergere,) significant of dispersed or separated islands; but I
doubt, in the present instance, the propriety of this etymology. Another name
(known to Torrxus) that has been allotted to them was Hetland, signify-
ing the high or lofly land. 1 may observe, that Norwegian writers say, that Shet-
land is a corruption of this word.

There are many provincial terms derived from the Norse, that are in common use
to denote the various appearances of land and water. These will be explained in
the course of this work, though not with the accuracy that might be expected from
one who is versed in the language of the North. It may be also remarked, that,
since the ancient language of the country has undergone a change from Scottish
settlers, many terms of discrimination appear to have been lost. Thus, it is pro-
bable, that an inlet of the sea was named a fiord or firth, and a small creek that
might occur in it a voe; but at the present day, there is no distinction of this
kind].
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THROUGH THE

ISLES OF SHETLAND.

Pter 7.
LEITH TO DUNROSSNESS IN SHETLAND.

“ Ponti profundis clausa recessibus,
Strepens procellis, rupibus obsita,

Quam grata defesso virentem,”
[Thule] * sinum nebulosa pandis !*
JounsoN, De Skia Insula.

THE cluster of Islands and Rocks which, under the name of SHETLAND,
form the northern barrier of the British Kingdom, are, with the exception
of two of them only, contiguous to each other. If these be excluded from
the number, the rest may be placed between 59° 48’ 30%, and 60° 52’
North latitude, and between 52 and 1° 57 of West longitude from Lon-
don. The two remote islands are named Fair Isle and Foula. Fair Isle
is situated about twenty-four miles to the south of the Mainland in Shet-
land, and Foula about twenty miles to the west.—See Note I.

The principal communication that Shetland has with Scotland is main-
tained by the Port of Leith, from which it is distant about 96 leagues.
During the summer season, one or more vessels go and return from this

' M
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harbour very frequently; fishing materials, grain, woollen and linen goods,
and spirits, are sent from Scotland, whilst this country receives in return
dried fish, hosiery, oil, and some little kelp. In one of these vessels, a con-
venient passage is afforded for the Shetland Archlpelago

These islands, in a Geological point of view, afford, perhaps, one of the
best specimens that can be found in any country of a Primitive district, all
the known mountain-masses peculiar to it being present. A few rocks also
occur of a newer kind, consisting of WERNER’s oldest Sandstone, associa-
ted with secondary Porphyries.

To the Naturalist, therefore, who may be induced to follow the route I
am now taking, in order to investigate the relations of a class of rocks that
are too little known, I would offer thie experience of a summer’s itinerary
among these islands, in the hopes that, as a guide through the country, it
may prove of some assistance to his future researches.

He, also, to whom the study of Geology is yet new, may be mformed
that there is, perhaps, no greater advantage to be derived than from tra--
cing, in their actual progress, the researches which are pursued in order to
decide the Geological character of a district. There is, likewise, no inci-
pient object to which the attention of the Student can be more profitably
directed, than to the examination of the nature and relative position of
Primitive Rocks, for which the strata of England and Wales present
inferior opportunities. To facilitate, therefore, the studies of the aspirant,
I shall occasionally. dwell much longer, than may by some be deemed ne-
cessary, on circumstances that are perfectly familiar to the adept.

It is to be confessed, however, that Geology would be a pursuit of inferior
attraction, if it did not involxe a tolerable. share of hypothesis, without
which, as I have heard it seriously contended; the. character of the Geo-
logist would be redueed to that of the.most inferior menial of Science, and,
in comparisen with the undaunted theorist, whose vivid imagination can
readily apply the faets collected by others to the explanation of the Earth’s
structure, he would beeome: a. mere hewer of wood and drawer of water. These
sentiments ought not,. perhaps, te be admitted without oconsiderable quali-
fication ; and yet, in endeavouring. to estimate the character of a mege col-
lector of mineralogieal specimens,.or. of a. mere, topographical recorder of the
names of rocks, it is scarcely possible to descend much lower in the scale
of scientific contributors. It is true, that we continue to hear the fastidi-
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ous Naturalist rail against Theory; but, it may be fairly questioned, if;
amidst this prudish declamation, there does not still remain some lurking
hypothesis or other, that imparts to him the ardour with which he is obser-
.ved to scale the precipitous cliff; for it is difficult to suppose that such an
uncommon alacrity can have been excited by no other motive than that of
being the humble recorder of some few external characters of Nature.
Far be it, then, from the eandid Geologist, to disown the importance and
influence of theory; and, with regard to the distribution of the strata of
Shetland, there is every necessity, for incorporating as much of hypothesis
in our researches, as may be necessary for wielding with vigour the heavy
hammer that is directed to the resolution of primitive rocks. But what
particular views to adopt for the purpose is a distinct question: so many
reveries of Cosmogony succeed to each other, that it is difficult to state pre.
cisely in what particular opinions consists the Petromania of the day.

But, notwithstanding the bold and poetical flights of imagination. by
which the study of rocks may be enlivened, it is still not sufficient of itself
to protect a long journey, which is exclusively geognostical, from insuffer-
able tedium. The attention cannot be always confined to the relations of
stratified and unstratified rocks; and in courting some relief from a diversi-
fication of objects, the attention of the Shetland visitor may be occasional-
ly directed to the incalculable riches of the Northern Seas; these are tar-
dily resigned for the use of the ‘British nation, whose tutelary saint was
never yet the anxious guardian of its Fisheries.

If, also, the spirit of Petromania has not rendered the mind of the
Geognost insensible to every other impression, but that which results from
the external characters of minerals, he may surely devote some portion of
his time to examine the simple manners of a race of People, who have as
good a claim to the title of PRIMITIVE as the rocks among which they
dwell. He may, for a time, lay down the ponderous hammer with which
he is caparisoned, for the purpose of tracing, in the language, domestic
habits, or agriculture of this people, some tokens of their early emigration
from the shores of ancient Scandinavia. He may relinquish his labours
for a short period, to contemplate the simple architecture of the defensive
Burgh ; or when, with infinite toil, he has ascended a peak that overlooks
all other hills, he may pause, for a few moments, to inspect the lomely
Watch-tower that crowns its summit. With these combined inducements,

M2
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then; for our voyage, we will now set sail, invoking, at the same time, in
the set form of the English Poet DrRAYTON, the local genius of the Shet-
land Archipelago, whom Scandinavian writers, “ prisco sermone,” were
wont to name HiALTLANDIA. By her benignant influence may we be
conducted safely amidst the sounds and creeks of Hyperborean Seas !

¢ Go thou before us still thy circling shores about,

¢ And, in this wandering maze, help to conduct us out,=—

“ Wise Genius ! by thy help, that so we may descry

“ How thy fair mountains stand, and how thy vallies lie.”
Drayron’s Poly-olbion.

THE vessels which regularly trade between Leith and Shetland present
humble cabin accommodations; but in the Lerwick Packet these were
wholly overlooked in the national welcome with which the worthy master,
Captain SIMPsON, appeared to meet his passengers as they came on board,
and in the unremitting attention which he paid to their comfort during the
whole of their voyage. With a favourable wind, the passage to Shetland
is made in about fifty hours, but too frequently vessels are compelled, from
contrary winds, to put into some harbour on the eastern coast of Scot-
land.

The sail along the Scottish coast possesses much interest; it isenliven-
ed by the numerous towns which diversify the coasts of Fife, and, on lea-
ving the Frith of Forth, by the noble light-house similar to that of Eddi-
ston, the erection of which has been completed by the ingenuity of Mr
STEVENSON ;—afterwards appear in succession Montrose, Aberdeen and
Peterhead. On passing Kinnaird’s Head, leaving in course of time the
counties of Banff and Moray to the south-west, and the coasts of Caithness
and Orkney remotely to the west, we lose all sight of land far several
hours.

DISTANT VIEW OF FAIR-ISLE.

The earliest intimation of our approach to Shetlgnd is afforded by the
distant appearance of FAIR-IsLE, whieh, in our direct course, we leave
to the westward a few leagues. Thisis a small island, said to be compo-

"
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sed of sandstone, which presents in its elevation something of an elliptical
outline. It is scarcely more than two miles in length, and perhaps one in
breadth, being situated about twenty-five miles S. SW. from the southern
extremity of Mainland, the largest of the Shetland Islands.—See Note, No.2.

TRADITIONARY NARRATIVE OF THE SHIPWRECK OF THE DUKE DE

MEDINA SIDONIA, COMMANDER OF THE SPANISH ARMADA, IN THE
YEAR 1588.

FAIR-ISLE is, to an Englishman, associated with an event of no com-
mon interest in the annals of his country, since it is connected with the
personal disaster of the Commander himself of the Invincible Armada of
Spain.

When, by the, valour of the English Navy, in the memorable year 1588,
the Spanish fleet had been dispersed with incalculable loss, the Duke de
Medina Sidonia, to whom the command of the Armada had been intrust-
ed, reselved to sail northward, and, by making the tour of the British Is-
lands, to reach the Spanish harbours of the Western Ocean. He was pur-
sued by the English Admiral as far north as the Frith of Forth, when,
owing to bad weather, and an ill supply of provisions, the chace was given
up. Meanwhile the Armada, in its northern destination, had passed the
Orkneys; it was then overtaken by a violent tempest. Of the ships which
had been engaged with the English Navy, many had lost their -anchors,
and these, for the most part perished in their endeavours to keep out at sea.
The galleons, which composed two-thirds of the Spanish fleet, were, from
their unwieldy size, left to the mercy of an ocean over which they had little
or no controul, whence numerous wrecks of them took place on the shores
of Scotland and Ireland. Thus, of an armada conceived to be Invincible,
which had consisted of 150 sail, carrying 2600 brass guns, and 30,000 sol-
diers, marines and slaves, scarcely one-half returned to the haughty mo-
narch of Spain with the disastrous news, that the sceptre of England was
still unwrested from the Protestant grasp. While General History is,
however, silent regarding the personal adventures of the Duke de Medina,
which befel him in the Scottish seas, the deficiency is amply supplied by
traditionary accounts yet extant among the isles of Shetland.
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In the tempest which completed the discomfiture of the Spanish Navy,
the Admiral saw his own vessel driving fast to the precipitous rocks of
Fair-Isle : he was successful in making for a small creek on the eastern
side of the island, when his unwieldy, anchorless ship struck and went to
pieces, the commander and 200 of his men effecting a landing in their
boats with the greatest difficulty.

The Duke now found himself inclosed in a small island, the extent
and fertility of which could afford little more support than was necessary
for the few families which were accustomed to derive from it a precarious
subsistence ; whilst the population of the place was, by the addition of his
shipwrecked crew, considerably more than doubled. The autumnal gales
had also set in, which, by keeping the fishermen on shore, threatened to
cut off all supplies of food from the sea: from the same cause, also, the
light boats of the island were precluded from crossing a dangerous channel
of nearly nine leagues, ever disturbed by impetuous currents and tides, for
the purpose of procuring from the Mainland of Shetland a vessel, in which
the Spanish soldiers might be either conveyed to a place capable of afford-
ing adequate provisions, or might be transported early in the spring to
some friendly port on the Continent. It also appears, that the Duke had
long hesitated whether he should make any entreaty whatever for succour
to the inhabitants of Shetland, being doubtful of the reception he should
find among them. He was not ignorant that these islands were under the
direct influence of a Protestant king, whose sentiments on the subject of
the Spanish invasion of England were far from ambiguous. The Scottish
Monarch had indeed considered, that the danger which so lately threat-
ened England, had also threatened Scotland, and the sentiments he was
known to utter were the echo of EL1ZABETH’s caution, That if the Spa-
nish enterprise had succeeded, he could have only hoped for the indul-
gence which PoLYPHEMUS had promised ULyssEs,—To be the last de-

voured. ,

‘Whilst meditating on what measures ought to be adopted, it does not
appear that the Duke had availed himself, so soon as he ought to have
done, of the means in his power to extricate himself from an island, the
scanty resources of which menaced his soldiers with all the horrors of a
winter's famine. But, if the alarming prospect was late in making any
forcible impression on the mind of the Spanish Commander, it was instantly
seen by the natives of Fair-Islein all its hideous colouring ; and they, there-
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fore, became anxious to secure for the use of themselves and their own fa-
milies the scanty stock of provisions and cattle which remained in the is-
land. An ample opportunity was now given to the Duke for shewing to
a defenceless people, whose compliance with his requisition for provisions
he could have easily commanded by force, that generous spirit inseparable
from true chivalry, which had long tempered with some of the most ami-
able feelings of human nature, the military habits of southern Europe:
for he gave the strictest orders to his soldiers, and in these he was support-
ed by his officers, that no provisions should be received from the inhabi-
tants of Fair-Isle, without a bountiful pecuniary remuneration. Accord-
mgly, the voice of tradition still reports, that the unfortunate visitors of
Fair-Isle paid nobly in Spanish ryalls for the provisions which they might
so easily have obtained without the least compensation.

The Spaniards had consumed nearly all the victuals of the island ; they
had eaten up every thing they could collect, such as horned cattle, shecp,
fish, fowl, and even horses, when the natives were tempted, in selfdefence,
to evade the delivery of any farther contribution. To avoid, however,
the least appearance of hostility to their visitors, they availed themselves
of the darkness of the night, for the purpose of secreting among the re-
cesses of the cliffs, known only to themselves, the provisions which ap-
peared indispensable for their own existence.

All the horrors of famine now began to rage in the island. Many of
the Spaniards had providentially saved from the wreck a reserve of bread;
to which was added fish-oil, in which it was dipped. But others who were
destitute of this coarse nourishment, perished for hunger.

It would have been well for the memory of the transactions of Fair-
Isle, that the same voice of tradition which has recorded in honourable
terms the magnanimity of the wretched Spaniards, should, at the same
time, have suppressed a recital of the treachery of the natives among whom
they had been thrown. The Spaniards were supplicants for the food whlc')
from their superior force, they might have commanded; but the beings to
whom this concession was made, only returned the obligation by an over-
anxiety for self-preservatlon, and by a desire to rid the island, in the basest

mode, of ‘the unfortunate causes of the famine. When any Spaniards,
debilitated by hunger, were found to be detached from the rest of their
companions, the barbarous islanders are said to have availed themselves of

-
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"this incapacity to resistance, by secretly throwing them over the banks into
the sea. 1Tt is even said, that the roofs of the houses used in the island for
drying fish, were so contrived as to be let fall upon the unsuspecting stran-
gers, who were for this purpose invited to seeck beneath them a shelter
from the weather *.

At length, all sustenance appeared to fail, not only the Spaniards,
but the natives of Fair-Isle themselves ; and the Duke was determined to
encounter every risk of hostility from the neighbouring islands, which he
knew to be under the government of a Protestant king, by sending out a
boat or yawl to make known his situation, and to implore that a suitable
vessel might be provided to release his famished crew from the horrors
which they were then suffering.

The boat was dispatched in the first place to ANDREW UMPHREY of
Berry, who was then said to have farmed the isle. It is not added, at the
same time, whether the appeal was made to one who was within or with-
out the pale of the Romish Church ; but of this fact we may be assured,
that the instantaneous relief which the case required was neither convert-
ed into a Catholic nor a Protestant question.

ANDREW UMPHREY set off for Fair-Isle with all dispatch, and in the
approach of a sail to the island, the imagination may, without any assist-
ance from tradition, truly paint to itself the anxious faces of the Spaniards,
exhibiting alternate emotions of hope and fear, as they conceived the visit
to be friendly or hostile.

, The mission was, however, soon declared to be propitious, and the fa-

mished Spaniards being assisted on board, were cheered with the immedi-
ate hopes of food, with the further assurance that their sufferings would
obtain for them, every where throughout Shetland, the most hospitable re-
ception,—with the promise, that the ship which now bore them should
attempt their escape to some convenient port on the Continent, from
whence they might once more hope to embrace the friends they had left in
the fertile valleys of Old Spain.
The vessel appears to have touched at Quendal Bay, the nearest
point in the Mainland of Shetland. This was with a view to the superior
accommodation due to the illustrious rank of the Duke, which the house

® Sugerirr's Agricultural Survey of Shetland, p. 7.

),



Iter L] ‘ LEITH TO DUNROSSNESS. 93

of a worthy Scottish gentleman afforded, of the name of MaLcoLM
SINCLAIR. A

The Duke de Medina landed in the complete costume of a Spanish
nobleman, with a view to impress on the simple islanders some notion of
the rank which he held in his own country. On being introduced to his
host, he was received with the unfeigned welcome that was due to an il-
lustrious and an unfortunate stranger. This feeling was not, however,
wholly unmixed with MaLcoLM’s conscientious disapproval of the cause
which led eventually to the Duke’s disaster, though he wished, at the
same time, that emotions of this nature should intrude themselves as little
as possible, so as to interfere with the rites of hospitality. An inten-
tion so laudable was soon put to a trial,—particularly when the Duke,
in order to satisfy himself of the imposing effect which his appearance
might have caused in the country, bade his interpreter inquire, If his
host had seen before a person of his rank and mien. MALCOLM SINCLAIR,
who, in estimating the consequence of his guest, had ever considered him
as the redoubted champion of Great Babylon, bluntly replied in broad
Scots, “ Farcie in that face! I have seen many prettier men hanging on the
“ Burrow-Muir®.” It was well for the feelings of the Spanish Command-

‘er, that his interpreter'’s knowledge of the English tongue had not yet ex-
tended to its provincialities, and that it was impossible to translate this
coarse reply. :

The Duke de Medina is said to have lingered at Quendal, as the guest
of MALcOLM SINCLAIR, until the vessel could be equipped in a manner
sufficiently effective for the conveyance of himself and his party to the Con-
tinent. Meanwhile the Spaniards, in order to remain near the person of
their Commander, had entrenched themselves in the vicinity. The walls
and earthworks which they hastily constructed may be yet traced, along
with the foundations of temporary buildings.

There is, besides, a small fortification to be seen, about thirty miles to
the north of Quendal, in the small islet of Kirkholm, which is also ascri-
bed to the Spaniards; but this is satisfactorily explained by the tradition,
that there was another unfortunate galleon belonging to the Armada,

® Sir RoBErT S18BALD’s Account of Shetland.—¢ Farcie in that face,” i. e. « unsight-
liness is in that face, or, it is an ill-favoured face,”—an uncouth term of opprobrium, very
properly obsolete.— Burros-Muir,” the ancient Tyburn of Edinburgh.
. N
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"this incapacity to resistance, by secretly throwing them over the banks into
the sea. It is even said, that the roofs of the houses used in the island for
drying fish, were so contrived as to be let fall upon the unsuspecting stran-
gers, who were for this purpose invited to seek beneath them a shelter
from the weather *.

At length, all sustenance appeared to fail, not only the Spaniards,
but the natives of Fair-Isle themselves ; and the Duke was determined to
encounter every risk of hostility from the neighbouring islands, which he
knew to be under the government of a Protestant king, by sending out a
boat or yawl to make known his situation, and to implore that a suitable
vessel might be provided to release his famished crew from the horrors
which they were then suffering.

The boat was dispatched in the first place to ANDBEW UMPHREY of
Berry, who was then said to have farmed the isle. It is not added, at the
same time, whether the appeal was made to one who was within or with-
out the pale of the Romish Church; but of this fact we may be assured,
that the instantaneous relief which the case required was neither convert-
ed into a Catholic nor a Protestant question.

ANDREW UMPHREY set off for Fair-Isle with all dispatch, and in the
approach of a sail to the island, the imagination may, without any assist-
ance from tradition, truly paint to itself the anxious faces of the Spaniards,
exhibiting alternate emotions of hope and fear, as they conceived the visit
to be friendly or hostile.

, The mission was, however, soon declared to be propitious, and the fa-

mished Spaniards being assisted on board, were cheered with the immedi-
ate hopes of food, with the further assurance that their sufferings would
obtain for them, every where throughout Shetland, the most hospitable re-
ception,—with the promise, that the ship which now bore them should
attempt their escape to some convenient port on the Continent, from
whence they might once more hope to embrace the friends they had left in
the fertile valleys of Old Spain.
The vessel appears to have touched at Quendal Bay, the nearest
point in the Mainland of Shetland. This was with a view to the superior
accommodation due to the illustrious rank of the Duke, which the house

® Sugerirr's Agricultural Survey of Shetland, p. 7.
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which suffered shipwreck on the coast of Shetland ; and that the crew were
long detained in this more northerly part of the country, until they could be
conveyed to their distant homes. The mural defence which this second par-
ty threw up, to add security to their insular position, may be still detected,
together with a well of water for the use of the small garrison. Not far
remote from Kirkholm may be likewise seen the ruins of a neat chapel, de-
dicated to the Holy Virgin: it was erected by the same grateful strangers,
to beguile their vacant hours, in memory of their presqrvatlon on the hos-
pitable shores of Shetland.

A month or more had elapsed ere the equipment of the vessel destined
to transport the Duke de Medina’s party was completed. At length the
foreign guests took a final leave of the islanders among whom they had last
resided. Ina few days the Spanish Commander was landed safely at the Port
of Dunkirk, for which service he rewarded his deliverer with a present of
three thousand marks.

Such are the traditions relating to the tempest of the Scottish seas, in-
cidental to the history of the leader himself of the celebrated Armada of
Spain. The passing traveller, to whom the rocks of Fair-Isle approach in
view, and to whom may be narrated the interesting events with which they
~ are associated, may possibly belong to that country where religious freedom
has long been secured against the invasion of

" "« Banditti saints disturbing distant lands.”

Is he then authorised to suppose that special interpositions of Providence
have averted the danger which threatened to blast the hopes of English
Protestantism ? Is he allowed to imagine, as others have done befare him,
that the remains of the powerful fleet which had eluded the thunder of
English guns, were only preserved in their flight for the purpose of being
nobler victims of the more powerful artillery of the skies, which was heard
in the northern seas?—IJs he justified in presuming, that the escape
of the infatuated slaves of Spain, who had eluded the vigilance oftheir
Protestant foes, was only permitted, in order that a signal occasion might
be afforded for the unequivocal voice of Heaven itself in its denunciation
of the unhallowed cause of the Spanish crusade? Be it so. But there are
events now transactmg m the civil and tehglous communities of the “orld
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which lead to a less contracted view of the laws of the Divine Government.

These events are far from instructing us, that such laws, when directed
against superstition, armed with political authority, are manifested by
the contingencies of atmospheric phenomena, or by the incidents of war.

No. These decrees of Heaven are more silently revealed in a process that
is moral ; in a process that is corrective, not vindictive; in a process that is
slow yet universal in its extent, and influencing as well the victims as the
agents of persecution. Already are we presented with the sublime spec-

tacle of the lineal descendents of those ancient foes of the Reformed Re-
ligion of Europe, that in days of yore would have lighted on English
_ground the torch of infuriated bigotry, employed on their own soil in its
final extinction ; in repairing on Iberian land the desolations which its
flames had spread, and in erecting on the fertile banks of the Guadelqui-
~ ver, the peaceful standard of civil and religious liberty.—Note IIIL.

APPROACH TO DUNROSSNESS IN SHETLAND.

No sooner.do the rocks of Fair-Isle recede from observation, than Frt-
FIEL HEAD, a considerable hill to the south of the Mainland, first rises to
view. In the ancient northern language of the country, Fitfiel is said to
signify the White Mountain*. 'To this promontory succeeds a contigu-
ous one to the east of it, less elevated, but stretching more to the south:
this is hamed Sumburgh Head.

As we approach towards the shores of Dunrossness in Shetland, the
general features of a large tract of the principal island, named the Main-
lamd, aré gradually developed in perspective. The country seems to be
characterised rather by the number than by the height of its hills: but the
nakedness of their surface, which not a tree or shrub interposes to conceal,
recalls every chilling idea that may have been preconceived in the mind, of
Hyperborean desolation. The stranger can scarcely avoid contrasting the
sterility that appears before his eyes, with the richness of the valleys that
he may have so lately quitted on the banks of the Forth. Shetland tru.

Ne
A

® See CuarMers's Caledonia, vol. i. p. 262.
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ly appears to be what was long ago said of it by a Stirlingshire visitor, « the
“ skeleton of a departed country *.”

‘Our proximity to land is announced, in good weather, by the appear-
ance of numerous boats, fishing by means of hand-lines for seethe and cod.
The Scandinavian character of the natives first becomes evident in the form
and lightness of their boats or yawls, the planks of which are still import-
ed from Norway, so modelled by the hands of the carpenter, that, when
they arrive in Shetland, little more labour is required than to put them to-
gether. 'These boats are generally about eighteen feet in keel, and about
six in beam ; they carry six oars, and are furnished with a square-sail. Their
extreme buoyancy, and the ease with which they cut the waves, are the
circumstances insisted upon by the fishermen, as rendering their construc-
tion particularly adapted to the stormy seas upon which they are launched.
Many of the boats are, however, less in size, being adapted only for four
oars.

The boat-dress of the fishermen is in many respects striking. A
worsted covering for the head, similar in form to the common English or
Scotch nightecap, is dyed with so many colours, that its bold tints are re-
cognised at a considerable distance, like the stripes of a signal flag. The
boatmen are also invested, as with a coat of mail, by a surtout of tanmed
sheep skin, which covers their arms, and descends from below their chin to
their kneest+; whilst, like an apron or kilt, it overlaps their woollen femora-
lia .—for with the latter article, it is needless to observe, the Shetlander is
better provided than the Gaelic Highlander. This sheepskin garb has ge-
nerally an exquisite finish given to it by boots of neat-skin materials, not
sparing in width, reaching up to the knees, and, altogether, vying in their
ample dimensions with the notable leather galligaskins, with which paint-
ers have long been wont to encompass the royal calves of CHaRLES XII.
when they have represented him as planning the trenches of Fredericshal.-
A nobleman, who visited Shetland a few years ago, was, indeed, so struck
with the fishing-garb of the natives of the place, that he took away with

* Neir's Tour through Orkney and Shetland, p. 159.

+ This dress has been described by Dr KEMP as put on with the woollen side in-
wards. Does the expression imply that the wool is preserved? I have not myself
seen it retained.
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him a perfect specimen of the same, for the sp ecial purpose of assigning to
it a place in his museum, at no remote distance from kindred illustrations
of the habits of the Esquimaux or of the New Zealanders.

To antiquarian eyes, however, the trim of the Shetland boat-dress may
present no inaccurate model of the calfskin costume of the ancient English
mummers, who looked so fierce in their guise, that one of the personz of
‘an old drama was made to say, :

“ I'll wrap me in a rousing calf-skin suit,
*¢ And come like some hobgoblin.”
Old Play of « Wily Beguiled.”

In allusion also to these welcome promoters of the sports of Christmas, who
may, in the honest boatmen of Shetland, find parallel representatives in
every thing save wit, CONSTANCE and FAULCONBRIDGE, in SHAKE-
sPEARE's Play of King JoHN, most pointedly “ smoke the skin-coat” of
the Archduke of AUSTRIA:

¢ Thou wear’st a lion’s hide ! doff it for shame,
¢ And hang a calf-skin on those recreant limbs.”
King JonN, Act 8. Scene 1.

There can be no doubt, that the leathern dress of Shetland is of
Scandinavian origin ; a similar one is still worn in the Isles of Feroe, and
Bishop PoNTOPPIDAN describes the same as being common in ‘his' time
among the peasantry of Norway. It must also be of great antiquity, but
whether the name of LoDBROG was added to the titles of the Danish
King REGNER, from some important improvement on this garb, by which
they were converted into regular Braccee, I shall leave for antiquaries,
deeper versed than myself in Scandinavian lore, to determine. “ Methinks,”
says that paragon of Archaiologists, AYLETT SAMMES of Christ’s Col-
lege in Cambridge, “ I see the Danish King LoTHBROCK, in his fur-
*“ leather breeches, (for so his name importeth,) in as good verses as ale
“ could inspire, hugging himself in the hopes of full pots in the world to -
“ come: :
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¢ We have stood true to sN1cx and sNEE,
« And now I laugh to think,
¢« In Wopngn’s Hall there benches be,
¢ Where we may sit and drink.
¢ There we shall tope our bellies full
¢ Of nappy ale in full-brimm’d skull.”
- See a free translation from the Runic of Regner Lothbrock's well
known Death Song, in Aylett Sammes's Britannica, Edi-
tion 1676, page 436.

But of this enough :—The true antique cut of the Shetland boat-dress
requires no ornament that any superfluous hemmings or fringes can
give it, under the learned name of “ Annotations” and “ Postils.” I may
briefly add, that the weight of this coreaceous garb, which is almost as pon-
derous as the chain-armour, that, in the niche of some sacred fane, invests
the limbs of the bold crusader, is often disdained by the younger natives,
who leave the warmth which it yields to be enjoyed by those who are more
advanced in years. They themselves are contented with a common sea-
man’s jacket and trowsers of the usual form, and, in the place of the worst-
ed cap, with a plain hat of straw.

Here it may be proper to observe, that the Packet which conveys

-passengers from ;Leith to Shetland is generally destined to Lerwick,—
nearly thirty miles distant from the most southerly point of the Main-
land. For reasons, therefore, that will be explained on a future occasion,
it will be of considerable advantage, that our geological researches should
commence either from the most southerly or northerly extremity of the
country ; and if the weather permit, it will be advisable to be put on
shore at the nearest point of Dunrossness. '

Taking’ leave of our attentive master of the Lerwick Packet, and
entering a Shetland fishing boat, we are now introduced to the inhabi-
tants of the country. The first question that will be asked a stranger; pre-
ceding even the usual interrogatories of name, country, occupation, desti-
nation, and so forth, will be the price of meal in Leith, with which, it is
expected, that he should be as much interested as they themselves. This
is very natural : the poor natives are, by the uncertainty of their climate,
furnished with precarious crops, not generally adequate to the requisition
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of their families, and, in a scarce season, the slender remuneration for their
lahour, which- altogether precludes an indulgence in such a lyxury as meal,
obliges them to live almost. wholly on fish,

In the diseouxse of the Shetlanders, whieh the stranger may now, perhaps,
for the first time, Liear, he can searcely fail to be struck with their .ac-
ceat, which certainly partakes much more of the English than of the
Scottish manner. When Orkney and Shetland were transferred from
the government of Norway to that of Scotland, in payment of part of the
portion of MARGARET, daughter of the King of that country, to JAMES
the Third, the Scandinavian natives of these islands gradually abandoned
the Norse language, in consequence of their encreased intercourse with the
nation to which they were annexed : but they still retain many Norwe-
gian terms, and, along with these, their own national accent. We, there-
fore, now find, that there is an acuteness of tone and an elevation of voice,
that impart to the discourse of the Shetlanders much of the spirit of the
English mode of utterance; whilst not unfrequently their pronunciation
partakes of the still more modulated and impassioned tones of the Irish:
but among none of the natives is.to be found the Scotch peculiarity of ex-
pression, which is less diversified by alternations of grave and acute accents,
since all the effects of emphasis is intended to be conveyed in the prolong-
ed measure with which particular words or syllables are pranounced.

An amusing altercation took place about twelve years ago, in a paper-
war, which was carried on between a Shetland and a Scoteh gentleman,
respecting the peculiarity of their respective accents. “ The English lan-

“ guage,” remarked Dr KEmP of Fdinburgh, “ is spoken by all the na-
“ tives of Shetland, but with such a rapidity, (at least it appears so to stxan-
* gers,) and such a shdrpuiess iof accgnt, together. with a kind of lisp and
“ guttural sound, that it requires no little attention to understand them.”
This observation drew from the late Mr MouAaT of Belmont a retort
courteous on the Scotch mode of pronunciation *: “ Most people,” remarked
the Shetland gentleman, “ in characterising the dialect of others, under-
“ stand their own to be the standard or criterion, and, on that principle,
“ the Shetlander ig entitled to retort the Doctor’s observatlons He speaks

* Sep Pamphlets, exmtled, « Observalions on tlaeblamb of Shtlud. &c and
by Order of the Highland secmy 1803, and Letwa in rdplx» 3 By ths Iaudhnldm of

 Shedapd,” 1808
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“ the English language, but drawls out his words so slowly, and with such
“ an obtuse accent, that it requires no little attention to understand
“ him.” Mr MouaT then added, that it was at St James’s only the
“ preference could be determined.” This was a proper reply: for the no-
tion of a standard of accent or language will ever involve an association of
the rank of the individuals by whose influence particular dialects first be-
came objects of imitation. It has thus been justly remarked, that if the
Court of Great Britain had, since the union of England and Scotland,
been held at Holyrood instead St James’s, the fashionable dialect of this
kingdom might have been found in the Lowland Pastorals of ALLAN

Ramsay.

It is, however, a separate object of inquiry, if the accent of a country
bear any corresponding relation to its national character. SPurzHEIM,
when in Edinburgh, took some pains to prove to his pupils, that the organ
of Cautiousness was a general developement of the Scottish cerebrum. Yet
it is perhaps questionable, if, from less ambiguous sources, some happier
manifestation might not have been derived. Why not, in estimating na-
tional character, extend the fashionable lucubrations of Phrenology to the
lingual as well as to the cerebral organs? The less varied and measured ac-
cents of Caledonia’s sons, which appear to be in unison with “ a mien more
“ grave,” offer a striking contrast

 To the blunt speech which bursts without a pause,”

or to the acuteness and rapidity of English utterance,—or to the still more
impassioned articulations of the Green Isle of the Ocean,—or to the mild-
er, yet equally modulated accents of neglected Hialtlandia.

GRUTNESS VOE TO QUENDAL, DUNROSSNESS.

As our boat draws near to the shore, a landing-place appears a
little to the north of the steep cliffs of Sumburgh-Head. The first pros-
pect that encounters the attention of the traveller is dreary enough. An
. immense accumulation of blowing-sand appears before him, which has ra-
vaged one of the most fertile estates of the island. It is well known, that
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when very small breaches are made in the superficial turf that covers an
extensive deposit of fine sand, an escape of the levigated particles of the
subsoil immediately takes place, and all the ravages of a sand-flood en-
sue. Professor JAMESON, in- his visit many years ago to Shetland, ju-
diciously recommended, for the recovery of the land, the growth of such
plants as the Galium cruciatum and verum, the Elymus arenarius, the
Triticum junceum, or the Arundo arenaria. But this advice has long pass-
ed by unheeded; and the latest visitor, Dr FLEMING, found, that the
seeds which grew among the sand were, for the laudable purpose of making
besoms, still dug up by the roots,—that numerous herds of swine were still
allowed to roam at large and dig in the sand, and that rabbits even appeared
to meet with a hospitable protection *.

A sandy tract leads to Quendal Bay, where, for some little distance,
the eye obtains no relief from an extensive waste of sand, save from small
insulated tufts of verdure, that are idly supposed to mock, rather than to
encourage, the redeeming hopes of the husbandman. The view is, indeed,
as unvaried as that which Sister ANNE saw when, from the loftiest turret
of Blue-Beard’s gloomy mansion, she anxiously looked out for the expected
horsemen ; and, with a slight deviation from the text of this delightful tale
of our infancy, the disappointed traveller may exclaim, “ I see nothing but
the sand blowing, and the grass growing !”

REMARKS ON THE DARK PERIOD OF THE HISTORY OF SHETLAND
AND ORKNEY, SUGGESTED BY THE DISCOVERY OF ROMAN RELICS
IN THE PARISH OF DUNROSSNESS.

The dreariness of the scene is soon interrupted by a fertile green sward,
studded with cottages, that is continued to West Voe and Sumburgh
Head, which we leave to the south. This ground is rendered somewhat
interesting by the evidence which it has afforded of a Roman visit to Shet-
land. About forty years ago, a copper medal of Vespasian, the reverse
Iudza Victa, is recorded to have been turned up by the plough. I have

* Jauzson's Mineralogy of the Scottish Isles, vol. ii. p, 199. App. to SHIRREFF's °
Agriculture of Orkney and Shetland, p. 134.

0



102 DUNROSSNESS. [ITER L

examined several of the coins that are said to have been found in different
parts of Shetland, which were those of Galba, Alius Casar and Trajan.
In one district, Northmavine, a Pugio was reported to have been discover-
ed. There are also small fortifications, occurring in different parts of the
country, that will be noticed in the course of this itinerary, which manifest
striking marks of 2 Roman construction.—See Note IV.

The presence of remains like these found in the parish of Dunrossness*
and elsewhere, may excite some little curiosity to learn the occasions which
might have induced the Romans to visit the seas to the north of Scotland,
as well as to know the race of people by whom Shetland might have been
inhabited during so remote a period. This inquiry is, at the same time, so
connected with the earliest state of Orkney as well as of Shetland, that it
will be impossible to investigate the history of the ome country to the ex-
clusion of the earliest annals of the other.

Acricora visited Orkney in the eighty-fourth year of the Christian
Era. But this group of islands seems to have been known to the ancients
before this period, since D1oporus SicuLus alludes to a promontory in
the north of Scotland, supposed to be some headland in the Pentland
Firth, under the name of Cape Orcas, whilst PoMPoONIUS MELA states
the number of the islands of Orkney to be about thirty.

But, if the situation of Orkney was known to the ancients before the
time of AGRICOLA, Shetland was much less distinctly recognised, unless
under the vague name of THULE, it was occasionally glanced at by PoM-

* I find that the proper name of Dunrossness, as it appears in Norwegian annals, is Dyn-
raust Ness, so named from the raust, roost, or conflict of tide off Sumburgh Head, which,
in the year 1242, proved fatal to King HaroLp, of the Isle of Man, in sailing to Norway.
“ Interea nuptie Regis HaraLpi, cum filia Regis [Norvegise] insigni apparatu confecte,
inde Rex ad conventum cum Svecie Rege iustitutum magna classe comitatuq ; profectus,
in Elldeyar Sunda, seu sinu Elldeyensi Jonem Duncapi filium Regem pronunciavit, qvi
tanto honore auctus, in aqvilanares Norvegie partes DucALE comitante rediit, uterq: in
Hebudas Mapniz Regi HaraLpo, itineris socii futuri, verim proposito desistentes Jon
Bergis, Ducart ad Regem HacoNEM in austris morantem profectus hiemavit, Rex autem
HaRrALDUS cum uxore, splendidoque comitatu, unica nave Bergis solvit, inque itinere cum
omnibus vectoribus vecturague periit in vortice Dynraus!, qvi Hisltlandiam ab austro spec-
tat, ut vulgo conjectant, eo qvdd fragmenta navis, in australis istius insule partes eestus de~
vexerit."—ToRrF£vs, p. 164
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PONTUS MELA or PLINY *. Thule was long a term of general applica-
tion, to denote a place either in Britain, Ireland, the north of Scotland, or
in regions even still farther north, which was supposed to be involved in
darkness, whilst its shores were washed by a boisterous ocean; its situa-
tion, therefore, always varied with the uncertain geographical informa-
tion which Roman writers possessed of the British or Caledonian Seas. It
is, however, certain, that Shetland was the Thule which was actually seen
by AGRICOLA, in his circumnavigation of the British islands.

When AGRICOLA, in the year 84, visited Orkney, he is said not only
to have discovered, but to have subjugated these islands. Hence the im-
portant inference, that they were at so early a period actually inhabited.
The expression of TacITUs is, “ invenit domuitque.” It is, consequently,
with much surprise, that I have seen a supposition lately hazarded, in a vo-
lume of Scottish Antiquities, that Orkney was in the time of AGricoLa
unpeopled. It is, indeed, possible to conceive, that when AGRIcoLA is said
to have subdued the Orkneys, his biographer meant no more than that he
was victorious in the sense in which DRYDEN applied the term to the hero
of one of his Tragedies ;

“ ALMANZOR is victorious without fight ;"

Or in which FIELDING’s no less triumphant hero Lord GrizzLE, with
equal felicity, enlarged upon the idea:

% Thus far our arms with victory are crown'd ;
“ For, though we have not fought, yet we have found
¢ No enemy to fight withal.”
Life and Death of Tou Trums the Great, Act iii. Scene 7.

Tt is to be remarked, that two of the islands of Shetland, Foula and
Fair-Isle, are to be seen from Orkney; accordingly, it has been with every

* For a compendious view of the various opinions of the ancients on the situation of
Thule, see Sir RoerT S188ALD’s “ Thule of the Ancients,” as given in Ginson’s Cam-
den, page 1089 to 1100; and particularly “ An Inquiry into the Original Inhabitants of
“ Britain,” by Sir Jaues FouLis, in the Transactions of the Society of the Antiquaries of

Scotland, Vol. i. page 155. to 169.
: / Og
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reason supposed, that the Thule which AGricoLa saw from thence could-
be no other country than Shetland. ¢ Dispecta est et Thule quam hac-
“ tenus nix et hiems abdebat.”

Thus, it would appear, that in the time of AGricoLa, whilst Shetland
was only distantly observed, and was unexplored, Orkney was actually
inhabited. The next question is, Of what race were descended the Ab-
origines of Orkney ; or, as the Archwologists of a century ago were wont
to express themselves, From what fountain and original source was derived
unto us these puissant Orcadians ? Seeing, therefore, that all good historio-
graphers have thus handled their chronicles, an inquiry into national de-
scent will be our first object; for this is no less expedient in treating
of humble provincial annals, than a lineal pedigree is to the consequence of
some homely country gentleman, who, deprived of its emblazoning support,
might never have been recorded in any other terms, than that he was “ a
marvellous good neighbour, in sooth, and a very good bowler *.” For very
sufficient reasons, therefore, the aboriginal inhabitants of Orkney may be
announced as having been derived from a Celtic stock ; as having been de-
scended from a peoplec who have been traced from the Euxine to the At-
lantic, occupying at one time the whole of Europe, south of the Baltic, and
probably even farther north ; whose tribes were subsequently limited to the
west of Europe, who, from four to five centuries before the Christian era,
scized the country on the Po, settled in Germany, overran, under Brennus
and Camillus, the whole of Italy,—their last depredations being committed
in Greece, and even in Asia. -Most of the Celtic tribes appear to have
been lost in their intermixture with the inhabitants of the countries which,
from predatory motives, they had visited, whilst the remainder were even-
tually compelled to confine themselves to the country of Gaul, in which
was comprised, during the time of C&£saR, France, part of Germany, and
the British Islands.

But the Celtic Emigration from the Euxine to Britain is more distinet-
ly (I dare not add more authentically) described in the ancient Triads of

,Wales, and in the curious comments upon them which are to be found in
the oldest manuscripts of that country. “ Of the three pillars of the Island
of Britain, the first is Hu GADARN, who first brought the race of the Cym-

® Love’s Labour Lost, act v.
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ry into the Island of Britain ; and they came from the land of Hav called
Defrobani, (where Constantinople stands, says the ancient commentator,)
and they passed over Mor Tawch (the German Ocean,) to the Island of
Britain, and to Llydan (the coast of Gaul,) where they remained.” The
Celtic race of Scotland is again referable to the tribes who are said to
have * come into the Island of Britain by the consent of the nation of the
“ Cymry, without weapon and without assault.” Of these, one was the
tribe of the Caledonians, and another was the Gwyddelian race in Alban
(Scotland *.)

The Celtic tribe of the Caledonians might probably have inhabited, du-
ring the campaigns of C#£SAR, certain woods near the banks of the
Thames , exchanging soon afterwards the rich plains of the south of Eng-
land for the more inaccessible regions of the north, where, amidst wilds
and natural fastnesses, they might more successfully resist the Roman
eagle t.

The Gwyddelian race in Alban (Scotland,) are the proper Aborigines of
North Britain; and they have been for centuries described by Welch
bards, and other writers of that country, under the name of Gwyddyl,
Pichti or Fichti, the(P) of the British being frequently changed to(K¥.) The
term PIcHTI denotes a tribe of the open country, or of the waste or de-
sart §; and it may be identified with the name P1cTi, which was used by
the Romans to denote the same Celtic people who inhabited Scotland.
The near resemblance in sound of the Celtic P1cHTI to the Latin expres-
sion for a PAINTED people, caused the Boomans to associate under this ap-
pellation the well known habit of fatfooing, to which the Aborigines of
Britain, like the savage American tribes of the present day, were original-
ly addicted |. The use, therefore, of the term PicT1 became particularly
significant in its perverted acceptation, of the wild hordes of ancient Ca-

* Dawvies's Celtic Researches, pages 154. and 155.

+ ¢« Eosdem rursus Britannos sequtusin Caledonias sylvas.” L. Anne Flori epitome,
Rer. Rom. lib. iii. cap..10.

$ I am aware, that an opinion very different to this is usually entertained by antiql;aries.
§ CieaLuens’s Caledonia, vol. i. p. 204.
||  Nec falso nomine Pictos edomuit.” Cl. Claudiani de 111. Cons. Hon. Aug. Paneg.
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ledonia, who could not be prevailed upon to renounce the habit of painting
their bodies, in favour of the refinements of civilization which the Romans
had ecarly introduced among the Britons of the south.

It is now time to avail ourselves of these preliminary remarks in the
hypothesis we may entertain regarding the first peopling of Orkney, and
in the ultimate conjectures of a similar nature which we may form regard-
ing Shetland.

On the assumption, then, that the expression of TacITus, relating
to AGRICOLA’s visit to Orkney, “ invenit domuitque,” naturally implies
that the islands were then inhabited, the Aborigines must have been Cel-
tic, since the Gothic tribes, who succeeded to the Celts in the possession of
Europe, are not recorded as encroaching so far westward as the British
Islands until the 4th century.

On the natural probability, also, that the first peopling of Orkney took
place from the contiguous shores of the north of Scotland, the Aborigines
of these islands must have been Pictish in the Latin, rather than in the
Celtic sense of the term; for with the Romans the designation was generic,
and not only included the proper Celtic PicaTI, as well as the CALEDo-
NIANS, who had migrated from the south, but every other cotemporary
tribe, under whatever name it might be specifically distinguished, that in-
habited the northern wilds of Britain. In this comprehensive sense Eu-
MENES the Orator applies the word Picti in the 4th century: “ Non dico
“ Caledonum aliorumque Pictorum.” Thus also AMMIANUS MARCEL-
LINUS : “ Picti in duas gentes divisi Dicaledones et Vecturiones *.”

Most probably, then, a Celtic race, known at a later period of the Ro-
man campaigns in Britain, under the generic name of Picts, were the Ab-

® This is the only occasion in the course of the present itinerary, in which I shall in«
volve myself in the Pictish question, with the exception, perhaps, of a few brief remarks,
that may be made in treating of the Scandinavian Burgh,—improperly enough named
Pictisu. From the numerous disquisitions to which the Pictish inquiry has given rise,
it is now become the stalest and most tedious of Antiquarian subjects. I consider that
the very best view that has yet been taken of the question, is to be found in the First
Volume of Dr CuaLmEeRrs’s Caledonia, under the head of the Pictish Period of North-Bri-
tain. A summary of the classical authorities from which the opinions that have been
given in this work are chiefly derived, may be found in an excellent paper of Sir JauEs
FouLis, published in the Antiquarian Transactions of Scotland, vol. i. p: 155, &c. See
also WaitTaker’s History of Manchester, 4to, vol. i. p. 415. and 416.
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origines of Orkney. There is, however, another circumstance to be taken
into consideration. The language that is common to Celtic tribes is well
known to have been transmitted to modern times in the Cymraeg or Welch
tongue, in the Armorican, the Irish, and the Scoto-Irish or Gaelic of the
Scotch Highlands. Orkney itself is recorded in the Triades of Wales, as
one of the principal islands of Great Britain; and the most satisfactory
etymology of the name is referable to the Celtic word orc, signifying
what is outward, extreme or bordering, and YNI1s, ENIs and INIS, expres-
sive of an island. But to the notion that a Celtic race originally inhabi-
ted Orkney, this derivation imparts a feeble degree of support. A con-
clusion to this effect would have been much more satisfactorily deduced
from the knowledge, that Celtic names are still applied to the specific loca-
lities of the country : that Celtic names are still retained in describing the
islands, hills, valleys, lakes or bays by which this territory is diversified.
Such evidence, however, is totally withheld from us; for, without a single
exception, all the topographical names, of Orkney as well as of Shetland,
are preserved in the Scandinavian tongue. No hypothesis, therefore, of
the first peopling of either country by a Celtic race can be defended, that
does not, at the same time, admit from subsequent causes, so complete a
removal of the aboriginal colonists, as to imply, that the first appellations
which had been imposed upon the localities of the country, must have be-
come irrecoverably lost. Let us then endeavour to ascertain, if such an
admission meet with any sanction from the testimony of Roman writers.
For about a century and a half subsequent to AGRICOLA’s circumnarvi-
gation around Britain, there is not to be obtained, from any authentic
source, the least intimation regarding the state of Orkney. This silenceis
at at length broken, by the short yet emphatic intelligence on the subject
that is communicated to us by SoLiNus: “ Numero tres, vacant homine,
“ non habent silvas, tantum junceis herbis inhorrescunt, cetera earum nudse
“ arene et rupes tenent.” This information must have been procured
about the middle of the third century; and, really, little is wanting to
complete the chilling picture it presents of arctic solitude: Orkney was
seen,—but no human inhabitants,—no trees;—no objects visible but
marshes, steril sands and rocks. SorLiNus has inaccurately computed these
islands at no more than three ;—a possible error. In order to determine
their real number, Orcadian sounds and creeks must be explored. But
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what inducement could there be for the visitors of this deserted Archipe-
lago to undertake a research so devoid of interest,—so fruitless in its ulti-
mate object ?

Since the period when Orkney was pronounced to be uninhabited,
more than a century had elapsed ere this country came again to be record-
ed in Roman annals. A Gothic or Teutonic people, of a very different ori-
gin to that of the Celts, may be regarded as the second description of co-
lonists, by whom Orkney was peopled. The language which they spoke
is perpetuated in such dialects as the English of the present day, the Low-
land-Scotch, the Belgic or Low-Dutch proper, the German, the Norwe-
gian, the Danish, the Swedish, and several others. With great probabi-
lity, it has been supposed, that the Goths, the Gete of Thrace, and the
Scythians of Little Tartary, were of the same race of people. The Goths
appear to have been long settled near the northern embouchure of the
Danube; and at the Christian Era, a few of these tribes were scantily in-
terspersed among the Celtic Aborigines, dwelling between the Euxine and
the Atlantic. About the third century, the Goths first became formidable
to Europe ; they ravaged Maesia, and destroyed the city of Istropolis, re-
turning from their predatory excursion beyond the Danube. They after-
wards extended their conquests in various directions; but their encroach-
ments on the Roman boundaries were first felt in the fourth century. It
was then that the Saxon rovers, who were of Gothic descent, proved of
considerable annoyance to navigation, and that the coasts and islands of the
northern seas were conveniently resorted to in the course of their piratical
excursions. So audacious, at length, became their 'depredations, that the
Romans found it necessary to exert themselves in a special manner against
these marauders. It was on this occasion, therefore, that THEODOSIUS
chased them into their most secret and remote haunts, and that Orkney,
and probably Shetland also, were bedewed with Saxon blood :

¢ » Maduerunt Saxone fuso

¢ Orcades.” . )
Craup. Carm. De 3 Consul. Honoris.

This signal chastisement was only of temporary advantage. The
power of the Gothic tribes still gradually increased, and when the de-
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clining government of Italy was obliged, for the defence of its own im-
mediate frontiers, to recall its troops from every distant province, a Saxon
sceptre succeeded to the Roman eagle in the sovereignty of Britain.

Subsequent to the visit of THEODOsIUS to the Orcades, all accounts -
of this country, from the testimony of Latin authors, are found to cease;
and, until its Scandinavian history commences, the vacancy is only sup-
plied by Monkish fables, to which it is not necessary for a moment to
advert.

By ancient Scandinavia, from which country the progenitors of the
present race of inhabitants in Orkney and Shetland were originally de-
rived, may be understood the territories lying to the north of the Bal-
tic Sea, namely Denmark, Norway, Sweden, Lapland and Finland. An-
tiquaries are disposed to believe that a Scandinavian people occupied Ork-
ney before the sixth century; founding their opinion on the eredited
history of CoLuMBA, the Christian Missionary, who, in the year 565, met
at the residence of BriDE1, the Pictish King, a Seandinavian chief of
Orkney *.

We have at length endeavoured, from the testimony of authentic wri-
ters, to render probable the supposition, that the successive colonists of
‘Orkney were composed of Celtic, Saxon, and Scandinavian tribes. But it
may be now asked, Are we, from the same description of evidence, entitled
to infer, that similar tribes succeeded in like manner to the possession of
the contiguous islands of Shetland? Certainly not. That the same people
who inhabited Orkney might have passed over into the adjoining islands
more northerly situated, is a very probable circumstance. An encourage-
ment is, therefore, given to the inquiry, Whether certain ancient relics or
monuments generally aseribed to the Celte, Saxons, or early Scandinavians,
are not to be found as abundant in Orkney as in Shetland? This inves-
tigation will be prosecuted in the course of our itinerary. '

Such are the few occasional glimpses of light which shed their dim lus-
tre over the early annals of Orkney and Shetland, rendering, in the words

P

® See CuaLmers's Caledonia, vol. i. p. 262.
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of MiLToN, * darkness visible.” . As the general result, however, of this
research, three periodsin the history of these islands may be kept in view.

In the fitst period, when. AGRicoLA visited Orkney, a Celtic race
very probably inhabited the country, who appear. to have completely for-
saken it a century and a half afterwards, since it was described by SoLI-
NUs in the middle of the third century as a camplete desart.

In the second period, Orkney, and probably Shetland also, were infest-
ed by a Gothic tribe of Saxon rovers:- these were routed A.D. 368, by
THEODOSIUS.

In the third period, probably at or before the sixth century, succceded
in the possession of these islands the Scandinavians, who were the progeni-
tors of the present race of inhabitants in Orkney and Shetland.

Incidental to this investigation, we may now advert to the Roman coins
‘Which were found at Dunrossness, and elsewhere in Shetland. The date
of one of them is of the reign of Adrian, or a few years previous to the
Lieutenantship of the intelligent LorLvrius Ursicus, by whom North
Britain was well explored,—by whom new roads were constructed, new
stations were fixed, and new iters were settled. Did this active gover-
nor, then, explore the coasts and islands of Caledonia, as far north as the
ULtima THuLE, which was seen by AGricora from the shores of Ork-
“ney? Or are the Roman coins found in Shetland, to be rather considered
as having been left by the soldiers of THEODOsIUS, when chacing the
Saxon pirates to their remotest and most secret haunts? A reply to these
questions must, of necessity, be the vainest of conjectures. Let us, there-
fore, be content with the mere indication afforded by the discovery of cer-
tain vestiges of antiquity, that the Roman eagle did. once condescend to
visit the distant shores of ancient Hialtlandia.  But :in the attempt to
speculate on the occasion of these visits, a heavy censure -hangs fearfully
over the head of the too daring archaologist. * As. the final cause of the
« principle of curiosity,” say certain critics, “is the acquisition of know-
¢ ledge, it is a perversion much to be lamented, that it should so often be
« found to fasten most keenly on those -objects, about which little or- mo-
“ thing can be known. A mere serap of something, between knowledge
« and conjecture, if it be but obtained with sufficient difficulty, appears
« far more valuable to persons of this description, than abundance of real

-
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<« information, if easily acquired, and if as easily gained by others 2s them-
< sclves *."—See Note V. ‘

QUENDAL BAY.

The shores of Quendal conclude our short walk from the landing-place
whence we set out on the east of Dunrossness.

Quendal Bay is an open inlet of the Sea, extending due north about
two miles into the land, from the surface of which appear a few small holms,
that afford a pasture for cattle. East of the Bay, and at the head of it,
dreary tracts of blowing sand are to be seen, where may be still detected
the ruins of scattered buildings, that have long since yielded to the remo-
val of the light sand which laid bare their foundations. Here was the
ancient estate of Brow, worth, before it was destroyed, 3000 merks a-year,
nearly equivalent to L. 200 Sterling,—a considerable rental for Shetland
fifty or sixty years ago. These barren sand-hills are agreeably contrasted
on the opposite side of the bay, with the green verdure of Garthsness and
Quendal, which slope gradually towards the water’s edge, whilst the re-
moter cliffs of Fitfiel Head, or the white mountain, towering above the
whole, majestically close the perspective. Quendal forms the north-west
angle of the bay,—characterised by a neat white farm-house, productive
fields of corn, not unwortliy the rich district of the Lothians,—while, in
the same direction, signs of an encreased population appear in the nume-
rous cottages by which the distant landscape is diversified. Nothing is in-
deed wanting but a few trees to complete this picture of fertility; and it
is contemplated with encreased relief to the mind, when opposed to the
depressing sandy desart to which it is contiguous. So abrupt, indeed, is
the transition from the excess of fecundity to complete barrenness, that the
plain line of demarcation between the two extremes, might, in days of dark
superstition, have been supposed to describe the exact site over which some
baleful spell had heavily hung, so as to blast for ever the productive hepes of
the husbandman. The interest of the scene is not a little encreased, when

P2

* See Quotation from the Monthly Review in Leowici’s Antiquities of Ireland, p. 155.
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the traveller recalls to his memory the events of *“olden time,” with which the
shores of Quendal are associated. His imagination may paint to itself the
shipwrecked crew which had belonged to the flag-ship of the Spanish Ar-
mada, transported from the fatal rocks of Fair-Isle in a small trading ves-
scl, and anchoring in the bay which now arrests his attention ;—in com-
pleting the ideal picture, he may conceive of the Commander himself in the
act of landing, attired in the costly and imposing dress of a Spanish noblc-
man, followed in the rear by the remains of his famished soldiers, whilst to
greet their arrival, a numerous concourse of simple islanders, headed by the
hospitable MALcoLM SINCLAIR, are collected on the beach, expressing i
their silent countenances the mixed feelings of awe and commiseration.
Thus engaged, the deep tracts of sand which impede the course of the
traveller occasion little or no fatigue. At the head of the Bay, the
slight remains of a wall, together with two or three erect menwments, pro-
claim the site of the ancient church of Quendal, which, about half a cen-
tury ago, was one of the neatest religious edifices m the country. The ra-
vages of the blowing sand had then commenced, and whenever the wind
came from the sea, the sand was dislodged, and an inundatien took place,
presenting in miniature the appearance of an Arabian dessrt. Then
might the pious natives of Dunrossness be obscrved in their weekly pilgri-
mage to the parish-kirk, to pursue a toilsome peregrination through deep
lodgements of sand, overwhelmed, at the same time, in clouds of drifted
particles that obscured the horizon, through which horsemen and footmen
were dimly descried at a distance, like the ghosts of Ossian through the dun
clouds of rocky Morven. Even when incladed within the precincts of the
church, its sanctuary could afford little shelter from the general pervasion
of the sand-shower, the fine ingredients of which easily insinuated them-
selves through the minutest crannies, and were diffused over all the pews *.
At length, the walls were no longer able to resist the causes, which, in
removing the sand to a distance, undermined their foundations; melan-
choly exposures, at the same time, took place of the bodies of the recent
dead, the remembrance of which event is still perpetuated by numerous
skulls and other relics of mortality, which being left to bleach upon the
sandy plain, have acquired a whiteness so incomparable, as to arrest the
attention ‘of the most heedless passenger. The erection of a new parish-

* Low’s MS. Tour through Shetland, A. D. 1774,
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church was eventually found necessary, in a situation secure from the a-
gency of similar causes of destruction.

The monuments of the old kirk of Quendal which still remain, belong
to the Scottish families of SINCLAIR, STEWART and Bruck, which settled
in Dunrossness about two centuries ago. The inscriptions upon them are
very plain, not materially differing from multitudes of a similar date, to be
found in North Britain, where they were doubtless carved, and from thence
imported.

The white farm-house which, with its fertile com-ﬁelds and pastures, -
so enlivens the westerly view of Quendal, is tenanted by Mr OGILVIE, to
whose hospitality, whilst remaining in this country, I was much indebt-
ed. This gentleman is well acquainted with the farming-improvements of
North Britain, and he has meritoriously introduced as many of them as
were applicable to the more uncertain climate of the British Thule. Twur-
nips, bear or big, clover and oats, are raised in regular rotations. He has
reclaimed some part of the sandy waste, immediately contignous to his
farm, by planting potatoes upon it, which were not taken up for the first
year, but suffered to rot among the soil, s0 as to form a tenacious medium
for the blowing-sand, by which means, in a subsequent year, it was rendered
capable of yielding a crop of oats, or fit for the reception of proper grass
seeds. 'The sand-inundations of Dunrossness are, however, evidently on
the decline, since their origin was less referable to repeated accumulations
of sand thrown up by the sea during heavy gales, and afterwards disper-
sed, than to the existing nature of the subsoil of the country, which, by
improvident removals of the binding herbage that had long restrained its
escape, was allowed to devastate all the estates to which it was blown in any
considerable quantity.

Mr OGILVIE’s excellent management of hls farm has had a powerful
effect among the smaller tenants, in stimulating them to similar exertions.
In the year 1818, when the Agricultural Society of Shetland offered to
three parishes a premium for sowing turnips, all the competitors were of
Dunrossness. One small tenant had a fifth of an acre of good turnips
drilled, and very well cleaned ; another had a full quarter of an acre co-
vered in the same manner, the ground having been thrice ploughed over;
but the crop of the third competitor failed. Several smaller patches of
ground, belonging to individuals who had not contended for the prize, at-
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tracted the particular attention of the Committee who adjudged the
rewards. :
The numerous cottages occurring in the vicinity of Quendal are of a
better construction than is to be generally found in Shetland, although
they still retain much of their ancient Scandinavian character. The old-
.cst Shetland dwellings are built of rude stoncs, with a cement of clay, or
they are still more coarsely formed of stones and clods. After the wooden
rafters have been laid, they are roofed with what are provincially called
Slaas, or, in the absence of these, with pones. Flaas are compact vegetable
layers, consisting of the short fibres of mossy or heathy roots closely inter-
“voven with each other. The removal of a layer of this description from
the surface of dry moss land, is never accomplished by cutting, but by
tearing away ; and this manual operation is so like what Dean SwIFT, in
his description of the mode of collecting Irish scraws, calls “ FLAYING
“ off the green surface of the ground,” that it is probably to the Scandi-
navian word flaa or flae, we must look for the ctymology of the Shet-
land word flaas *. 'When layers composed of flaas are doubled, they are
considered to be impervious to rain, and in this state are placed upon the
rafters of the houses. It has been also remarked, that, instead of flaas,
the Shetlanders frequently substitute what they call pones. These last
mentioned materials for roofing are nothing more than swards of earth cut
very thin, upon the surface of which grows a short grass. They differ
from another species of turf, recognised in Shetland as well as in Scotland,
under the name of Fails, in the following respect: Fails are the thickest
portions of turf that are cut, being used for the construction of walls and
dikes : Pones have always a covering of grass ; they are thinuer than fails,
and they are never used for the construction of dikes, but for the sole pur-
pose of roofing +. A roof formed of thin turf has long been considered as

* See Jounson’s Dictionary for the word Flay.

+ Fails is said to be a Suio-Gothic word, signifying a sward, (solum herbidum). The
derivation of Ponesis obscure : it does not occur in Dr Jamieson’s Etymological Dictionary;
but this learned antiquary defines a Poiner (Q. dealer in Poins or Pones £) to be * one who
* gains a livelihood by digging feal, divots or clay, and selling them for covering houses
« and other purposes.” It is needless to observe, that the true Shetland or Scandinavian
word Flaas can scarcely be confounded with the Scotch Flaw or Flow peat, as described
by Dr JauizgsoN, the distinction between them being so very evident.
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the peculiar characteristic of the Scandinavian cottage. Bishop PoNTOP-
PIDAN says, that the Norwegian peasants lay over the rafters of their
dwellings the sappy bark of birch trees, which they cover again with turf
three or four inches in width. Probably, then, in a country destitute of
wood, like Shetland, the natives might have been first induced, in the placc
of a supply of other materials for roofing, to have adopted the Scotch me-
thod of thatching; but they appear to have still retained ile use of pones or
flaas, since over these they lay the straw, and afterwards sccure the whole
with simmonds or bands formed also of straw. In most of the Ehet-
land cottages the fire-place is in the middle of the room, and the smoke
ascends through a large aperture in the roof, after the usual manner of the
hovels of the Scotch Highlands. Windows are become much more gene-
ral than they were some years ago ; for, among some of the oldest habita-
tions, no other light is received than through the aperture which allows an
egress to the smoke. To this opening is given the Scottish name of lumb,
but in the obsolete language of Shetland, it was called the livra,—a word
resembling the ancient liuren or light-hole of the Norwegians. Yet many
old Shetland houses are not destitute of that notable improvement of do-
mestic architecture known by the name of chimney; for by the Scandina-
vians its invention was ascribed to royalty itself, which had previously con-
descended to hold its courts within the sable, fuliginous walls of Rog-
Stuerne, or smoke rooms. It is recorded in Norwegian anmals, that so
early as the eleventh century, King OLur KYRRE was the first who re-
moved fire-places from the middle of rooms, and ordered chimreys and stoves
to be erected *. The byre or cow-house generally adjoins the dwelling,
and is frequently entered by a common door, that introduces the stranger
first to the cattle, and afterwards to the apartment devoted to the use of
the family. In most of the Shetland habitations a partition of turf runs
across the room, which is occasionally carried up to the height of the house,
being intended as well for the purpose of storing up victuals as for a sepa-
rate dormitory. But generally the beds, which consist of a few coarse blan-
kets or straw, are placed in any convenient angle of the cottage. One or two
cumbrous wooden chairs, designed for the heads of the family, with the ad-

* See PoNToPPIDAN's “ History of Norway, Translation,” vol. ii. p. 278,
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dition of a few benches, constitute the heavy part of the furniture.—Such
is a specimen of the ancient cottage of Shetland; but in the vicinity of
Quendal, dwellings of this kind are more rarely found than in other parts
of the country; and the antiquary will be often chagrined in observing
such provoking modern improvements as slate roofs, regular windows, and
d