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INTRODUCTION TO VOL, XXVI

THis volume collects Ruskin’s writings on Geology and Mineralogy.
Deucalion—the principal work here included—was itself intended by
Ruskin to collect ““the notices of phenomena relating to geology which
were scattered through my former works”;! but the scheme of that
book was altered as it advanced, and it came to consist almost entirely
of additional studies. Many of “the notices™ to which he refers are
contained in other volumes; more especially the fourth volume of
Modern Painters, in the case of geology, and The FEthics of the Dust,
in that of mineralogy. These are, of course, not here repeated, though
references to them are often supplied in editorial notes. With these
exceptions, the present volume brings together all the author’s papers,
letters, lectures, books, and catalogues on the subjects in question,

The arrangement is, as usually in this edition, chronological, and
the contents are: I. A paper of 1863, to which the author attached
considerable importance, On the Forms of the Stratified Alps of Savoy.
IL. Two papers of 1865, On the Shape and Structure of some parts of
the Alps, with reference to Denudation. III. Seven papers (1867-1870),
On Banded and Brecciated Coneretions. IV. Deucalion, published at
intervals between 1875 and 1883. V. A paper of 1884, On the Dis-
tinctions of Form in Silica. 'T'hese are in large print.

They are followed, in smaller print, by VI., a series of Catalogues
of Minerals (1883-1886), and VIL, a Grammar of Silica (hitherto un-
published). The Catalogues and the Grammar are parts of a general
scheme, as explained below (p. Ix.).

In an Appendix various minor writings are collected. These also
are arranged chronologically, namely, I. A Notice respecting some
Artificial Sections illustrating the Geology of Chamouni (1858). II. A
series of letters (1864) on the Conformation of the Alps, with especial
reference to glacial action. III. An appreciation (1874) of James
David Forbes and his work on glaciers. IV. A report of a lecture on
Stones (1876). V. Some letters on the Alpine Club (1878). VI. An

1 See Deucalion, vol. ii. ch. ii, § 1 (below, p. 333).
XXVI. xvii



xviii INTRODUCTION

Introduction to Mr. W. G. Collingwood’s Limestone Alps of ‘Sa,z’:oy
(1884), a work printed by Ruskin as a * Supplement to Deuca{)u).nl.1 ;
Lastly, the Appendix includes some fragments (hitherto unpu lllS e )
which are here printed from Ruskin's MSS., namely, VII.,.the begin-
ning of a chapter on The Garnet,” intendec.l for a contl.nuatlo.n of
In Montibus Sanctis, and VIIL, “ A Geological Ramble in Switzer-
land ”; this is mentioned below, p. xxviil. o
Ruskin complained with some emphasis tha't his contributions to
geology and mineralogy attracted little attention, as ?ompared with
his writings on art, “though precisely the same faculties of eye and
mind are concerned in the analysis of natural and of pictorial forms.”?
For this neglect several explanations may be found. The world is in t}‘le
habit of applying the formula, “One man, one subject.” To Ruskin
it looked for criticisms of art and life, and descriptive writing, and
did not carz to consider him seriously as a geologist. Again, Ruskin in
his writings on geology was in the habit, as he says, of “teaching by
question, rather than by assertion”;2 his chapters had “sometimes
become little more than notes of interrogation”;3 he did not from the
first assume the tone of authority which he permitted himself in other
subjects. His method of entering upon the territory of the men of
science was, it must be admitted, not ingratiating. He did not profess
to have studied their subjects very far; but he required them to confess
that they were mostly wrong, and that they must begin afresh with
new systems of nomenclature and classification of his devising. But
the neglect of his geological writings may also be attributed to another
cause. They were not considered, because they were little known.
They were buried in back numbers, scattered in miscellaneous periodicals,
or distributed among scarce pamphlets. It is hoped that the present
volume, which for the first time collects Ruskin’s studies, will serve to
call more attention to a branch of his work, in which he was pro-
foundly interested, which is rich in suggestion, and upon which he
spent much labour, both in research and in literary embellishment.

The contents of this volume do not for the most part carry us
beyond the date in Ruskin’s life which we have already reached ;*
though, in order to bring all his studies of stones together in the same
volume, it will be necessary to touch incidentally on later times. In
this Introduction we shall go back over past years, tracing Ruskin’s

! See On Distinctions of F in Sili
2 Jbid., § 29, p. 386. of Form in Silica, §§ 3, 29 (below, pp. 873, 386).

3 Deucalion, ii. ch. ii. § 18, p. 342.
* His illness of 1878 see Vol XXV. p. xxvi.



INTRODUCTION xix

geological life, so to say, and noting the circumstances in which the
various pieces included in the volume were written. He remarks in
one of the letters of 1864, printed in this volume, that he had spent
“eleven summers and two winters in researches among the Alps,! directed
solely to the questions of their external form and its mechanical causes™
(p. 548). By ¢solely” he means that his geological researches were
thus directed. It was not in Ruskin's nature to devote himself at
any time solely to any one subject; but the following pages will show
how often, and how long, he had studied the questions discussed in
this volume.

Geology and mineralogy, and not painting or literature, were Ruskin’s
earliest love. No acquisition of later years—mnot his most radiant
Turner or choicest manuscript—gave him pleasure so keen as he felt in
the possession of his first box of minerals,® and no subsequent pos-
session, he says, had so much influence on his life® The ambition of
his boyhood was to connect with his name, not a system of art criti-
cism, but a system of mineralogy.* The dream of his early manhood
was that he should become, not a master of English, but President
of the Geological Society.® As a boy he spent many a day at the
British Museum, comparing the minerals there with the descriptions of
them in Jameson’s Mineralogy;® and for a present on his fifteenth
birthday he chose Saussure’s Voyages dans les Alpes—a book which
to the end of his working life was almost always kept at hand and
frequently quoted and referred to. Saussure was his master in geology,’
for this reason among others, that he “had gone to the Alps, as I
desired to go myself, only to look at them, and describe them as they
were, loving them heartily—loving them, the positive Alps, more than
himself, or than science, or than any theories of science.”® The first
of his prose® writings, which appeared in print, were notices on the
Colour of the Rhine and the Twisted Strata of Mont Blanc.® His
interest was excited, as he says in Deucalion, “very early in life by

1 Presumably he omits his earlier tours of 1833 and 1835, and counts 1844,
1846, 1849, 1851, 1854, 1856, 1859, 1860, 1861 (winter also), and 1862 (winter also).

 Fors Clavigera, Letter 4, § 3.

3 See below, p. 204 n.

¢ See below, pp. 97, 553.

s Ibid., p. 97.

8 Manual of Mineralogy, by Robert Jameson, F.R.S.E., Edinburgh, 1821. See
Praterita, i. § 139,

7 Modern Painters, vol. iv. (Vol. VL. p. 214 n.), and vol. v. (Vol. VIL p. 164).

8 Ibid., vol. iv. (Vol. VL p. 476). Compare below, p. 560.

9 A slight piece of verse was actually first: see Vol. JI. p. xviii, n. °

1 Vol. 1. pp. 191-196.



%X INTRODUCTION

the forms and fractures in the mountain groups of Savoy.”! The
paper of 1834, “On the Strata of Mont Blanc,” was the 1.'esult of
observations made during his first continental tour (1833). His second
tour was in 1835 (his geological studies on that occasion have already
been referred to2), and in his versified account of the tour the dreams
of the geologist™ find place.®

At Oxford Ruskin received further impetus towards the study of
geology from the attention paid to him by Dr. Buckland, the Reader
in Geology. He mentions how great a favour he held it to be allowed
to prepare diagrams for Buckland’s lectures;* and he records how at
a later time Buckland enjoined upon him to read Forbes’s Travels in
the Alps for the decisive word on the theory of glaciers (p. 134).> He
spent the winter and the spring of 1840-1841 on the Continent, and
sent to Dr. Buckland from Naples a notice of *“ A Landslip near
Giagnano,” which was duly communicated to the Ashmolean Society
(Vol. I. p. 211). He had become a Fellow of the Geological Society in
1840; he also joined the Mineralogical Society, and contributed to the
Meteorological Society’s T'ransactions (Vol. 1. p. 206). He was a frequent
attendant at the meetings of these Societies, and had once heard Darwin
read a paper at the Geological. Shortly afterwards, at a dinner-party
at Dr. Buckland’s, he had met Darwin. “He and T got together,” he
wrote to his father, “and talked all the evening.”®

In 1842 Ruskin had again spent several months among the Alps—
engrossed, as he said in letters to friends, with “snow and granite.”?
To what purpose his studies in this sort were directed, appeared, when
the first volume of Modern Painters was published (1843), in the sections
“Of Truth in Skies” and “Of Truth of Earth.” His observations of
the phenomena of snow and ice had not, however, as yet been entirely
exact; and he notes in Deucalion “a grave error,” with regard to the
accumulation of snow, “which, strangely enough, remained undetected,
or at least unaccused, in spite of all the animosity provoked by my
earlier writings” (p. 129). Similarly, in the fifth volume of Modern
Painters (1860) he corrects an account of cloud-phenomena among the

high mountains which, in the first volume, he had accepted from
Saussure without independent consideration.®

! Deucalion, i. ch. xiv. § 5 (belo o 5.
2 Vol. 1. p’. XXX. § ( w, p. 275 and »n.)

3 Vol. 1L. p. 407 (29).
¢ Praterita, i. § 225.
5 Compare Fors Clavigera, Letter 34, § 13.

L] : . . .
’ 53:11]; lé;tmé gé‘_g%);'ﬂ 22, 1837, given in full in a later volume of this edition.

% See on this subject The Storm-Cloud of the Nineteenth Century, § 52.
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Ruskin’s study of all such phenomena became closer and more de-
tailed in subsequent years. The first volume of Modern Painters being
disposed of, he returned in 1844 to the Alps. His tour of that
year was memorable among other things for his meeting with Prin-
cipal Forbes. The occasion remained firmly fixed in Ruskin’s memory,
and is several times referred to in autobiographical passages—in Deu-
calion (p. 219), in the Preface to The Limestone Alps of Savoy (p. 569),
and in Preterita (ii. § 97). The following is his note of it made at
the time:—

“July 16.—1 have just had a most uncomfortable chat with Pro-
fessor Forbes—uncomfortable because my father forced me to show
my sketches when they didn’t want to see them, and because when
I had found him out, which I did not for a long time, I knew
nothing of what he had asserted.”

The diary then proceeds to describe a mountain excursion:—

“When I got up this morning I was quite exhausted, limbs aching,
and a little feverish feeling altogether. It will be a good warning
to me never to walk too quickly up hill again. No walk on the
journey knocked me up so completely. After breakfast Mr. Stone
and Mr. Anderson came in—a pleasant surprise—but which kept
us from going out till ten—all the better, I believe, for me. At ten
we started, got leisurely up the hill against strong wind, began to
recover a little after an hour’s walk, but still felt weak. Worked on
—ecrossing the valley of the Col—up hills on other side, reached the
summit on the left of the Col about two; view noble, but Bernese
Alps just topped by cloud. Professor Forbes tells me the summit so
conspicuous from Martigny is the Bietschhorn—the one with the
jagged ridge above Brieg the Aletschhorn—the little glacier coming
from it the Ober Aletsch Glacier. The peak seen from the Valais,
Simplon way, is the Matterhorn. The broad expanse above the
Kaltwasser Glacier, which rose to-day as I climbed to a noble eleva-
tion, is the Breithorn, the side of it to the north, remarkable for a
perfect line of snow at an angle of 45° is the Monte Leone. De-
scended from this point of view by a little lake, and climbed a
higher peak, which at length fully rewarded me; it commanded the
Valais far down, the Bernese Alps in their whole extent unbroken,
and two mountains beyond the Valley of Saas, which I took for the
Monte Rosa and Cervin, but Professor Forbes tells me they are no
such thing. I think not myself now. The wind was violent, and the
slaty ridge, shattered and broken into deep crevices, afforded small
footing, so that I stayed not long, but it was a glorious panorama,
Descended among steep loose sliding stones to the edge of the
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loveliest snow lake I ever saw—crystal water, lightly rippled, edge
of snow, which appeared to have melted below and then broken off,
giving a sharp edge. The pieces which fell into the water ext?nfled
much farther under it than above, and being perfectly pure, exhibited
its fine green. A vast field extended above it. Altogether a day to
be most grateful for, and to remember long.”

xxii

Other extracts from Ruskin’s diary of 1844 have been given in Vol. III.
(pp. xxv.-xxvii.), and some were included by him in Preterita (i1, § 97
seq.). His mind was during this tour mainly fixed on the clouds
and rocks and snows. After the meeting with Forbes he went up to
the Bell Alp.! The panorama of the Alps as seen from that place,
which he drew at this time and afterwards slightly coloured, is in the
Ruskin Museum at Sheffield; he refers to it in this volume as giving
trustworthy record of the then state of the snows (p. 222).

The next impulse which Ruskin received was, however, in the
direction of pictures, his Italian tour of 1845 being followed by the
second volume of Modern Painters. The next vear found him again
for a short time among the Alps, but he went on to Italy and his
preoccupations were now with painting and architecture.?2 On the way
home, however, in 1845, he halted at the Pass of the St. Gothard in
connexion with Turner’s drawings. Stones and rocks here again occupied
his attention.® But his thoughts were principally tending at this time
in the direction which was to lead him to write The Scven Lamps
of Architecture and The Stoncs of Venice. His interest in geology,
though for a while overlaid by other studies, was still keen. Thus in
1847 we find him acting as one of the secretaries of the Geological
Section at the Oxford meeting of the British Association;* and in
his diary for 1846-1847 there are some pages in which he classifies,
with reference to various drawings of his own, the different forces which
seem to have governed mountain forms. He lays particular stress, here
as always, on “the muscular or inherent structure™ and “the undula-
tory power.”

When The Seven Lamps was out of his way, Ruskin set out in the
spring of 1849 for Chamouni once more, and it was on his work
there and afterwards at Zermatt that, as he says in this volume (Lime-
stone Preface), the mountain studies in the fourth volume of Modern

! So Ruskin always wrote this place-name, regarding ‘“Bel Alp” as ““a modern

rim.’l
?Soe Vol. VIIL p. xx.
3 See Vol. V. p. xvi.
¢ See Vol. VIIIL p. xxv. and n.
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Painters were principally based. The extracts from his diaries of 1849,
already given (Vol. V. pp. xvii. seq.), show how careful those studies
were. The diary of this tour contains many lists of minerals, geological
sections, and observations. A passage describing the ruin of the Cascade
des Pélerins is in the fourth volume of Modern Painters' Another
passage of the kind may here be given, in connexion with what he
says (p. 552) about his watching of the Alpine watercourses:—

“Cuamount, Sunday, June 17th.—Half-past five, Pouring still;
and fresh snow just down to the level of the pines, all along, from
the top of Montanvert bending in above the chélets of Blaitiére
Dessous; out again and well on to the top of Tapia; then taken
up by the lower ridge of La Céte, and the correspondent ridge of
Taconay, which I always thought till this moment was much lower.
But that notch in both their flanks at the same level is significative ;
I must examine it. 1 got out, however, before dinner to-day; during
a fair blink which lasted just long enough to let me, by almost
running and leaping all the streams, reach the end of the pinewood
next the Source of the Arveron, in order to see the waterfall. I had
then to turn to the left to the wooden bridge over the Arveron, when,
behold, a sight new to me-—an avalanche had evidently taken place
from the glacier into the very bed of the great cataract, and the
consequence was that the stream was as nearly choked as could be
with balls and ellipsoids of ice, from the size of its common stones
to that of a portmanteau, which were rolling down with it wildly,
generally swinging out and in of the water as it waved, but when
they came to the shallow parts tumbled and tossed over one another,
and then plunging back into the deep water like so many stranded
porpoises, spinning as they went down, and showing their dark backs
with wilder swings after their plunge—white as they emerged—black,
owing to their clearness as seen in the water, the stream itself of &
pale clay colour, opaque, larger by one-half than ever I saw it, and
running, as I suppose, not less than ten miles an hour, the whole
mass—water and ice—looking like some thick paste full of plums or
ill-made pineapple ice with quantities of fruit in it; and the whole,
looking like a solid body (for the nodules of ice hardly changed
their relative position during the quarter of a minute they were
severally in sight), going down in a mass, thundering and rumbling
against the bottom and the shore, and the piles of the bridge, it
made one giddy to look at it; and this the more, because on raising
the eye there was the great cataract itself—every time it was seen

1 See Vol. VI. pp. 342-344 n.
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startling one as if it had just begun, or were incre?asiug every in-
stant, like a large avalanche bounding and hurling itself hither z?nd
thither, as if it was striving to dash itself to pieces, not falling
because it could not help it—and behind, there was a fearful storm
coming up by the Breven, its grisly clouds warping up as it seemed
against the river and cataract, and pillars of hail behind.

Two more of his drawings of the time are here introduced—or‘le
(Plate A) of the Mer de Glace at Chamouni, the other of the chain
of Mont Blanc, as seen from the Col de la Seigne, looking towards
Courmayeur (Plate B). For the time, however, Ruskin laid by his
observations and drawings of the mountains, for he was now to devote
the greater part of three years to T%he Stones of Venice! In the early
summer of 1854 that long task was over, and he set out again for
Switzerland and Chamouni. On this tour the observations of 1849
were supplemented, and Ruskin felt himself equipped for the continua-
tion of Modern Painters.

The fourth volume of Modern Painters, with its close analysis and
description of mountain structure, formed in the author’s opinion, as
stated in this volume (p. 568), “the most valuable and least faultful
part of the book.” He began to republish these chapters in 1884
in a series of reprints entitled In Montibus Sanctis? Geologists also
account them the most important of his contributions, or aids, to
their science. “We must not forget his services to our science,” said
the President of the Geological Society in an obituary notice of
Ruskin, “in directing the attention of artists and others to the effect
of geological structure, and of the characters of rocks, on scenery™;
and the speaker added that the chapters in Modern Painters “might
be read with advantage by many geologists.”® Ruskin himself made
a more modest claim for them; they “should be read,” he said, “to
young people by their tutors as an introduction to geological study.”*

Certainly those chapters are typical of Ruskin's point of view in
approaching geology. He was little interested in unknown ages and
immeasurable forces. And so, in Deucalion, Ruskin defines “our own
work”™ as beginning where all theory ceases, and as being the study
of forms which have “actually stood since man was mau™ (p. 118).

; §ee the summary of these years in Vol. V. p. xxxi.
The notes which he appended in that year to the chapters will be found in
Vol. VI at pp. 116, 121, 122, 124, 126, 128, 131, 132, 133, 135, 136, 138; Post-
scri}m; at pr. 127, 145; the Preface to the repriuts, in Vol. IIL. p. 678.
Annual address by the President, William Whitaker, F.R.S,, May 1900 : see
the Quarterly Journal of the Geological Society, vol. 56, pp. Ix., Ixi.
4 Modern Painters, vol. iv. (note of 1886{, Vol. VI p. 128,
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Similarly in a letter to his friend, Mr. A. Tylor, who had sent him a
paper from the Geological Magazine,! he wrote (1875):—

“I am grateful to you for sending me the binomial curve and
the Glaciers on Mount Sinai—but it’s all much too grand and far
away back for me. 1 don’t care three farthings what happened
when Mount Sinai was under ice,

“I want to know how long the Staubbach has been falling
where it is in the Valley of Lauterbrunnen, and why it hasn’t cut
itself further back?

“There’s a mere nutshell of a question for you geologists. You
ought to crack it for me as easily as a squirrel does a beech-nut,
and give me my question out of the shell. But I can’t get anybody
ever to answer about what I want to know.”

The bent of Ruskin’s mind, in all such studies, was severely practical
(p. 166). He turned away from theory, conjecture, speculation, to what
could certainly be known, seen, drawn, and measured. In Deucalion,
and elsewhere, he often speaks with seeming contempt of “science”
and “men of science™; but, as one of the acutest of his critics has
pointed out, this was a piece of literary finesse. “It was on the point
of science that issue was joined; and if he did not reproach his adver-
sary in that this adversary was too little, and not too much, a man
of science, he reproached him to no purpose.”® And, in fact, what
Ruskin claimed for his own writings on mountain form is that they
are of observation, experiment, and verification all compact. What
he wrote was founded not on what he had read in books, but on his
own “watchings of the Alps™; he “closed all geological books,” and
set himself “to see the Alps in a simple, thoughtless, and untheoris-
ing manner, but to see them, if it might be, thoroughly.”® Hence, he
asserted that the work of Proserpina, which was tentative, was *quite
different from that of Dewucalion, which is authoritative as far as it
reaches, and will stand out like a quartz dyke, as the sandy specula-
tions of modern gossiping geologists get washed away.”+

Ruskin, then, in Modern Painters limited himself to what could be
securely seen in mountain form. But incidentally he touched upon

! For this paper see p. 200 n., and compare p. 368. For other references to
Mr. Tylor, see p.[316 n., Vol. IV, lp 107, Vol. XV, p. 369, and Vol. XXIIL p. lii.

2 John Ruskin, by Mrs. Meynell, p. 245. Mrs, Meynell calls attention, as an
example of Ruskin’s ‘“ exquisite and characteristic wit,” to his eriticism of Tyndall’s
phrase ‘“contact with facts,” as expressive merely of ‘“occasional collision with
them.” See below, p. 285. .

3 Modern Painters, vol. iv. (Vol. VL. pp. 214 n,, 475).

¢ Proserpina, ii. ch. i, § 42 (Vol. XXV. p. 413). Compare, below, p. 197.
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problems of the past, and put out statements not at the time generally
received. He made notes of some of these in his Appendix (“Rock
Cleavage ™), laying special stress on aqueous, as opposed to igneous,
causes of structure in the detail of mountain forms; and though, on
the other hand, he “still fancied that ice could drive imbedded rocks
and wear down rock surfaces,”! he challenged the accepted opinion about
the erosive action of rivers, and he questioned generally whether the
explanations by geologists of the effects of pressure were adequate to
the phenomena to be explained. Perhaps it was of these heresies that
Ruskin’s father was thinking in a characteristic letter to Mrs. Simon,
written at a time when the fourth volume of Modern Painters was
being mugh discussed. The father’s admiration for his son’s work was
always tempered by regard for received opinions:—

€7 Bruuiter Streer, 19th February, 1858.

“Mrs. R. named to me your having heard that my Son’s meddling
with Political Economy might weaken his Influence in matters of Art. I
feared this myself, but by his own confession his studies of Political
Economy have not encroached much on his time—and on this weary
subject a few new ideas will do no harm. The Times couples him with
Dr. Guthrie, and says they are both in a state of helpless Ignorance of
the first principles of Political Philosophy.?2 I might, perhaps, prefer the
Simplicity of Dr. Guthrie to the Philosophy of the Times; but, if my Son
has so greatly committed himself in his last little book, I trust to the
talk of Mr. Simon, Mr. Helps, and Mr. Carlyle bringing us an amended
Second Edition. 1 hope the public, as far as it kindly interests itself in
my Son’s writings, will not suppose his Geology also a deviation from the
right path. From Boyhood he has been an artist, but he has been a
geologist from Infancy, and his geology is perhaps now the best part of
his Art, for it enables him to place before us Rocks and Mountains as
they are in Nature, in place of the very bad likenesses of these objects
presented to us in most of the old paintings or modern Drawings.”

_ Notice of Artificial Sections at Chamouni.—Ruskin was always learn-
ing; and baving finished his fourth volume, he set out for Chamouni
once more. On this tour (1856), again, he was busily engaged, as we
have seen in an earlier volume,? in geological studies. At this time he

! See Vol. VL. p. 116 (note of 1885).

?In a review on January 2, 1858, of The City, its Sins, and its Sorrows, by
TT‘lomas Gut}_nrle, Q.D,, containing an incidental notice of Ruskin’s Political Economy
of Art (published in 1857) : ‘““These are men of great power, of great eloquence,
and of great popularity. It is surely instructive to see such men, distinguished

in their respective spheres, displaying th t helpless i
princi&lgs ofp litical econo;ny.”p yig the most helpless lgnorance of the first
3 Vol. VIL p. xxi.
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followed closely the papers in geological magazines and discussions at the
learned societies. In the year 1856 there had been some criticism of the
statements made by Forbes with regard to the geological constitution
of the chain of Mont Blanc. Forbes had shown in his 7'ravels! from
observations both on the north and on the south side of the chain,
that “there were appearances of limestone dipping under the granite of
Mont Blanc.” Ruskin had illustrated the same phenomena in the fourth
volume of Modern Painters.2 Now, however, the observations had been
called in question, and Forbes replied to his critics in a paper read
before the Royal Society of Edinburgh.® Ruskin determined to utilise
his opportunities at Chamouni to investigate the subject yet further;
and in order to put the matter beyond all doubt, he employed work-
men to excavate. The excavations came to an end with an accident,
as he describes in Deucalion (p. 288). His diary of 1856 contains
several mentions of the *pickaxe and spade” work which he directed,
and also a detailed account of the results obtained, with coloured
sketches. He afterwards communicated these results to the Royal
Society of Edinburgh. This ¢“Notice” comes first in the Appendix
(L) to the present volume (pp. 545-547).

Artistic work—the arrangement and cataloguing of Turner’s draw-
ings, The Elements of Drawing, Academy Notes, and other things—now
occupied Ruskin for some years, and there was still the fifth volume
of Modern Painters to be finished.* It was not till this had been
done, and Unto this Last had been written, that Ruskin found leisure
to resume his geological studies. The years 1861-1863 were an im-
portant time in what I have called his geological life; and it is
curiously characteristic of the workings of his mind, that the same
years should be those in which he was much occupied with Political
Economy.® Wide as was his intellectual range, and scattered as was
his work, there was always some inner bond correlating his studies.
Thus, as he tells us in Deucalion, his studies in the origin and sculpture
of mountain form were connected in his own mind “with the prac-
tical hope of arousing the attention of the Swiss and Italian mountain
peasantry to an intelligent administration of the natural treasures of
their woods and streams™ (p. 339).

In 1861 Ruskin “went into Savoy and spent two winters on the
south slope of the Mont Saléve, in order to study the secondary ranges
! See ch. xi. pp. 202 seq. (edition of 1900).

3 See Vol. VI. pp. 255, 256.
3 See the references given below, p. 545 n.

4 See Vol. VIL. pp. xxv. a:?.
5 See the Introduction to Vol. XVII.
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of the Alps and their relation to the Jura™ (p. 569). We have seen
some notes, in an earlier volume, of his geological rambles at Mornex
(Vol. XVIL p. Ixi). It was at this time! that he read Studer’s
Geologie der Schweiz, *‘learning enough German to translate for him-
self the parts of his volumes which relate to the Northern Alps,”
and “writing them out carefully, with brilliantly illuminated enlarge-
ments of his tiny woodcuts, proposing the immediate presentation of
the otherwise somewhat dull book to the British public in this deco-
rated form™ (below, p. 569). The translations from Studer with these
coloured drawings, are preserved at Brantwood in a volume lettered
“ Rock Book, 1861-2.” In another note-book at Brantwood there
are further extracts from Studer, and several pages describing what
may be called a geological ramble in Switzerland (with a scheme for
further routes of the same kind). Some passages of this are given
in the Appendix to this volume (pp. 577-579). One may surmise
that the proposed presentation of Studer in decorative form would
have contained more of Ruskin than of Studer. This may have been
the beginning of “the book about Switzerland which people would
buy” that he mentioned to his father.? ¢ The Scenery of Switzer-
land, by the Author of Modern Painters™ would have run, it is safe
to predict, into many editions.

The Stratified Alps of Savoy (1863).—His mountain studies at
Mornex and Annecy were, however, to take a different form. In 1862
Professor Ramsay had published a paper® on the action of glaciers
which caused a great stir in the scientific world. It failed to carry
conviction to Ruskin’s mind or to accord with his own observations;
and having undertaken to lecture at the Royal Institution, he selected
for his subject “The Forms of the Stratified Alps of Savoy.” At that
time, says Mr. Collingwood, “many distinguished foreign geologists
were working at the Alps; but little of conclusive importance had
been published, except in papers embedded in 'I'ransactions of various
societies. Professor Alphonse Favre's great work ¢ did not appear until

! And not in 1866, as he states below, p. 569; though the second note-book

of extracts from Studer no doubt belongs to the later year.
2 Vol. XVIIL. p. xxxii.
8 Further particulars of it will be found below, p. lxv.

* Recherches Géologiques duns les parties de la Savoie, du Piémont et de lu Suisse,
voisines du Mont-Bl«{n:f, 3 vols. At vol. i. p. 251 of this book, Professor Favre
thus refers to Ruskin’s paper (in regard to the clifis of the Saléve): * Derniére-
ment M. Ruskin a ni¢ la présence de ces couches redressés. Il pense que les
divisions que l'on voit dans les roches sont produites par le clivage, et que les

couches presque horizontales de la moutagne se prolongent d lles que l'on
croit verticales (The Geologist, 1863, vi. 25%)." P 8¢ B cortes At
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1867, and the Mechanismus der Gebirgsbildung of Professor Heim not
till 1878; so that for an English public the subject was a fresh one.”?*
The reports and discussions of Ruskin’s paper in the reviews and
magazines testify to the interest which his paper aroused. It was
founded on close study of the phenomena, and was very carefully
written, containing many passages of such eloquence as might be
expected from the author of AModern Painters. Unfortunately the
manuscript is not among Ruskin’s papers, nor do the editors know
whether it is anywhere extant. It is clear, however, that the writers
of the notices in the London Review and the Geologist had access either
to the author’s manuseript or to full shorthand notes. In this volume,
therefore, Ruskin’s abstract of his lecture (pp. 3-11) is supplemented by
the account in the London Review (pp. 12-17), and by additional
passages from the Geologist (see the notes at pp. 4,5,7,9). From the
latter source two of the diagrams shown by Ruskin at the lecture are
also reproduced (Plates I. and IIL).

A main object of the lecture was to protest against the extreme
application of the glacier theories which Ramsay’s paper was bringing
into vogue. Ruskin also combated the explanation given by the Swiss
geologists of the north-west face of the Saleve. This had been ¢ con-
sidered to be formed by vertical beds, raised into that position during
the tertiary periods™; Ruskin’s investigations led him, on the contrary,
to conjecture that ¢the appearance of vertical beds was owing to a
peculiarly sharp and distinct cleavage, at right angles with the beds™
(p. 6). “I was the first to point out,” says Ruskin of this lecture,
‘““the real relation of the vertical cleavages to the stratification, in the
limestone ranges belonging to the chalk formation in Savoy™ (p. 98).
A drawing which is at Brantwood and is here reproduced, with Ruskin’s
note, illustrates the phenomena in question (Plate IL). He took the
Brezon—~brisant, breaking wave—as a typical illustration of the mighty
wave-like action of the force that moulds gigantic rock-masses almost
into breakers ready to nod and fall. The structure of the  Lime-
stone Alps of Savoy” was described in further detail twenty years
later by Ruskin’s pupil, Mr. Collingwood, in a work so entitled, which
was published as a “Supplement to Deucalion.”

Letters on the Conformation of the Alps (1864).—Ruskin continued
the controversy in the letters to the Reader, which are collected in
the Appendix (II. pp. 548-558). These letters show his usual skill
in controversy, and contain many fine passages. They were too de-
sultory to make any decisive mark, but they did not lack attentive

1 Life and Work of John Ruskin, 1900, p. 205.
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readers. In one of the letters Ruskin supported Forbes's theory of
glaciers, and referred to the “envious temper” of some of its critics
(p- 550). Principal Forbes noticed the reference, and wrote to Ruskin
the letter of thanks which is printed below (p. 561). Ruskin’s incur-
sion into the geological field was the subject also of conversation and
correspondence with Carlyle, who sent the following letter in reply to

some gifts' from Ruskin:—
‘“Cnrisea, 22 February, 1865.

“ Dear RuskiN,—You have sent me a munificent Box of Cigars, for which
what can I say in answer? It makes me both sad and glad. Ay de mi!

“ We are such stuff
Gone with a puff,
Then think, and smoke Tobacco!”’

The Wife olso has had her Flowers; and a letter which has charmed the
female mind, You forgot only the first chapter of Aglaia :—don’t forget;
and be a good boy for the future.

“The Geology Book wasn't Jukes; I found it again in the Magazine,—
reviewed there: ‘Phillips,” is there such a name? It has again escaped
me. I have a notion to come out actually some day soon; and take a
serious Lecture from you on what you really know, and can give me some
intelligible outline of, about the Rocks;—bones of our poor old Mother;
which have always been venerable and strange to me, Next to nothing of
rational could I ever learn of the subject. That of a central fire, and
molten sea, on which all mountains, continents, and strata are spread float-
ing like so many hides of leather, knocks in vain for admittance into me
these forty years: who of mortals can really believe such a thing! And
that, in descending into mines, these geological gentlemen find themselves
approaching sensibly their central fire by the sensible and undeniable increase
of temperature as they step down, round after round—has always appeared
to me to argue a length of ear on the part of those gentlemen which is
the real miracle of the phenomenon. Alas, alas: we are dreadful ignoramuses
all of us! Answer nothing; but don’t be surprised, if I turn up some day.

¢ Yours ever,
T, CArLYLE.”

This letter may have suggested to Ruskin to write The Ethics of the
Dust—a ““lecture on Crystallography ™ which Carlyle highly praised.!

Papers on * Denudation™ (1865).—Meanwhile the letters on the
Conformation of the Alps were followed up in the next year by two
papers in the Geological Magazine on “The Shape and Structure of

! Bee Vol. XVIIL p. lxxiv.
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some Parts of the Alps, with reference to Denudation” (pp. 21-34).
These papers, which were very carefully written, deal destructively with
theories of erosion—in a quizzical and questioning way, however; and
with regard to theories of elevation, ask the geologists to explain why
some rocks were raised bending and others rigid—questions to which
he returned in Deucalion (p. 108).

“ Breccias of Mornex™ (A Fragment).—Ruskin’s next contributions
to his favourite subject were the result of another sojourn in Switzer-
land. He had gone home from Savoy in May 1863 to give the lecture
at the Royal Institution, but in September he returned to Mornex,
while in the following month he stayed for some time at the Swiss
Baden, “where the beach of the Limmat is almost wholly composed
of brecciated limestones.” He “began to examine them thoughtfully;
and perceived, in the end, that they were, one and all, knots of as
rich mystery as any poor little human brain was ever lost in."!
Already at Mornex he had studied the breccias, and one- of his note-
books (which afterwards goes on to notes on Banded and Concre-
tionary Formations) opens with a careful description of  Breccias of
Mornex,” thus:—

“They lie near the base of the Saléve on its slope towards the
Alps; just above the village of Mornex there are extensive masses
of them, passing beneath the uppermost houses of the village. They
occur in fragments all the way towards La Mura. They lie imme-
diately on the Jura limestone and come between it and the molasse,
apparently resulting from some violent diluvial action before the
molasse was deposited.

“A. They are composed of pebbles or knots of the inferior lime-
stone, and of chert, cemented by a sandy paste.

“The limestone pebbles are partially rounded; the chert masses
not rounded, but have much the appearance of being partly secreted
from the mass of the rock under some such condition as that of
chalk flints. They have none of the branched and irregular pro-
cesses of chalk flints, but as those are in most cases produced by
association with organic forces, the simpler shapes of the chert
pebbles of this conglomerate do not much check me in my notion
of their being partly produced by segregation, If they were originally
detached masses, they have certainly undergone some strange modi-
fication since their envelopment, but I can’t make them out.

“B. Both these kinds of pebbles have undergone warping and
rending since their envelopment. The cherts are separated by

! Bthics of the Dust, § 97 (Vol. XVIIL p. 327).
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clefts, and the pieces separated have shifted afterwards to one side
or the other; and the clefts are filled with the sand-paste, while
similar clefts in the sand-paste are filled with the chert.

«The limestone pebbles seem less rent, but show just the same
evidence of contraction of substance as the solid rocks beneath.

«C, Both the limestone and chert are traversed by a cleavage
in the same direction, which in the freshly broken mass is traceable
in the cherts only.”

“ Banded and Brecciated Concretions™ (1867-1870).—Pursuing his
study of the breccias at Baden, he saw, as Mr. Collingwood says,
that the difference between the limestone formations, in their structural
aspects, and thce hand specimens, which he picked up in the bed of
the Limmat or had already in his collection of brecciated minerals at
home, “was chiefly a matter of size, and that the resemblances in
form wece very close” He had for some time past in his mind a
hint of Saussure’s that the contorted beds of the limestones might
possibly be due to some sort of internal action, resembling on a larger
scale that separation into concentric or curved bands which is seen in
calcareous deposits. The contortions of gneiss were similarly analogous,
it was suggested, to those of the various forms of silica. Ruskin had
also been much impressed by a paper by Mr. George Maw (p. 44), in
which it had been suggested that apparent strata might be due to
segregation. One conclusion which Ruskin drew from these hints was
that “if the structure of minerals could be fully understood, a clue
might be found to the very puzzling question of the origin of mountain
structure,”?

Such were the general ideas, partly in his mind already and pre-
sently to be confirmed by consideration, with which Ruskin set himself
to the popular and elementary lessons in crystallography (1865), which
he entitled The Ethics of the Dust (Vol. XVIIL), and to the papers,
“On Banded and Brecciated Concretions,” which he contributed to
the Geological Maguzine at intervals during the years 1867-1870,
and which are now reprinted in this volume (pp. 37-84). The larger
questions, suggested by his analogy between minerals and mountains,
the nature of which has aiready been indicated, are stated by him in
§ 10 (pp. 43, 44), and more fully in the paper of 1884, “On the Dis-
tinctions of Form in Silica,” § 29 (p. 886). Ruskin’s analysis is, apart
from the larger theories which he deduced from it, “a most valuable
source of facts and suggestions to the student of agates.”?

' W. G. Collingwood's Life and Work of John Ruskin, 1900, p. 247
? See the passage quoted from Professor Rupert Jones, below, p. 208 n,
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Ruskin carried these papers forward at intervals up to 1870; his
call to be the Professor of Fine Arts at Oxford then left him no time
to continue them, and perhaps, too, he felt that any further analysis
of the subject called for work with the microscope, to which he was
always disinclined. Fourteen years later, however, he returned to the
subject, as we shall see (p. xlix.).

The papers are here reprinted from the Geological Magazine, with
one or two corrections marked by Ruskin in a set of them which he
gave to Mr. Allen.

The manuscript of the fifth paper is at Brantwood, now bound up
with Deucalion material. A sheet of it is here given in facsimile

(p. 66).

Forbes, Tyndall, and Glacier Motion.—Ruskin's next appearance in
the geological field was in connexion with the fierce controversies which
were waged around James Forbes’s theory of glacier motion. References
to this figure occasionally in Fors Clavigera, and occupy & considerable
portion of the present volume. It may be well, therefore, to give here
some general summary of the dispute, with references to the various
passages in which Ruskin deals with the subject.!

! To a friend who remonstrated with Ruskin on the controversial tone of the
earlier chapters in Deucalion, he replied as follows (Ociober 14, 1875) :—

‘“Dear Mr. WiLcerr,!—Instead of trying for the things that make for
peace, try only for those, at present, that ‘make for truth.’2

“There is no connection whatever between the action of tidal waves
and glaciers. A receding tide sucks back; a ‘receding,’ so called, glacier
no more sucks back than a charging regiment, consumed by shot in its
advance. And a glacier, as I told you, has more vigorous advancing action
when appearing to recede than when appearing to advance. Get this once
clearly into your head and you will see that there is no more possibility
of using equivocal terms,

““If you really find that Deucalion gives you neither new ideas nor
information, I can only say I am glad it is so orthodox, and that as either
other geologists or I must use very loose language, I am at least so far
trustful in my care of expression as to think they had better adopt mine
than I theirs. It is at least not mere looseness of language in which they
describe effects taking place on a sea bottom they never reached.

““There is not the slightest fear of men who are doing good work
criticising each other wrongly. Donatello and Ghiberti criticise each other,
and that fiercely and mercilessly. Your modern Academician follows in
your sense the ‘things that make for peace,” and would no more find
fault with his neighbour’s work to his face, than praise it, if he could
help it, behind his back.

‘“Ever faithfully yours,
“J. Ruskin.”

1 For Mr. Willett's own contributions to Deucalion, see pp. 206, 212 n.; dna for other
references to him, see Vol. XIV. p. 851, Vol. XVL pp. Ixvi,, 255, Vol. XVIIL p. 203.
2 Romans xiv. 19.
XXVI. 4
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In Fors Clavigera, Letter 34, § 13 (Vol. XXVIL), Ruskin gives a
résumé of the state of glacier knowledge as it existed up to 1840.
Everybody knew that glaciers moved. Byron had put the fact in .li‘nes
which Ruskin quotes as illustrative of the poet’s “measured and living

trath ”: 1—
“The glacier'’s cold and restless mass
Moves onward day by day.”

Two theories were in the field to account for this motion of glaciers.
One was the “Sliding Theory” of Saussure; the other, the “Dilatation
"Theory” of Charpentier. Ruskin discusses and dismisses these in Deu-
calion, pp. 228, 229. Nobody had as yet conceived of the ice as being
“anything but an entirely solid substance.”

In 1840 M. le Chanoine Rendu, afterwards Bishop of Annecy,
published his Théorie des Glaciers de la Savoie? In this work he
likened the motion of glaciers to that of rivers: “There is between
the Glacier des Bois and a river a resemblance so complete that it
is impossible to find in the glacier a circumstance which does not
exist in the river. In currents of water the velocity is not uniform
throughout their width nor throughout their depth; the friction of
the bottom, that of the sides, the action of obstacles, causes a variation
in the velocity which is undiminished only towards the middle of the
surface. Now, the mere inspection of the glacier is sufficient to prove
that the velocity of the centre is greater than that of the sides”
(ch. viii. p. 85 of the English edition). But M. Rendu did not
profess to have made observations establishing the theory which he
here foreshadows. “'The fact of motion exists,” he writes, “but the
mode of motion is entirely unknown. Perhaps with long observations,
with experiments upon ice and snow carefully made, we shall succeed
in grasping it; but we are still in want of these first elements”
(ch. viii. p, 78). And again: “There are a host of facts that would
seem to induce the belief that the substance of glaciers enjoys a
kind of ductility which allows it to mould itself upon the locality
which it occupies—to thin out, to swell, to contract, and to spread
as a soft paste would do. Nevertheless, when we deal with a piece
of ice, when we strike it, we find in it a rigidity which is in direct
opposition to the appearances of which we have just spoken. Perhaps

! See Praterita, i. §§ 172, 173; and compare Vol. I. p. 202 (a passage writt
by Ruskin in 1836, six years befor’e Forbes published his theory). prssog o
? Published under this title at Chambéry. Translated into ilnglish in 1874 in

a volume entitled Theory of the Glaciers of Sav M. le Chanoine Rendu, transi
by Alfred Wills, etc., etc. (see p. 559 n.). o o transiated
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experiments made upon larger masses would give other results™ (ch. vii.
. 7).

d Rendu, then, had by a process of intuition come very near to the

heart of the mystery, but he had not made experiments or observations

to establish any theory. He was, we may say, on a hot scent, but he

had not found.

Meanwhile another scientific man had been experimenting on the
glaciers, This was Agassiz of Neuchitel, who had built himself a hut
on the Unteraar Glacier, whence he had made many ingenious observa-
tions (see Fors, § 14). The hut was built of stones in 1840, against a
great boulder on the central moraine of the glacier, and was known as
the Hotel des Neuchitelois (see p. 228).! In 1841 Agassiz invited
James Forbes, who was then travelling in Switzerland, to visit him
there. . Forbes went, and on this occasion noticed particularly the
veined structure of the glacier which played an important part in the
suggestion, and in the proof, of his own theory. Forbes revisited the
glaciers in 1842, and he wrote from Switzerland four letters on Glaciers
to Dr. Jameson.? These contained the original draft of the Plastic or
Viscous Theory, which was expounded in 1843 in a more methodical
and detailed manner in his Travels through the Alps of Savoy and other
Parts of the Pennine Chuin®—the theory being, as Ruskin puts it
(Fors, 84, § 14), “that glaciers were not solid bodies at all, but semi-
liquid ones, and ran down in their beds like so much treacle.”

Forbes’s theory is stated by himself in the following terms:—

“My theory of glacier motion then is this: a glacier is an imperfect
fluid, or a viscous body, which is urged down slopes of a certain inclina-
tion by the mutual pressure of its parts” (Z'ravels, p. 866, ed. 1900).

His claim to have established this theory rests upon the following
several observations: (1) The motion of the ice is continuous. (2)
'The centre moves faster than the sides. (8) This change of velocity
is continuous. (4) The variation of velocity in the breadth of a glacier
is proportional to the absolute velocity, at the time, of the ice under
experiment. (5) The velocity of a glacier increases when the steep-
ness of its bed increases. (6) A continuous mass of ice on the Brenva

1 The Hotel itself was destined in later times to furnish evidence of glacier
motion. In August 1884 portions of the great boulder were found lower down on
the glacier, proving. that since 1840 the rate of travel had been 55 metres a year
(see Alpine Journal, vol. xii. s)p. 177, 229).

2 The letters are dated July 4, August 10, August 22, and October 5, and first
appeared in the Edinburgh New Philosophical Journal, October 1842 and January 1843.

3 Second edition, 1845. Reprinted in 1900, with other papers, under the title
Travels through the Alps, edited by W. A. B. Coolidge.
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became distorted without the formation of any crevasses. (7) The
greater the heat and rainfall, the more liquid is the ice, as showr} by its
greater velocity. (8) The melting of the surface in summer is com-
pensated by a thickening (resulting from diminished fluidity in the
viscous mass) in winter. (9) In cases where the tenacity of the ice
is insufficient to bear the strain crevasses are formed. (10) These
crevasses, and also the broken continuity of the whole mass, are closed
up by time and cohesion. (11) The differential motions of a viscous
mass account for the veined structure. (12) In every respect, ex-
periments on viscous substances show wmotions similar to those of
glaciers.”?

The publication of this theory caused a great stir in scientific
circles. It encountered the two stages which, as Whewell observed in
a letter to Forbes, is the common lot of such things—*“the stage
when people say they are not true, and the stage when people say
they are not new.” Rendu did not enter into the controversy, but he
was presently, as we shall see, used as a stick to beat Forbes with.
Agassiz, who had missed what had been under his eyes for so many
years, and whose visitor had come and walked off with what might
have been his nugget (Fors, Letter 84, § 15), was furious. He wrote
indignantly to Forbes accusing him of perfidy;? while his com-
panion, M. Desor, declared that Forbes had only “rediscovered after
Rendu,”® and “found consolation in describing the cowardice of the
Ecossais on the top of the Jungfrau.”+

It was the second stage of the controversy which caused Ruskin’s
intervention. English men of science had contended that the theory
was not new, and that it required emendation by themselves. Some
of the leading incidents in the battle must be mentioned.

In 1857 Huxley and Tyndall published conjointly, in the Philosophical
T'ransactions of the Royal Society, a paper on Glacier Motion.® They

! This is Professor George Forbes’s summary, given in his Introductory Remarks
to Rendu (as cited on p. xxxiv. n.), pp. 13, 14.

% See Kxcursions et Séjours dans les Glaciers et les Huutes Régions des Alpes de
ﬁﬂ Agassiz et de ses compagnons de voyage, by E. Desor, Neuchatel, 1844, pp. 438-

S Ibid., p. 441.

¢ See Fors, 34, § 15. M. Desor comments on Forbes’s silence, ‘‘réserve ex-
cessive,” and “coldness in presence of the most magnificent scenes of nature’
(Ewoursions et Séjours, pp. 396, 436), when on the top of the Jungfrau; but it is not
clear that he intended, as is assumed by Ruskin, to impute to Forbes any lack of
physical courage.

S Philosophical Transactions of the Royal Society of London for the year 1857,
vol. 147. No. XV, ¢ On the Structure and Motion of Glaciers.” By John Tyndall,
F.R.S., Professor of Natural Philosophy, Royal Institution; and T. H. Hvuxley,
F.R.S., Fullerian Professor of Physiology, Royal Institution, pp. 327-346.
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started, in opposition to Forbes, what is known as the ‘“Regelation
Theory,” founded on an experiment made by Faraday in 1850 (see
p- 127 n.), and supported by experiments made by Tyndall himself.
According to this theory, as Ruskin sums it, “a glacier advances by
breaking itself spontaneously into small pieces, and then spontaneously
sticking the pieces together again™ (p. 230). On Tyndall's desire
to show that his theory explained something which Forbes’s did not,
Ruskin pours contempt in Fors, Letter 34; and to like effect, Professor
George Forbes writes (against § 424 of Forms of Water), “ It appears,
then, that the addition made by Dr. Tyndall to Forbes’s theory is
that ice cracks under tension sufficient to crack it.”! “'The capacity
of ice for sticking together,” says Ruskin, “no more accounts for the
making of a glacier, than the capacity of glass for sticking together
accounts for the making of a bottle™ (p. 127).

To this paper Forbes replied in much the same sense, finding
nothing in the experiments of regelation to modify his theory.?

The controversy now entered upon a personal stage, and charges
of bad faith were made or insinuated against Forbes. In 1859 it was
proposed in the Council of the Royal Society that Principal Forbes should
receive the Copley Medal in acknowledgment of his researches upon
glaciers. The proposal was made by Whewell; it was opposed by
Tyndall’s friends (especially Huxley), on the ground that Forbes’s
theory had been anticipated by Rendu and that Forbes had omitted
to give sufficient acknowledgment of Rendu’s researches. The medal
was ultimately not awarded to Forbes (see the English edition of
Rendu, pp. 9-12).

In 1859 Forbes collected his contributions to the subject in a
volume entitled Occasional Papers on the Theory of Glaciers, now first
Collected and Chronologically arranged, with a Prefatory Note on the
Recent Progress and Present dspect of the Theory.

In 1860 Tyndall published his Glaciers of the Alps. In this book he
restated his Regelation Theory; made various criticisms upon Forbes’s
viscous theory; and suggested that Forbes had insufficiently recognised
Rendu’s contributions to the subject* Tyndall’s quotations from
Forbes omitted Forbes's own acknowledgment of Rendu’s researches,
and the omission was commented upon by Lyon Playfair (see his letter
of July 25, 1860, in the English version of Rendu, p. 8).

1 Rendu (as cited above), p. 178.

2 See Chapter XX. in Forbes's collection of Occasional Papers (pp. 228 seq.), the
chapter being reprinted from the Proceedings of the Royal Society .of Edinburgh,
April 19, 1858.

3 Glaciers of the Alps, 1860, pp. 299 seq.
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Later in the year Forbes issued his Reply to Professor Tyndall's
Remarks in his work “ On the Glaciers of the Alps™ relating to Renduw's
“ Théorie des Glaciers.”

The case against Forbes was in July 1863 restated by the Quarterly
Review (vol. 114, pp. 77-125), in an article which gave him much
pain (see p. 561 n.). The writer disparages Forbes and greatly praises
Tyndall ; insinuating also that Rendu’s work had been ignored by the
former. The attack on Forbes was the more marked, as in an earlier
number of the Review (vol. T4, pp. 89-70) Forbes’s work had been
appreciatively noticed.

Ruskin had from the first been convinced by Forbess arguments.
He had met Forbes, as we have seen, in 1844; and though he never
saw him again, he greatly respected and admired his character, and he
accepted Forbes’s book as the standard work on its subject.! Ruskin
took occasion accordingly, in his lecture at the Royal Institution in
1863, to refer to Forbes’s theory as firmly established (p. 10); and, in
his letters to the press in 1864, to defend Forbes from his assailants
(see below, p. 550; and compare above, p. xxix.). Forbes’s letter of
thanks to Ruskin (p. 561) shows how bitterly Forbes felt the attacks
made upon him. He died in 1868.

In 1872 the attacks were renewed. In that year Tyndall published
The Forms of Water in Clouds and Rivers, Ice and Glaciers. In this
he returned to the charge against Forbes, though more by implica-
tion than by express statement. He laid great stress on Rendu’s
work (§§ 897 seq.), whilst of Forbes he said that from his “able -and
earnest advocacy, the public knowledge of this doctrine of glacial plasti-
city is almost wholly derived™ (§ 404), thus leaving it to be inferred
that Forbes was only a populariser of another man’s theory. Next,
Tyndall questioned, without expressly denying, the viscous theory, and
put forward once more as an emendation his own theory of regelation
(§§ 412 seq.).

In 1873 Principal Shairp, Professor Tait, and Mr. Adams-Reilly
published their Life and Letters of James David Forbes. In this work,
“in the interests of truth and justice to the dead,” they noticed the
renewal of Tyndall's attacks, and vigorously replied to them; reprinting
also, in an appendix, Forbes’s own reply of 1860. In the number of
the Contemporary Review for August 1873, Tyndall wrote a rejoinder,
which he presently reprinted as a pamphlet—Principal Forbes and his
Biographers.

élgee )the summary o1 references to it in Modern Painters, vol. iv. (Vol, VI
p: n.).
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The publication of The Forms of Water brought Ruskin into the
fray. The number of Fors Clavigera for October 1873 (Letter 34)
was largely devoted to a vigorous onslaught upon Tyndall. He
satirises the style and scope of the book (Fors, § 12); partly defends
Forbes for his method of proceeding towards Agassiz (§ 15); condemns
Tyndall’s veiled attack on Forbes’s theory (§§ 16, 17); and * chastises™
the “criminal indulgence™ of “the jealousies of the schools™ (§ 17).

Forbes’s son, and some of his friends, were meanwhile taking inde-
pendent action in consequence of the publication of Tyndall’s book
and his pamphlet. 'Their reply took the shape of the volume (described
below, p. 559 n.), containing Rendu’s memoir together with a transla-
tion of it, so that English readers might be able to judge for them-
selves whether Forbes had in fact been anticipated by Rendu. There
were added in the book, * Introductory Remarks™ by Professor George
Forbes; and a reply to Tyndall, analysing the whole controversy, by
Professor P. G. Tait. Ruskin’s article was also reprinted from Fors
Clavigera, and to it he appended some additional remarks, here given
in the Appendix (pp. 559-562). In these, he does not deal with the
question of priority as between Rendu and Forbes, but delivers an
eulogium on the character of the latter.

In the Oxford lectures on glaciers (1874), partly incorporated in
Deucalion, Ruskin returned to the subject of glacier motion. He asserts
that they are “fluid bodies,” and reiterates the statement that Forbes
first “discovered and proved the fact™ (p. 125). He mentions Rendu’s
lucky guesses, but notes some of his errors (p. 182). He also criticises
Tyndall's Glaciers of the Alps, a work, he says, in which the author
was “eager to efface the memory of Forbes’s conclusive experiments™
(p- 189).! He gives a summary of rival glacier theories, and shows

1 In a conversation with Mr. M. H. Spielmann, published in the Pall Mall
Gazette of April 21, 1884, Ruskin is thus reported :—

‘“ Another favourite topic of Mr. Ruskin’s is the shortcomings of our
men of science. On this he descanted with great vehemence. ‘The
majority of them,” said he, ‘have no soul for anything beyond dynamics,
the laws of chemistry, and the like. They cannot appreciate the beauties
of nature, and they regard the imaginative man—one who can feel the
poetry of life-—as a donkey regards his rider : as an objectionable person
whom he must throw off if he possibly can. Such a man is Tyndall. The
real scientific man is one who can embrace not only the laws that be,
but who can feel to the full the beauty and truth of all that nature has
to show, as the Creator made them. Such a man was Von Humboldt,
such a man was Linnsus, such a man was Sir Isaac Newton. As regards
my opinion of Tyndall, I admire his splendid courage (I am a dreadful
physical coward myself: I enjoy my life too much ever to risk the losing
of it), and his schoolboy love of adventure; he has a real and intense
interest in the subjects which he takes up: naive to a degree—incurably



x1 INTRODUCTION

that Forbes alone had satisfactorily explained the facts.! While accept-
ing and endorsing Forbes's account of the matter as conclusive, Rl.xskin
adds as a suggestion of his own that the influence of the subsiding
languor” of a glacier’s “fainting mass™ is itself a constant source of

motion (p. 133).

Ozford Lectures on Glaciers (1874).—Ruskin’s intervention in defence
of Forbes had begun, as we have seen, in Fors Clavigera for October
1873, and he returned incidentally to the subject of glacier theories
in the following month. He intended to pursue it, but presently came
to the conclusion that he had better deal with the subject in Oxford
lectures than in Fors? These lectures were first announced in March
1874, but Ruskin found it necessary to postpone them? till the
October term, and went abroad for several months. Further study of
the glacie's themselves was one of the objects which he proposed to
himself for this tour,* and Mr. Allen—his companion on many geo-
logical rambles in earlier years—was to meet him at Courmayeur. “I
shall go to Courmayeur,” he wrote from Assisi (June 8), “and study
the Brenva Glacier; it is the riband structure I want to make out.

80; but he has never felt himself to be a sinner against science in the
least because of his all-overwhelming vanity. His conduct to James Forbes
respecting the Glacier Theory was the outcome of the schoolboy feeling
when he sees the Alps for t{ne first time : ‘“Good gracious! no one ever
saw this before; and I can tell the world all about it as no one ever did
before !” And here is this nuisance of a man who has told the world what
is not true, and so, hoping with his whole soul that Forbes is wrong,
and hoping and expecting that he is right, he does all he can to get
Forbes out of the way and to get people to believe in his theory. Why, he
has set back the Glacier Theory twenty years and more! But before long
people will find that this theory was all decided before this conceited,
careless schoolboy was born. And that is why 1 always attack him, and
shall continue to do so until 1 die. The whole attitude of the scientific
world at present is: ‘“We shall discover everything entirely afresh, no
matter who discovered it before—especially James Forbes: we shall believe
nothing that Forbes has said if we possibly can help it, and we will believe
anything that he has not said if we possibly can;” and as he has said
the exact truth in that matter the result has been extremely unfortunate
for science in general !””

! Professor Albert Heim, in his Handbuch der Gletscher Kunde (Stuttgart, 1885),
finds fault, however, with Forbes: ‘ He speaks of a theory of plasticity, but it
is rather a case of an abstraction from the facts, than an explanation based on the
l)_h_vswnl properties of ice, He says in fact little more than that the glacier moves
ike the stream because the ice must be viscous. His error consisted in always com-
paring viscous (ziihfliissige) substances with the glacier, instead of those whose inner
cohesion is less than their internal friction” (pp. 190-191). But Professor Heim's
own account of the matter seems to come to much the same result (see pp. 336-337).

* See Letter 43, § 16,

3 See Vol. XXIII. p. xxx.

¢ See, again, Fors Clavigera, Letter 43, § 16.
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I think Forbes insufficient on this point only ”; for as he explained in
a later letter (Assisi, June 20):—

¢« Forbes has shown perfectly that it forms at right angles to the
pressure. But he doesn’t show how the pressure forms it. He sup-
poses a series of rents, filled with solid ice. But this would not cause
a regularly successive structure at all. There would be small cracks
running together into large ones; small solid veins ramifying into
large ones. But no successive conditions.”

Ultimately Ruskin became absorbed in his Mornings in Florence, and
Mr. Allen was left to examine the glaciers by himself, as also to
prepare for Ruskin a digest of Tyndall's book on the Glaciers of the
Alps! Ruskin himself on his way home from Italy spent a fortnight
at St. Martin and Chamouni, and there began to rewrite his lectures
for Oxford on the glaciers.? His description of the Valley of Cluse in
Deucalion (below, pp. 148 seq.) refers to this visit. The lectures,
delivered in October 1874, were markedly successful, as we have seen;3
and this fact was no doubt one of the causes which led him to begin
collecting his studies in geology and mineralogy, though at one time
he intended to publish his lectures on glaciers separately.t

“DEUCALION™ (1875-1883)

The publication of Deucalion, as of Proserpina, was spasmodic—the
first “ Part ™ appearing in October 1875, the last in May 1883. Though
there was a consistent purpose in the book, and though certain leading
subjects of inquiry were pursued, yet it is in a manner formless. He
had so many irons in the fire, so many balls in the air, that he did not
concentrate himself continuously on any one subject. And presently,
as we saw in the last Introduction,® illness and weakness intervened ;
but even before that time he could only (as he said) pursue his various

! After joining Ruskin at Florence, Mr. Allen went to Chamouni, where he
made many observations and collected information for Ruskin. On a point men-
tioned by Ruskin in this volume (p. 132), Mr. Allen’s diary contains the following
entry :(—

‘¥My guide, Joseph Tairraz, says that rain does fall at times right up on the
summit of Mont Blanc, and that he has been in a pelting rain on the Grand Plateau.
Also that when the sun is hottest at midday snow will melt on rock even at the
summit. He also says that water issues from the Glacier des Bois all winter, more
or less, no matter how severe the weather is” (August 17, 1874).

2 See Vol. XXIIIL p. lii.

3 Ibid., p. liii.

4 See Fors Clavigera, Letter 53, § 1 n.

& Vol. XXV. pp. xxvi.—xxviii.
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studies “as a kind of play, irregularly, and as the humour comes upon
me.”1 The various books which he had in the press were like drawers
into which he flung whatever material happened to come to hand, some-
times without any scrupulous nicety of classification. "Thus when he
gave a public lecture, it was utilised for a book; and if there was no
book into which it precisely fitted at the time, it had to find a place
where best it could.

Such was the case, as he frankly explains, with the lecture on Snakes,
delivered in 1880, which was made to serve as a chapter in Deucalion,
though it contained nothing about geology or mineralogy—a serpentine
method of ordering his materials which was not very fully covered
by calling the lecture *Living Waves.” To his description of the
movements of snakes he attached some importance. ‘ Actually at this
moment (Easter Tuesday, 1880),” he wrote, “I don’t believe you can
find in any scientific book in Europe a true account of the way a bird
flies—or how a snake serpentines. My Swallow lecture was the first
bit of clear statement on the one point; and when I get my Snake
lecture published, you will have the first extant bit of clear statement
on the other; and that is simply because the anatomists can't, for their
life, look at a thing till they have skinned it.”? Ruskin’s account of
the motion of snakes, which he compares to skating, will be found on
pp. 316-318. He had for many years made a study of the colours
and movements of Snakes; the occasion of the lecture was, however,
accidental. He had happened to hear an address by Huxley on the
same subject, which had at once profoundly interested and challenged
him. His own lecture on Snakes “became, apparently,” says Ruskin,
“rather a piece of badinage suggested by Professor Huxley’s than a
serious complementary statement.” As a piece of playful and graceful
banter, the chapter is one of Ruskin's happiest and most harmonious
pieces; but “nothing,” he says, “could have been more seriously in-
tended.” It gave his “spiritual version of the development of species,”
as supplementary to Huxley’s discourse on the physical evolution of
the snake.

Of the impression made by the lecture at the time of its delivery,
a note has been written by Mr. Wedmore :—

“The charm of the later writing—so different both from the exuber-
ance of the earlier, and the measured strength and gravity of some of the
middle period, in the Seven Lamps for instance—was, so far at least as I
can tell and remember, the charm of the later man; the man approaching

! Fors Clavigera, Letter 59 (November 1875), § 1.
? “Letters on a Museum or Picture Gallery” (in a later volume of this edition).
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old age; claiming some of its privileges; exercising its rights of unfettered
affection towards the persons and objects it chose; chiding; encouraging;
asking to be accepted implicitly. . . . Only twice did I see him. Once
was at a lecture—his lecture on ‘Snakes’ at the London Institution. Once
was at a house in the Prince of Wales’s Terrace, or very near it, at Mrs.
Bishop’s, where for her delight and that of her friends he lectured privately,!
and charming it was, but the effort was less admirable and less complete
than at the London Institution. At both places, what one felt about him
was that he was benign and bewitching; but at the London Institution—
perhaps owing in part to the greater urgency and reasonableness of his
theme (it was a protest, indignant, affectionate, against the evils of cram-
ming 2)—at the London Institution he had the most of force and of depth.

“I remember well his advent—the door opening at the bottom of the
theatre—and, with William Morris, I think, and certainly Frederic Leighton
and other friends, and patting Leighton on the back (or was it William
Morris ?) a little nervously, yet bearing himself bravely, the observed of
observers, this man of world-wide fame, and, what is so much more im-
pressive and important to those who feel it at all, of extraordinary and
magnetic genius—this genius was suddenly amongst us. And, gravely and
slowly, with a voice at once of good quality and a rough Cumbrian burr?
Ruskin began his discourse. All listened intently; and as the theme de-
veloped, and his interest in it gained, and as he felt—for he must have
felt—that he held us in the hollow of his hand—the fascination increased,
and the power and beauty that justified it. I have heard, with great
delight, another impressive genius—Tennyson—read some of his poems.
The enjoyment was singular; the experience remarkable. But, in the
drawing-room in Manchester Square, the author of ¢ The Revenge; a Ballad
of the Fleet’ reached no effect that was quite so much of an enchantment
as did John Ruskin, with his voice more and more wonderful and tender,
that March afternoon in Finsbury.” 4

Ruskin exhibited at the lecture several drawings and diagrams, of
which he distributed an explanatory account. This is here printed as
a note to the lecture (p. 330). He subsequently issued six sheets of
photographic reproductions for binding up with Deucalion. 'The subjects
are all here included (see p. 295 n.).

Another lecture, incorporated in Deucalion, is of earlier date. This

1 An account of the lecture, which was concerned with Miss Alexander’s draw-
ings, appeared in the Spectator of June 10, 1883, and is included in a later
volume ;f this edition. An account of it is also given in St George, vol. ii.

. 55-67.

P, See below, p. 328.

3 But there is no such thing, and Ruskin’s R was not the Northumbrian burr.

4 *“ A Note on Ruskin,” by F. Wedmore, in the 4nglo-Saxon Review, March 1900,
p. 136 ; reprinted in Whistler and Others, 1906.
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is the lecture on the heraldry of Stones, called *“The Iris of the
Earth,” which he gave at the London Institution in February 1876.
Mr. Collingwood has given an amusing account of Ruskin’s preparations
for this lecture. He bade “one of his younger friends run to various
Professors and make inquiries about etymological and mineralogical
details :—¢ What else are the Professors there for?’ he would say; and
he would be greatly impressed if we could answer his questions with-
out appeal to the higher powers” The day after the first lecture he
wrote to Mr. Collingwood :—

«Those French derivations are like them. No authorities on
Heraldry are of the slightest value after the fifteenth century—
even Guillim is only good for something in the first edition, the
rest nowhere. My pearl is all right—I got it from the Book of
St. Albans, 14801—but my shield is not absolutely in the old terms.
1 invent ¢Colombin, for the old ‘plumby,’ and use écarlate’ for
‘tenné —mine is to be the norma for St. George’s heraldry, not a
merely historical summary. I hope to be back on Saturday evening.
. . . The lecture went well and pleased my audience—and pleased
myself better than usual, in that I really got everything said that
I intended, of importance.” ?

Another lecture to which Ruskin attached importance was delivered
at Kendal (and afterwards at Eton) on “Yewdale and its Streamlets.”
A full report of this lecture was separately published in pamphlet
form, before it was included in Deucalion; and some additional passages
from the pamphlet are here given in notes (see pp. 260, 261).

These lectures, as incorporated in Deucalion, had immediate con-
nexion with the proper theme of the book. The lecture on Stones
introduces his chapters on mineralogy, and the lecture on “Yewdale
and its Streamlets” carries the studies of erosion from the Alps to
the hills of the Lake District. But the order of the chapters is suffi-
ciently indicative of the interruptions which occurred in the book. It
begins with general discussions of mountain form, opening up some of
the questions which Ruskin desired to submit for revision or reversal,3
and then passes to theories of glacier motion. This portion of the book
(i. chaps. i.—vi.) corresponds with the ground covered in the Oxford
Lectures of 1874. Then, in the middle of the discussion of glaciers,
Ruskin goes off to mineralogy. The diversion was due to the fact
that from 1876 onwards he was deeply interested and occupied with

! See below, pp. 182, 184, 187.

¥ Life and Work of Jokn Ruskin, 1900, p. 329.
8 See i. ch. xiv. §§ 1, 2 (pp. 273, 274), and p. Ixiv.
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plans for his St. George’s Museum at Sheffield. Chapter VIL (the
London Institution lecture of 1876) is a general introduction explana-
tory of the connexion in his mind between mineralogy and heraldry
and art. Chapter VIIL describes the plan which he proposed for
the arrangement of the collection of minerals in his Museum; whilst
in Chapter IX. he opens up some of the questions in mineralogy which
he wished his students to consider. But in the autumn of 1876 he
went abroad, and stayed for a few days among the Alps on his way
to Venice.! This brought him back in Chapter X. (dated “Village of
Simplon, 2nd September, 1876”) to the glaciers, and we have a further
discussion of theories of glacier motion. The occasion passes; and in
Chapter XI. he reverts to the subject of crystallisation. He returned
home to Brantwood in the summer of 1877; and, recognising that his
days of active exploration among the Alps were over, “began, as
better suited to my years, the unadventurous rambles by the streams of
Yewdale, whose first results were given in my Kendal lecture ™2 (October
1877). 'This became Chapter XII. The scene is changed, but the argu-
ment remains constant, and Ruskin raises by the strecams of Yewdale
the same questions—of erosion, of cleavage, elevation—as by the cliffs of
Uri or aiguilles of Chamouni. A long interruption, caused by his illness
of 1878, now intervenes. When the work is resumed, a chapter (XIII.)
on the stellar crystallisation of silica comes first, and the first volume
closes (Chapter XIV., “Schisma Montium™) with a general account of
the questions which he desired to raise with regard to geological theories
respecting the causes of mountain form.

The further development of such themes was intended to occupy a
second volume of Deucalion. He had made many experiments of which
the results were promised for that volume (see p. 291). Just as at
Broadlands he had made “experiments on the glaciers”® with butter
and honey, so at Brantwood in 1877-1879 he occupied himself with
experiments on dough in order to observe the behaviour of ductile
substances under pressure. He still intended also to carry forward his
investigations into glaciers. In this connexion Mr. Collingwood prints*
the following letter (July 25,.1879) which he received from Ruskin:—

“Yes, Chamouni is as a desolated home to me—I shall never, I
believe, be there more: I could escape the riff-raff in winter, and
early spring; but that the glaciers should have betrayed me, and

! Vol. XXIV. p. xxxiv.

% Preface to The Limestone Alps of Savoy, § 6 (below, p. 570).

3 Vol. XXIV. p. xxi. .

¢ Life and Work of Jokn Ruskin, 1900, p. 338. Mr. Collingwood made the draw-
ings, but as the plans for Deucalion were changed, Ruskin did not use them
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their old ways know them no more, is too much. . . . I was gladly
surprised to hear of your going to the Aiguille du Tour, if the whole
field around it is still pure; but all's so wrecked; perhaps it's all
mud and stones by this time.

« However, the thing I want of you is to get as far up the old
bed of the Glacier des Bois as you can, and make a good graphic
sketch for me of any bit of rock that you can find of the true
bottom among the débris. Graphic, I say,—as opposed to coloury
or shadowy; show me the edges and ins and outs, well—with any
notes of direction and effect of former ice on it you can make for
yourself. You know I don’t believe the ice ever moves at the
bottom of a glacier at all,—in a general way; but on so steep a slope
as that of the Bois, it may sometimes have been dragged a little at
the bottom, as it is ordinarily at the sides. Anyhow, sketch me a
bit of the rocks, and tell me how the boulders are lodged, whether
merely dropped promiscuously, or driven into lines or corners.

“Please give my love to the big old stone under the Breven, a
quarter of a wile above the village, unless they’ve blasted it up
for hotels.”

When, however, Deucalion was resumed other material happened to
be ready to hand, and the second volume began with the lecture on
Snakes already discussed. Chapter IL. (*‘ Revision ”) contained a general
account of Ruskin’s faith “in the creating Spirit, as the source of
Beauty—in the governing Spirit, as the founder and maintainer of
Moral Law.” The choice of subject for the next chapter (the last to
be published) was conditioned by the severe winter of 1878-1879.
This afforded unusual opportunities for studying the crystallisation
of ice. He intended to pursue this subject, and the MS. material at
Brantwood contains part of an additional chapter, which is here given
(p. 363). A few other notes for Deucalion are also added, but the
book was never finished. Such time as he could spare to these
studies was henceforth given, as we shall see, to the arrangement of
minerals.

With regard to the title of the book—Deucalion : Collected Studies
of the Lapse of Waves and Life of Stones—Ruskin dedicated, as his
studies of flowers to Proserpina, so those of rocks and waves to Deucalion
—the Noah of Greek tradition, who, when all the world beside perished
in the great flood, saved himself and his wife on the top of a high
mountain. And when the waters subsided, Deucalion consulted the
oracle, and was bidden to repair the loss of mankind by throwing
behind them the bones of their mother; that is, the stones of the
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Earth—*lifeless seed of life,” as Ruskin says.! He seems, however, to
have felt that his title was somewhat cryptic; for in his copy of the
book, marked for revision, there is the following note:—

“Stones. First text: ‘God is able of these stones to raise up
children upon Abraham.” Second: ¢If these should hold their peace,
the very stones would immediately ery out.’2? Then quote the end
of the Introduction and the piece about myths [ie, § 5; see pp. 98~
99], explaining the value of the myth of Deucalion as connected
also with the story of Lycaon and of Philemon and Baucis.”

Unfortunately Ruskin did not carry out the intention of revising
Dcucalion, and one can only roughly guess at the ideas which he
intended to develop. The flood of Deucalion occurred, according to
some mythographers,® as a punishment for the impieties of Lycaon and
his sons. The piety of Philemon and Baucis, on the other hand, was
rewarded by Zeus taking them to a safe eminence when all the world
beside was visited by the flood.* Thus the story of Deucalion was,
as Ruskin says, the story of the Betrayal and the Redemption. To
Ruskin the study of natural phenomena was part of the evidence of
natural theology. He found “sermons in stones, and good in every-
thing.”

Of the manuscript of Deucalion, Mr. F. W. Hilliard possesses (with
some omissions) that of vol. i. ch. ii. § 5 to ch. iii. § 18. This
shows the usual careful revision. Mr. Hilliard also possesses the MS.
of a chapter entitled **Pruina Arachne™ (see p. 847 n.). Mr. A.
Macdonald has the MS. of vol. i. ch. xiv. §§ 1-14. No other MS. is
known to the editors.

There is at Brantwood a copy of the first volume containing
several notes and revisions by the author. Some of these notes were
written, as an entry at ch. vi. § 13 shows, at Sallenches in 1882.
Occasional use has been made of this copy (see, eg., pp. 110, 112,
151).

To the first volume of Deucalion Ruskin compiled an index to
which he attached importance as “classifying the contents so as to
enable the reader to collect all notices of importance relating to any

1 Below, p. 565. It appears from a letter to Dr. John Brown (July 24, 1874)
that Ruskin originally intended to call the book ‘“Monte Rosa.” In the first
proof of the title-page (in Mr. Allen’s possession) the sub-title reads, ¢ Collected
Studies of the Labour of Waters and Life of Stones.” On the words lapse aund
lubour, see Munera Pulveris, § 59 (Vol. XVIL p. 183).

2 Matthew iii. 19 ; Luke xix. 40.

3 Apollodorus, iii. 8, 1.

¢ Ovid, Metamorphoses, viii. 621 seq.
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one subject and to collate them with those in my former writings.’
The index was, he adds, “ made as short as possible” (p. 278). It has
seemed desirable to reprint this index substantially as Ruskin wrote
it: but additions have been introduced. Some of these were noted by
him in his copy for revision; the others supply references to the papers
collected in this volume.

2]

CATALOGUES OF MINERALS (1883-1886)

The division of this volume which follows Deucalion brings us to
work which occupied a good deal of Ruskin’s time in 1883 and the next
few years. This was the overhauling of his collections of minerals and
precious stones; the formation out of them of collections or specimens
which he presented to schools or public institutions; and the writing
of explanatory catalogues.

He had always assiduously collected minerals during his tours; many
pages in his diaries are occupied with lists of the specimens acquired
on a particular walk, or a particular tour. He also bought largely from
dealers,! and his collection at Brantwood, which was especially rich in
siliceous minerals, numbered 3000 specimens, many of them of great
rarity and special interest. It was a favourite diversion to arrange
and rearrange, classify and reclassify, these specimens; and there remain
at Brantwood catalogues in various stages of completion. The work
into which Fors Clavigera had drawn him caused him to begin dis-
persing his collection. There was the St. George’s Museum at Sheffield
to be equipped ; and while selecting specimens for that, he went on to
make up typical collections for various museums and schools in which
he was interested. He had long entertained a design “of making
mineralogy, no less than botany, a subject of elementary education,
even in ordinary parish schools, and much more in our public ones.
With this view,” he says, “long before the Guild existed, I arranged
out of my own collection a series of minerals which were found useful
at Harrow; and another for a girls’ school at Winnington, Northwich,
where the lectures on mineralogy were given which I afterwards ex-
panded into The Ethics of the Dust.”? 'The gift of a collection of
minerals was made to Harrow School in 1866, in connexion with two
lectures given there by Ruskin in that year and in the year next

g 1;3 One; of his purchases involved him in a lawsuit: see Fors Clavigera, Letter 76,
 The Guild of St. George: Master's Report, 1884, § .
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following.! The collection consisted of 237 specimens, and was accom-
panied by a list, which, however, was not written by Ruskin. The Head-
master (Dr. H. M. Butler) presented a suitable showcase, with drawers
underneath, for the housing of the collection, which stood in the
Vaughan Library until the opening of the Butler Museum in 1886. ‘The
collection, as now arranged in that Museum, follows the order of
the original list, and each specimen bears a descriptive label, headed
“ Ruskin Collection.” Of Ruskin’s interest in the school at Winning-
ton full ‘account has already been given.? The school was afterwards
broken up, and the Ruskin collection of minerals was probably dis-
persed, as were some other gifts of his. “What time I could spare to
the subject in later years™ was spent, Ruskin says, in “systematizing
my knowledge of the forms of Silica.”® Partly in connexion with the
St. George’s Museum at Shefficld, and partly from his interest in the
rearrangement of the minerals in the British Museum, after their
transference from Bloomsbury to South Kensington, Rugkin set him-
self in the years 1882-1884 to bring his knowledge to bear in the
forming of illustrative collections of siliceous and other minerals. A
collection of selected examples at the British Museum was to be the
central one; subsidiary to it were to be various other collections in
different parts of the country; whilst the whole series was to be further
systematised and explained, as we shall presently see, in elementary
handbooks. He had a double purpose in this work; he wanted to
show how in his opinion a museum of minerals should be arranged,
and also to illustrate some of his theories of classification of *“banded
and concretionary formations.” This work was *“important,” he wrote,*
“as the first practical arrangement ever yet attempted for popular
teaching.” 'The paper, with a postscript, ¢ On Distinctions of Form in
Silica” (pp. 8373-391), which he wrote for the Mineralogical Society in
1884, explains some of his purposes.

Ruskin’s broken health prevented the accomplishment of his full

1 The first lecture was given to the School Scientific Society on October 9,
1866, at the house of Mr, Bosworth Smith. “ Mr. Ruskin,” says the Minute Book,
“ delivered an exceedingly interesting lecture on the Progress of Natural Science in
England. He concluded by pointing out where there was room for much discovery,
illustrating his remarks with some beautiful geological specimens which he kind{y
presented to the Society.”

The second lecture was given to the same Society on October 12, 1867, in the
Vaughan Library, ¢ Mr. Ruskin addressed the Society,” says the Minute, “on the
subject of Crystallization, which he illustrated by a few of the specimens from his
very handsome present of minerals and crystals.”

2 Vol XVIIE pp. lxiii. seq.

3 The Guild of St. George: Muster's Report, 1884, § 6.

¢ Letter to Miss Beever (Hortus Inclusus, ed. 1, p. 59).

XXVI. d
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design; but much of it was carried out, and it is amazing to those
who know the extent of his activity in other directions that he should
have found time and energy for the catalogues and other work upon
mineralogy now collected in this volume. The secret of it all is to be
found in his tireless industry, in the enthusiasm and curiosity with which
he approached the study of the beautiful in nature, in his passionate
desire to communicate to others what he himself saw and believed.

The British Museum Catalogue.—The story of the series of specimens
of Silica, which he obtained permission from the Trustees of the British
Museum to arrange and catalogue (pp. 397-414), is very characteristic
of his keen interest and enthusiasm. He had long known and studied
the collections of the Museum in Bloomsbury, and Professor Story-
Maskelyne, formerly keeper of the minerals, was among his friends.
He had at various times presented specimens to the department—some
pink crystals of Fluor in 1850 (Case 7 g.), a specimen of Iceland Spar
in 1865 (on a table at the eastern end of the Gallery), and a long
branch of Native Copper in 1868 (Wall-case H.). In 1880 the Natural
History collections began to be removed to the new Museum in the
Cromwell Road, South Kensington, and Ruskin was much interested in
the arrangement of the minerals, now under the charge of a new keeper,
his friend Mr. L. Fletcher, F.R.S. Ruskin was constantly in and out of
the Museum, and Mr. Fletcher would sometimes ask his advice upon
the more artistic arrangement of particular cases or specimens. He
was full of suggestions. He was greatly delighted with Mr. Fletcher’s
arrangement of a series of specimens and models to serve as an intro-
duction to the study (see below, p. 458), but he begged that the
models in the General Collection should be kept separate from the
real specimens. “The public really ought by this time to understand,”
he wrote to Mr. Fletcher at a later date (Sandgate, 1887), “that a
museum is neither a preparatory school, nor a peep-show; but it may
be made more delightful than either.” “The big topazes,” he wrote
in a letter of 1882, “I would keep in a dark place and let nobody
ever see them but with fumigation and pious offerings,—a guinea a
head at least!™ 'The following letters show how pleased Ruskin was at
being allowed to take sowie of the chalcedonies in hand, for an arrange-
ment of his “very own,” as the children say:—

¢ [Lonpon, 1882.]
“Dear Mr. Frercuer,—Forgive me if I snap too like a puppy

at the lovely morsel you offered me just as I was going away yester-
day—the rearrangement of the chalcedonies. They are such pretty
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things—such strange ones, and such findable ones—that of all
minerals, they, it seems to me, ought to be most recommended to the
public notice. A schoolboy can’t pick up diamonds or topazes or
rock-crystals on Brighton beach, or even, for the asking, on St.
Michael’s Mount; but every other flint he breaks may have a bit of
chalcedony in it, and I've had more hunfing pleasure out of it (sponge-
saturating or cell-lining) than in any other mineral whatever.

“Now, as you have got the cases at present, I don’t remember
(as having caught my eye) either the Auvergne or Indian forms,
and all the lovely Trevascus ones are put under the table in
another case!

“Now, could you indeed get out—for arrangement in your
room on Saturday ?—these Trevascus ones; and from wherever they
are, the Indian, Auvergne, and Iceland volcanic forms. I have
myself some Cornish dark ones, associated with pyrites as fine as
lace, which I don’t remember seeing specimens of. 1 don’'t want
to disturb the present case with its fine branched ones, till we see
what we have to do; but if the reserve drawers could be rummaged,
I know there are some precious forms of flint chalcedony in them,
and we could then get the Flint, Lava, Trap, and Granite chal-
cedonies each into their own group, and so illustrate their progres-
sive beauty. I'll come early to-morrow in case anything of the kind
should be possible, and if not just now, will hope that Mr. Davies
will gradually get at what I want for me, and to-morrow I can go
on with my prisms without making disturbance, and am,

: « Ever gratefully yours,
«“J, RuskiN.”

‘“Laox, 14th August, 1882.

“Dear MR. Frercuer,—This place is so full of interest that I
could not get to work on the chalcedonies till to-day; but I have
nearly got the whole now into order, for an illustrated series of
100 specimens, only among them I have included the lovely large
Cornish ones out of the table-ends, which I am bent on getting
massed with the other beautiful ones, which are now spoiled by
nasty flints and hornstones. Meantime, I begin with the flint nodule
enclosing another, in that case, and so rise to my lovely quartz with
the triangular cleavages—you shall have the MS. catalogue back
from Troyes or Dijon before the end of this week. I desired
Mr. Nockold to wait upon you with the fibrous heliotrope he has cut
for me, and a lovely section of another, that you might see the sort
of man he was; but I hope he has waited for a letter of introduction,
which, I belteve, 1 told him to do. '

“This place is very odd in its geology-—hard limestone on the
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top of sands—an outlier—and with lovely springs at the top of it!
The surface is not more than three square miles at most, so the
springs can’t be supplied by any superficial rain. It’s the oddest
thing to me that ever was, and I'm going to look for some Laonnois
Moses in the Cathedral legends. . . .

“Your affectionate

“J. RuskiIn,
«Safe address: Avallon, Yonne.”

‘“ Rurims, 14th August, 1882,

“ Dear Mg, Frercuer,—I send in a separate packet the catalogue
of chalcedony series, as I wrote it, since its references are thus
straightforward to the specimens as you kindly placed them in the
drawers; but supposing they were placed in a separate case for
exposition, and the catalogue, revised with your authorization, printed
for use, I have written in red, under my black number, the numbers
which should be put in the tray of each specimen for its reference
in the catalogue. These red numbers run from 1 to 100, and
arrange in consecutive order the flints, jaspers, chalcedonies, agates,
and mural agates passing into quartz, where this catalogue ceases.
Under the jaspers are given the heliotropes, and Numbers 29 and
30 are left for two sards, which I want to connect them with the
chalcedonies ; also Numbers 88, 39 are left for two Auvergne chal-
cedonies which are wanted to complete the system. The remaining
numbers—if the MS. be cut up, and pasted, each separately, in order
of the red numbers—are, I hope, consecutively right; but there may
be probably many little improvements to make on the printer’s proof,
and my long descriptions of the examples of pseudomorphs may be
omitted—but I don’t mess the MS. with erasures.

“I have next to write the keadings descriptive of each class, and
saying what Flint, Heliotrope, etc., are. These I will quickly block
out and send for your corrections and additions—or subtractions !
Of course I leave all this entirely to your own time and way; only,
I don’t want to let the plan hang fire for want of any diligence on
my part after you have conceded such full opportunity of com-
pleting it.

“I mean to make my own numbers, unseen by the public, simply
consecutive, to avoid confusion through all the species. + 1, 4 2,
ete., for the first hundred ; -H 1, -H— 2, ete,, for the second hundred;
~H- for the third; and other signs for fourth on—but I can’t
write more to-day, and have bothered you enough already in all
conscience,

“Ever affectionately and gratefully yours,

“J. R.”
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Broken health, and other work, interfered with this chalcedony cata-
logue; and when the task was resumed in 1884, it took a different
form. Ruskin, it was agreed, should arrange a special case, containing
a series of specimens of the more common forms of Native Silica, and
should write a catalogue of his own, descriptive of themn. He entered
upon the enjoyment of this pleasant morsel with great gusto—working
daily during the summer of 1884 in Mr. Fletcher’s room, and supple-
menting specimens already in the Museum with many from his own
collection (see p. 398). It says much for the keeper’s diplomacy that
Ruskin submitted with complete amiability to the suggestions and cor-
rections of superior authority, indulging occasionally in outbursts always
friendly and often playful. ¢ What's Hemi-morphite?” he wrote (July
18, 1884), “and how dare you use such words to me?” <[ shall write
it Half-formite,” he declared in a subsequent note. Mr. Fletcher had
told him that one of the specimens of Silica had been presented to
the Museum by Count Apollos de Moussin Poushkin (No. 3: see p. 399).
Ruskin feared that the whole case was now “sure to be called the
Rouschkin-Pouschkin Case.” Mr. Fletcher helped him greatly with the
Catalogue, though the responsibility for any opinions expressed in it is
the author’s alone, and Ruskin took all suggestions in excellent part:—

“I'm not in the least minded,” he wrote (July 24, 1884),
“to defend myself in this matter of expression, for that sentence
puzzled me terribly, and I'm entirely content to leave it as you
have retouched it; without entering into any whys or whethers.
Don’t think there’s any pettishness in declining debate. I would fain
enter into many questions at length-——more to inform myself than
defend; but I am quite content to let all go as you put it, and
am extremely desirous of saving as much your time as mine. I
will only venture to protest against classing hyalite with opal for
‘chemical reasons.” You might as well class a man with a wolf
because they were both meat. And I am particularly proud of my
separation of opal from hyalite by the peculiar structure of opal in
being straight-banded, transverse to the vein.’!

On retiring to Brantwood, Ruskin added a Postscript to the Cata-
logue (p. 412), and sent for revise a Preface in which he paid com-
pliments to Mr. Fletcher. These were struck out by Mr. Fletcher,
and Ruskin wrote (August 3):—

“The little expatiation of Epilogue was I think necessary to show
the reason of the whole thing, and I hope you will be able to pass
my unscientific analysis of chlorite, of which assuredly vulgar people

! On this point, see below, p. 48.
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had better learn something, anyhow, than nothing, scientifically. No
one will for a moment think the Museum answerable for it.

«It is, I feel, better on the whole that no compliments should
be paid you in this catalogue; but I'll have my revenge in my
¢ Grammar of Silica.””

'The collection remains, as Ruskin arranged it, in the Pavilion at
the far end of the Mineral Gallery. As Ruskin felt that descriptive
labels would diminish the beauty of the exhibit, it was suggested to
him that copies of the Cataloguc should be placed upon the case for
the use of visitors—an arrangement which greatly pleased him:—

«Jt seems to me,” he wrote to Mr. Fletcher (Oxford, October
28, 1884), “that the arrangement authorized by the Trustees is the
most complimentary possible to me. Had they merely permitted
tle sale without laying the books on the case, hundreds would
never trouble themselves about the matter. As you have with
fine binding,! etc., set all forth, the books on the case are an attrac-
tion and recommendation at once. I am a great deal more pleased
about all this than I'm able to say.”

Visitors to the Museun: will share the pleasure, if (as Mr. Collingwood
suggests?) “they will spend a few hours at Cromwell Road with the
pamphlet in hand, just as tourists at Venice are seen comparing his
notes with the pictures in the Academy. As the shilling catalogue is
by no means abstruse, and the specimens are more beautiful than most
picture-shows, the unscientific reader would not find his time loust in
learning something new about Nature, and something new to most
readers, I suspect, about Ruskin.”

The hours and days spent by Ruskin himself at the Muscum were
among the happiest of his later life. The beauty and the mystery of
the minerals filled him ever with greater and greater delight. He
writes of his enjoyment of “lovely little fights with the gloves on”
with Mr. Fletcher, who presently visited him at Brantwood, and of the
pleasure of meeting Dr. Giinther.®* “Ever so much love to that dear
Dr. Giinther,” he wrote (Sandgate, December 26, 1887); **I've a long

! The ordinary copies, first placed upon the case, had vanished; whereupon
Mr. Fletcher had the pages mounted on paper too large to be stowed away in
visitors’ pockets, and bound at his own cost. The ‘“fine binding” is now worn
out and replaced by a buckram one, paid for by the State.

3 Life and Work of John Ruskin, 1900, p. 249.

® Keeper of the Zoological Department of the British Museum, 1875-1895.
R'uskm refers to one of his books below (pp. 296, 310 n.), and paid a tribute to
his work at the Museum in a letter to the Pall Mall Guzette of November 26, 1884
(reprinted in a later volume of this edition).
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letter to write to him; meantime please tell him that if he wants
alligators or any other sort of Anti-Georgian monster drawn, I can
draw them with all their lovely expressions, and a mile long, if he
orders them by the fathom.” His friendship with Mr. Fletcher resulted
at this time (1887) in the presentation of two valuable specimens to
the Museum—one a diamond, the other a ruby. He had some, years
before placed the diamond in the Museum on loan; and, after some
playful manceuvring, he now formally presented both stones. Mr.
Fletcher suggested that the diamond should be named “The Ruskin
Diamond.” “'The Diamound,” replied Ruskin (Sandgate, December 14,
1887), “is not to be called the Ruskin, nor the Catskin, nor the
Yellowskin, diamond. (It is not worth a name at all, for it may be
beaten any minute by a lucky Cape digger.) But I will give it to the
Museum on the condition of their attaching this inscription to it:—

The Colenso Diamond,
Presented in 1887 by John Ruskin
“In Honour of his Friend, the loyal

And patiently adamantine

First Bishop of Natal.”

The uncut diamond, thus labelled, may be seen in Case 1 g.; it is
a large and symmetrical crystal, weighing 180 carats; Ruskin paid
£1000 for it, buying it from Mr. Nockold.

A ruby in Case 9 f. bears the foliowing inscription:—

The Edwardes Ruby,
Presented in 1887 by John Ruskin
“In Honour of the
Invincible Soldiership
And loving Equity
Of Sir Herbert Edwardes’ Rule
By the Shores of Indus.”

For this stone Ruskin paid £100.

At the same time he wrote the following inscription for the pink
crystals of fluor (Case 7 g.) which he had presented many years before
(p. xlix.):—

The Couttet Rose-Fluors,
Presented in 1850 by John Ruskin
“In Honour of his Friend, Joseph Couttet,
The last Captain of Mont Blanc,

By whom they were found.”’!

! In finally approving the inscriptions Ruskin wrote to Mr. Fletcher (Sandgate,
January 8, 1888): ‘I think the entire Geological Society should meet at Chamouni
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The Catalogue of Silica is here reprinted without alteration from
Ruskin’s pamphlet (which is still current). The proof-sheets of a
small portion of the Catalogue are in the possession of Mr. Wedder-
burn, and from them a few notes have been added (see pp. 410, 411,
412 nn.).

The Sheffield Collection.—Next in importance to the British Museum
specimens is the collection which Ruskin sent to the St. George’s
Museum at Sheffield. "The collection was gradually formed, and the
Catalogue was written in pieces! and never completed. The principles
of its arrangement as designed by Ruskin, and the system of numbering
the specimens for catalogue purposes, are explained in Deucalion (see
pp- 165, 197-203). The Catalogue, as now printed (pp. 418-456), is
put together from various copies and proofs which exist at the Museum
itself and in the possession of Mr. Allen and Mr. Wedderburn (see
Bibliographical Note, p. 417).

Unfortunately the Catalogue is only of partial use to a visitor now
examining the collection. Even in the classes to which the Cata-
logue extends, some of the specimens described in it are not in the
Museum, and at least half of the specimens in the Museum are not
described in the Catalogue. The Sheffield collection was supple-
mented by a second which Ruskin had originally designed for a
separate building at Bewdley, and it has been further enriched by
purchases made by or gifts presented to the Trustees of St. George’s
Guild. Few of the specimens now bear the numbers given in Ruskin’s
Catalogue, but many may be identified by written labels (generally
excerpted from the Catalogue), and the specimens described in the
Catalogue may often be found in the corresponding sections of the
existing arrangement, of which therefore a brief synopsis should here
be given.?

In the Mineral Room there arc eleven showcases lettered A. to
K. Below each case there are drawers, containing further examples,
Case A. contains examples of Flint; Case B., of Conglomerates and

this year, and resolve never to return,—till they had found the Home of Rose-Fluor” !
For notices of his guide, Couttet, see Vol. 1V. p. xxv. n., Vol. XX, p. 371, and
Fors Clavigera, Letters 4, § 2, and 75, § 10 (where also he is called “ Captain of Mont
Blanc ™). If the Geological Society should ever make the expedition, they should
try the Aiguille d’Argenticre; for it was there (as Couttet darkly hinted to Mr.
Allen) that he fouud his treasure. Ruskin gave him 600 francs for the specimens.

dl 3§ef('(%relnﬁc)es to it will be found in Fors Clavigera, Letters 65 (§ 22), 68 (§ 12),
and 71 (3 .

2 The quotations in the following deseription are from A Popular Nlustrated
Handbook to the Collection of Minerals and Objects of Art, 1900, published by the
City of Sheffield under the direction of the Ruskin Museum Committee.
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Chalcedony ; Case C., Agates; Case D., Jasper; Case E., Opal. “ Besides
examples of the noble or precious opal from Queensland, Hungary,
Mexico, Brazil, and Honduras, there are the following varieties:—
Girasol or Fire Opal, Cachalong, Hydrophane, Wood-opal, Opal-jasper,
Semi-opal, or Pitch-opal, Geyserite, Menilite, Common White Opal,
and Hyalite or Glass-opal, all of which are to be seen in the natural
state.” Case F. contains Labradorite (Felspar Class); Case G., Noble or
Precious Metals, including fine examples of Gold, Silver, and Platinum ;
a specimen of Native Silver, purchased by Ruskin for £70, is, he says,
entirely unique.! Case H., Useful Metals (specimens of the native forms
and ores of Copper, Iron, Tin, Lead, Zinc¢, and Antinomy); Case I.,
Quartz :—

“The very pure form called Rock-crystal is quite colourless, but when
stained of a purple or violet colour is known as Amethyst, of which a
massive block of erystals may be seen; also specimens of it crystallized on
chalcedony.  Other forms, from dark brown to black ti'nge, are called
Smoky Quartz and Cairngorm, several examples being present. The most
noticeable of these is a large mass of crystals of smoky-quartz associated
with mica and albitic granite, having two magnificent crystals of pale blue
topaz projecting therefrom ; which show very well the angular truncation
characteristic of the crystals. . . . The specimen measures thirty-one inches
in circumference (11 x94” x6”). In the right-hand side compartment of
this cabinet is another mass of quartz completely covered with crystals of
yellow topaz. Other named varieties are Rose-quartz, Milky-quartz, and
Babel-quartz.  There is also a particularly fine series of crystals of quartz
containing ‘inclosures’ or fibres and spangles of minerals, such as Rutile,
Tourmaline, Heamatite, Chlorite, etc., forming very beautiful objects.”

Case J. contains Precious Stones. As these are not included in
Ruskin’s Catalogue, a description is again given:—

«The different varieties of Precious Stones used as Gems have been
lavishly supplied with many rich examples, several being the finest known,
With few exceptions, they remain embedded in the rock in which they
have developed.

“ Diamond is represented by several examples, three of these being the
perfectly formed octahedral crystals typical of the diamond in its natural
crystalline form, the planes retaining their natural lustre; they are from
the ¢diamantiferous blue ground’ or ¢ yellow ground’ of the South African fields.
There is also an interesting crystal from Brazil which is in the form of a
cube with pyramidal termination.

1 8¢, GQeorge's Guild: Master’s Report, 1881, § 3.
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« Of Sapphire and Ruby (Corundum), the principal varieties are included,
viz. :—the blue, red, and yellow, being Sapphire, Ruby, and Oriental Topas.

“ Topaz: these crystals are altogether exceptional, and in addition to the
unique examples mentioned above in association with Quartz, there are
other rare specimens, such as Pink Topas,; and a large crystal of a dark
sherry brown colour, in all probability the largest to be seen anywhere.
In shape it is a right prism and measures nearly eight inches in length.

“Beryls and Emeralds : there are choice selections of these, the Emeralds
particularly being represented by several crystals of great size, in the
matrix. Beryls may be seen embedded in the quartz block covered with
yellow topaz crystals before mentioned, and also other fine examples in this
cabinet.

“Garnets in the matrix may be seen represented by several good ex-
amples of the almandine variety.

¢ Lapis-lazuli, or azure stone: some selected specimens of this mineral are
placed in -his cabinet.”

Finally, Case K. contains examples of Fluor Spar; the contents
of this case, however, are periodically changed, a series of Ambers, or
Calcites, or other classes being substituted for exhibition.

Particulars of some of these precious stones at Sheffield will be
found in a later volume of this edition.! Other choice specimens were
either given by Ruskin, at his own cost, or lent by him, on account
of the St. George’s Guild, to the Ladies’ College (Somerville) at Oxford,
and to I'elsted House (a training college for schoolmistresses), also at
Oxford. Ruskin further presented a collection of mixed silicas to
Balliol College, Oxford.

Kirkcudbright Collection—The next Catalogue (pp. 458-486) is of
Two Hundred Specimens of Familiar Minerals which Ruskin presented
and arranged for the Museum of Kirkcudbright. "The gift was due
to the fact that Mrs. Severn often stayed at Kirkcudbright with her
sister, Mrs. Milroy, and had other friends there who were active in
the matter.

The collection remains as arranged by Ruskin, and is kept apart
from other collections of minerals in the Museum. Bibliographical
details about the Catalogue are given on p. 457.

St. David's School Collection.—The next collection (pp. 491-513) is
one which Ruskin presented to “St. David’s School, Reigate” in 18883.

! The Guild of St. George: Master's Report, 1884, § 9.
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His friend, Miss Constance Hilliard, who has often been mentioned in
these Introductions, married the Rev. W. H. Churchill, and it was to
her husband’s school that this collection, with a carefully written and
most instructive catalogue, was presented. Mr. Churchill’s school was
afterwards removed to Stone House, Broadstairs, and the Ruskin col-
lection, as he desired, was transferred to the new quarters.

Two editions of the Catalogue, showing numerous variations, are
known ta the editors (see Bibliographical Note, p. 488). Mr. Wedder-
burn possesses a copy of the Second Edition, with further revisions
made upon it by Ruskin; these are here incorporated.

Coniston Collection.—The fifth collection, described by Ruskin, con-
sists of 124 examples presented by him to the Coniston Institute. The
descriptive list is here reprinted (pp. 516-518) from the Catalogue of
the Ruskin Museum, Coniston Institute.

To Mr. Collingwood, Ruskin presented sixty-five specimens from
his collection to illustrate the papers in the Geological Mugazine on
“Banded and Brecciated Concretions.” "This collection has been given
by Mur. Collingwood to the Coniston Institute. Many of the specimens
are the originals illustrated in the Magazine, and they are arranged
in sequence, so that reference with the papers in hand is easy. Two
more of the originals are at Sheffield (see p. 434, M. 9 and 10).

Edinburgh Selection.—The sixth collection enumerated by Ruskin
(see p. 387) was one which he sent to Edinburgh in 1884 to illustrate
his paper, “On Distinctions of Form in Silica.” He did not, how-
ever, carry out his intention of presenting the collection, nor does the
Mineralogical Society possess any copy of the Catalogue. No com-
plete copy of it is known to the editors. The text as here printed
(pp. 520-526) is made up from (1) a printed copy of ten pages of
the Catalogue (containing Nos. 1-60) which is in the possession of
Mr. W. G. Collingwood; (2) a sheet of additional MS., found among
Ruskin’s papers at Brantwood. (For further details, see the Biblio-
graphical Note, p. 519.)

Minor Collections.— Among other institutions to which Ruskin pre-
sented smaller collections of minerals was Whitelands I'raining College
at Chelsea. His notes on some specimens in the College are here printed
(p- 528) from a pamphlet of 1883, entitled The Ruskin Cabingt : White-
lands College, supplemented by MS. notes attached to other specimens
also presented by Ruskin. Whitelands was the College selected by
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Ruskin for the institution of his “May Queen” Festival, of which
account will be found in a later volume. Shortly afterwards he instituted
a similar “Rose Queen” Festival at the Girls’ High School at Cork,
and to this school also he presented a small collection of minerals. His
list of it is also here printed (p. 530). In addition to the collection
described by him, he gave to successive “ Rose Queens,” who deposited
their gifts in the school, “a group of crystals; an exquisitely lovely,
untouched crystal, exhibiting the most beautiful iridescent colours (com-
bined with a perfect fairyland of form in its substance), as well as a
nugget of pure gold, and a tress of native silver.”! Refcrences to some
of these specimens will be found in Ruskins letters to the ¢ Queens™
which are printed in a later volume of this edition.

“ Grammar of Silica.”—The six principal collections, described above,
formed ‘n Ruskin’s mind a connected scheme. He was endeavouring, as
he explains (p. 458), “to organize a system of mineralogical instruction
for schools, in which the accessible specimens to which it will refer in
provincial towns, may be permanently connccted by their numbers,
both with cach other, and with the great central examples of minera-
logical structure™ in the British Museum. In fulfilment of this pur-
pose, Ruskin began (in MS.) the compilation of an Index to the
specimens in the various catalogues. "This work has here been com-
pleted (Index IL, pp. 591 seq.).

It was his intention to supplement these various catalogues by
writing an elementary handbook, which was to be called Institutes of
Mineralogy ; and another, dealing exclusively with siliccous minerals,
to be called The Grammar of Silica. He did not finish this Grammar,
but he had some sheets of it put into type; and as he refers to it in
the published catalogues, these are here printed (pp. 533-541) from
the proof. Its object was to systematise the various catalogues and
to give “the definitions under which the specimens intended for parish
schools may be arranged with intelligible conformity.”?

Of the intended Institutes of Mineralogy, no portion was put into
type, but twenty-one sheets exist in MS. These, however, are not suffi-
ciently complete for publication. The sheets contain the beginnings
of several chapters, the order of which he had not entirely fixed, thus:
“Chap. I. The Three Weightless Elements™; ¢ Chap. II. Of the
Nature of Weight™; another sheet, also headed ¢« Chap. IL,” treats of
“The Two Aerial Gases™; « Chap. III. The Two Terrestrial Gases™;

! ““Mr. Ruskin and the High School for Girls, Cork,” in the Ruskin Reading
Guild Journal, vol. i. p. 288,

2 The Guild of 8t. George: Masters Report, 1884, § 6.
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“Chap. IV. Interlude on Gases in General.” At this point a second
draft appears to begin with a chapter, «“ Of Metals Generally.”

The following introductory passage will explain the standpoint from
which Ruskin approached the subject:—

«1. The substances of which this earth and its atmosphere are
composed have been examined by chemists in every state and rela-
tion in which they are never seen or found by people in general,
and into which, till the world comes to an end, they are never
likely to get of their own accord. But very few of them have been
examined with even superficial attention in the conditions under
which nature presents them and mankind uses them, so that the
philosophers who squeeze the air into a blue liquid! remain unable to
explain to us how the air squeezes itself into a breeze: those who
compose the most violently corrosive acids out of fluorine cannot
explain the building of a cube of fluor spar, nor those who inform us
of the conditions of things at a temperature 200° below zero agree
among themselves respecting the behaviour of ice ‘at its ordinary
point of congelation.

«9. The first object of this book is to interest young girls and
boys in the aspects and natures of the things they can easily find,
or which are familiar to them already; which they may safely and
serenely examine without danger to themselves, the furniture, or the
carpets; and of which, when examined, they can arrange examples
which may be handled, and washed, and will neither explode, de-
liquesce, decompose, or evaporate. The various conditions of flint,
rock-crystal, felspar, mica, and limestone, and of the four charac-
teristic metals—gold, silver, copper, and iron—which are found in
association with these minerals, furnish subjects of inexhaustible
interest, and examples of them may be collected, many by a little
care and patience, and the rest at very small expense, in quantities
more than enough to occupy all the leisure which the modern life is
ever likely to leave for their study.

3. In the outset, however, it is necessary to state a few of
the general conclusions at which experimental chemistry has arrived
respecting the materials of the globe, and to explain the principal
terms employed in defining their properties.

“The elements or simple substances out of which the world and
the creatures that live in it are made, commonly appear to us distin-
guishable into solids, liquids, and vapours. But it is now ascertained
that all vapours can be liquefied and most solids melted, so that we
might, and logically should, speak of nearly everything in the world
as the successive conditions of being frozen, melted, and evaporated.

1 Compare Queen of the Air, Preface (Vol. XIX. p. 294).
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But, practically, we can only describe things in the state they happen
to be in, with certainty of knowing usually little enough of what
they are like at other times. We must describe gold in its usually
frozen state, without much troubling ourselves to think of it as
melted into a bluish green liquid at a thousand degrees, and air as
we breathe it and sail in it, undisturbed by the discovery that if
it were two or three thousand times deeper than it is, the lower
layer of it would smother the earth in an indigo-coloured deluge of
ozone.”

Another work which Ruskin planned was a Grammar of Crystal-
lography! 1In this he was to be helped by Mr. Collingwood :—

“It was to be a manual of the actual forms, the phenomenology, of
native gold and silver and other minerals which crystallise into fronds and
twigs and tangles, and pretty, plant-like shapes, unregarded by the mathe-
matician, and quite unexplained by the elementary laws of crystallography.
Illustrated from the beautiful specimens in his collection, with such exquisite
drawings as he made of these tiny still-life subjects, it would have been a
fairy-book of science.” ?

At one time he seems to have intended to give a wider scope to
this work. “I believe it will be an extreme benefit to my younger
readers,” he said in 1884, “if I write for them a little Grammar of
Ice and Air™ (The Storm-Cloud of the Nineteenth Century, § 64). 'The
volume of manuscripts relating to Deucalion, which is bound up at
Brantwood, bears abundant testimony to the zeal with which Ruskin
plunged into the study of crystallography. Mr. Fletcher purchased
for him a set of models to show the normal forms of crystals, and
he made page after page of diagrams in illustration of them; but the
strength to bring all this material into form was in the end denied
to him. Physical strength was failing, and Ruskin did not find him-
self equal to keeping abreast of new views and theories on the subjects
of his inquiry. He had made a new friend, in connexion with these
subjects, in Dr. George Harley, F.R.S., who was much interested in
pearls® Dr. Harley and his family had stayed with him at Brantwood,

! Ruskin was at work at this when interrupted by illness in February 1881:
see Master's Report on the St. George's Guild, 1881, § 8. :

* Life and Work of John Ruskin, 1900, p. 339.

* See his papers in the Proceedings of the Royal Society, vol. 43, 1888, pp. 461-
465 (““The Chemical Composition of Pearls”); and vol. 45, 1889, pp. 612-614
(¢“The Structural Arrangement of the Mineral Matters in Sedimentary and Crystal-
line Pearls”). Pearls, according to Dr. Harley, are “ diseased concretions.” Ruskin,

when he heard of this, begged Dr. Harley to speak of them as ‘‘ deviations from
the normal structure” (p. 300 of Mrs. Tweedie's George Harley.
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and some subsequent correspondence! tells us how Ruskin had now
(1887) laid his work on minerals aside:—

““ BRanTwoop, CoNIsTON, LANCASHIRE,
‘“June 15, 1887.

“ Dear Dr. Hariev,—It is entirely comforting and exhilarating
to me to have your letter and Olga’s,? and to hear of all those
wonderful things in crystals, just when what I thought was clearest
in me and hardest has become clouded and frangible. For every-
thing I thought I knew of minerals (you know, I never think except
what I thought I knew) has been made mere cloud and bewilder-
ment by what I find in Judd’s address at the Geological ¢ of planes
of internal motion, etc., and all my final purposes of writing elemen-
tary descriptions of them—broken like reeds. I can only now study
tadpoles with Olga. If, indeed, you could leave her here awhile on
that Scottish run North, there will be an entirely kind and prudent
chaperon staying in charge of a girl from Girton whom Olga would
love, and who is going to undertake the elementary music at the
village school. But I can’t write more to-day. Olga’s letter is
beautifully written, but chills me with the fatal idea of her going
to school! 1 think there should be no schools, nor pensions, nor
academies, nor universities—that all children should be always at
home with papa and mamma, seldom out.

« Ever gratefully yours,
“J. RuUskIN,

“Don’t send me back the topaz. Let it stay with yours, which
it properly companions. I have more here than I shall ever see.”

‘“ Brantwoon, CowNistoN, LANCASHIRE,
¢ June 16, 1887.

“Dear Dr. Harievy,—Indeed 1 should like to come, and have
a little pink riband fastened by Olga to my breast-buttonhole, and
be led wheresoever she chose; and, indeed, I should like not to
talk, but to hear of the wonderful things you scientific people are

1 Reprinted from pp. 234, 235 of George Harley, F.R.S.: The Life of a London
Physiciun. Edited by his daughter, Mrs. Alec Tweedie, 1899. In line 7 of the
first letter ‘“Judd” is here a correction for ¢ Field.”

2 Dr. Harley’s younger daughter (then a little girl). When, says Mrs. Tweedie,
Ruskin ¢‘discovered my sister Olga’s love of animal life, he was quite enchanted,
and entered into all her enthusiasm and pleasure, just as if he were himself
a child; band-in-hand the old gentleman and the lJittle girl walked about for
hours, he exlilaining the beauties of Nature and the habits of animal life to her
interested little ears” (p. 234). .

3 The address was given on February 19, 1887: see Quarterly Journal of the
Geological Society, vol, 43, p. 71 of the ‘‘ Proceedings.”
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doing, for I am quite crushed now, and am resigned in a pulveru-
lent state of mind to be radiated or coagulated into whatever
new forms of belief or apprehension are possible to me in my
old age.

«But, alas! I am not able any more but for the quiet of evening
among the hills. And you know this is our loveliest time—the trees
and grass at their greenest, and roses beginning to bud—it is the
time we wait for all the year; and we are bound to do it reverence
and be thankful

“Please don’t think me ungrateful—either Mrs. Harley or Olga
or you; you have made me happy beyond my wont in thinking
that you would care to have me, and I am, to all of you, a very
faithful and grateful friend.

“J. Ruskin.

“Your postscript is really tantalizing; I wait to hear what Olga

”»

says.

The more Ruskin studied, the more he found to study. The wonder
and the beauty of the world grew upon him as he tried to fathom its
mysteries and intricacies. “ Any man’s life,” he says, “ might be happily
spent in merely describing and illustrating the various forms of calcite
and galena”™ (p. 462, No. 27). By the time the youngest pupil in
the school is ninety,” he says elsewhere, she may know something of
“the infinitely multiplied interest” to be found in a piece of jasper
(p. 530). Two years before he had written to Mr. Fletcher (October 13,
1885)—with an apology for his “vile always and of late brecciated or
conglomerate writing™: “'This last illness has been a heavy warning
to me; and I suppose my British Museum days are over, and that I
must be content with quiet mineralogy by my lake shore.” Ruskin
had now reached the evening of his days; and he was content to sit
still and wonder.

Account has now been given of all the pieces collected in this
volume. It remains to bring together the summaries which Ruskin
has given in various places of his work in the field of geology and
mineralogy. One of these places is the last chapter of the first volume
of Deucalion, where he explains that, though his chapters were divided,
he was throughout making “advance in parallel columns™; on four
subjects of geological theory he had “shown the necessity for revisal
of evidence, and, in two cases, for reversal of judgment.” These four
subjects are *denudation, cleavage, crystallization and elevation, as
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causes of mountain form™ (p. 274). Cleavage and elevation are pre-
sumably the subjects on which he claimed to have shown the necessity
for ¢ revisal of evidence.” It is a constant theme with him to question
the statements ordinarily given (see, for instance, pp. 30, 108, 112).
The subjects of denudation (or erosion by ice and water and other
natural causes) and of crystallisation are those on which he claimed
to have proved the necessity for reversal of judgment.

Of Ruskin's contributions to the discussion of theories of glacier
motion, account has already been given. A second question, with which
many pages of this volume are occupied, is also concerned with glacier
theories. “Do Glaciers Excavate?” The question has excited as
much controversy as the methods and nature of glacier motion. On
this subject Ruskin claimed, not without considerable justice, to have
been somewhat of a pioneer. The theory of the excavating power of
glaciers received a strong impetus from the publication in 1862 of
Sir Andrew Ramsay’s! paper “ On the Glacial Origin of certain Lakes
in Switzerland, the Black Forest, etc.”? His hypothesis was that certain
lake basins have been scooped out by glaciers now melted away; and
few scientific papers have ever excited more interest or more contro-
versy. The theory was opposed by Murchison;® but the idea that
glaciers excavate received, and receives, much support, though, as Pro-
fessor Bonney observes, “the hypothesis has not gathered its most
ardent supporters from those with intimate personal knowledge of the
Alps.”* Among such persons was Ruskin. In 1863, in his lecture
at the Royal Institution, he argued that the action of ice had been
greatly overrated, and protested that glaciers had no capacity of
scooping out lake basins (pp. 9 and =., 15, 16). In the following
year he again strongly combated Ramsay’s theory, in letters to the
press, here reprinted in Appendix (IL., p. 548). He lays it down that
“ice has had small share in modifying even the higher ridges, and
none in causing or forming the valleys™ (p. 549); and that “the
idea of the excavation of valleys by ice has become one of quite
ludicrous untenableness™ (p. 549). He then passed to explanations of
glacial motion and action in connexion with the viscous theory. He
does not question the glacier’s power of abrasion, but confines its
sculptural power within narrow limits. In 1865, in papers contributed

! Sir Andrew Crombie Ramsay (1814-1891), F.R.S., Lecturer in Geology at the
Royal School of Mines, and Director-General of the Geological Survey.

2 Quarterly Journal of the Geological Society, 1862, vol. xviii. p. 185.

3 See below, pp. 23 and n., lgg. .

* Geographical Journal, June 1893, vol. i. p. 488.
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ko the Geological Magazine, he returned ‘to the charge, in a passage

of ironical agreement, which has been quotefl in ]ate}' dlscussnpns of

the subject (see below, p. 23 n.). In Dfmcalwn, he re.lterates his con-

viction; for during his visit to Chamouni (1874) Ruskin found further
confirmation of his views. “I was able,” he says, “lo cross the dry
bed of -a glacier, which I had seen flowing, two hundred feet deep,
over the same spot, forty years ago; and there I saw, what before
I had suspected, that modern glaciers, like modern rivers, were not
cutting their beds deeper, but filling them up™ (p. 126). Professor
Bonney’s observations a year later were, it is interesting to note, to
the same general effect. “In 1875, he says, “at the foot both of
the Glacier des Bois and of the Argentiére glacier, was a stony plain.
Both these proved to have been recently uncovered by the ice; in
other words, the glacier had not been able to plough up a boulder-
bed even at a place where, owing to the change of level, some erosive
action might not unreasonably have been expected.”?

As against those geologists who attributed sculptural force to
erosion, Ruskin, then, constantly emphasised the importance of inter-
nal structure and original elevation (see, for instance, pp. 9, 365).
And so, again, as against the mechanical theory of cleavage and joint-
ing, he held that the phenomena were akin rather both in aspects and
origin to crystalline cleavage.

This point brings us to Ruskin’s mineralogy. His analysis of the
structure of agates was, he claims, original work (p. 98); and he was
led by it to suggestions which seemed to him of far-reaching import-
ance. He held that agates and other siliceous substances have been
formed by crystalline secretion of gelatinous silica, not by successive
deposit of the material of the various layers; and that certain agates,
“hitherto supposed to be formed by broken fragments of older agates,
are in fact secretions out of a siliceous fluid” (p. 386). Finding a
clue to large things in small, he suggested that contortions in gneiss
on a small scale are similarly modes of crystallisation (p. 386); that
the greater number of minor contortions in Alpine limestones were
produced in like manner (pp. 214 ., 886); and even that many of
the faults and contortions in metamorphic rocks on a large scale are
similarly caused. Just as he found the undulated structure in minerals
to be produced by crystallisation, not by compression or violence, so
he surmised that, on a larger scale, contortions “may be a crystalline
arrangement assumed under pressure, but assuredly not a form assumed
by ductile substance under mechanical force™ (p. 259). Cleavage and

! Geographical Journal, June 1893, vol. i. p. 488.
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jointing were, he held, often “a result of crystallization under polar
forces™ (p. 283).1 The larger conclusions which Ruskin thus hinted
are perhaps not likely to find favour with geologists. But in the
matter of the formation of agates, it may well be considered an open
question whether formations, commonly ascribed to successive deposits,
were not rather the result of contemporaneous segregation.
Such were Ruskin’s claims for his work in this field; the collection

of his scattered contributions in this volume will enable them to be
better considered.

Of the illustrations in this volume, the plates are as follows:—

(1) Two which were prepared from Ruskin’s diagrams to illustrate
the account in the Geologist of his lecture, “On the Forms of the
Stratified Alps of Savoy.” These are Plates 1. and III. An addi-
tional plate (IL.), illustrating the same lecture, is here given from one
of Ruskin’s drawings; the drawing (here reproduced full size) is at
Brantwood (pencil and wash). :

(2) Another new plate (prepared, but not published, in the author’s
lifetime) illustrates the papers, “ On the Shape and Structure of some
parts of the Alps, with reference to Denudation.” This is Plate IV.

(8) The seven plates (V.-XI.) which Ruskin gave in the Geological
Magazine to illustrate the papers on *“Banded and Brecciated Con-
cretions.” Two of these were repeated by him in Dewucalion, but are
here given in their original places.

(4) Next, seven other plates which were added in Deucalion. These
are here Plates XII., XIII.-XVI,, XX., and XXIL

Two other plates which he issued with Deucalion, although intended
for Love’s Meinie, are in this edition given in the last-mentioned book
(Nos. VII. and VIIL in Vol. XXV.). On the other hand, three new plates
XVII.-XIX.) are here inserted in Deucalion to illustrate the lecture
on Snakes (see further, p. 295 n.). The studies reproduced (full size)
on Plate XIX. are in pencil and water-colours; the upper study on
Plate XVIIL is in water-colours (4§ X 54); these are in the possession

1 Mr. Collingwood (Life of Ruskin, p. 249) cites in this connexion Professor
Prestwich’s Geology, 1886, vol. i. p. 283: ‘“The system of joints seems to me to
be not a simple mechanical action, but one combined with a condition of crystal-
lisation ; and though, from the influences of other mechanical forces to which the
rocks have been exposed, and from the varying proportions of their constituent
ingredients, we cannot expect the angles to lgresent the exact definition which a
crystal of the pure mineral would have, still there is every appearance of the
plane-lines of shrinkage and jointing having been guided in many cases, if not in
all, by plagxes of crystalline cleavage, in consequence of these being ‘those of least
resistance.
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of Mr. William Ward. The upper study on Plate XVIL.—in water-
colours (8} x 6§)—is in the possession of Mr. T. F. Taylor. Another
new plate (XIIa.) is introduced to illustrate the chapter on *“The
Valley of Cluse™; this drawing, which is in pen and brown (9x18),
is at Brantwood.

The frontispiece is reproduced, by the three-colour process, from
a drawing by Ruskin of Australian opal. The drawing (here reproduced
in its full size) is at Brantwood. Though the Plate loses something
of the purity and sparkle of the original, it serves to give an idea of
Ruskin’s studies in this sort.

The plates (A and B) given in this Introduction have already
been mentioned (p. xxiv.). The former (Mer de Glace) is in water-
colours (14x214); the latter (Col de la Seigne) is also in water-
colours (8 x14). Both were given by Ruskin to Lady Simon, and by
her to Mr. Herbert Severn.

The woodcuts, printed with the text, comprise all those originally
given with Ruskin’s papers in the Geological Magaxine, and in Deucalion.
Figs. 38-41 are new; they have been cut on wood by Mr. H. S.
Uhlrich, from illustrations shown by Ruskin at his lecture on Snakes.

E. T. C
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[Bibliographical Note.—This was a lecture given by Ruskin at the weekly
evening meeting of the Royal Institution (Sir Henry Holland, Bart., in
the Chair), June 5, 1863.

An abstract of the lecture, drawn up by Ruskin and here given
(pp- 8-11), was published in the Proceedings of the Royal Institution (vol. iv.
part ii., No. 38, pp. 142-146).

The abstract was reprinted separately with the following title :—

Royal Institution of Great Britain. | Weekly Evening Meeting, Friday,
June 5, 1863. | Sir Henry Holland, Bart., M.D., D.C.L., F.R.S,, Vice-
President, | in the Chair. | John Ruskin, Esq. | On the Forms of the
Stratified Alps of Savoy.

Octavo, pp. 4. The title occupies the upper portion of p. 1. Issued stitched
and without wrappers; there is no imprint, and there are no headlines,
the pages being numbered centrally.

The abstract was next reprinted in the Geologist for July 1863, vol. vi.,
No. 67, pp. 256-259.

It was included in On the Old Roud, 1885, vol. i. pp. 721-727 (§§ 581-
588) ; and again in the second edition of that book, 1899, vol. ii. pp. 359~
366 (§§ 290-297). The sections are here renumbered.

A full report of the lecture, in the preparation of which the reporter
clearly had access to Ruskin’s MS., appeared in the London Review of
June 13, 1863. As this report often reproduces Ruskin’s own words, it is
here appended (pp. 12-17).

An account of the lecture, for the most part translated from the London
Review, appeared in French in the feuilleton of the Journal de Genéve of
September 2, 1863. The translation was made by Madame Adéle Roch,
wife of a jeweller at Geneva.

In the Geologist for September 1863 (pp. 321-327), the editor (S. J.
Mackie, F.G.S., F.S.A.) had an article on the lecture, with which were
printed two woodcuts from diagrams shown by Ruskin; these are here
reproduced (Plates I. and IIL, pp. 6, 14). The article quotes several
gas;ages] from the lecture ; these are here given in footnotes on pp. 3, 4,
, 75 9.



ON THE FORMS OF THE STRATIFIED
ALPS OF SAVOY

1. THE purpose of the discourse was to trace some of the
influences which have produced the present external forms
of the stratified mountains of Savoy, and the probable
extent and results of the future operation of such influ-
ences.’

The subject was arranged under three heads;—

(I.) The Materials of the Savoy Alps.
(I1.) The Mode of their Formation.
(II1.) The Mode of their subsequent Sculpture.

2. (L) Their Materials.—The investigation was limited
to those Alps which consist, in whole or in part, either
of Jura limestone, of Neocomian beds, or of the Hippurite
limestone, and include no important masses of other for-
mations. All these rocks are marine deposits; and the
first question to be considered with respect to the develop-
ment of mountains out of them is the kind of change
they must undergo in being dried. Whether prolonged
through vast periods of time, or hastened by heat and
pressure, the drying and solidification of such rocks involved
their contraction, and usually, in consequence, their being
traversed throughout by minute fissures. Under certain
conditions of pressure, these fissures take the aspect of
slaty cleavage; under others, they become irregular cracks,
dividing all the substance of the stone. If these are not

1 [¢¢Geology,”” remarked Mr. Ruskin in his opening words, ‘properly divides
itself into two branches,—the study, first, of the materials and chranology of de-

posits; and, secondly, of their present forms’” (report in the Geologist, September
1863, p. 321).] s
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filled, the rock would become a mere heap of débris, and
be incapable of establishing itself in any bold form. This
is provided against by a metamorphic action, which either
arranges the particles of the rock, throughout, in new and
more crystalline conditions, or else causes some of them to
separate from the rest, to traverse the body of the rock,
and arrange themselves in its fissures; thus forming a
cement, usually of finer and purer substance than the rest
of the stone. In either case the action tends continually
to the purification and segregation of the elements of the
stone. The energy of such action depends on accidental
circumstances: first, on the attractions of the component
elements among themselves; secondly, on every change of
external temperature and relation. So that mountains are
at different periods in different stages of health (so to call
it) or disease. We have mountains of a languid tempera-
ment, mountains with checked circulations, mountains in
nervous fevers, mountains in atrophy and decline.

8. This change in the structure of existing rocks is
traceable through continuous gradations, so that a black
mud or calcareous slime is imperceptibly modified into a
magnificently hard and crystalline substance, enclosing nests
of beryl, topaz, and sapphire, and veined with gold. But
it cannot be determined how far, or in what localities,
these changes are yet arrested; in the plurality of instances
they are evidently yet in progress.'! It appears rational to
suppose that as each rock approaches to its perfect type

1 [The rggort in the Geologist, September 1863, p. 322, gives here some of
Ruskin's words :—

“*Through the whole body of the mountain there runs, from moment to
moment, year to year, age to age, a power which, as it were, makes its
flesh to creep; which draws it together into narrower limits, and in the
drawing, in the very act, supplies to every fissure its film, and to every
pore its crystal.’

. “And in this change the imaginative mind of Mr. Ruskin saw, perhaps
with prophetic distinctness, how all terrestrial things were purifying them-
selves for some greater end, some more beautiful condition. All is
advance, from disorder to system, from infection to purity; nor can any
of us know at what point this ascent will cease. e can already trace
the transformation from a grey flaky dust, which a rain-shower washes
into black pollution, to a rock whose substance is of crystal, and which is
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the change becomes slower; its perfection being continu-
ally neared, but never reached; its change being liable also
to interruption or reversal by new geological phenomena.
In the process of this change, rocks expand or contract;
and, in portions, their multitudinous fissures give them a
ductility or viscosity like that of glacier-ice on a larger
scale. So that many formations are best to be conceived
as glaciers, or frozen fields of crag, whose depth is to be
measured in miles instead of fathoms, whose crevasses are
filled with solvent flame, with vapour, with gelatinous flint,
or with crystallizing elements of mingled natures; the whole
mass changing its dimensions and flowing into new channels,
though by gradations which cannot be measured, and in
periods of time of which human life forms no appreciable
unit.

4. (I1.) Formation.—Mountains are to be arranged, with
respect to their structure, under two great classes—those
which are cut out of the beds of which they are composed,
and those which are formed by the convolution or con-
tortion of the beds themselves' The Savoy mountains

starred with nests of beryl and sapphire. But we do not know if the
change is yet arrested, even in its apparently final results. We know in
its e?ariier stages it is yet in progress; but have we in any case seen its
end?”
1 [Here, again, the Geologist, pp. 323-324, gives some of the lecturer’s words :—
““There is the mountain which is cut by streams or by more violent
forces out of a mass of elevated land, just as you cut a pattern in thick
velvet or cloth; and there is the mountain produced by the wrinkling
or folding of the land itself, as the more picturesque masses of drapery
are produced by its folds. Be clear in separating these two conditions.
There are two ways in which this folding of the hills may be effected. You
may have folds suspended or folds compressed. If underneath, a mass
comes up which sustains the folds,—a pendant wave; but if the force be
lateral, you have a compressed wave. And observe this further distine-
tion :—if a portion be raised by a force from beneath, unless the beds
be as tenacious as they are ductile, they will be simply torn up and
dragged out of shape at that place, and on each side the country will be
undisturbed. But if they are pushed laterally into shape, the force of
the thrust must be communicated through them to beds beyond; nay,
the rock which immediately receives the shock may, if harder than those
mond it, show little alteration of form, but pass on the force to weaker
s at its side, and thus affect a much larger space of country than the
elevatori convulsion. Now the fact is that in the Alps both these actions
have taken place, and have taken place repeatedly, so that you have
evidence both of enormous lateral thrusts which have affected the country
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are chiefly of this latter class. When stratified formations
are contorted, it is usually either by pressure from below,
which raises one part of the formation above the rest, or
by lateral pressure, which reduces the whole formation into
a series of waves. The ascending pressure may be limited
in its sphere of operation; the lateral one necessarily affects
extensive tracts of country, and the eminences it produces
vanish only by degrees, like the waves left in the wake of
a ship. The Savoy mountains have undergone both these
kinds of violence in very complex modes and at different
periods, so that it becomes almost impossible to trace sepa-
rately and completely the operation of any given force at
a given point.

5. The speaker’s intention was to have analysed, as far
as possible, the action of the forming forces in one wave
of simple elevation,' the Mont Saléve, and in another of
lateral compression, the Mont Brezon: but the investigation
of the Mont Saléve had presented unexpected difficulty.
Its facade had been always considered to be formed by
vertical beds, raised into that position during the tertiary
periods; the speaker’s investigations had, on the contrary,
led him to conclude that the appearance of vertical beds
was owing to a peculiarly sharp and distinct cleavage, at
right angles with the beds, but nearly parallel to their
strike, elsewhere similarly manifested in the Jurassic series
of Savoy, and showing itself on the fronts of most of the

for hundreds of miles, and of local elevations independently operating
through them, and breaking, their continuity of action. * * * The ripple of
a streamlet rises, glances, sighs, and is gone. An Atlantic wave advances
. with the slow threatening of a cloud, and breaks with the prolonged
murmur of its thunder. Imagine that substance to be not of water, but
of ductile rock, and to nod towards its fall over a thousand vertical
fathoms instead of one, and you will see that we cannot assert, perhaps
cannot conceive, with what slowness of march or of decline the mountaiu-
wave may rise or rest. But whatever the slowness of process, the analo
of action is the same. Only remember that this has taken place throu
rocks of every various degree of consistence and elasticity, and as tie
force thrills and swells from crag to crag, it is itself rent again and again
into variousl{ recoiling, quenched, or contracted energy, and divides itself
against itself with destructive contradiction.”
The asterisks are in the Geologist, apparently marking where the report omits a
passage in the lecturer's MS.
! [For the Saléve ‘“ wave,” see also, below, p. 29.]
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precipices formed of that rock. The attention of geologists
was invited to the determination of this question.!

The compressed wave of the Brezon, more complex in
arrangement, was more clearly defined. A section of it
was given® showing the reversed position of the Hippurite
limestone in the summit and lower precipices. This lime-
stone wave was shown to be one of a great series, run-
ning parallel with the Alps, and constituting an undulatory
district, chiefly composed of chalk beds, separated from the
higher limestone district of the Jura and lias by a long

’) [The report of this part of the lecture is as follows in the Geologist (pp. 324~
325) :—
“Saussure, Studer, and Favre, leading or copying each other gerbaps, as geologists
very often do, represent the face of the hill towards Geneva to be formed by vertical
beds; but Mr. Ruskin’s impression is
‘““that these perpendicular plates of crag, clear and conspicuous though
they are, are entirely owing to cleavage,—that is to say, to the splitting
of the rock in consequence of the pressure undergone in its elevation; and
that the true beds curve into the body of the hill. I dare not,” he adds,
‘speak with any confidence in opposition to these great geologists, but
I earnestly invite some renewed attention to the question, which is of
no small importance in determining the nature of the shock which raised
the walls of the Alps round the valley of Geneva.’”
The ““ideal section of the Saléve” given in Plate I. is from the diagram exhibited
by Ruskin. Plate II. is engraved from a drawing by Ruskin at Brantwood, on
which he has written :—
““Saléve cliff, looking north, after climbing half-way up between
Veyrier and the Grande Gorge; showing the likest part to true vertical
stratification. But I believe it is all cleavage.”
‘“He is fully aware,” continues the Geologist, ‘‘of the difficulties which attend
the verification of the section. All the lower part of the Saléve is Jura limestone,
as determined by Favre, and that this rises up in a nearly vertical sheet along the
whole front, thrusting up the Neocomian and compressing it, Mr. Ruskin admits;
‘but there is no doubt, he contends, ‘respecting these frontal clefts.” Neither
does he deny that there are raised beds of Neocomian on parts of the mountain,
as assigned by Favre; but [he contends] that at the Grande Gorge, where the
natural section is clearest, there are the beds all following the curve of the summit,
and that the vertical fissures are rather faults or cleavages, or partly both, the
business being so complicated that one cannot tell which is which.” On this
subject see further, below, p. 14; and compare W. G. Collingwood’s Limestone Alps
of Savoy, p. 100.]

t [The Geologist adds (p. 324): ‘“notable in the dash and curve."%

3 [That is, in the diagram here reproduced (Plate III., p. 14). In addition to
this section, Ruskin must have shown a drawing of the mountain group. The report
in the Geologist (p. 325) again gives the lecturer’s words:—

““You see the group is composed of an isolated pyramidal mass, of
a flat mass behind it which extends at both sides, and lastly, of a distant
range of snowy summits, in which Mount Vergi and the Aiguille de
Salouvre are conspicuous objects. Now these three masses .are merely
three parallel ridges of limestone-wave, formed mainly of originally hori-
zontal beds of Rudisten-kalk, approaching you as you stand looking from
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trench or moat, filled with members of the tertiary series—
chiefly nummulite limestones and flysch. This trench might
be followed from Faverges, at the head of the Lake of
Annecy, across Savoy. It separated Mont Vergi from
the Mont Dorons, and the Dent d’Oche from the Dent du
Midi; then entered Switzerland, separating the Moleson
from the Diablerets; passed on through the districts of
Thun and Brientz, and, dividing itself into two, caused the
zigzagged form of the Lake of Lucerne. The principal
branch then passed between the High Sentis and the Glar-
nisch, and broke into confusion in the Tyrol. On the north
side of this trench the chalk beds were often vertical, or
cast into repeated folds, of which the escarpments were
mostly turned away from the Alps; but on the south side
of the trench, the Jurassic, Triassic, and Carboniferous beds,
though much distorted, showed a prevailing tendency to
lean towards the Alps, and turn their escarpments to the
central chain.

6. Both these systems of mountains are intersected by
transverse valleys, owing their origin, in the first instance,
to a series of transverse curvilinear fractures, which affect
the forms even of every minor ridge, and produce its prin-
cipal ravines and boldest rocks, even where no distinctly
excavated valleys exist. Thus, the Mont Vergi and the
Aiguilles of Salouvre are only fragmentary remains of a
range of horizontal beds, once continuous but broken by
this transverse system of curvilinear cleavage, and worn or
weathered into separate summits.

The means of this ultimate sculpture or weathering were
lastly to be considered.

the Saleve, Probablty, 1 think, approaching at this moment, driven towards
you by the force of the central Alps, the highest ridge broken into jage
a8 it advances, which form the separate summits of Alpine fury and foam ;
the intermediate one joining both with a long flat swing and trough of
sea, and the last, the Brezon, literally and truly breaking over and throw-
Ing its summit forward as if to fall upon the shore. ere is the section
of it (Plate IIL); the height from base to summit is 4000 English feet,—
the main mass of the facade, formed of vast sheets of Rudisten-kalk,

;0130 'f%et thick,—plunging at last, as you see, in a rounded sweep to the
n.
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7. (II1.) Sculpture.—The final reductions of mountain
form are owing either to disintegration, or to the action of
water, in the condition of rain, rivers, or ice, aided by frost
and other circumstances of temperature and atmosphere.

All important existing forms are owing to disintegration,
or the action of water. That of ice had been curiously
overrated.! As an instrument of sculpture, ice is much less
powerful than water; the apparently energetic effects of it
being merely the exponents of disintegration. A glacier
did not produce its moraine, but sustained and exposed the
fragments which fell on its surface, pulverising these by
keeping them in motion, but producing very unimportant
effects on the rock below; the roundings and striation pro-
duced by ice were superficial; while a torrent penetrated
into every angle and cranny, undermining and wearing con-
tinually, and carrying stones, at the lowest estimate, six
hundred thousand times as fast as the glacier. Had the
quantity of rain which has fallen on Mont Blanc in the
form of snow (and descended in the ravines as ice) fallen
as rain, and descended in torrents, the ravines would have
been much deeper than they are now, and the glacier may
so far be considered as exercising a protective influence.
But its power of carriage is unlimited, and when masses of
earth or rock are once loosened, the glacier carries them
away, and exposes fresh surfaces. Generally, the work of
water and ice is in mountain surgery like that of lancet
and sponge—one for incision, the other for ablution.®? No
excavation by ice was possible on a large scale, any more

1 [The Geologist (p. 326) reports the lecturer’s words :—

‘““There have been suggestions made that the glaciers of the Alps may
have scooped out the Lake of Geneva. You might as well think they had
scooped out the sea. Once let a glacier meet with a hollow and it sinks
into it, and becomes practically stagnant there, and can no more deepen
or modify its receptacle than a custard can a pie-dish.”

The suggestions referred to are those of Ramsaiv;, whose famous paper on the
subiect had recently appeared : see Introduction, above, p. Ixv.]

[The Geologist (pp. 326-327) thus reports the lecturer’s words :—

‘“The torrent cuts, the glacier cleanses; one is for incision, the other
for ablution and removal; and so far as the present form is concerned,

you may ignore the glacier altogether. It only helps the torrent here
and there by exposing a surface and by carrying off the rubbish which
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than by a stream of honey; and its various actions, with
their limitations, were only to be understood by keeping
always clearly in view the great law of its motion as a
viscous substance, determined by Professor James Forbes.!
8. The existing forms of the Alps are, therefore, traceable
chiefly to denudation as they rose from the sea, followed by
more or less violent aqueous action, partly arrested during
the glacial periods, while the produced diluvium was carried
away into the valley of the Rhine or into the North Sea.
One very important result of denudation had not yet been
sufficiently regarded ; namely, that when portions of a thick
bed (as the Rudisten-kalk) had been entirely removed, the
weight of the remaining masses, pressing unequally on the
inferior beds, would, when these were soft (as the Neocomian
marls), press them up into arched conditions, like those of
the floors of coal-mines in what the miners called «creeps.”?
Many anomalous positions of the beds of Spatangen-kalk
in the district of the Lake of Annecy were in all proba-
bility owing to this cause: they might be studied advanta-
geously in the sloping base of the great Rochers de Lanfon,
which, disintegrating in curved, nearly vertical flakes, each a
thousand feet in height, were nevertheless a mere outlying
remnant of the great horizontal formation of the Parmelan,
and formed, like it, of very thin horizontal beds of Rudisten-
kalk, imposed on shaly masses of Neocomian, modified by
their pressure. More complex forms of harder rock were
wrought by the streams and rains into fantastic outlines;
and the transverse gorges were cut deep where they had
been first traced by fault or distortion. The analysis of
this aqueous action would alone require a series of dis-
courses; but the sum of the facts was that the best and
most interesting portions of the mountains were just those

the working water throws down; but the two sculptors are natural dis-
integration and the stream, and every existing form in the Alps is
distinctly traceable to one or other of these forces combined with the
internal geological structure.”]

1 [HereL again, see the Introduction, above, p. xxxv.]

1 [See Lyell's Llements of Geology, ch. v. p. 50 (1865 edition).}
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which were finally left, the centres and joints, as it were,
of the Alpine anatomy. Immeasurable periods of time
would be required to wear these away; and to all appear-
ances, during the process of their destruction, others were
rising to take their place, and forms of perhaps far more
nobly organized mountain would witness the collateral pro-
gress of humanity.

J. R.



MR. RUSKIN ON THE ALPS OF SAVOY:!

1. It is not Mr. Ruskin as a word-painter, or Mr. Ruskin as an artist, that
we speak of in this article, but Mr. Ruskin in an equally proper, though
less familiar, capacity—Mr. Ruskin the geologist. On Friday last the Royal
Institution contained one of those overflowing audiences such as Faraday
used to draw; the lecturer was that brilliant word-painter, whose works
some delight to abuse, thousands to admire, but all delight to read, and
whom, it would seem, many wanted to see and hear.

2. Mr, Ruskin’s geology was not only entertaining, but instructive and
suggestive. The phases in which he viewed the Alps were just what we
should have expected—eloquent and artistic pictures of their substance,
formation, sculpture; what they were made of; how they were made; how
their beautiful scenery was sculptured out by time, weather, wind and
rains, contortions, dislocations, cracks, and fissures. Whenever the geo-
logist stoops—or rather, it is seldom, rises—to description of structural
phenomena, it is nearly always in districts which present them on the
smallest and least complex scale. ‘“We have never yet seen,” Mr. Ruskin
observed in his opening remarks, “a complete section of the Valley of
the Rhone. I wonder at the indifference of travellers in such matters,
and that it never occurs to them to ask how the scenery to which they
owe so much enjoyment was first cast into its colossal shape; how the
hills were withdrawn from the opening through which the Lake of Geneva
expands between Clarens and Meillerie; or how that strange chasm, bent
like forked lightning, was cleft through the rocks of Uri, to be filled with
the waters of the four cantons.”?

8. Mountain scenery is not the result of mere natural irregularities,
mountains [are] no mere heaps of rock. They are truly, in Mr. Ruskin’s
own words, ‘“true sculptured edifices.”” The hills of Savoy were selected
because, though amongst the boldest, they were amongst the simplest, in
displaying the main questions relating to structure. Then mentally the
lecturer set forth to build a mountain, taking stone for brick and slime for
mortar. The Savoy mountains are made of a great many things, chiefly
from limestone; secondly, dark brown Neocomian sandstones; and, lastly,
a hard grey rock, the Hippurite limestone of ages, equivalents of our
Portland stone and lower chalk formations. All these rocks agree in this—
they were formed at the bottom of the sea. Mr. Ruskin would not dwell
on the difficulties of raising them. Sir Charles Lyell, he said, will allow

1 £Report (under this heading) of the preceding lecture in the London Review:
see above, p. 2. Sections 1-3 cover, it wilg be seen, the heading ‘“I1.” in Ruskiu’s
abstract ; §§ 4-7, his ““IL”; and §§ 8-11, his ““IIL”; while § 12 is the reporter’s
summing—ug.]

% [On this subject, compare Deucali«mizbelow, p. 1565.]
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us to do that to any extent, if we only ‘““take our time’ ;1 but he dwelt
forcibly on the difficulty of drying them. Raised quickly or slowly—and
the elevation of these mountains was, he believed, incalculably slow—the
rocks must dry and settle. How long it takes to dry a wall, how long
then to dry 2 mountain two miles deep! Consider, too, the consequences;
by whatever means accomplished, drying is not merely a hardening, but
a contraction of the whole body, and either the rock must become powdery
like chalk, or it must crack and fall to pieces. In hard rocks these pores
and cracks are filled with crystalline matter, matter moved and rearranged
by that marvellous process, the finest particles taken out of the very flesh
of the rock substance and carried in slow currents to be arranged with such
strength and coherence that the very fissures which would have been
sources of weakness become bonds of strength. The crack is not formed
first, filled afterwards. It is filled as it is formed, or the rock would fall
apart before it could be filled at all. The external aspect and hardness of
a stone are no evidence of its real state. Though hard it may be getting
harder; though soft, more tenacious; it may be contracting or expanding,
in every case it is changing. Not one of the atoms of it is at rest. The
particle of lime a thousand fathoms deep in rock that rings to the hammer’s
blow is no more at rest than the hardest worker in a railway tunnel. It
is mining its way steadily as a mole through the mountain’s heart. It is
doing more than mining, it is purifying itself. All is advance from dis-
order to system, from infection to purity; and we can trace the trans-
formation from grey flaky dust, which the rain washes into black pollution,
to a rock whose substance is of crystal, starred with the beryl and sapphire.
Nor do we know if the change is yet arrested. Is the imperfect granite
to remain imperfect, or is it gathering itself still into better distinguishable
crystals? Is the blotted marble to remain dull and indistinct, or is its
purple glow to deepen and its variegation to involve itself in richer
labyrinth ? :

4. It is sufficient for us at present to know that what we call hard and
solid in rock is mobile and ductile. There are two great distinctive forms
of elevated land—the mountain cut by streams out of a mass of strata,
like a pattern out of thick velvet, and the mountain produced by the
wrinkling and folding of the land itself. In England our valleys are cut
by river, sea, or rain out of masses of raised land, and little interest attaches
to them; but when mountains are the folds of stone-drapery gathered
together and cast hither and thither under laws of complex harmony, the
first and immediate interest that attaches to them is the wonderment what
their consistence was when these folds were done. If from beneath a
mass sustains the folds, we have a pendent wave. Lateral force causes
a compressed wave. If a portion be raised, the beds above may be dragged
or torn through, while the country on each side remains undisturbed ; but
lateral convulsions affect a much larger space of country than elevatory, so
that we have evidence both of enormous lateral thrusts, affecting hundreds
of miles of country, with local operations breaking through these and
interrupting their continuity of action. Mr. Ruskin gave an apt simile of
the Alps when he compared them to a shoal of rugged islands of igneous

1 [See on this subject Lyell's Principles of Geology, vol. i. ch, v.: compare
below, p. 117 n.]
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rock emerging through a sea of limestone, tearing up fragments of rocks,
and also, with more conspicuous power, wrinkling the edge of the limestone
all round the wound, and sending off waves of lateral force to die away
on the surrounding country—‘“waves of a slow Titanian storm which
troubled the earth as the winds trouble the sea.”

5. Imagine the mountain’s substance not of water but of ductile rock,
and to nod towards its fall over a thousand vertical fathoms. Perhaps we
cannot conceive with what slowness of swell or of decline the mountain-
wave may rise or rest; but as the force thrills from crag to crag, it recoils,
divides against itself with destructive counteraction; and this has taken
place not once, but many times—five or six periods of convulsion being
marked at distant intervals. When one storm has been calmed, yet another
stone-tempest from another point. So commingled are their actions in a
complicated result, that it is not the work of one man, but of a multitude,
not of one year, but of centuries, to decipher the flow and ebb of even a
single mountain-tide. “I knew,” said Mr. Ruskin, “of one marvellous
outside breaker, not very high, but notable in the clash and curve—Mont
Brezon.” But as there were in it structures almost incredible and difficult
to be explained, he determined to take an easy one, and selected Mont
Sale¢ve, studied by geologists from De Saussure downwards. Even this
mountain, one of mere elevation, which he supposed had been studied
exhaustively, he found full of curious unrepresented structures; and the
only distinct impression he could obtain was adverse to the three great
observers, Saussure, Studer, and Favre, who all represent the face of the
hill to be formed of vertical beds; while Ruskin sees plates of crag, entirely
owing to cleavage—that is, to the splitting of the rock through the pressure
it has undergone in its elevation; the true beds curving into the body of
the hill, as were seen at the Grande Gorge.

6. Nothing daunted by the difficulties of the simpler mountain, Mr.
Ruskin sketched out some of the prominent features of the more difficult
Brezon, where the beds follow the curve of the summit, the vertical fissures
being either faults or cleavages. The group mainly consists of a pyramidal
mass, a flat mass behind it showing itself at both sides, terminating in two
cliffs, and finally in the distant range of the snowy summits of Mont Vergy
and the Aiguille de Salouvre. These aré three parallel ridges of limestone,
approaching probably at this moment, looking towards them from Le Saléve,
slowly driven by the force of the central Alps, ““the highest range broken
into jags, the separate summits of Alpine fury and foam ”; the intermediate
joining with a long flat swing and trough of sea; and, lastly, the Brezon
breaking over and throwing its summit (4000 feet) forward as if to fall
upon the shore. And really this wave-like action of the elevatory force,
as shown in Mr. Ruskin’s sections and views of the wonderfully contorted
strata of these mighty hills, seems to have been caught and petrified in the
very act, just as a sea-wave might be frozen into solid ice at the very point
of curling. This Brezon and Vergy group are only a portion of the longi-
tudinal waves which flow parallel with the Alps, and are cut across by
those transverse precipitous valleys in which the grandest scenery occurs.
From the Lake of Annecy to the Lake of Constance, along the north
border of the chain, the mountains are divided into two belts. Outside of
these runs 4 great continuous fault which separates the Tournette and
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Mont Vergy; and running between the Dent d’Oche and the Dent du
Midi cuts the Moleson from the Diablerets, passes through the bottom of
the Lake of Brientz, and splitting into two minor faults at Lake Lucerne,
it goes into Canton Glarus and crosses the valley of the Rhine, ending in
confusion in the Tyrol. On the hills within, the faults have their escarp-
ments turned towards the Alps; but outside of it, in the broken and
undulating ground, is the true wave-district of the Alps, where the hills
are thrown vertically up, ‘“as the timber of a wreck in a storm.” Beyond
this district the escarpments are turned away from the Alps. The valleys
crossing these longitudinal ridges are neither gaps cut by river nor are
they vertical faults. They are the expressions of disruptions in the unity
of the long waves themselves, and they are accompanied by conditions of
parallel fracture which mark a disposition throughout the entire body of
the mountain to open in a similar manner.

7. In a novel and very able manner, too, Mr. Ruskin showed the action
of the lateral pressure of rock masses in pressing up intermediate denuded
areas into arches, as in the creep of the floors of coal-mines,

8. The sculpturing of mountains is either by disintegration, aided by
chemical action, or by water acting as rain, as torrent, or as glacier; and
Mr. Ruskin dwelt, we think rightly, on the more powerful agency of
water in a sculpturing capacity than ice. In his own words, “The work
of ice is so showy and superficial, and the artist’s touch of water so cun-
ning, quick, and tenderly fatal, that we are all apt to overrate the power
of the one and underrate that of the other.” Referring to Forbes’ idea
of the viscosity of ice, Mr. Ruskin contended against Professor Ramsay’s
doctrine of the scooping out of the great lake basins by the grinding of
glaciers, comparing the viscous glacier-ice to honey or treacle, only less
active. It is at no time, in his opinion, a very violent abrading agent, but
wholly powerless when it falls into a pit. ‘“There have been,” he said,
“ suggestions made that the glaciers of the Alps may have scooped out the
Lake of Geneva. You might as well think they had scooped out the sea.
A glacier scoops out nothing; once let it meet with a hollow, and it
spreads into it, and can no more deepen its receptacle than a custard can
deepen a pie-dish.”

9. That idea he considers the more singular, because, with its strongest
and most concentrated force, the glacier of the Rhone has been unable to
open for itself a passage between the two small contradictory rocks of the
Gorge of St. Maurice. “So little effectual has it been in excavating them
that the Rhone is still straightened for a passage, and a single town is
fortalice enough to defend the pass where a key unlocks a kingdom; and
yet we are asked to suppose that a glacier power which, concentrated,
could not open a mountain gate, could dig out a sea-bottom when diffused.”
There is a more curious proof still of the excavating incapacity of ice.
Full in the face of the deepest fall of this same Rhone glacier two im-
pertinent little rocks stood up to challenge it. Don Quixote with his herd
of bulls was rational in comparison! But the glacier could make nothing
of them. ¢ It had to divide, slide, split, shiver itself over them, and ages
afterwards, when it had vanished like an autumn vapour from the furrow

1 [See Don Quixote, part ii. end of ch. lviii.]
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of the Rhone, the little rocks still stood triumphant, and the Bishops of
Sion built castles on their tops, and thence defied the torrent of the
Reformation! coming up that valley as the rocks had done the passage of
the glacier coming down it.” From the shoulders of Mont Blanc the two
great glaciers of Bossons and Taconay have each excavated for themselves
a ravine in the shaly slates over which they descend, but the excavation is
just as evident and as simple as a railroad trench. Down each gorge there
falls an ice-stream a quarter of a mile wide, a hundred feet deep, falling
at an average slope of 20° or 80°. They have gnawed away the rocks
under them and beside them, and left between the sharp ridge of crumb-
ling slate—Montagne de la Cote. If instead of ice-streams there had
been waterfalls, cataracts four miles long, a hundred deep, and down a
slope as steep as the roof of a gabled house, how long would De la Cbte
have stood? It would not, Mr. Ruskin thinks, have kept its present form
a day. In a year it would have disappeared. Suppose on Mont Blanec,
which rises 11,000 feet above Chamouni, instead of snow, the same quantity
of rain fell and descended in the form of a torrent—the ravines of La Cote
or Taconay would be far deeper than they are. The glaciers, so far from
having a highly consuming, have a distinctly protective power. The water
power of friction is diminished, not indeed in the rate of the diminished
velocity, but in some large proportion to it. The swiftest glacier in summer
does not move two feet a day; a torrent going down the same slope would
run ten miles an hour at least—600,000 times as fast. With a certain
weight of water, which, carrying stones, you have to grind rock with, will
you have it in a vertical mass moved two feet a day, or will you have it in
a horizontal sheet moved 1,200,000 feet a day? “ Give me the level sheet
and the fast pace,” says Mr. Ruskin.

10. But, it will be said, under this weight of mural ice there are stones
and sand like diamond dust in a lapidary’s mill. There is hardly ever any
such thing—a glacier does not like stones under it. They would make its
life uncomfortable. Dirty and sandy above, it is clear as crystal below,
and its action on the rocks beneath it is lambent, cleansing, silent, and
soft. The glacier does not make the moraine, it only carries it. The
moraine is only the sheddings of the rocks above. A glacier is a torrent
turned on its back. Whatever is soft and decomposing the glaciers sponge
away. What is hard and healthy they leave projecting and manifest.
They are great carriers, a curious and effective parcels delivery company.
Water in respect to them is as a flying lizard to a camel——it is all teeth and
wings, but no back. For biting and carving, doing the sculptor’s work,
there is nothing the torrent cannot do. ¢ Insidious, inevitable, patient, and
passionate by turns ; now hurling stones at its antagonist like a Titan, now
sucking his strength like a vampire, piercing him with cavities like a
pholas, sawing him in two like a toothed mill, and presently bedewing
the remnants of him with hypocritical, or perhaps, repentant tears, and
rl:;iggigg handfuls of moss and wild flowers to gseal the wounds it has

e.

11. The present forms of the mountains Mr. Ruskin attributes not to

1 [For the bishopric of Sion as ‘“the centre of Romanism in Switzerland,” see
Modern Painters, vol. iv. (Vol. VL p. 411).]
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the glacier, but to the two natural sculptors, flowing water and natural
disintegration ; every existing form in the Alps he believes to be distinctly
traceable to one or other of these forces combined with internal geological
structure.

12. Such were Mr. Ruskin’s views, and very ably and eloquently they
were put. We must not, however, forget that the lateral grinding force
of ice is very different from the vertical scooping force. The ice of the
glacier clings to the sides of the gorge, while its centre presses more
quickly on or through. The under part of the glacier is always wet, it
rests and slides on a sheet of water, and this water acting under pressure
has increased chemical and mechanical action. The action under the
glacier endures for ages, the action of the torrent is sudden and transient.
The one is the tortoise, the other the hare, and the result in the fable is
not given to the swift. Mr. Ruskin’s attack, however, was very proper
and highly philosophical, and one which it will require all the talent of
the Jermyn Street Professor! to answer. He may not be ultimately con-
quered, but at any rate he has been driven back and has suffered a severe
repulse, although the victory be not yet decisive.

1 [For A. C. Ramsay, see the Introduction, above, p. Ixv.]

XXVI. B






II

NOTES ON THE SHAPE AND STRUCTURE
OF SOME PARTS OF THE ALPS, WITH
REFERENCE TO DENUDATION

(1863)



[ Bibliographical Note.—These papers appeared in the Geological Mugazine
for February and May 1865, vol. ii., No. 8, pp. 49-54, No. 11, pp. 193-
196.

They have not hitherto been reprinted. The sections are here numbered.
In § 3, line 22, ““Dovrefeldt” is here corrected to Dovre Fjeld. 1In the
second article the illustrations were all included on a single plate. The
first three of them (Figs. 1, 2, and 3) are here separately printed. The
fourth was a rough woodcut of a subject which Ruskin afterwards engraved
on a larger scale; this is here substituted, the lettering being added from
the old woodcut. These changes have required slight alterations in the
text; e.g., in § 16 ‘‘Plate IV.” for ‘“Fig. 4.” For a correction made in
Fig. 1, see p. 29 n.]



NOTES ON THE SHAPE AND STRUCTURE
. OF SOME PARTS OF THE ALPS, WITH
REFERENCE TO DENUDATION'®

I

1. It is often said that controversies advance science. I
believe, on the contrary, that they retard it—that they are
wholly mischievous, and that all good scientific work is
done in silence, till done completely. For party in politics,
there are some conceivable, though no tenable, reasons; but
scientific controversy in its origin must be always either an
effort to obscure a discovery of which the fame is envied,
or to claim credit for a discovery not yet distinctly estab-
lished: and it seems to me there are but two courses
for a man of sense respecting disputed statements;—if the
matter of them be indeed doubtful, to work at it, and put
questions about it, but not argue about it; so the thing
will come out in its own time, or, if it stays in, will be
no stumbling-block; but if the matter of them be not
doubtful, to describe the facts which prove it, and leave
them for what they are worth.

2. The subject of the existing glacial controversy be-
tween older and younger geologists seems to unmite both
characters. In some part, the facts are certain and need
no discussion; in other points, uncertain, and incapable of
being discussed. There are not yet data of measurement
enough to enable us to calculate accurately the rate of
diluvial or disintegrating action on mountains; there are

1 [From the Geologicai Magazine, 2117ebruary 1865 (see above, p. 20).]
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not data of experiment enough to enable us to reason
respecting the chemical and mechanical development of
mountains; but all geologists know that every one of
these forces must have been concerned in the formation
of every rock in existence: so that a hostile separation into
two parties, severally maintaining a theory of Erosion, and
a theory of Fracture, seems like dividing on the question
whether a cracked walnut owes its present state to nature
or the nutcrackers. In some respects, the dispute is even
more curious; the Erosion party taking, in Geology, nearly
the position which they would occupy zoologically, if they
asserted that bears owed the sharpness of their claws to
their mothers’ licking, and chickens the shortness of their
feathers to the friction of the falling bit of shell they had
run away with on their heads. For indeed the Alps, and
all other great mountains, have been tenderly softened into
shape; and Nature still, though perhaps with somewhat
molluscous tongue, flinty with incalculable teeth, watches
over her craggy little Bruins—

¢, . . forms, with plastic care,
Each growing lump, and brings it to a bear.” !

Very assuredly, also, the Alps first saw the world with a
great deal of shell on their heads, of which little now
remains; and that little by no means so cunningly held
together as the fragments of the Portland Vase’ No one
will dispute that this shell has been deeply scratched, and
clumsily patched; but the quite momentous part of the
business is, that the creatures have been carefully Hatched !
It is not the denudation of them, but the incubation,
which is the main matter of interest concerning them. So
that Professor Ramsay® may surely be permitted to enjoy
his glacial theory without molestation—as long as it will

1 [Pope: Dunciad, i. 102.]
3 [For the story of this vase, which was broken into a hundred pieces, after-
wards cunningly joined together, see E. T. Cook’s Popular Handbook to the Greek
and Roman Antiquities in the British Museum, pp. 656-657.]

8 [See, again, the Introduction, above, p. 1xv.]
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last. Sir Roderick Murchison’s temperate and exhaustive
statement * seems to me enough for its extinction; but
where would be the harm of granting it, for peace’ sake,
even in its complete expansion ?

8. There were, we will suppose, rotatory glaciers—whirl-
pools of ecstatic ice—like whirling Dervishes," which exca-
vated hollows in the Alps, as at the Baths of Leuk, or
the plain of Sallenche, and passed afterwards out—‘ queue
4 queue’—through such narrow gates and ravines as those
of Cluse. Gigantic glaciers in oscillation, like handsaws,
severed the main ridge of the Alps, and hacked it away,
for the most part, leaving only such heaps of sawdust as
the chain of the Turin Superga; and here and there a
fragment like the Viso and Cervin, to testify to the ancient
height of the serrated ridge. 'Two vast longitudinal glaciers
also split the spine of the Alps, east and west, like butcher’s
cleavers, each for sixty miles; then turned in accordance
to the north (“Come si volge con le piante strette A
terra, ed intra s¢ donna che balli” ?), cut down through the
lateral limestones, and plunged, with the whole weight of
their precipitate ice, into what are now the pools of Geneva
and Constance. The lakes of Maggiore, of Como, and
Garda, are similar excavations by minor fury of ice-foam ;—
the Adriatic was excavated by the great glacier of Lom-
bardy ;—the Black Sea, by the ice of Caucasus before
Prometheus stole fire ;—the Baltic, by that of the Dovre
Fjeld, in the youth of Thor ;—and Fleet Ditch in the days
of the Dunciad® by the snows of Snow Hill. Be it all
so: but when all s so, there still was a Snow-hill for the
snows to come down;—there still was a fixed arrangement

* Address at Anniversary Meeting of Royal Geographical Society, 1864.*

1 [For a reference to this part of Ruskin’s argument, in later discussions of the
subject, see Sir Henry Howorth’s Tke Glacial Nightmare, 1893, vol. ii. p. 621.]

3 [Pur‘gatorio, xxvill. 62, 53: ‘“ As when a lady, turning in the dance, doth foot
it featly”’ (Cary).]

s ['Iqxe allusion here is to the third book of the Dunciad, where, from a mount
of vision, the former state of Britain is disclosed.] ’

4 (See the Journal of the Royal Geographical Society, vol, 34, pp. clxiv.~clxxv.]
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of native eminence, which determined the direction and
concentrated the energies of the rotatory, precipitate, or
oscillatory ice. If this original arrangement be once in-
vestigated and thoroughly described, we may have some
chance of ascertaining what has since happened to disturb
it. But it is impossible to measure the disturbance before
we understand the structure.

4. It is indeed true that the more we examine the Alps
from sufficiently dominant elevations, the more the impres-
sion gains upon us of their being rather one continuously
raised tract, divided into ridges by torrent and decay, than
a chain of independent peaks: but this raised, tract differs
wholly in aspect from groups of hills which owe their
essential form to diluvial action. The outlying clusters of
Apennine between Siena and Rome are as symmetrically
trenched by their torrents as if they were mere heaps of
sand ; and monotonously veined to their summits with rami-
fications of ravine; so that a large rhubarb-leaf, or thistle-
leaf, cast in plaster, would give nearly a reduced model of
any mass of them. But the circuit of the Alps, however
sculptured by its rivers, is inherently fixed in a kind of
organic form; its broad bar or islanded field of gneissitic
rock, and the three vast wrinkled ridges of limestone which
recoil northwards from it, like surges round a risen Kraken’s®
back, are clearly defined in all their actions and resistances:
the chasms worn in them by existing streams are in due
proportion to the masses they divide; the denudations
which in English hill-country so often efface the external
evidence of faults or fissures, among the Alps either follow
their tracks, or expose them in sections; and the Tertiary
beds, which bear testimony to the greater energy of ancient
diluvial action, form now a part of the elevated masses,
and are affected by their metamorphism: so that at the

1 [A supposed sea-monster of vast size, said to have been seen off the coast of
Norway and on the North American coasts ; first mentioned in 1755 by Pontoppidan
(History of Norway, ii. ch. vii. § 11). See Tennyson's goem (1830) “Kraken” :
““Far, far beneath in the abysmal sea, . . . The Kraken sleepeth.”]
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turn of every glen new structural problems present them-
selves, and new conditions of chemical change.

5. And over these I have now been meditating—or
wondering—for some twenty years, expecting always that
the advance of geology would interpret them for me: but
time passes, and, while the aspect and anatomy of hills
within five miles of Geneva remain yet unexplained, I find
my brother-geologists disputing at the bottom of the lake.
Will they pardon me if I at last take courage to ask
them a few plain questions (respecting near and visible hills),
for want of some answer to which I am sorely hindered in

NorTHERN PorTioN oF THE Ripee oF MoNT SaLive

my endeavours to define the laws of mountain-form for
purposes of art?

6. Fig. 1 is the front view, abstracted into the simplest
terms, and laterally much shortened, of the northern por-
tion of the ridge of the Mont Saléve, five miles from
Geneva.

It is distinguished from the rest of the ridge by the
boldness of its precipices, which terminate violently at the
angle C, just above the little village called, probably from
this very angle, “Coin.” The rest of the ridge falls back
behind this advanced corner, and is softer in contour,
though ultimately, in its southern mass, greater in eleva-
tion. Fig. 2 is the section, under a, as I suppose it to
be; and Fig. 8, as it is given by Studer.! To my imme-
diate purpose, it is of no consequence which is the true

1 [See Geologie der Schweiz, 1851, vol. ii. p. 206.]
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section; but the determination of the question, ultimately,
is of importance in relation to many of the foliated preci-
pices of the Alps, in which it is difficult to distinguish
whether their vertical cleavage across the beds is owing
merely to disintegration and expansion, or to faults. In

SectioN oF MoNT SALEVE AT a, Fie. 1 (Ruskin)

all cases of strata arched by elevation, the flank of the arch
(if not all of it) must be elongated, or divided by fissures.
The condition, in abstract geometrical terms, is shown in
Fig. 4. If A D was once a continuous bed, and the por-
tion C D is raised to E F, any connecting portion, B C,
will become of the form B E; and in doing this, either

Fig. 3
SectioN oF MoNT SALEVE AT @, Fra. 1 (Studer)

every particle of the rock must change its place, or fissures
of some kind establish themselves. In the Alpine lime-
stones, I think the operation is usually as at G H; but
in the Saléve the rock-structure is materially altered; so
much so that I believe all appearance of fossils has been in
portions obliterated. The Neocomian and the Coralline
Jura of the body of the hill are highly fossiliferous; but I
have scrambled among these vertical cleavages day after
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day in vain; and even Professor Favre renders no better
account of them.*

7. The whole ridge of the mountain continues the curve
of the eastern shore of the Lake of Geneva, and turns its
rounded back to the chain of the Alps. The great Geneva
glacier flowed by it, if ever, in the direction of the arrows
from X to Y in Fig. 1; and, if it cut it into its present
shape, ‘turned very sharply round the corner at C! The
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great Chamouni Glacier flowed over it, if ever, in the direc-
tion of the arrows from X to Y in Fig. 2. It probably
never did, as there are no erratic blocks on the summits,
though many are still left a little way down. But what-
ever these glaciers made of the mountain, or cut away from
it, the existence of the ridge at all is originally owing to
the elevation of its beds in a gentle arch longitudinally,
and a steep semi-arch transversely; and the valleys or
hollows by which this ridge is now traversed, or trenched

* Considérations sur le Mont Saléve, Geneva, 18438, p. 12!

1 [For another reference to Favre, see Ruskin’s Introduction (§ 10) to Colling-
wood’s Limestone Alps of Savoy (below, p. 568).]
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(M, the valley of Monnetier; A, the hollow called Petite
Gorge; B, that called Grande Gorge; and C, the descent
towards the Valley of Croisette), owe their origin to de-
nudation, guided by curvilinear fissures, which affect and
partly shape the summits of all the inner lateral limestone-
ranges, as far as the Aiguille de Varens.

8. It is this guidance of the torrent-action by the
fissures; the relation of the longitudinal fault to the great
precipice; and the altered condition, not only of the beds
on the cliff-side, but of the Molasse conglomerates on the
eastern slope, to which I wish presently to direct attention :
but I must give more drawings to explain the direction of
these fissures than I have room for in this number of the
Magazine; and also, before entering on the subject of the
angular excavation of the valley at M, and curvilinear ex-
cavations at A and B, I want some answer to this question
—one which has long embarrassed me:—The streams of
the Alps are broadly divisible into three classes: 1st, those
which fall over precipices in which they have cut no ravine
whatever (as the Staubbach); 2nd, those which fall over
precipices in which they have cut ravines a certain distance
back (as the torrent descending from the Tournette to the
Lake of Annecy); and, 8rd, those which have completed
for themselves a sloping course through the entire mass of
the beds they traverse (as the Eau Noire, and the stream
of the Aletsch Glacier). The latter class—those which have
completed their work—have often conquered the hardest
rocks; the Eau Noire at Trient traverses as tough a gneiss
as any in the Alps; while the Staubbach has not so much
as cut back through the overhanging brow of its own cliff,
though only of limestone! Are these three stages of work
In anywise indicative of relative periods of time?—or do
they mark different modes of the torrents’ action on the
rocks? 1 shall be very grateful for some definiteness of
answer on this matter.!

! [In 1876 Ruskin was still agking the same question: see the letter to
A. Tylor, above, p. xxv. ]
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I1:

9. At the extremity of my sketch, Fig. 1, p. 25, the
beds appear to turn suddenly downwards. They are actually
more inclined at this spot; but the principal cause of their
apparent increase in steepness is a change in their strike.
Generally parallel to the precipice, it here turns westwards
(i.e., towards the spectator); and, holding myself bound in
candour to note, as I procced, every circumstance appear-
ing to make for the modern glacial theories, I must admit
that, as the beds at this extremity of the cliff turn out-
wards from the Alps, it might not inaptly be concluded
that the great Chamouni Glacier, which by its friction filed
the mountain two thousand feet down at the top, by its
pressure turned the end of it several points of the com-
pass round at the bottom!

10. This change in the strike of beds, though over a very
limited space, yet perfects the Saléve as a typical example,
entirely simple in its terms, of a wave of the undulatory
district of the Savoy Alps. I call it the “undulatory” dis-
trict, because, in common with a great belt of limestone
ranges extending on the north side of the gneissose Alps
as far as the Valley of the Rhine, it is composed of masses
of rock which have bent like leather under the forces
affecting them, instead of breaking like ice; and their
planes of elevation are therefore all, more or less, curved.

11. This is one of the points on which I want help. I
have hitherto met with no clear statement of the supposed
or supposable differences between the mountains which rise
bending, and those which rise rigid. The conglomerates
of Central Switzerland, for instance, are raised always, I
think, in rectilinear masses, league heaped on league of
continuous slope, like tilted planks or tables. But the sub-
jacent limestones of Altorf and Lauterbrunnen are thrown
1 EFrom the Geological Magazine, vol. ii., May 1865 (see above, p. 20).]

3 [The original };‘aper here adds, ‘“which by the printer’s inadvertence is marked

Y instead of X.” The correction has been made in this edition.]
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into fantastic curves. The gneissitic schists of Chamouni
are all rectilinear; those of Val d’Aoste and the Black
Forest are coiled like knots of passionate snakes. Is this
difference caused by difference in the characters of the
applied forces, or by differences in the state of the materials
submitted to them? If by difference in the materials, it
is not easy to understand how forces which could twist
limestone-beds a thousand feet thick, as a laundress wrings
linen, could have left conglomerates in any other state than
that of unintelligible heaps of shingle and dust. But if
the difference is in the manner of the agency, we have
instantly a point of evidence of no small value respecting
the date and sphere of any given elevatory force. But 1
have not yet seen any attempt to distinguish, among the
several known periods of elevation in the Alps, those during
which the action was accompanied by coiling pressures from
those, if any, during which we have only evidence of direct
heave. And the question is rendered both more intricate
and interesting by the existence of the same structural
distinction on a small scale, The metamorphic series, pass-
ing from gravel into gneiss, through the infinitely various
‘“poudingues,” is far more interesting than the transition
from mud to gneiss through the schists, except only in
this one particular, that the conglomerates, as far as I
know them, do not distinctly coil.  Their pebbles are
wrenched, shattered, softened, pressed into each other; then
veined and laminated; and at last they become crystalline
with their Paste: but they neither coil, nor wholly lose
trace, under whatever pressure, of the consistent couching
on their broad sides, which first directed Saussure’s attention
to the inclined position of their beds;' whereas limestones
in the same transitional relation to the gneiss (those under
thq Castle of Martigny, for example) wrinkle themselves
as if Falstaff’s wit had vexed, or pleased, them, and made
their faces “like a wet cloak ill laid up.”*

L {On this subject, see below, p. 884.)
{2 Henry IV, Act v. sc. 1]
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12. It is true that where the conglomerates begin to
take the aspect of shattered breccias, like those which
accompany great faults, some aspect of coiling introduces
itself also. I have not examined the conglomerate-junctions
as I have the calcareous ones, because the mountain-forms
of the breccias are so inferior (for my own special purposes
of art) to those of the schists, that I never stay long in
the breccia districts. But a few hours of study by the
shores of the Reuss or Limmat are enough to show the
general differences in aspect of compression between meta-
morphic schists and conglomerates; and the distinction on
a large scale is everywhere notable; but complicated by
this fact, which I have not until lately ascertained posi-
tively, that through even the most contorted beds of the
limestones there run strange, long, rectilinear cleavages, ex-
tending in consistent slopes for leagues,—giving the moun-
tain-mass, seen at right angles to their direction, an aspect
of quite even stratification and elevation, with a strike
entirely independent of its true beds and minor cleavages,
and traversing them all.

18. Putting these gigantic cleavages (of the origin of
which, even if 1 could guess any reason, I would still say
nothing so long as I could do no more than guess) for the
present out of the question, the mass of the Savoy lime-
stones forms a series of surges, retreating from the Alps,
undulatory in two directions at least, as at Fig. 5, A, and
traversed by fissures usually at right angles to the strike
of the longitudinal surge. When that strike varies con-
sistently at the same time, we may get conditions of
radiant curve and fracture, B; and the undulations them-
selves are seldom simple, as at a, but either complicated
by successive emergence of beds, b, or more frequently
by successive faults, ¢, farther modified by denudation of
upper beds, d, and, locally, by reversals of their entire
series, e.

14. All these complex phenomena will be produced by
one consistent agency of elevatory or compressive force.
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Any number of such tides of force may of course succeed
each other at different epochs, each traversing the series of
beds in new directions,—intersecting the forms already pro-
duced, and giving maxima and minima of elevation a_nd
depression where its own maxima and minima coincide with
those resultant from previous forces.

15. Now, by every such passage of force, a new series
of cleavages is produced in the rocks, which I shall for
the present call “passive cleavages,” as opposed to “native
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cleavages.”’ 1 do not care about the names; anybody is

welcome to give them what names they choose; but it is
necessary to understand and accept the distinction. I call
a cleavage “native” which is produced by changes in the
relation of the constituent particles of a rock while the
mass of it is in repose. I call a cleavage “passive” which
is produced by the motion of the entire mass under given
pressures or strains, Only I do not call the mere contrac-
tion and expansion of the rock motion ; though, in large
formations, such changes in bulk may involve motion over
leagues. But I call every cleavage ‘“native” which has

! [For Ruskin’s later

distinetions of various forms of cleavage, see Deucalion
below, pp. 289 seq.] tou ge, g
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been produced by contraction, expansion, segregation, or
crystallization, whatever the space over which the rock may
be moved by its structural change; and I only call a
cleavage “passive” which has been caused by a strain on
the rock under external force. Practically, the two cleav-
ages, or rather the two groups of cleavages, mingle with
and modify each other; but the ¢“native” cleavage is uni-
versal ;—the * passive” is local, and has more direct relations
with the mountain-form.

16. In the range, for instance, of which the Aiguille de
Varens forms the salient point,
of which the rough outline is
given in Fig. 6, seen in front,
and in Plate IV. seen in pro-
file, the real beds dip in the
direction a b, Plate IV., being
conspicuous in every aspect of
the mountain in its profile: they
are seen again on the opposite
side of the valley (of Maglans)
at ¢ d. On the face of the mass, Fig. 6, they are seen
to be contorted and wrinkled, on the left reversed in com-
plete zigzags;* but through all these a native cleavage
develops itself in the direction ¢ f, accompanied by an
elaborate network of diagonal veining with calcareous spar.

17. This cleavage directs the entire system of the de-
scending streams, which, by help of it, cut the steps of
precipice into oblique prisms, curved more and more steeply
downwards, as the sweep of the torrent gains in power;
so that, seen from a point a little farther to the right,
the mountain seems composed of vast vertical beds, more
or less curved in contour, Fig. 7. But the face of the
precipice itself is hewn into steps and walls, with inter-
mediate slopes, by a grand vertical passive cleavage, g £,

* This contortion is an important one, existing on both sides of the
valley ; but it is in reality farther to the left. I have crowded it in to
complete the typical figure.

XXVL c
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Plate IV., to which the direction and disposition of the
entire Valley of Maglans are originally owing.

18. And thus in any given mountain-mass, before we
can touch the question of denudation, we have to deter-
mine the position it occupies in
the wave-system of the country,
—the connections of its cleav-
ages with those of neighbour-
ing masses,—and the probable
points of maxima elevation which
directed the original courses of
glacier and stream. Then come
the yet more intricate ques-
tions respecting the state of the
materials at each successive elevation, and during the action
of the successively destructive atmospheric influences.

I have no pretension to state more than a few of the
main facts bearing on such questions in the Savoy districts
of the Lower Chalk, which I will endeavour to do briefly
in one or two following papers.!

! [No further papers, however, appeared.]
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ON BANDED AND BRECCIATED
CONCRETIONS

I
[August 1867]

1. AMoNG the metamorphic phenomena which seem to me
deseiving of more attention than they have yet received,
I have been especially interested by those existing in the
brecciate formations. They are, of course, in the main,
twofold—namely, the changes of fragmentary or rolled-
pebble deposits into solid rocks, and of solid rocks, vice
versd, into brecciate or gravel-like conditions. It is cer-
tainly difficult, in some cases, to discern by which of these
processes a given breccia has been produced; and it is
difficult, in many cases, to explain how certain conditions
of breccia can have been produced ecither way. Even the
pudding-stones of simplest aspect (as the common Molasse-
nagelfluhe of North Switzerland) present most singular con-
ditions of cleavage and secretion, under metamorphic action ;
the more altered transitional breccias, such as those of Valor-
sine, conceal their modes of change in a deep obscurity:
but the greatest mystery of all attaches to the alterations
of massive limestone which have produced the brecciated,
or apparently brecciated, marbles: and to the parallel
changes, on a smaller scale, exhibited by brecciated agate
and flint.

2. The transformations of solid into fragmentary rocks
may, in the main, be arranged under the five following
heads :—

(i.) Division into fragments by contraction or. expansion,

and filling of the intervals with a secreted, injected, or
37
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infused paste, the degree of change in the relative position
of the fragments depending both on their own rate and
degree of division, and on the manner of the introduction
of the cement.

(ii.) Division into fragments by violence, with subse-
quent injection or secretion of cement. The walls of most
veins supply notable instances of such action, modified by
the influence of pure contraction or expansion,

(iii.) Homogeneous segregation, as in oolite and pisolite.

(iv.) Segregation of distinet substances from a homo-
geneous paste, as of chert out of calcareous beds, My
impression is that many so-called siliceous * breccias” are
segregations of knotted silex from a semi-siliceous paste ;
and many so-called brecciated marbles are segregations of
proportioned mixtures of iron, alumina, and lime, from an
impure calcareous paste.

(v.) Segregation accompanied by crystalline action, pass-
ing into granitic and porphyritic formations.

8. Of these the fourth mode of change is one of pecu-
liar and varied interest. I have endeavoured to represent
three distinct and progressive conditions of it in the plate
annexed [Plate V.]; but before describing these, let us
observe the structure of a piece of common pisolite ffom
the Carlsbad Springs.

It consists of a calcareous paste which arranges itself, as
it dries, in imperfect spheres, formed of concentric coats
which separate clearly from each other, exposing delicately
smooth surfaces of contact: this deposit being formed in
layers, alternating with others more or less amorphous.
Now it is easy to put beside any specimen of this pisolite,
& parallel example of stratified Jasper, in which some of the
beds arrange themselves in pisolitic concretions, while others
remain amorphous. And I believe it will be found that
the bands of agate, when most distinet and beautiful, are
n.;).t successive coats, but pisolitic concretions of amorphous
silica.

Of course, however, the two conditions must be often
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united. In all minerals of chalcedonic or reniform structure,
stalactitic additions may be manifestly made at various
periods to the original mass, while in the substance of
the whole accumulation, a structural separation takes place,
—separation (if the substance be siliceous) into bands,
spots, dendritic nuclei, and flame-like tracts of colour. But
the separation into any of these states is not so simple a
matter as might at first be supposed.

4. On looking more closely at the Carlsbad pisolite,
we may discern here and there hemispherical concretions,
of which the structure seems not easily to be accounted
for; much less when it takes place to the extent shown
in Fig. 1, Plate V., which represents, about one-third
magnified, a piece of concretionary ferruginous limestone,
in which I presume that the tendency of the iron oxide to
form reniform concretions has acted in aid of the pisolitic
disposition of the calcareous matter. But there is now
introduced a feature of notable difference. In common piso-
lite, the substance is homogeneous; here, every concretion
is varied in substance from band to band, as in agates;
and more varied still in degree of crystalline or radiant
structure; while also sharp-angled fragments, traversed in
one case by straight bands, are mingled among the spherical
concretions: and series of brown bands, of varying thick-
ness, connect, on the upper surfaces only, the irregular
concretions together, in a manner not unusual in marbles,
but nevertheless (to me) inexplicable.

5. Next to this specimen, let us take an example of
what is usually called ‘brecciated” malachite (Fig. 2, in
the same plate). I think very little attention will show,
in ordinary specimens of banded malachite, that the bands
are concretionary, not successive; and in the specimen of
which the section is represented in the plate, and in all
like it, I believe the apparently brecciated structure is
concretionary also. This brecciation, it will be observed,
results from two distinct processes: the rending asunder of
the zoned concretions by unequal contraction which bends
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the zones into conditions like the twisted fibres of a tree;
and the filling up of the intervals with angular fragments,
mixed with an ochreous dust (represented in the plate by
the white ground), while the larger concretions of malachite
are abruptly terminated only at right angles to the course
of their zones, not broken raggedly across: a circumstance
to be carefully noted as forbidding the idea of ordinary
accidental fracture.

Whether concurrently with, or subsequent to, the brec-
ciation (I believe concurrently), various series of narrow
bands have been formed in some parts of the mass, bind-
ing the apparent fragments together, and connecting them-
selves strangely with the unruptured malachite, like the
brown bands in example No. 1.

6. Now, if we compare this condition of the ore of
copper with such a form of common brecciated agate as
that represented in Plate V., Fig. 8, it will, I think, be
manifest that the laws concerned in the production of this
last—though more subtle and decisive in operation, are
essentially the same as those under which the malachite
breccia was formed,—complicated, however, by the ener-
getically crystalline power of the (amethystine) quartz, which
exerts itself concurrently with the force of segregation, and
compels the zones developed by the latter to follow, through
a great part of their course, the angular line of the ex-
tremities of the quartz-crystals co-temporaneously formed,
while, in other parts of the stone, a brecciate segregation,
exactly similar to that of the malachite, and only the fine
ultimate perfectness of the condition of fragmentary separa-
tion which is seen incipiently in the pisolite (Fig. 1), in-
terrupts the continuity both of the agate and quartz.

And finally, a narrow band, correspondent to the con-
necting zones of the malachite, surrounds the brecciated
fragments in many places, while in others it loses itself in
the general substance of the massive quartz.

7. I cannot, however, satisfy myself whether, in this
last example, some conditions of violent rupture do not
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mingle with those of agatescent segregation; and I am
sincerely desirous to know the opinions of better minera-
logists than myself on these points of doubt: and this the
more, because in proceeding to real and unquestionable
states of brecciate rock, such as the fractured quartz and
chalcedony of Cornwall, I cannot discern the line of sepa-
ration, or fix upon any test by which a fragment truly
broken and cemented by a siliceous paste which has modi-
fied or partly dissolved its edges, may be distinguished
from a secretion contemporaneous with the paste, like the
so frequent state of metalliferous ores dispersed in quartz.

Hoping for some help therefore, I will not add anything
further in this paper; but if no one else will take up the
subject, I shall proceed next month into some further par-
ticulars. :

EXPLANATION OF PLATE V

Fig. 1. Section of a piece of concretionary ferruginous limestone, mag-
nified about one-third.

Fig. 2. Section of a (so-called) ¢ Brecciated” Malachite.

Fig. 3. Section of a Brecciated Agate.

IT
[ November 1867]

8. I wrote the first of these papers more with a view
of obtaining some help in my own work than with any
purpose of carrying forward the discussion of the sub-
ject myself. But no help having been given me, I must
proceed cautiously alone, and arrange the order of my
questions; since, when I have done my best as carefully
as I can, the papers will be nothing but a series of sug-
gestions for others to pursue at their pleasure.

Let me first give the sense in which I use some neces-
sary words :—

(1.) Supposing cavities in rocks are produced by any
accident, or by original structure (as hollows left by gas
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in lava), and atterwaras uucu vy wie swww ws..Oduction of
a substance which forms an element of the rock in which
the cavities are formed, and is finally present, in the cavities,
in proportion to its greater or less abundance in the rock,
I call the process * secretion.”

(2.) But if the cavities are filled with a substance not
present (or not in sufficient quantity present), in the sur-
rounding rock, and therefore necessarily brought into them
from a distance, I call the process, if slow, “infiltration”;
if violent, *“injection.”

It is evident that water percolating a rock may carry
a substance, present in the mass of it, by infiltration, into
the cavities, and so imitate the process of secretion. But
there are structural differences in the aspect of the two
conditions hereafter to be noticed. The existence of per-
manent moisture is, however, to be admitted among con-
ditions of secretion; but not of fluent moisture, introducing
foreign elements.

(8.) If a crystalline or agatescent mass is formed by
addition of successive coats, I call the process *accretion.”

(4.) But if the crystalline or agatescent mass separates
itself out of another solid mass, as an imbedded crystal,
or nodule, and then, within its substance, divides itself into
coats, I call the process “ concretion.” The orbicular granite
of Elba is the simplest instance I can refer to of such
manifest action: but all crystals, scattered equally through
a solid enclosing paste, T shall call “concrete” crystals, as
opposed to those which are constructed in freedom out of
a liquid or vapour in cavities of rocks, and which I shall
call ““accrete.”

The fluor nodules of Derbyshire, and amethystine no-
dules of some trap rocks, present, in their interiors, the
most beautiful phenomena of concrete crystallization, of
which I hope to give careful drawings.

9. It is true, as I said in the last paper, that these
two processes are perpetually associated, and also that the
difference between then is sometimes only between coats
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attracted and coats imposed. A small portion of organic
substance will, perhaps, attract silica to itself, out of a rock
which contained little silica in proportion to its substance;
and this first knot of silica will attract more, and, at last,
a large mass of flint will be formed, which I should call
“concrete”; but if a successive overflowing of a siliceous
spring had deposited successive layers of silica upon it, I
should call it “accrete.” But the resemblance of the two
processes in such instances need not interfere with the
clearness of our first conception of them; nor with our
sense of the firm distinction between the separation of a
solid mass, already formed, into crystals or coats in its
interior substance, and the increase of crystalline or coated
masses by gradual imposition of new matter.

10. Now let me re-state the scope of the.questions, for
the following out of which I want to collect materials:—

(I.) T suspect that many so-called *conglomerates” are
not conglomerates at all, but concretionary formations, cap-
able, finally, of complete mechanical separation of parts; and
therefore that even some states of apparently rolled gravel
are only dissolutions of concretionary rock.

Of course, conglomerates, in which the pebbles are frag-
ments of recognizable foreign rocks, are beyond all possi-
bility of challenge; as also those in which the nodules
could not, by any chemistry, have been secreted from the
surrounding mass. But 1 have in my hand, as I write, a
so-called “conglomerate” of red, rounded, flint * pebbles,”
much divided by interior cracks, enclosed by a finely crys-
tallized quartz; and I am under the strongest impression
that the enclosed pieces are not pebbles at all, but con-
cretions—the spots on a colossal bloodstone. It is with a
view to the solution of this large question that I am exa-
mining the minor structure of brecciated agates and flints.

(IL.) It seems to me that some of the most singular
conditions of crystalline metamorphic rocks are the result of
the reduction of true conglomerates into a solid mass; and
I want therefore to trace the changes in clearly recognizable
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conglomerates where they are affected by metamorphism,
and arrange them in a consistent series.

(I11.) I cannot, at present, distinguish in rocks the faults,
veins, and brecciations caused by slow contraction from those
occasioned by external pressure or violence. It seems to me
now that many distortions and faults, which I have been
in the habit of supposing the result of violence, are only
colossal phenomena of retraction or contraction, and even
that many apparent strata have been produced by segrega-
tion. A paper, on this subject, of Mr. George Maw’s, put
into my hands in May 1863, gave me the first suggestion
of this possibility.!

11. I shall endeavour, as I have leisure, to present such
facts to the readers of this Magazine as may bear on these
three inquiries, and have first engraved the plate given in
the present number in order to put clearly under their con-
sideration the ordinary aspect of the veins in the first stage
of metamorphism in the Alpine cherts and limestones. The
three figures [Plate VI1.] are portions of rolled fragments;
it is impossible to break good specimens from the rock
itself, for it always breaks through the veins, and it must
be gradually ground down in order to get a good surface.

Fig. 1 is a portion of the surface of a black chertose
mass, rent and filled by a fine quartzose deposit or secre-
tion, softer than the black portions and yielding to the knife ;
neither black nor white parts effervesce with acids. It is'as
delicate an instance of a vein with rent fibrous walls as I
could find (from the superficial gravel near Geneva).

Fig. 2 is from the bed of the stream descending from
the Aiguille de Varens to St. Martin’s. It represents the
usual condition of rending and warping in the flanks of
veins caused by slow contraction, the separated fragments
showing their correspondence with the places they have

! [The editors have failed to trace this paper, and Mr. Maw cannot recall it.
There are papers by him in the Journal of the Geological Society for 1867 and 1868,
and in one of these (vol. xxiv. pp. 351-400) he discusses segregation as the chief
agency in the variegation of ferruginous rocks; but though a short abstract of this
paper appeared before Ruskin wrote (vol. xxiii. p. 114), the point is a different one.]
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seceded from; and it is evident that the secretion or injec-
tion of the filling white carbonate of lime must have been
concurrent with the slow fracture, or else the pieces, un-
supported, would have fallen asunder.

Fig. 8 is from the bed of the Arve at St. Martin’s, and
shows this condition still more delicately. The narrow black
line traversing the white surface, near the top, is the edge
of a film of slate, once attached to the dark broad vertical
belt, and which has been slowly warped from it as the
carbonate of lime was introduced. When the whole was
partly consolidated, a second series of contractions has taken
place, filled, not now by carbonate of lime, but by compact
quartz, traversing in many fine branches the slate and cal-
cite, nearly at right angles to their course.

I shall have more to say of the examples in this plate®
in connection with others, of which engravings .are in pre-
paration.

I1I
[January 1868]

12. The states of semi-crystalline silica are so various,
and so connected in their variety, that the best recent autho-
rities have been content to group them all with quartz,
giving to each only a few words of special notice; even the
important chapters of Bischof? describe rather their states of
decomposition and transition than the minerals themselves.
Nevertheless, as central types, five conditions of silica are
definable, structurally, if not chemically, distinct, and form-
ing true species; and in entering on any detailed exami-
nation of agatescent arrangements, it is quite necessary to
define with precision these typical substances, and their
relation to crystalline quartz. ‘

1 (See below, § 12 (IL.), p. 47.]

t [Carl Gustav Bischof: Lehrbuch der chemischen und physikalischen Geologie,
2 vols., Bonn, 1847, 1854. Translated (in the Works of the Cavendish Society) by
B. H. Paul and J. Drummond, 1854. Chapter xlii. deals with ‘“Quartz and other

Siliceoils Minerals,” For other references to the book, see below, pp. 197, 207,
430 n. .
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(I.) Jasper.—Opaque, with dull earthy fracture, and hard
enough to take a perfect polish. When the fracture is
conchoidal the mineral is not jasper, but stained flint. The
transitional states are confused in fracture; but true jasper
is absolutely separated from flint by two structural char-
acters—on a small scale it is capable of the most delicate
pisolitic* arrangement, and on a larger scale is continually
found in flame-like concretions, beautifully involved and
contorted. But flint is never pisolitic, and, in any fine
manner, never coiled; nor do either of these structures take
place in any transitional specimen, until the conchoidal
fracture of the flint has given place to the dull earthy one
of jasper; nor is even jasper itself pisolitic on the fracture,
being too close-grained. The green base of heliotrope, with
a perfectly even fracture, may be often seen, where it is
speckled with white, to be arranged in exquisitely sharp
and minute spherical concretions, cemented by a white paste,
of which portions sometimes take a completely brecciated
aspect, each fragment being out-
lined by concave segments of circles

— (Fig. 8). Jasper is eminently retrac-
§ tile, like the clay in septaria,’ and
——— in agates often breaks into warped

- fragments, dragging the rest of the
stone into distortion. In general, the
imbedded fragments in any brecciated agate will be mainly
of jasper; the cement, chalcedonic or quartzose.

(IL.) Flint.—Amorphous silica, translucent on the edges,
with fine conchoidal fracture. Opaque only when altered,
nascent, or stained. Never coiled, never pisolitic, never
reniform ; * these essentially negative characters belonging to
it as being usually formed by a slow accumulative secretion,
and afterwards remaining unmodified (preserving therefore

! [For definition of this term, see § 14 (below, p. 49).]

* [Septaria are “concretions of considerable size and roughly spherical in shape,
of which the parts nearest the centre have become cracked during the drying of
the mass, the open spaces thus formed having been subsequently filled with some
infiltrated mineral, usually calcite.”] )

3 [For definition of this term, see, again, § 14 (below, p. 49).]

Fig. 8
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casts of organic forms with great precision). It is less
retractile than jasper; its brecciate conditions being not
so much produced by contraction or secession, as by true
secretion, even when most irregular in shape (as a row of
flints in chalk differ from the limestone fragments repre-
sented in Plate VI., Fig. 8, which might stand for a
jasperine structure also). But there are innumerable transi-
tions between these two states, affected also by external
violence, which we shall have to examine carefully. Within
these nodular concretions, flint is capable of a subsequently
banded, though not pisolitic arrangement. (See Dr. S. P.
Woodward’s paper on banded flints, in this Magazine, vol. i,
for October 1864, p. 145.%)

(I11.) Chalcedony.—Reniform silica, translucent when
pure, opaque only when stained, nascent, or passing into
quartz. The essential characteristic of chalcedony is its
reniform structure, which in the pure mineral is as definite
as in wavellite® or hamatite, though when it is rapidly cooled
or congealed from its nascent state of fluent jelly it may
remain as a mere amorphous coating of other substances ;
very rarely, however, without some slight evidence of its
own reniform crystallization. The study of its different
degrees of congelation in agates is of extreme intricacy.
As a free mineral in open cavities it is actively stalactitic,
not merely pendent or accumulative, but animated by a
kind of crystalline spinal energy, which gives to its processes
something of the arbitrary arrangement of real crystals,
modified always by cohesion, gravity, and (presumably) by
fluid and gaseous currents.

There is no transition between chalcedony and flint.
They may be intimately mixed at their edges, but the
limit is definite. Impure brown and amber-coloured chalce-
donies, and those charged with great quantities of foreign

1 {¢“On the Nature and Origin of Banded Flints.” Dr. Woodward’s contention was
that the origin of the bands is not organic but that they are produced by infiltra-
tion, For other references to this paper, see Deucalion, i. ch. ix. § 11 (below, p. 211),
and pp. 399, 474. Samuel Pickworth Woodward (1821-1865) was an assistant in
the eigartment of geology and mineralogy, British Museum, 1848-1885.

2 [Ruskin calls speciaf attention to this mineral in Proserpina (Vol. XXV, p. 215).]
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matter, may closely resemble flint, but the two substances
are entirely distinct. Between jasper and chalcedony the
separation is still more definite in mass, jasper being never
reniform,* and differing greatly in fracture; but the flame-
like or spotted crimson stains of chalcedony often approach
conditions of jasper; and there is, I suppose, no pisolitic
formation of any substance without some inherent radiation,
which associates it with reniform groups, so that pisolitic
jasper must be considered as partly transitive to chalcedony.
On the other hand, chalcedony seems to pass into common
crystalline quartz through milky stellate quartz, associated
in Auvergne with guttate and hemispherical forms.

(IV.) Opal.—Amorphous translucent silica, with resinous
fracture, and essential water. Distinguished from chalce-
dony by three great structural characteristics—(a) its resinous
fracture; (b) that it is never pisolitic or reniform ; (c¢) that
when zoned, in cavities or veins, its zones are always recti-
linear, and transverse to the vein,! while those of chalcedony
are usually undulating, and parallel to the sides of the
vein; level only in lakes at the bottom of cavities.

(V.) Hyalite—Amorphous transparent silica, with vit-
reous fracture, and essential water. Never reniform, nor
pisolitic, nor banded ; but composed of irre-
gularly grouped bosses, generally elliptical
or pear-shaped (only accidentally spherical),
formed apparently by successive accretion of
coats, but not showing banded structure in-
ternally (Fig. 9). Entirely transparent, with
splendid smooth glassy fracture. Some-
times coating lava; sometimes in irregularly
isolated patches upon it; apparently connected in structure
with the roseate clusters of milky chalcedony of Auvergne.
I shall keep the term ¢ guttate” for this particular structure,

Fig. 9

* I have since found some reniform jasper and stained chalcedony.
[Note in Ruskin’s copy of the Magazine.]

! [For references to this point, see above, p. liii. ; and below, p. 383.]
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of which singular varieties also occur among the hornstones
of Cornwall.

18. These five main groups are thus definable without
embarrassment ; two other conditions of silica, perhaps,
ought to be separately named—namely, cacholong, which
seems to take a place between chalcedony and opal, but
which I have not yet been able satisfactorily to define;
the other, the calcareous-looking, usually whitish agate,
which- often surrounds true translucent agate, as if derived
from it by decomposition. I am under the impression that
this is chalcedony, more or less charged with carbonate of
lime, and that it might be arranged separately as lime-
jasper, differing from aluminous jasper by being capable of
reniform structure;' but it is certainly in some cases an
altered state of chalcedony, which seems in its more opaque
zones to get whiter by exposure to light. I shall therefore
call it white agate, when it harmoniously follows the trans-
lucent zones, reserving the term jasper for granular aggre-
gations. Perhaps ultimately it may be found that nascent
chalcedony can take up either oxide of iron, or alumina, or
lime, and might relatively be called iron-jasper, clay-jasper,
and lime-jasper; but for any present descriptive purpose
the simpler arrangement will suffice.

14. These, then, being the principal types of agatescent
silica, it is of importance to define clearly the two struc-
tures I have severally called pisolitic and reniform.

A pisolitic mineral is one which has a tendency to
separate by spherical fissures, or collect itself by spherical
bands, round a central point.?

A reniform mineral is one which crystallizes in radiation
from a central point, terminating all its crystals by an ex-
ternal spherical surface.®* It is, however, difficult to define

1 'But see Ruskin’s note on p. 48.
2 [Pisolitic=having the structure indicated by the term pisolite which =limestone
%mtviugg] a structure in which the individual grains or globules are as large as peas
mwioos). N

3 [At a later date Ruskin urged the necessity of substituting the term
‘“spheroidal” for ‘‘reniform,” ¢ every so-called ¢kidney-shaped’ mineral” being
‘“an aggregate of spheroidal crystallization”: see Qf the Distinctions of Form in
Sitica, § 6 (below, p. 375).]
XXVI. D
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this character mathematically. On the one hand, radiate
crystals may be terminated by spherical curves, as in many
zeolites, without being close set enough to constitute a reni-
form mass; on the other, radiate crystals, set close, may be
terminated so as to prevent smoothness of external spherical
surface, and I am not sure whether this smoothness is a
mere character of minute scale (so that chalcedony, seen
delicately enough, might present pyramidal extremities of
its fibres on the apparently smooth surface), or whether,
in true reniform structure, the crystallization is actually,
arrested by a horizontal plane: I do not mean a crystalline
plane, as in beryl, but one of imperfect crystallization, pre-
senting itself only under a peculiar law of increase. Thus,
in hematite, which is both reniform and pisolitic, the masses
often divide in their interior by surfaces of jagged crystal-
lization, while externally they are smooth and even lustrous;
but I put this point aside for future inquiry," because it
will require us to go into the methods of possible increment
in quartz-crystals, and for our present purpose we need
only a clear understanding of two plainly visible conditions
of jasper and chalcedony, namely, that jasper will collect
itself pisolitically, out of an amorphous mass, into concre-
tion round central points, but not actively terminate its
external surface by spherical curves; while chalcedony will
energetically so terminate itself externally, but will, in
ordinary cases, only develop its pisolitic structure subordi-
nately, by forming parallel bands round any rough surface
it has to cover, without collecting into spheres, unless
either provoked to do so by the introduction of a foreign
substance, or encouraged to do so by accidentally favourable
conditions of repose.

15. And here branch out for us two questions, both
most intricate—first, as to the introduction of foreign
bodies; secondly, as to the crystalline disposition of chal-
cedony, under variable permission of repose.

First, as to foreign substances. I assume that in true

! [See below, pp. 56, 60, 71.]
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pisolitic concretion, such as that of the jasper, roughly
sketched in Fig. 10 (it is not a coral—the radiant lines are
merely conventional indications of the grain of the jasper,
so far as it is visible with a lens,*) no foreign body has
provoked the orbicular arrangement. The jasper
is red; the little dark circles are wells of pure
chalcedony, each containing within it a white
ball of crystallized quartz, forming a star on
the section. The whole is magnified about
three times in the drawing, being a portion of
a horizontal layer, alternating with solid white
jasper. It seems that the pisolitic structure
is here truly native; but we must nevertheless grant the
possibility that the balls of quartz may have had some
organic atom for their nucleus. On the other hand, in the
ordinary conditions of dendritic agate, in which stalactites
of chalcedony surround branches of clearly visible chlorite,t
or of oxide of iron or manganese, I assume that in the
plurality of cases such sustaining substances have been
first developed, and the chalcedonic stalactite afterwards
superimposed, being, in the most literal sense of the word,
“superfluous” silica; but I, nevertheless, see great reason
for thinking that, in many cases, the core of the group
is only a determination to its centre of elements which
had been dispersed through the mass. In the generality
of Mocha stones, the dendritic oxides, so far from being
an original framework, are clearly of subsequent introduc-
tion, radically following the course of fissures from which
they float partially into the body of the imperfectly con-
gealed gelatinous mass; in other more rare, and singularly

Fig. 10

* In my woodcut diagrams I shall employ no fine execution; they will
be merely illustrative, not imitative—diagrams, not drawings. In the plates,
on the contrary, with Mr. Allen’s good help, I shall do the best I can.

t Or green earth? I cannot find any good account of the green sub-
stance ! which plays so important a part in the exterior coats of agates and
Iceland chalcedonies,

1 [See above, p. liii.; and below, p. 413.]
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beautiful cases, the metallic oxides ramify in curves in the
intervals of the pisolitic belts, and then there is nearly
always a dark rod in the stalactitic centre, which may
or may not be solid. In the finest Mocha stones, I think
it is a black film round a chalecedonic nucleus; but in
the associations of limonite with chaleedony, it is usually
of solid radiate iron oxide, and doubtless of prior, though
perhaps only of immediately prior, formation. A more
complex state is presented by such stalactites, when en-
veloped in a chalcedonic solid paste, to which they do not
communicate their own zoned structure. Ordinarily, the
surrounding mass throws itself into zones parallel with
those of the enclosed stalactite; but, in some cases, it is
of quite adverse structure, perhaps laid level across the
stalactitic fall.

The conditions admitting the interfusion of this solid
paste are strangely connected with those which cause chal-
cedony to form true vertical stalactites and straight rods,
instead of arborescent and twisted stalactites. I have never
seen the twisted stalactite unless enveloping fibres of some
foreign, perhaps organic, substance, enclosed in massive
chalcedony ; but the straight stalactite is perhaps oftener so
than free (unless connected with limonite), and it would
appear, therefore, as if the apparently interposed mass were
really of contemporary formation, or else it would some-
times enclose the contorted stalactite. But this question
respecting the causes of the vertical and twisted groups
properly belongs to the second branch of our inquiry as to
states of repose.

16. Second, conditions affecting mode of crystallization.
It is evident that fluent deposits of silica contained in a
r:::ck-cavity must be affected, in course of their solidifica-
tion, not only by every addition to their own mass, but
by every change in the temperature or grain of the sur-
rounding rock, so that we have innumerable modifications
of state, dependent partly on accession and transmission of
substance, partly on changes in external temperature and
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pressure. And, under these influences, we perceive that
the gelatinous silica occasionally obeys gravity,* and occa-
sionally resists it, becoming sometimes pendent from the
roof, and forming level lakes on the floor of cavities; at
other times, throwing parallel bands on floor and roof
alike, and in transitional periods, forming thick layers on
the floor, and thin ones at the sides, the layers being
liable, meantime, to different degrees of compression from
their own modes of solidification, which give them, locally,

AL
’:VN\ i\

Y

the appearance of an elastic compression and expansion :
there seems no limit to the fineness of their lines at these
compressed points, when their continuity is uninterrupted.
Figures 11 and 12 illustrate, in two small pieces of agate,
each here magnified about three times, most of the appear-
ances which must be severally studied. In Fig. 11, the
lowest band, A, level at the bottom, broken irregularly
towards the rough side of the stone, is yet of nearly even
thickness everywhere ; above it, the one with a black central
line encompasses the whole agate symmetrically. Then a
white band, thin at the bottom, projects into concretions

* I use this word gravity in some doubt, not being quite sure that the
straight beds are always horizontal, or always inferior to the rest deposited
at the same time. I have one specimen in which, according to all ana-
logies of structure, it would appear that the vacant space is under the
level floot, between it and reniform chalcedony ; and sometimes these floors
cross pillars of stalactite like tiers of scaffolding.
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on the flanks. Then, a thick white deposit, B, does not
ascend at the flank at all; then a crystalline bed, with
pisolitic concretions at the bottom of it, changes into dark
chalcedony (drawn as black), which ascends at the flanks.
Then another thin line at the bottom, in concretion at
flanks, then one thick at the bottom, thin at the flanks,
and so upwards. In Fig. 12, a level mass, itself composed
of silica in two different states, one separating into flakes
and the other even-laid, is surrounded by bands which
melt into it with gradually diminishing thickness, these
being evidently subordinate to an external formation of
crystalline quartz, the whole terminated by a series of fine
bands of graduated thickness and by clear chalcedony
(drawn as black).

17. Now all these, and many more such variations,
take place without any apparent disturbance of the gene-
ral mass, each bed conforming
itself perfectly to the caprice
of its neighbour, and leav-
ing no rents nor flaws. But
an entirely different series of
phenomena arise out of the
fracture or distortion of one
deposit by another, after the
first has attained consistence. Thus, in Fig. 18, a yellow
orbicular jasper is split into segments, singularly stellate
or wheel-like, and then variously lifted and
torn by superimposed chalcedony; and, in
Fig. 14, a white and opaque agatescent mass
is rent, while still ductile, the rents being
filled with pure chalcedony: and from this
state, in which the pieces are hardly sepa- § ,
rate, and almost hang together by connecting ==
threads, we may pass on through every phase R 1
of dislocation to perfect breccia ; but, all the while, we shall
find the aspect of each formation modified by another kind
of fault, which has no violent origin, and for illustration

Fig. 18
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of which I have prepared Plate VII. This plate represents
(all the figures being of the natural size) three sections of
amethystine agate, in which the principal material is amethyst
quartz, and the white jasperine bands for the most part
form between the points of the crystals.

All the three examples are types of pure concrete agat-
escence in repose, showing no trace whatever of external
disturbance. The fault in the inclined bed at the base of
the uppermost figure has some appearance of having been
caused by a shock, but for that reason is all the more
remarkable, the bed beneath it being wholly undisturbed,
and its own fracture quite structural, and connected with
the crystalline elevation and starry concretion above. I
have no idea at present why the central portions of these
concretions of dark amethyst are partly terminated by right
lines, or what determines the greater number of bands on
one side than on the other.

18. The second figure [Plate VIL]is of a less varied, but
of still more curious interest.! There is no trace of violence
or fracture in the stone, and the line of the crystallized ame-
thystine mass is undisturbed at the summits, except by a
partial dissolution in one part and mingling with the white
bands above. But the white undulatory band at its base

RGNS

Fig. 16

is cut into three parts, and the intermediate portion lifted
(or the flanks removed downwards) a quarter of an inch,
by pure calm crystalline action, giving thus room for an
interferent brown vein of less definite substance which pro-
ceeds without interruption, dividing the white band in a
direction peculiarly difficult to explain, unless by supposing
the interferent one to be the slow filling of a fissure origi-
nally opened in the direction of the black line in Fig. 15,
and straightened in widening.

! [The specimens engraved in Figs. 1 and 2 on_this plate aré in the St. George's
Museum, Sheffield: see below, p. 434 (M. 9, 10).]
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19. But the third example [Plate VII.] is inexplicable, by
any such supposition. It is the agatescent centre of a large
amethyst nodule, in which a small portion, about the third
of an inch long and a quarter of an inch thick, of its
encompassing - belt, is separated bodily from the rest, taken
up into the surrounding concretion of quartz, and its place
supplied by a confused segregation of chalcedony, with a
sprinkled deposit of jasper spots on the surface exposed
by this removal of its protecting coat: spots which, in the
rest of the stone, form on the exterior of the coat itself,
just under the quartz. There are many points in all
these three examples which it is useless to take further
note of at present, but to which I shall return® after
collecting examples enough to form some basis of reasoning
and comparison. I must apologize, as it is, for the length
of this paper on a subject partly familiar, partly trivial,
yet in which these definitions, not by skill of mine express-
ible in less room, were necessary before I could proceed
intelligibly.

v
[April 1868]

20. I propose now to pursue my subject by describing
in some detail a series of typical examples of the principal
groups of agatescent minerals; noting, as we proceed, the
circumstances in each which appear to afford proper ground
for future general classification.

The upper figure in Plate VIII. represents, of its real
size, the surface of a piece of jasperine agate in my own
collection, belonging to the same general group as the speci-
men, a, b, d, 5, in the British Museum.?. This group con-
sists, broadly, of irregular concretions of jasper affected by
faults caused by contraction, having their interstices filled
) .
only Further Tefrends o Piate Vil se0 p O] o o b P4 e for e

[The reference is to an arrangement of the minerals existing in 1868; the
specimen cannot now be identified.
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with chalcedony, and the whole enclosed by a quartzose
crystalline mantle or crust. \

The British Museum specimen (a, &, d, 5) is said to be
Icelandic. Two others of the group are labelled ¢ Ober-
stein”; one, of parallel construction, but slightly varied
in character, is from Zweibrucken, in Bavaria. I do not
know the locality of my own, but there is a community
of feature in all the specimens, which assuredly indicates
similarity of circumstance in their localities; and the more
various the localities, the more interesting it will be even-
tually to determine their points of resemblance. I have
not yet obtained an example of this group in the gangue,
but the crust of the stones themselves is in every case
composed of quartz-crystals rudely formed, sometimes so
minute as to look like a crumbling sandstone: in my own
specimen they can only be seen with a lens, associated in
filiform concretions like moss; within this crust two dis-
tinet formations have first taken place, and then a change
of state is traceable affecting both in new directions. The
map-diagram, Plate VIII., Fig. 2, is lettered, so as to permit
accurate indication of the parts.*

The outer formation, next the crust, is composed of
very pale whitish brown jasper. It is expressed by a shade
of grey in the map, and is limited towards the interior of
the stone by the strong line (with occasional projecting
knots) thrown into curves, convex outwards.

The inner formation is of a finer jasper, with dark
chalcedony in segregation. The vertical lines in the map
indicate the chalcedony, and the pure white space, the
inner jasper, terminated outwardly by convex curves. We
are thus led at once to note the distinction between the
two families of agates, formed from within outwards in

* I have carelessly worded the title of Plate VIII. as if the two figures
were a vertical section and surface map ; but the lower one is, of course,
only explanatory of the upper. .

! [i.e., the matrix in which an ore is found.]
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knots, and from without inwards in nests.! The first group,
to which our present example belongs, is usually agatescent
in the interior, and crystallized on the surface; the second
is agatescent in the coating, and crystallized in the interior.

21. Supposing the silica deposited under the same cir-
cumstances of solution, and the same time granted for
solidification, the difference between these two structures
would depend (and often does depend) only on the chance
of the silica finding a hollow prepared for its reception,
or a solid nucleus round which it can congeal; the ordi-
nary deposits on the inner surface of a nest often become
nodular or stalactitic as they project into its open space,
and the greater part of the apparently independent con-
cretions are probably mere fragments out of the hollows
of larger ones. But there is, nevertheless, frequently a
true distinction between the two modes of deposit. The
agates formed on a central nucleus appear usually to have
had a longer time for their construction than those which
fill hollows, or, at least, they are the portion of the mass,
in the hollow itself, which has crystallized most slowly;
they are distinctly reniform in their chalcedony, and dis-
tinctly symmetrical in their crystals; while the nested
agates run into level or irregularly continuous bands, and
choke their cavities with confused network of quartz. I
have difficulty in finding convenient names for these two
families of agate, but merely for reference to them in these
papers, I shall call those formed in knots, which are often
conspicuously radiant in the lines of their crystals, stellar”
agates, and those evidently formed in cavities, “nested”
agates.

22. 1 believe that the stellar forms, when independent,
will be found most frequently under -circumstances ad-
mitting the possibility of slow concretion at comparatively
low temperatures, while the nested or bomb-like structure
belongs characteristically to volcanic formations, in which
the cavities might be filled by comparatively violent infusion,

1 [For this distinction, see below, p. 378 n.]
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and their contents in many cases quickly cooled. Both
conditions, of course, sometimes agree in all their pro-
cesses; and we shall be able finally to classify these
processes of deposit under description which will apply
equally to the stellar and nested forms, marking afterwards
the points of exceptional difference. Thus, for instance,
the most frequent of all the forms of tranquil deposit,
- uninterrupted by flowing additions of material, is that in
which a clear band of chalcedony, perfectly equal in breadth
throughout, is first formed round the point (or branch)
of nucleus, in stellar, or on the outer wall of the cavity
in nested, agate. But after this has been formed in stellar
agate, the succeeding belts will not usually show a minor
pisolitic structure, whereas, in nested agates, marvellous
groups of pisolitic hemispherical arches- often rise from the
inner surface of the clear external chalcedony, in section,
like long bridges crossing a flat, and modify the whole series
of bands above them, but, again, with this most important
distinction between these and the bands of stellar agate—
that stellar bands, the farther they retire from the nucleus,
usually throw themselves with increasing precision into
circular curves, till they sometimes terminate in perfect and
exquisitely drawn segments of spheres; while in nested
agate, the bands, if parallel, efface more and more the
original minor curves as they approach the centre of the
nest, and sweep over them in broad indeterminate lines, as
successive coats of paint of equal thickness efface the pro-
jections and roughnesses of the surface they cover, or as
successive falls of snow, undrifted, efface irregularities of
ground.

28. And now, observe, we shall want a word expressive of
an intermediate condition between the states above defined
as” pisolitic and reniform. A pisolitic mineral we define to
be one which separates into more or less spherical layers by
contraction; and this kind of division takes place sometimes
quite irrespectively of the crystalline structure, and on the
grandest, as well as the most minute scale. In one of my
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specimens of Indian Sard, there are multitudinous pisolitic
flaws, exquisitely perfect in spherical curvature, dividing the
parallel bands of the agate transversely in every direction,
looking like little palee of chaff in its clear substance; on
a large scale, the aiguilles of Chamouni are pisolitic, rend-
ing themselves into curved layers five or six hundred feet
in the sweep of their arcs, variously crossing their cleavage
(which is rectilinear), and often diametrically crossing their
beds. On the other hand, true reniform structure is per-
fectly compact, and dependent on minute radiating crystal-
lization of substance. But between the two there is the fine
agatescent structure, in which bands of different materials,
jasperine and chalcedonic, are separated from each other
under a radiating law, and yet not divided by a mechanical
contraction; for though they are often so distinct as to
separate under the hammer-stroke, they never leave spaces
between, as true pisolitic beds do in ultimate separation.
For this intermediate action, the most frequent of all, I
shall keep the term ‘“spheric”; and I was forced to admit
only a guarded use of the word *gravity” in last paper,
because this spheric action is constant, as far as I know,
in all agatescent matter, so that I have never yet seen an
instance in level-laid agate of the transition from the lake
in the (lowest?) part of the cavity to the beds at the sides
being made under any subjection to the mechanical law of
gravity on fluent substance; but (as in the petrifaction of
the banks of Dante’s Phlegethon: “lo fondo suo, ed ambo
le pendici fatt’eran pietra, e i margini da lato,”* ‘“its bottom,
and both the slopes of its sides, and the margins at the
sides, were petrified ”) the flinty bands form in parallelism on
the slopes as well as the bottom, and retain this parallelism
undisturbed round the walls and vault of the agate. On
the other hand, I cannot but admit the idea that these
rectilinear tracts are formed under a modified influence
of gravity, because, first, I have never seen them laid in

1 [See above, § 16, p. 53 n.]
2 [Inferno, xiv. 82, 83.]
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different directions in different parts of the same stone; and,
secondly, whenever they are associated with pendent stalac-
tites, they are at right angles to them. So that the aspect
of one of these levelled agates in cavities may be approxi-
mately described as that of a polygonal crystal in which
the position of one of its sides is determined by gravity;
and the other sides modified into curves by radiating crys-
tallization (of course the changes of form caused by gradual
entrance or exit of material being at present withdrawn from
consideration). In the example before us, which, though
showing but feeble crystalline energy, belongs to the stellate
group, the outer formation of rudely spheric white jasper
withdraws itself confusedly from the sandy crust of quartz
and becomes finer and finer towards the inner jasper, on
the surface of which it throws down a coating of superb
crimson (oxide of iron?), which is itself arranged every here
and there in minute spherical concretions. The same forma-
tion exists in the same position under the quartzose outer
bed and on the surface of the chalcedonic interior one, in
the specimen figured in Plate VII., Fig. 8; and when we
find it, as we often shall in future, under similar circum-
stances, I shall speak of it simply as the “medial oxide.”
In the map, this crimson deposit is throughout represented
as black.

24. Proceeding next to examine the inner formation on
the surface of which this medial oxide is deposited, we
find it composed of two parts, sharply divided—a white
Jasper and dark grey translucent chalcedony. The white
jasper has a spheric structure much more perfect than that
of the outer coat, and so delicate as to be hardly visible
without a lens (not that the spheres are small—they are on
the average the third of an inch in diameter—but the lines
of 'division are so subtle that the mass appears compact).
In this character the inner deposit seems only a finer con-
dition of the external one, but it differs specifically in being
affected by sharp displacements apparently owing to con-
traction. To these faults, though minute, I would direct
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the reader’s special attention. They are by no means small
in proportion to the extent of material affected by them;
and they differ wholly from ordinary displacements, in this,
that there is no trace whatever of movement at the limit-
ing convex curves, but only at the edge of the chalcedony,
so that the fault at a [Plate VIII.] seems owing to con-
traction within the space @ &, and at ¢, to contraction
within little more than the space ¢ d; and farther, the
fissures a &, ¢ d, are not rugged or broken, as if caused by
the displacement, but sinuously current, passing on through
the chalcedony from ¢ to e, f, and g; and, in fact, I am
very certain that these veins are not caused by the con-
traction in question, but that the contraction takes place
unequally on each side of the primarily formed vein. 'This
kind of fault, of which we shall find frequent instances—
the unequal contraction, namely, of beds on opposite sides
of a vein or dyke—I shall call fault ““by partition,” and the
violent fracture of beds at a point where no vein or
dyke previously existed, I shall call fault “by divulsion.”
Deposits which fill compartments in fossil shells may often
be seen, in a correspondent series of beds, to vary their
proportionate thickness at each partition; the rectilinear
bands of Labradorite may be found varying in thickness
and position while they correspond in direction, in contiguous
crystals; and I do not doubt but that even, on a great
scale, displacements of beds, which at first sight might be
supposed to have .given rise to the fissures which divide
them, will be found on examination to be the result of an
unequal contractile action in the masses released by the
fissure, protracted for long periods after it had given them
their independence. Lastly, the separation of the chalce-
dony from the jasper does not take place only in the inner
formation. It is an operation evidently subsequent to the
deposition of both layers, and even in the outer one makes
the entire dotted space, as far as the curved limit X Y,
chalcedonic, and flushes it with a diffusion of the medial
oxide from its edges; this medial oxide here drawing itself
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into bands, which being parallel with those of the grey
chalcedony, are manifestly produced by a segregation which
has taken place simultaneously in the two layers. This
being clearly ascertained, the intensely sharp line, which
separates the chalcedony from the white jasper, considered
as a result of segregation, becomes highly remarkable, and
a standard of possibility in sharpness of limit so produced.

25. The spots surrounded by dark lines in the lower
part of the figure are portions of the inner formation cut
off by the surface section. It is often difficult on a single
plane to distinguish such spaces, the truncated summits of
an inferior, or, as here, remnants of a superior, bed, from
isolated concretions; and it is always necessary in examining
agates to guard against mistaking variation of widths of
belt caused by obliquity of section from true variations in
vertical depth. All the difficulties of a geological survey
sometimes meet in the space of a single flint. The gradated
softness of edge in belts widened by oblique section is,
however, usually an instant means of recognizing them ;
but in this stone the material is so fine that the oblique
edges are as sharp as the vertical ones.

I could not without tediousness proceed farther in the
description of this stone; it presents other phenomena
peculiar to itself; but, resuming the points hitherto stated,
we may define the family of agates, which it represents,
as consisting of at least two formations enclosed by quartz;
the inner formation being affected by dislocations which do
not pass into the outer one. Generally their colour is
brownish red and white, and their main material opaque
and jasperine, their chalcedony developing itself subse-
quently and subordinately. The crimson veins and strie,
which in some examples traverse the inner formation, will
furnish us with a study of separate interest after we have
obtained determinate types of other large and typical groups;
the minor details in each may then be examined with a
better field for comparison. For convenience’ sake I shall
in future refer to the group described in this paper as
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“ Dipartite jaspers.” Their division may, indeed, be into
more than two coats or formations, but the operation of
a contractile force in one, which does not affect another,
sufficiently justifies the term for general purposes.

A%
[May 1868]

26. The next group of agates which I have to describe
belongs to the nested series, but is distinguished from all
other varieties of that series by having a pure chalcedonic
surface (unaffected, except in the form of it, by the material
of its gangue), and by uniformity of colour, consisting only
of white and transparent grey bands, wholly untinged by
more splendid colours. But nearly all the agates of this
group which now occur in the market have been dyed
brown or black at Oberstein,' to the complete destruction
of their loveliest phenomena.?

With the true agates of this group must be associated
some transitional examples, in which the surface is more
or less entangled with, and degraded by, the material of
the gangue (the body of the stone then becoming sus-
ceptible of colouring by iron, or of chloritic arborescence
from the exterior); and others, in which the mass is rudely
egg-shaped, like a rolled pebble, and the crust is of a fine
pale brown agatescent jasper in multitudinous concretions,
plainly visible on the surface, like the convolutions of the
brain of an animal. But in the typical examples of the
whole series, no lines of concretion are visible on the sur-
face; it is knotted and pitted, but not banded; it is of
grey clear chalcedony, and the entire mass of the stone is
often thrown into irregularly contorted folds, which are
sometimes parallel to the interior bands, and from which I

! [In Oldenburg; the principal seat, since the sixteenth century, of the in-
dustry of cutting and setting agates. There is a ¢ Memoir on the Oberstein Agate
Quarries,” by W. J. Hamilton, in the Quarterly Journal of the Geological Society, vol. iv.
P- 214, For other references to Oberstein agates, see below, pq. 342, 382, 438.]

3 [The MS. adds: ‘. . . phenomena, though the general arrangement of their
beds may be thus more clearly seen.”]



BANDED AND BRECCIATED CONCRETIONS 65

shall for convenience’ sake give the name to the whole
group of “Folded Agates.” : -

27. 1 say “sometimes parallel,” because the folds of the
interior beds are much more complex than those of the
surface, and often are most notable when the exterior is
undisturbed ; and they are specifically peculiar in two re-
spects. First, they are formed out of beds which are in
the greater part of their course accurately parallel, and
arranged in gracefully sweeping continuous curves, while
the bands of ordinary agates are broken into minor undula-
tion, and run into irregular curves. Fig. 16 is the typical

a b
N

Fiy, 16 ¢ Fig. 17
structure of common, and Fig. 17 of folded agate, the line
a b, in each figure, representing the surface of the stone.

28. Secondly, these sweeping and beautifully parallel
beds are at particular points of their course suddenly and
systematically contracted, and bent outwards (outwards,
that is to say, in nested agates—inwards in stellar agates,
but the stellar formation is very rare in this group) like
flowing drapery raised by a rod beneath it; and this ideal
rod may either raise these sheets of drapery hanging over
it, as clothes hang over a line, or on the end of it, as the
sides of a tent hang from its pole,* with every variety of

* In Plate IX. Fig. 1 shows the clothes.line arrangement in pure
suvface-section, and Fig. 2 in perspective, seen through the tmmg&mt
stone,, the edges only of the pendent veils being at the surface. Of the
tented arrangement I will give examples in succeeding plates,! but they are

not specifically different arrangements; they are only accidental variations
in the direction of the interrupting masses. . ' ‘-

! [This wes not done eighteen months elapsing before the ‘publication of: the
next paper.]
XXVI. r
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beautiful curvature, intermediate between these two arrange-
ments. The ideal rod is of course composed of the interior
chalcedony or quartz; and I once supposed the entire range
of these phenomena to be dependent on the former subtle
influx of the dissolved silica at the points where the appa-
rent rods or tubes reached the exterior of the stone; but
I now believe rather that, taking Fig. 18 as a formal type
of a perfect folded agate, the points
a, b, ¢, ete., at the sides of the
nest have been those of impeded
secretion or deposit (if, which is
not by any means clear to me,
there has been successive deposit
at all), and that the intermediate
curved beds are the increasing
stalactitic masses. The right lines
indicating flaws at the intersection
of these masses are essential in the
typical structure. The two upper
figures in Plate IX. will characteristically represent the
phenomena principally resultant, though the complexity of
these phénomena is so great that in detail they can only
be followed out by the reader with good specimens of the
stones in his hand.

29. Fig. 1 is from a very rare agate in my own
collection, which unites the characters of the folded group
with that of the nested agates which have level beds (the
pure folded agates never, as far as I have seen, contain
rectilinear tracts), and the folds, or tubes of arrest, in this
stone are less regular in structure than in typical examples,
and present somewhat the appearance of having been caused
by contraction, the rent spaces being afterwards filled by
the inner quartz. But I believe this appearance to be
wholly deceptive. Whatever the cause of the interruptions
may be, they are certainly not mere rents like those of
septaria. The greater width of the white band at the
top, which suggests the idea of large influx there, is a
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sectional deception; this white band is of equal thickness
everywhere, and, with all the others, seems entirely con-
centric except when interrupted by the tubes, and by the
changes in the direction of the films in its own substance
which are connected with them. Fig. 2 is from a piece of
perfect folded agate, showing the symmetrical arrangement
of its successive beds round the tubes, and their lovely
dependent curves as they detach themselves. In some
cases, however, the tubes appear isolated in the mass of
the stone, or interrupt the beds in their own thickness,
but in whatever accidental relation to the secreted chalce-
dony, they assuredly indicate a peculiar state of its sub-
stance at the time of secretion; and their nature, and the
conditions under which they develop themselves, must be
understood before we can hope to explain the more com-
plex tubular formation of dendritic chalcedonies.

80. And this investigation is rendered doubly difficult
by the perpetual ‘confusion in all agatescent bodies between
the concretionary separation and successive deposit of their
beds. If these folded agates were, indeed, formed in succes-
sive beds from without inwards, as it has been supposed,
it should be possible sometimes to trace the point of influx
of material and the sequence of the added bands from it,
which I never yet have been able to do satisfactorily
in a single instance in folded agates (and only with sus-
picion of the appearance of it, even in the brown coated
and level bedded stones in which it seems to be of ordi-
nary occurrence); and also, the beds ought to present some
of the irregularly accumulate aspect of common calcareous
stalactite, and in the interior we ought to find sometimes
vacancies left by the failure of supply. But, on the contrary,
folded agates are always full, so far as I have seen, except
occasionally in the centres of their tubes or in hollows of
outer folds, but they are always closed in their centres
(differing, ﬁbqerve, again essentially from common agate in
this circumstance), and their beds are not only parallel,
instead of irregularly heaped, but involved in the strangest
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way in reduplicate crystalline series. See the interior of
the stone, Fig. 2 in Plate IX.

81. On the other hand, were they truly concrete, these
beds ought to exhibit occasionally clear evidence of sub-
ordinate concretion in their mass. Thus in the true con-
crete jasperine agate, Fig. 19,* the beds which are simply
concurrent on the right hand break up presently and
separate into flamy and shell-like groups, transverse to the
general bedding, and at last bend round a knotted nucleus;
but nothing of this kind ever occurs in folded agates,

Pig. 19

though their veils of dependent film are sometimes covered
with an exquisite dew of minute pisolitic concretions,
making them look (under the lens) like a beautiful tissue
of gossamer laden with dew, and connected with a peculiar,
complex basalt-like fracture; then finally, to finish the
difficulty, these folded agates are connected by a series of
scarcely distinguishable transitions with the group which
we shall have next to examine, which seems to be in great
part concretionary, but cohcretionary in right lines. The
two lowest figures in Plate IX. are outlines of two of
the most singular conditions of it. Fig. 8, Plate IX,,
is reduced in scale from a stone which I shall hereafter
engrave of its real size,! as its mode of association of
agatescent with crystalline structure is, as far as I know,

* Magnified about three times.
! [See the lower stone on Plate X. (p. 76).]
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unique—and its proper discussion is connected with that of
the modes of increase of crystals. Fig. 4, Plate IX,, is
from an agate of almost equal rarity, though I have seen
other examples of its structure, but never so decisive in
character. 'This figure is slightly enlarged, being of a por-
tion of a mass which has crystallized out of a breccia in
thin walls of linear brown agate enclosing opaque white
agate, leaving internal spaces filled with quartz.

82. The entire group to which these examples belong,
consisting of walls, or tabular crystallizations, of agate, I
shall name Mural agates; and they are connected, on the
one hand, with Folded agates, by a series in which tabular

Fig. 20

portions of the external matrix are torn off like pieces of
broken slate, lifted up into the agatescent mass, and then
encrusted with folds of chalcedony; on the other hand,
when the Mural fragments become curved, they are con-
nected with a great jasperine group of the most curious
interest, which I shall examine under the general term of
Involute Agates, consisting of bands of a consistent structure
broken up (or fragmentarily secreted), Fig. 20, a, in fine
specimens disposed in curves resembling the contour of a
haliotis shell, Fig. 20, &, but in less developed examples
forming broken vermicular concretions in a jasperine paste,
Fig. 20, c.

88. It is slmost impossible without microscopic exami-
nation to distinguish some of these shell-like concretions (of
which the most delicate are white, closely crowded, and sur-
rounded by milky chalcedony) from true organic remains,



70 BANDED AND BRECCIATED CONCRETIONS

and to my mind perhaps the most singular fact, of all
that are connected with minor physical phenomena, is this
apparent effort of the occult natural powers to deceive their
investigator, by making one thing resemble another. There
seems to be a mocking spirit in Nature which sometimes
plays with its creatures, as in the orchis tribe of plants, or
the mantis group of insects; and sometimes deliberately
connects two totally different systems of its work by decep-
tive resemblances,' causing prolonged difficulty or error in
the attempt to discriminate them. In this subject before us,
for instance, the inorganic secretions of chert and flint are
connected, by the most subtle resemblances, with those
which have organic nuclei; the filiform and foliated secre-
tions of chlorite, and the flamelike and infinitely delicate
mossy traceries of jasper, pass with the cunningest treason
into the organisms of altered sponge and wood; the piso-
litic and radiated-crystalline agates confuse themselves with
true corals; the involute agates with shells; the rolled
breccias with slowly knotted secretions; and all the pheno-
mena of successive deposits, quite inextricably with those
of segregation !

84. I imagine, however, that the reader must have had
enough, for the present, of these mere statements of doubt,
and as my next subject, mural agate, is a very difficult
one, I shall delay the paper for some time, but meanwhile,
if any good chemist would set briefly down for me what
is now positively known of the fluent and gelatinous states
of silica, and silicate of iron, with respect to their modes
of separation, when undisturbed, from other substances, it
would be of the greatest service to me (and not, I should
imagine, irrelevant to the general purpose of this Maga-
zine, for all inquiries respecting metamorphic rocks must
rest on such chemical data primarily); and also I should he
grateful to any mineralogist who would give me some ten-
able clue, or beginning of clue, to the laws which affect the

1 [Compare below, pp. 72, 80.]
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modes of crystalline increase; that is to say, which deter-
mine whether a prism of quartz or calcite shall increase at
the extremities or at the flanks, or consistently on both, or
inconsistently at different parts of the prism; and, especially,
by what law stellar or roseate aggregations take place, in-
stead of confused ones, in groups of crystals; and by what
tendencies some minerals—fluor, for instance—are limited in
their expansions of the cubic or other common form, while
others, such as salt and the oxide of copper, are enabled
to shoot unlimitedly into prismatic needles; and others, like
sulphide of iron, will form in solid crystals on the outside
of calcite and in stellar acicular groups within it. If I can
get some help in this chemical and microscopic part of the
work, which I cannot do myself, I have hope of being
able to give something like a serviceable basis for future
description of the two great groups of calcite and silica,
and the modifications of iron which colour the concretions
of marble in the one case, and of agate in the other; and I
should do this piece of work with, perhaps, more zeal and
care than another person, owing to its connection with my
own speciality of subject, by the use of these two earth-
products in the arts, and the foundation of much of what
is most beautiful in architecture, and perfect in gem-engrav-
ing, on the accidents of congelation which have veined the
marble and the onyx.

Denmark Hiwr, 22nd April, 1868.

VI
[December 1869]

85. When we find at the sides of veins the veinstone
rent into lamine, as I tried to represent in Plate VI,
it is easy to think of the fracture as violent, and of the
disruption of ‘the vein as sudden.

That, at least, this disruption must have been exceed-
ingly slow, and that as it took place the rent must have
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been filled by contemporary crystallization, is I think evi.
dent in the instances figured, and in the great number of
cases which they represent.

And as I continue my inquiry, it becomes more and
more questionable to me whether there has in such cases
been disruption at all. For the more I endeavour to read
Nature patiently, the more I find that she is always trying
to deceive us while we are impatient, by pretending to do
things in ways in which they never were done, and making
things look like one another, which have no connection
with each other.

86. For instance, in Fig. 21, which rudely sketches a
piece of Comxsh hornstone, it would seem at first sight
that the detached black and white
bands were pieces of a band once
continuous, but which had been
broken up, and re-cemented in dis-
order. And if, on a large scale, we
had met with the fault in almost
exactly coincident beds, to which
the arrow points, we should have
had little doubt of their former
continuity. But in this stone they
have never been in any other than their existing position,
any more than the two upper beds on the left, of whiclr
one is an entirely undisturbed branch of the other, as much
as any branch of stalactitic chalcedony is of the rest of
the mass. Nor have any of these beds ever been broken
at all. The whole is a tranquil determination of variously
crystalhzmg substances, like that of the component minerals
in gmmte The white portions are hornstone; the black
band in each is ferruginous, and the enclosing paste rudely
crystalline quartz.

87; There is, however, one grave structural difference
between this stone and common granite. The crystals in
granite run in all directions. These zones of hornstone
have a more or less parallel direction; and the black band,

Fm2l
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with another narrow one succeeding it, is always at the
same side of them.

I have placed the woodcut (Fig. 21) with the black
beds uppermost, so that the resemblance may be seen be-
tween them, and the always uppermost grey beds in the
highest division of Plate V. But in neither case can I say
that their position has been influenced
by gravity. For in Plate V. it will be
observed that the elliptical bar of cen-
tral calcite crystallizes in every direction,
and in this piece of hornstone, very near
the portion above figured, is a cavity,
in which, while the bands whose separa-
tion forms it retain their relation un-
changed, the quartz, having now room to crystallize, does
so indifferently up and down, and from both sides, as in
Fig. 22. I do not know the position of the stone in sitw.

88. But though common granites show only arbitrary
positions of crystals, in graphic granites we have a definitely
parallel arrangement of them,
somewhat resembling this of the
hornstone, only more regular;
and in massive felspathic rock
we get the same deceptive re-
semblance of faults exquisitely
defined. Fig. 28 represents (of
the real size, as are also Figs. 21
and 22) a portion of felspathic
rock in which two crystals of
labradorite are separated by ap-
parent breccia, but really crystal-
line mass, of mixed labradorite and hyperstein, The oblique
lines stand for this gangue (merely for a symbol—there are
no lines nor cleavage in the gangue itself). The white
spaces are pale blue labradorite, the horizontal lines indicate
in each crystal a sharp, exquisitely defined, zone of vivid
orange, and the vertical lines a zone of intense blue. There
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has evidently been no fracture in this case, any more than
between the felspar crystals of common granite. And the
—in this instance absolutely accurate—coincidence of direc-
tion in the zones of the detached pieces, with their fault-
like variation in breadth and relative position, are both of
them entirely crystalline phenomena.

89. Now we must always remember that in chalcedony
and quartz we have two entirely distinct groups of crystal-
line forces—one radiant, endeavouring to throw the mass
into spherical concretions; the other rectilinear, endeavour-
ing to reduce it to hexagonal crystals; and that both of
these are capable of producing phenomena of relative dis-
tortion.

Also, the group of the spheric forces associates itself
delightedly with the spheric forces of hydrous oxide of
iron, thus producing endlessly fantastic groups of mixed iron
and chalcedony, while the rectilinear forces ally themselves
in like manner to those of micaceous iron, bournonite, heavy
spar, and calcite, producing tabular groups of crystals which
present close analogies to the flat leaves of chalcedonies
which have metallic or earthy lamine for their support ;
while the iron-oxide, when it has no longer the power of
modifying the shapes of the crystals, sets itself to imitate
two other minerals frequently found in them. It mimics
the globes of brown mica so exactly with its own boSsy
groups of clustered lamine, that only a strong lens, or the
knife, will distinguish them, and, in the interior of crystals,
throws itself into golden-coloured radiant acicular® sheaves,
which, when within amethyst, are the most beautiful things
I know among minerals, but which it is a matter of great
difficulty to distinguish in common quartz from minor
forms of rutile. Finally, to crown the complexity of this
iron and flint group, the sulphide of iron, varied beyond
all minerals in the phantasies and grotesques which it can
build out of its plastic and innumerable cubes, shoots its
stellate crystals through the mass of the hydrous oxide

1 [For “mneedle-crystals,” see Ethics of the Dust, § 46 (Vol. XVIIL p. 258).]
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and disputes with it the central position in stalactltes of
chalcedony.

40. But, through all this confusion, one generalization
presents itself which is of great value. Whenever iron,
whether oxide or sulphide, is associated with stalactitic
chalcedony, it is always in the centre of the mass; but
when iron, whether oxide or sulphide, is associated with
quartz crystals, it is always (if determinately placed at
all) either on the outside, or at a slight depth below the
surface, under an external coat of clearer crystal. It may
be indeterminately placed, in dispersed stars or cubes; but,
if ordered at all, it is ordered so. Briefly,-a crystal of
quartz never has a centre of iron, and a crystal of chalce-
dony never a coat of it.*

41. And an important result seems to follow from this.
If stalactites of chalcedony were formed by superfluent
coats, some of these coats would have iron in solution at
the outside as well as the interior, and would secrete it in
successive films; whereas, on the contrary, the entire bulk
of the iron, being always central, must surely have been
secreted out of the entire mass; and, therefore, I believe
that the true chalcedonic stalactite is indeed a long botry-
oidal crystal, like some of the forms of sulphide of iron,
found in chalk, and not at all a drooping succession of
fluent coats, except in cases of rapid deposit, which, as far
as I remember, show no central iron.

42. Again, when iron is systematically associated with
quartz, it is never in the centre of the crystal, but either on
the surface, or under an externally imposed glaze. Hence
it follows that the crystalline forces at work in forming
quartz act nearly in the reverse of those that form chalce-
dony, as regards the direction of ferruginous elements, and
that they have quite a peculiar power in finishing crystals,

* Of course I do not vouch for any so wide generalization as this
absolutely. If ever one ventures to do such a thing, the next stone one
takes up on a dealer’s counter is sure to be an exception to the announced

law; but I am confident that any mineralogist can fortify the statement
from his own experience quite enough to justify our reasoning upon it.
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which determines, at a given time, either a purer, or an
amethystine, silica to the surface, often throwing down
crystals of iron between the two.

48. I have already noticed the clear coat forming the
exterior of many nested agates in basaltic cells, and the
deposit of iron succeeding it, to which I gave the name of
medial oxide. My impression is that the exterior of such
agates, as relating to the crystalline power, may be con-
sidered identical with the centre of a stalactite, and I think
it will be found that the iron in such stalactite centres,
however delicate the fibre of it, is not solid, but tubular,
leaving the absolute centre of clear silica correspondent to
the surface of clear silica in a quartz crystal.

44. It is very strange that among these complicated
forces certain conditions of chalcedony and quartz should
be so constant, and the intermediate states, giving evidence
of formation, so rare; but though the interior of almost
every quartz crystal shows the forces of agatescence and
straight crystallization in confused contest, I have only
seven or eight specimens, out of a collection of some thou-
sands, which clearly show the balance of the two powers in
accomplished structure.

The uppermost figure in Plate X.' represents a portion
of one of these, which is a stellar agate, formed of grey
chalcedony, with white bands collected in a knot within
radiant quartz. The precision of its lines is beyond all
1m1tatlon, but-Mr. Allen has succeeded in drawing and en-
graving it for us quite well enough to show. the  repeated
efforts of the chalcedony to throw itself into steaight crys-
talline planes, successful, tremulously, here and there for a
quarter of an inch, and then thrust again into curvature by
the lateral spheric force.

45. The second example, engraved in the lower figure in
Plate X, shows the two forces reconciled in their reign:*®

This plate was reproduced in Deucalion, and referred to in i. ch. ix. § 11
(bolo . 211).]
éee above, p. 68.]
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the crystalline or mural form is completely taken by the
agatescent bands in one part of the stone and the spheric in
another, while the bands themselves are arranged in double
folds, turned at the extremities, like the back of a book.
46. Finally, the woodcut, Fig. 24, gives the rude outline
of a stone in which the central nucleus of confused quartz
has made vigorous, repeated, and, as far as I know quartz,
I may even say super-quartzine efforts to gather itself into
a single crystal, dragging the circumfluent agatescent lines
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one after another violently aside, to expire in the planes of
its successive pyramids.

In all these instances the crystalline action is unmis-
takable, being at relative angles, of which only agatescent
warping deranges the magnitude, but here (Fig. 25) is an
example in which we have an apparently pendent stalactite
(which is, however, the section of a vertical wall) without
evidence of any relative planes, except the very short and
secondary one on the left. Yet, between conditions of this
kind and true stalactite agates, there is a gap which at
present I cannot bridge. The mural agate consists of con-
cretions in flat planes, formed irrespectively of gravity; the
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stalactite agate, of concretions on central rods, formed with
reference to gravity.! I have, indeed, one example in which

Fiy. 26

these central rods are incipient in formation—are as fine
as hairs, and are connected, as in Fig. 26, by drooping

.:\(f =

Fig. 26
branches concurrent with the successive outlines of the

falling mass; and another, Fig. 27, in which the tubes of

1 [Compare Ethics of the Dust, § 101, where Ruskin notes this distinction and
tbmgens ?‘aa course of lectures” "on the ’lubject (Vol. XVIIL p. 332).]
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a folded agate have become crystalline, and are clearly
minded to determine themselves into straight lines. But
these are both small, and of structures too unusual to
found reasoning upon. I shall engrave them, however,
hereafter,’ but before examining these and the other struc-
tures illustrating the connection between mural and stal-
actite agates, it will be better to trace the closer connection
on the other side between mural and conchoidal® agates.
The states intermediate between these two will be the
subject of my next paper.

VIl
[January 1870]

47. We have now, I think, obtained sufficient evidence
that the disposition of differently coloured or - composed
bands in agate is in most cases the result of crystalline
segregation. We shall find, also, that the order of this
segregation is constant under given conditions; and that,
with fixed proportions of elements and fixed rate of cooling
and drying, the agate will necessarily produce itself in a
riband of a fixed succession or pattern of stripes: a spectrum
of substances, which, if we had observed data enough, we
might read like a spectrum of light; inferring, not the
nature of the elements from its bars of colour, but the
former conditions of solution from the bars of elements.

48. When the stone has been undisturbed, this riband
or chord of its constituent elements will necessarily form
quietly round it, either in its nest, or on its nucleus, with
phases of level or vertical deposit under peculiar circum-
stances. But when the congelation has been disturbed, the
chord of elements is broken up, and may then be traced
here and there about the stone, forming where it may,
and as it can. For instance, Fig. 28 represents rudely a

is, however, was not done.]
For *‘conchoidal” read *involute” : see below, § 50, p. 81.]
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quartzose band formed at a junction of fluor with siliceous
sandstone. The dotted space is the grit, the undulating
lines stand for a coarse mass of compact fluor spar, vaguely
crystalline in that direction.

The faulting of the band is, I believe, entirely owing
to fitfulness in the crystalline action; there is no trace of
any kind of flaw or rent, either in the sandstone on one
side, or fluor on the other.

The composition of the band here, as in the hornstone
(Fig. 21, p. 72), is of one series of elements only; but

Fig. 38

very often the chord is composed of a central band, with
corresponding opposite series on its sides. Here, in Fig. 29,
is a very simple case, in which the chord has a thin white
central line, with first a dark and then a broader white
one on each side. The entire chord is flung irregularly
about the stone, sometimes in continuity for a few folds,
sometimes in broken segments; but the outer white band
has the power of detaching itself from the chord occasion-
ally, and of expanding here and there into wider spaces.
49. And, as in Fig. 28 we have a deceptive semblance of
consecutive faults, so here we have an equally deceptive
mimicry of brecciation by violence. But the two apparently
broken portions of the band, in the centre of its own loop,
are simply detached crystalline formations of it in those
places. Here, Fig. 80, is a single example of such an one
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from another stone, in which the enclosed banded segment
is seen at once to be concurrent at its base with every
undulation of the surrounding belt, though so trenchantly
divided from it at the flanks.

50. And here we have to note a further separation of
our subject into two branches, or, rather, into two threads
of mesh (for its classification, like most true natural ones,
is not branched, but reticulated). When the bands form in

Fig. 29

several fragments in all directions, as in Fig. 29, we are con-
ducted gradually to the most fantastic structures of abruptly
brecciated agates. But when they are systematically affected
by a consistent action of crystalline power, as in Fig. 28, we
are conducted to the group I shall describe in the following
paper' under the name of involute agates (I carelessly used
the word “conchoidal” for involute, in § 46), which seems
to me, as far as I have any clue to their mysterious
structure, to be chiefly owing to the action, in a partially
fluid substance, of the great diagonal—or spiral ?—force of
silica. This diagonal power of, or in, quartz, is to me one
of the most interesting phenomena in mineral nature, both
in itself, and as one of a group of powers like it—wholly

1 [The present paper was, however, the last of the series,]
XXVI. F
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distinct from the crystalline ones, and acting with them, or
dominant over them, at particular times and places, else-
where and at other times remaining entirely passive.

51. Thus the growth of an ordinary quartz crystal
depends on the regular imposition or secretion of parallel
coats, which sometimes are capable afterwards of frank
separation, forming ‘“capped” quartz. But the flute-beak
of Dauphiné is never capped. It is formed and wholly
compacted under an oblique energy, which disciplines and
guides together the hexagonal forces of the crystal. On the
St. Gothard the same force, instead of terminating the

crystals obliquely, unites them laterally, and leads them into
long walls, warped into curves, sometimes like crowns or
towers. Generally, when there is amianthus within crystals,
the oblique force carries the filaments across the crystal
diagonally ; and it is very notable, as regards the time of
secretion of these interior deposits, that while the iron oxides
always arrange themselves in concurrence with the coats of
the crystal, amianthus and rutile never do, but shoot clear
through the whole body of it, if themselves long enough,
and, if short, root themselves on an external plane, and
shoot to the inside; while the iron oxides root themselves
on internal planes and shoot to the outside.

52. Here (Fig. 81) is an example which will at once
illustrate the power of the oblique force, and this relation
of the oxides.

It is the section of a singly terminated, and apparently,
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seen from the outside, an altogether single, crystal, one of a
well-formed cluster, showing externally no signs of disturb-
ance. They are all beautifully spotted with black iron oxide
under a clear external coat, about one-seventh of an inch
deep, which entirely covers them. These concretions of iron
are represented in the wood-
cut accurately in section by the
black spots; a minor series, not
seen externally, is exposed by the
section within the crystal, which
is also shown by the section to
be dual in the interior, separated
into two parts by a perfectly
straight line in the direction of
its length, and nearly into two
other parts by a jagged and
broken one across it; all the
interior beds being faulted by
the oblique force, which acts,—
in one direction softly, guiding,
without breaking, one part of the white beds (opaque
white in the stone) into an angle beyond the other,—
and in another direction violently, causing jagged flaws
across the beds. Within the white beds, and under the
great flaw, the quartz becomes again dark-clear.

53. Now, all these arrangements of substance take place
under laws which surely need more investigation than they
have yet received,* being quite distinct from those which

* I look with extreme interest to the result of the inquiries which Mr.
W. Chandler Roberts has undertaken on the chemistry of silica.! I have to
thank him already for some most valuable information communicated to me in

the course of last year, of which, however, I will venture no statement until
he has made public his discoveries in such form as he may think proper.

Fig. 81

! [Sir William Chandler Roberts-Austen (1843-1902) assumed the latter name
in 1885; F.R.8., K.C.B.; chemist and assayer to the Royal Mint, 1870. The editors
do not find that he published, after the date of Ruskin’s Saper, inquiries into the
chemistry of silica. He had already published papers ‘“On Fungoid Growths in
Aqueous Solutions of Silica and their Artificial Fossilization ” (Quarterly Journal of
the Microscopical Society, July 1868), and “On the Occurrence of Organic Appear-
ances in Colloid Silica obtained by Dialysis” (Journal of the Chemical Society, 1868,
N.S., vol. vi. p. 274).] ’
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limit crystalline form, and bearing every semblance of a
link between molecular and organic structure. For in-
stance, pure crystalline force determines both gold and
silver into cubes or octahedrons. So also it determines the
diamond. But no force of aggregation supervenes to form
branches or coils of diamonds; whereas an unexplained
power, dominant over the crystalline one, extends the
golden triangles into laminse, and wreathes the cubes of
silver into vermicular traceries. Agencies alike inexpli-
cable twist the crystal of quartz like a piece of red-hot
iron, and design the bands of agate into curves like those
of a nautilus shell.

54. The transition from such coated crystals as that
shown in Fig. 81, to these involute agates, may I think be
traced without a break. The base of
this stone is formed of smaller and
less perfect crystals, which, cut trans-
versely, present themselves in honey-
comb-like groups, Fig. 82. Each of
these cells is a little mural agate, with
no spherical force disturbing it. When
quartz disposed to such formation gets
mixed with jasper, or with any other
uncrystallizable rock, the cells become
shapeless, and we get results such as those represented in
Plate XI. This stone there drawn shows the combination
of angular cells with confusedly coiled ones, of which a close-
set group is seen on the right, gathered together within
broadly curved lines, which I think we shall be able to trace
through succeeding examples, as they reduce themselves to
the shell-like contours of true involute agate. On the other
hand, in the centre of the stone, the less disciplined series
of jasper veins, surrounding crystalline spaces, show the first
origin of the groups of agate, which ultimately resemble a
pebble breccia. I will endeavour in following papers to trace
the two series through their gradual development.

! [No more papers were, however, published.]
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[Bibliographical Note.—Portions of Deucalion were first delivered and (in some
cases) printed as lectures. The book was first issued in Parts; and, in the
case of the uncompleted volume ii. (Parts VII. and VIIL), it has hitherto
been issued in no other form. This note, therefore, deals (1) with the
lectures ; (2) with the Parts; and (3) with editions of volume i. in collected
form.

LECTURES

‘Some portions of Dencalion (viz., vol. i. ch. i., and partly ch. ii. and
ch. iii.) were first delivered in a course of lectures delivered at Oxford
in 1874, A preliminary announcement of ‘“’Three Lectures on the Rela-
tions of Rock and Snow Qutline in the Alps” appeared in the University
Gagzette of March 3,1874. ““The lectures,” it was added, ‘‘will be chiefly
on geological or geometrical facts, and will be open only to Members of
the University or strangers introduced by them.” For the postponement
of the course, see Vol. XXIIL p. xxx. In the Guzette of October 16, 1874,
the course was announced under the heading ¢ Mountain Form in the
Higher Alps” :— -

Lecture 1. The Alps and Jura (October 27).
» II. Alpine Forms produced by Snow (October 30).
5,  IIL. Alpine Forms produced by Ice (November 3).
. 1V, Re‘atious of Aisthetic to Mathematic Science of Form
(November 6).

Other portions of Deucalion (viz., parts of Chapters I1.-IV.) were delivered
as a lecture at the London Institution on March 11, 1875, the subject being
announced as ‘“‘The Simple Dynamic Condition of Glacial Action among
the Alps.” This lecture was reported in the Times of March 15, 1875, as
having been delivered “to a very crowded meeting.” The lecturer, states
the reporter, ‘““said in his eloquent introduction, that the beauty of the
Alps had first made him quit the study of geology for that of painting.”
The final passage of the report is given below, p. 163 n.

Chapter VII. of Deucalion was delivered as a lecture at the London
Institution on February 17, 1876, the lecture being repeated there on
March 28, 1876. The subject was atnounced as ‘‘ And the Gold of that
land is good; there is Bdellium and the Onyx Stone.” The lecture was
reported in the Times, February 21, 1876, and was the subject of a leading
article in the Daily Telegraph (see below, p. 188).

The Times says that there was much inconvenience ‘‘owing to the over-
crowding of the lecture-room and passages leading to it,” in consequence
of which Ruskin promised to repeat the lecture.

Chapter XII, was delivered as a lecture before the Literary and Scientific
Institution, Kendal, on October 1, 1877 (under the title ‘“ Yewdale and its
Streamlets”), and also at Eton College on December 8, 1877 (under the
title ““The Streams of Westmorland”’). The Kendal lecture was reported
in the Kendal Times of October 6, 1257’7, and also in the Kendal Mereury of
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the same date, and from the latter the report was reprinted in a pamphlet
with the following title-page :—

‘‘Yewdale and its Streamlets.” | Report of a Lecture | by | Professor
Ruskin, | delivered | In connection with the Kendal Literary and
Scientific Institute, | At the Friends’ Meeting House, | October 1st,
1877. | Reprinted from the ‘“ Kendal Mercury.” | Price Threepence.

Octavo, pp. 18, Title-page (with blank reverse), pp. 1-2. On p. 3 is a
statement explaining that the lecture ‘“has been reprinted in the present
form on account of its having been impossible to supply in full the demand
for the issue” of the Mercury, Text of the report, pp. 5-18. At the end
is a blank leaf, with an imprint on the reverse, ¢ Printed at the  Mercury’
Office, Kendal.” The pamphlet was issued sewn and without wrappers.

Some passages, omitted in Deucalion but contained in the report (and
in one case in MS.), are in this edition printed in footnotes (see below,
pp. 243, 260, 261, 266).

Chapter I. of volume ii. was delivered as a lecture at the London
Institution on March 17, 1880, the lecture being repeated there on March 23.
The title was ‘A Caution to Snakes.” The lecture was briefly reported
in the Times, Daily News, and Daily Chronicle of March 18, 1880. Some
introductory remarks taken from these reports will be found on p. 295 =.

At this lecture a folded sheet (forming four quarto pages) was distri-
buted, giving on pp. 1-2 a list of the ‘‘Diagrams” shown at it, and
on p. 3 ‘““Names of the Snake Tribe in the Great Languages.” This is
reprinted below, p. 330.

ISSUE IN PARTS

Each part had a title-page, which was the same in most particulars as
shown here on the preceding leaf. At the foot of the reverse is the im-
print, ¢ Hazell, Watson, and Viney, Printers, London and Aylesbury.”
The title-pages of Parts I.-V. add to the author’s description ‘‘and Slade
Professor of Fine Art, Oxford”; the number of the part and the date
differ, of course, in different parts. The parts were issued, octavo, in
paper wrappers (pale grey or light buff), with the title-page (enclosed in
a double-ruled frame) reproduced upon the front, with the addition of
the rose above the publisher’s imprint, and the words ‘ Two Shillings and
Sixpence” below the frame. The headlines were ¢‘Deucalion” on the
left-hand pages, and on the right-hand pages the number and title of
the several chapters.

Parr 1. First Edition (1875).—Issued in October 1875, containing
pp. 1-48, thus : Introduction, pp. 1-7; Chapter 1., pp. 8-25; Chapter II.,
Pp. 26-39; part of Chapter III. (down to line 5 of § 12), pp. 40-48.
With it was issued Plate I. (for the renumbering of the plates in the
present volume, see below). .

A Second Edition (with ““Second Thousand” on the title-page and the
date altered to ‘“1883”) was issued in that year.

Parr II. Firet Edition (1875).—Issued in October 1875, containing
pPp. 49-96, thus: continuation of Chapter 1II., pp. 49-56; Chapter IV,



BIBLIOGRAPHICAL NOTE

pp. 57-72; Chapter V., pp. 73-83; Chapter VI, pp. 84-98. With it was
issued Plate II.
A Second Edition was issued in 1883,

Pawr III.  First Edition (1876).—Issued in November 1876, containing
pp. 97-144, thus: Chapter VIL, pp. 97-130; part of Chapter VIII (down
to line 16 of § 6), pp. 140-144. With it was issued Plate III.

A Second Edition was issued in 1883.

Parr IV, First Edition (1876).—Issued in December 1876, containing
Pp. 145-192, thus: continuation of Chapter VIIIL, pp. 145-151; Chapter
IX., pp. 152-170; Chapter X., pp. 171-189; part of Chapter XI. (down
to line 10 of § 5), pp. 190-192. With it was issued Plate IV.

‘A Second Edition was issued in 1883.

Parr V.  First Edition (1878).—Issued in July 1878, containing pp. 193~
240, thus: continuation of Chapter XL, pp. 193-203; Chapter XII., pp. 204
237; part of Chapter XIIL (down to the end of p, 268 here), pp. 238-240.
With it were issued Plates V. and VI,

A Second Edition was issued in 1888.

Parr VI First Edition (1879)—Issued in October 1879, containing
pp- 241-290, thus: continuation of Chapter XIIL, pp. 241-246; Chapter
XIV., pp. 247-276; Appendix, pp. 277-280; Index (by Ruskin), pp. 281-
290. With this part the title-page and “ Contents of Vol. 1.” were issued ;
also Plate VII.

Parr VII. First Edition (1880).—The title-page of this part, commenc-
ing volume ii., followed that of Part VI., the number of the part and the
date being changed ; with Messrs. Hazell, Watson, and Viney's imprint at
the foot of the reverse. Issued in July 1880, containing a leaf (with
blank reverse) with the ““ Advice” (see here p. 295 n.), and pp. 1-48
(Chapter 1.). With it were issued Plates VIIIL and IX.

Parr VIII. First Edition (1883). Title-page as in Parts 1.-V. Issued
in May 1883, containing pp. 49-88, thus: Chapter II., pp. 49-68;
Chapter IIL, pp. 69-88. With it were issued Plates X. and XL

No more of Deucalion was issued,

IN VOLUME FORM

The parts of the second volume {never having been completed) were
also never collected. Those forming volume i. were collected in July
1882, and issued in mottled-grey paper boards, with a white paper label
on the back, lettered ¢ Ruskin. | Deucalion. | Vol. I.” Subsequently (1894)
issued in green cloth. Price 15s. Reduced in July 1900 to 10s.

There have been unauthorised American editions of all the parts of
Deucalion.

Varie Lectiones.—The second editions of various parts of Deucalion were
not revised by Ruskin for press; but he noted some misprints, etc., in the
index to the first volume, and in his copy for revision he noted some more
and made several alterations. These are all incorporated in the text of
the present volume.

91
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The alterations made, in the present volume, in Ruskin’s Index to vol. i.
of Deucalion are of three kinds :—(1) Corrections of misprints, etc., which
he noted in the Index have been made in the text, and the notes of them
omitted from the Index. Thus the euntry ‘‘Brrccia (but for ‘breccia’ in
these pages read ‘conglomerate’),” and a corresponding entry under ¢ Con-
GLOMERATE " are omitted. (2) Two notes given in the Index are transferred
to the text. The note now given on p. 95 appeared in Ruskin’s Index under
““Passion” ; and that on p. 96, under ““Plans.” (3) Additions, for which
see 'IP 583 n.

he following is a list of all other variations in the text (other than
minor matters of punctuation, spelling, and altered references). The more
interesting of Ruskin’s alterations are noted in footnotes to the text, and
to these references only are here included :—

On the title-ﬁage the quotation from Homer (lliad, i. 156, 157) is here
corrected. The first line has hitherto been printed “ éweih pdra wohd peragd.”

Volume i.: Ch. i. § 12, last line but one, and § 13, line 23, “ breccia”
is altered to ‘‘conglomerate” as noted by Ruskin in his Index; so also
““buttresses” to ‘““buttress” in § 21, line 12.

Ch. iv. § &, line 2, “below” is here substituted for ¢ opposite”; § 10,
line 18, ‘“serious” has hitherto been misprinted *series.”

Ch. v. § 7, last lines, see p. 151 n.; § 12, line 23, the quotation from
Keats has hitherto been misprinted ¢ clasped like a missal shut where
Paynims pray.”

Ch. vi., § “15” has hitherto been misprinted for § *‘14.”

Ch. vii. § 81, line 2, “below” is here substituted for *“opposite”; § 32
(VL, line 9), ““sanguine” is here a correction for ‘‘sable”; é) 36, last line
but one, *fourth” is a correction for ¢ first.”

Ch. ix. § 5, line 7, the words ‘‘in mountains” are added by Ruskin
in his copy; § 12, Letter IL, note (d), for “Plate X., lowest figure,” the
original edition reads, ‘‘the plate given in the last number” (namely, one
of the plates from ‘ Banded and Brecciated Concretions™ which was given
in Deucalion). Page 213, note (1), for the transference of this note to its
present place, see p. 211 n.

Ch. x. § 2, third line from end, see p. 220 n.; § 8, line 16, “twenty-
second ” is here a correction for °‘twenty-third”; § 10, line 15, see

. 226 n.; line 35, ““this” is Ruskin’s correction in his copy for ““it”;
§ 18, lines 2 and 3, similarly he corrected ‘‘he makes most dpextrous use”
to ‘““he is most dextrous in the use,” and italicises ‘“it.” '

Ch, xii. § 8, line 5, Ruskin corrects in his copy the misprint ‘ Weste-
more-land” to ‘“West-mere-land”; § 12, line 5, he corrects ‘‘that” to
““the” ; § 40, sixth line from end, the misprint of ‘“science” for
‘““morals”’ was corrected by Ruskin in his index.

Ch. xiv. § 31, line 6, ““first” is here a correction for ‘“second.”

Volume ii. : Ch. i. § 83, line 15, “10” is here a correction for ¢‘6.”
i Ch. ii. § 17, note, last line, ‘“of the Alps” inserted by Ruskin in
is copy.
Ch. iii. § 24, ““spicul®” here corrected to ‘‘spicula.”
The nnmberinﬂ_’of the sections after § 18 is added in this edition.
i

The following list shows how the original plates are numbered in this
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DEUCALION

INTRODUCTION

BranTwoob, 18tk July, 1875.

1. I HAVE been glancing lately at many biographies, and
have been much struck by the number of deaths which
accur between the ages of fifty and sixty (and, for the
most part, in the earlier half of the decade), in cases where
the brain has been much used emotionally: or perhaps it
would be more accurate to say, where the heart, and the
faculties of perception connected with it, have stimulated
the brain-action. Supposing such excitement to be tem-
perate, equable, and joyful, I have no doubt the tendency
of it would be to prolong, rather than depress, the vital
energies. DBut the emotions of indignation, grief, contro-
versial anxiety and vanity, or hopeless, and therefore un-
contending, scorn, are all of them as deadly to the body
as poisonous air or polluted water;* and when I reflect how
much of the active part of my past life has been spent in
these states,—and that what may remain to me of life can
never more be in any other,—I begin to ask myself, with
somewhat pressing arithmetic, how much time is likely to

* The reader would do well to study on this subject, with extreme

care, the introductory clauses of Sir Henry Thompson’s paper on Food, in
the 28th number of The Nineteenth Century.!

! [*“Food and Feeding,” June 1879, vol. v. pp. 971 seq.: “The general out-
lines of a man's mental character and physical tendencies are doubtless largely
determined by the impress of race and family. But to a large extent the materials
and filling in of the framework depend upon his food and training. By the latter
term may be understood all that relates to mental and moral and even to physical
education.”] o5
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be left me, at the age of fifty-six, to complete the various
designs for which, until past fifty, 1 was merely collecting
materials.

2. Of these materials, I have now enough by me for a
most interesting (in my own opinion) history of fifteenth-
century Florentine art, in six octavo volumes; an analysis
of the Attic art of the fifth century B.c., in three volumes;
an exhaustive history of northern thirteenth-century art, in
ten volumes; a life of Turner, with analysis of modern
landscape art, in four volumes; a life of Walter Scott,
with analysis of modern epic art, in seven volumes; a life
of Xenophon, with analysis of the general principles of
Education, in ten volumes; a commentary on Hesiod, with
final analysis of the principles of Political Economy, in
nine volumes; and a general description of the geology
and botany of the Alps, in twenty-four volumes.*

8. Of these works, though all carefully projected, and
some already in progress,’—yet, allowing for the duties of
my Professorship, possibly continuing at Oxford, and for
the increasing correspondence relating to Fors Clavigera,—it
does not seem to me, even in my most sanguine moments,
now probable that I shall live to effect such conclusion as
would be satisfactory to me; and I think it will therefore
be only prudent, however humiliating, to throw together at
once, out of the heap of loose stones collected for, this
many-towered city which I am not able to finish,’ such
fragments of good marble as may perchance be useful to
future builders; and to clear away, out of sight, the lime
and other rubbish which I meant for mortar.

4. And because it is needful, for my health’s sake, hence-
forward to do as far as possible what I find pleasure, or

* I observe many readers have passed this sentence without recognizing
its irony.

1 [Still ironical; but Ruskin was at the time writing (on Florentine art) The
Laws of Fésole, a translation of The Kconomist of Xenophon was in preparation
(Bibliothece Pastorum), and fragmentary notices of the Life of Scott were appearing
in Fors Clavigera.)

2 (See Luke xiv. 30.]
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at least tranquillity, in doing, I am minded to collect first
what I have done in geology and botany; for indeed, had
it not been for grave mischance in earlier life (partly con-
sisting in the unlucky gift, from an affectionate friend, of
Rogers’s poems, as related in Fors Clavigera for August of
this year'), my natural disposition or these sciences would
certainly long ago have made me a leading member of the
British Association for the Advancement of Science; or
—who knows?—even raised me to the position which it
was always the summit of my earthly ambition to attain,
that of President of the Geological Society. For, indeed,
I began when I was only twelve years old, a Minera-
logical Dictionary,’ intended to supersede everything done
by Werner and Mohs® (and written in a shorthand com-
posed of crystallographic signs now entirely unintelligible
to me),—and year by year have endeavoured, until very
lately, to keep abreast with the rising tide of geological
knowledge ; sometimes even, I believe, pushing my way
into little creeks in advance of the general wave. I am
not careful to assert for myself the petty advantage of
priority in discovering what, some day or other, somebody
must certainly have discovered. But I think it due to my
readers, that they may receive what real good there may
be in these studies with franker confidence, to tell them*
that the first sun-portrait ever taken of the Matterhorn
. ! .

(and as far as I know of any Swiss mountain whatever)
was taken by me in the year 1849;° that the outlines
(drawn by measurement of angle), given in Modern Painters,’
1 &Letter 56, § 7 (reprinted in Praterita, i. ch. i. § 28).]

? [A page of this dictionary of minerals is exhibited in the Ruskin Museum at
the Coniston Institute. Ruskin refers to it again below, p. 553.]

8 [Abraham Gottlob Werner (1750-1817), the father of German geology, author
of Ueber die uiissern Kenngeichen der Fossilien (1764) and numerous works on
geology and mineralogy. Friedrich Mohs, author of Grund-Rise von Mineralogie
(18g2-1824).]

¢ [(Here Ruskin wrote in his copy for revision, ¢¢Self-assertion : compare ch. xiv.
§ 2 (p. 273); and repeated too much: compare ch. x. § 5 (p. 222).” e chapters
of Deucalion were written and printed, it should be remembered, at considerable
intervals (see p. 90).]

& (See, again, below, p. 569.]

¢ [See, in this edition, Vol, V1. pp. 250 seq., 284 seq.]

XXVI. G
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of the Cervin, and aiguilles of Chamouni, are at this day
demonstrable by photography as the trustworthiest then in
existence; that I was the first to point out, in my lecture
given in the Royal Institution* the real relation of the
vertical cleavages to the stratification, in the limestone
ranges belonging to the chalk formation in Savoy; and
that my analysis of the structure of agates (Geological
Moagazine') remains, even to the present day, the only
one which has the slightest claim to accuracy of distinction,
or completeness of arrangement. I propose therefore, if
time be spared me, to collect, of these detached studies, or
lectures, what seem to me deserving of preservation; to-
gether with the more carefully written chapters on geology
and botany in the latter volumes of Modern Painters;*
adding the memoranda I have still by me in manuseript,
and such further illustrations as may occur to me on re-
vision. Which fragmentary work,—trusting that among the
flowers or stones let fall by other hands it may yet find
service and life,—I have ventured to dedicate to Proserpina
and Deucalion.?

5. Why not rather to Eve, or at least to one of the
wives of Lamech, and to Noah? asks, perhaps, the pious
modern reader.

Because I think it well that the young student should
first learn the myths of the betrayal and redemptiop,' as
the Spirit which moved on the face of the wide first
waters,” taught them to the heathen world. And because,
in this power, Proserpine and Deucalion are at least as
true as Eve or Noah; and all four together incomparably

* Reported in the Journal de Genéve, date ascertainable, but of no
consequence.?

1 [Part IIL of this volume, above, pp. 37 seq.]
3 [The reference is to the series OF reprints commenced under the title of
In Montibus Sanctis (see Vol. I1l. p. Ixii.), and to another projected work on botany
(see ibid., p. xlix.)d]

8 [For these titles, see Vol. XXV. p. xlvii., and above, p. xlvi.] '
4 [For an explanation of this passage, see ii. ch. ii. § 6 (below, p. 335).]
& [See Genesis i. 2.]

¢ {In 1863. See now the first part of this volume, above, pp. 3 seq.]
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truer than the Darwinian Theory. And in general, the
reader may take it for a first principle, both in science and
literature, that the feeblest myth is better than the strongest
theory: the one recording a natural impression on the
imaginations of great men, and of unpretending multitudes ;*
the other, an unnatural exertion of the wits of little men,
and half-wits of impertinent multitudes.?

6. It chanced, this morning, as I sat down to finish my
preface, that I had, for my introductory reading, the fifth
chapter -of the second book of Esdras; in which, though
often read carefully before, I had never enough noticed the
curious verse, “ Blood shall drop out of wood, and the stone
shall give his voice, and the people shall be troubled.” Of
which verse, so far as I can gather the meaning from the
context, and from the rest of the chapter, the intent is,
that in the time spoken of by the prophet, which, if not
our own, is one exactly corresponding to it, the deadness
of men to all noble things shall be so great, that the sap
of trees shall be more truly blood, in God’s sight, than
their heart’s blood; and the silence of men, in praise of all
noble things, so great, that the stones shall cry out, in
God’s hearing, instead of their tongues; and the rattling of
the shingle on the beach, and the roar of the rocks driven
by the torrent, be truer Te Deum than the thunder of all
their choirs. The writings of modern scientific prophets
teach us to anticipate a day when even these lower voices
shall be also silent; and leaf cease to wave, and stream to
murmur, in the grasp of an eternal cold. But it may be,
that rather out of the mouths of babes and sucklings® a
better peace may be promised to the redeemed Jerusalem ;
and the strewn branches, and low-laid stones, remain at rest
at the gates of the city, built in unity with herself, and
saying with her human voice, “ My King cometh.”*

! [On the historical value of myths—on myths as facts—compare Vol. XXIL
> 44r4tl.‘}«n'e, again, see ii. ch. ii. § 8 (below, p. 336).]

3
3 [Pealms viii. 2.]
4 [See Matthew xxi. 5.]






CHAPTER 1

THE ALPS AND JURA
(Part of a Lecture given in the Museum of Oxford in October, 1874)

1. It is often now a question with me whether the persons
who appointed me to this Professorship have been dis-
appointed, or pleased, by the little pains I have hitherto
taken to advance the study of landscape. That it is my
own favourite branch of painting seemed to me a reason
for caution in pressing it on your attention;' and the range
of art-practice which I have hitherto indicated for you,
seems to me more properly connected with the higher
branches of philosophical inquiry native to the University.
But, as the second term of my Professorship will expire
next year, and as I intend what remains of it to be chiefly
employed in giving some account of the art of Florence
and Umbria,® it seemed to me proper, before entering on
that higher subject, to set before you some of the facts
respecting the great elements of landscape, which I first
stated thirty years ago; arranging them now in such form
as my farther study enables me to give them. I shall not,
indeed, be able to do this in a course of spoken lectures;
nor do I wish to do so. Much of what I desire that you
should notice is already stated, as well as I can do it, in

! [Compare The Art of England, § 166.]
 [The second period (of three years) expired in 1875. In the last term of
1874 Ruskin gave, first, the four lectures on ‘‘ Mountain Form in the Higher
Alps,” which are partly embodied in Deucalion; and, secondly, the course on
‘“The Esthetic aud Mathematic Schools of Art in Florence,” now printed in
Vol. XXIIL] 0
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Modern Painters; and it would be waste of time to recast
it in the form of address. But I should not feel justified
in merely reading passages of my former writings to you
from this chair;' and will only ask your audience, here, of
some additional matters, as, for instance, to-day, of some
observations I have been making recently, in order to
complete the account given in Modern Painters, of the
structure and aspect of the higher Alps.

2. Not that their structure—(let me repeat, once more,
what I am well assured you will, in spite of my frequent
assertion, find difficult to believe),—not that their structure
is any business of yours or mine, as students of practical
art’ All investigations of internal anatomy, whether in
plants, rocks, or animals, are hurtful to the finest sensi-
bilities and instincts of form. But very few of us have
any such sensibilities to be injured ; and that we may dis-
tinguish the excellent art which they have produced, we
must, by duller processes, become cognizant of the facts.
The Torso of the Vatlcan was not wrought by help from
dissection ; yet all its supreme qualities could only be ex-
plained by an anatomical master. And these drawings of
the Alps by Turner are in landscape, what the Elgin
Marbles or the Torso are in sculpture. There is nothing
else approaching them, or of their order. Turner made
them before geology existed;* but it is only by hélp of
geology that I can prove their power.

8. I chanced, the other day, to take up a number of
the Alpine Journal (May, 1871),° in which there was a
review, by Mr. Leslie Stephen, of Mr. Whymper’s Scrambles
among the Alps, in which it is said that “if the Alpine

1 [In 1877, however, Ruskin gave ‘‘Readings in Modern Painters” ; but the
readmgs were only a peg for discourses at large: see Vol. XXII. pp. xli., 508

Ica Nest, Vol. XXII. pp. 222 ecq]
See Vo III. p. 608, and Vol. &X
‘ See Modern Pamtorc, vol. i. (Vol. 111, p 429 and n.).]
0. 33, vol. v. p. 235.]
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Club has done nothing else, it has taught us for the
first time really to see the mountains.” I have not the
least idea whom Mr. Stephen means by “us”; but I
can assure him that mountains had been seen by several
people before the nineteenth century; that both Hesiod
and Pindar occasionally had eyes for Parnassus, Virgil for
the Apennines, and Scott for the Grampians; and with-
out speaking of Turner, or of any other accomplished
artist, here is a little bit of old-fashioned Swiss drawing
of the two Mythens, above the central town of Swit-
zerland,* showing a degree of affection, intelligence, and
tender observation, compared to which our modern enthu-
siasm is, at best, childish; and commonly also as shallow
as it is vulgar.

4. Believe me, gentlemen, your power of seeing moun-
tains cannot be developed either by your vanity, your
curiosity, or your love of muscular exercise. It depends
on the cultivation of the instrument of sight itself, and of
the soul that uses it. As soon as you can see mountains
rightly, you will see hills also, and valleys, with consider-
able interest; and a great many other things in Switzerland
with which you are at present but poorly acquainted. The
bluntness of your present capacity of ocular sensation is
too surely proved by your being unable to enjoy any of
the sweet lowland country, which is incomparably more
beautiful than the summits of the central range, and which
is meant to detain you, also, by displaying—if you have
patience to observe them—the loveliest aspects of that
central range itself, in its real majesty of proportion, and
mystery of power.

5. For, gentlemen, little as you may think it, you can
no more see the Alps from the Col du Géant, or the top of
the Matterhorn, than the pastoral scenery of Switzerland

* In the Educational Series of my Oxford Schools [No, 286: see
Vol. XXI. pp. 100, 129].
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from the railroad carriage.! If you want to see the skeletons
of the Alps, you may go to Zermatt or Chamouni; but if
you want to see the body and soul of the Alps, you must
stay awhile among the Jura, and in the Bernese plain.
And, in general, the way to see mountains is to take a
knapsack and a walking-stick ; leave alpenstocks to be
flourished in each other’s faces, and between one another’s
legs, by Cook’s tourists; and try to find some companion-
ship in yourself with yourself; and not to be dependent for
your good cheer either on the gossip of the table-d’héte, or
the hail-fellow and well met, hearty though it be, of even
the pleasantest of celebrated guides.

6. Whether, however, you think it necessary or not, for
true sight of the Alps, to stay awhile among the Jura or
in the Bernese fields, very certainly, for understanding, or
questioning of the Alps, it is wholly necessary to do so. If
you look back to the lecture, which I gave as the fourth
of my inaugural series,” on the Relation of Art to Use, you
will see it stated, as a grave matter of reproach to the
modern traveller, that, crossing the great plain of Switzer-
land nearly every summer, he never thinks of inquiring why
it is a plain, and why the mountains to the south of it are
mountains.

7. For solution of which, as it appears to me, not un-
natural inquiry, all of you, who have taken any interést in
geology whatever, must recognize the importance of study-
ing the calcareous ranges which form the outlying steps of
the Alps on the north; and which, in the lecture just re-
ferred to, I requested you to examine for their crag scenery,
markedly developed in the Stockhorn, Pilate, and Sentis
of Appenzell. The arrangements of strata in that great
calcareous belt give the main clue to the mode of eleva-
tion of the central chain, the relations of the rocks over

t [Ruskin in his copy for revision here wrote, “ Attach to this the preface of
Sesame ;” that is, the preface to the second edition (only) of that book.' See now
Vol. XVIIIL p. 25.]

2 [Lectures on Art, § 108 (Vol. XX, p. 102).]
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the entire breadth of North Switzerland being, roughly, as
in this first section:'—

A. Jura limestones, moderately undulating in the successive chains of
Jura, ’

B. Sandstones of the great Swiss plain,

C. Pebble breccias of the first ranges of Alpine hills.

D. Chalk formations violently contorted, forming the rock scenery of
which I have just spoken.

E. Metamorphic rocks lifted by the central Alps.

F. Central gneissic or granitic mass, narrow in Mont Blane, but of
enormous extent southwards from St. Gothard.

8. Now you may, for first grasp of our subject, imagine
these several formations all fluted longitudinally, like a
Gothic moulding, thus forming a series of ridges and valleys
parallel to the Alps;—such as the Valley of Chamouni, the
Simmenthal, and the great vale containing the lakes of
Thun and Brientz; to which longitudinal valleys we now
obtain access through gorges or defiles, for the most part
cut across the formations, and giving geological sections all
the way from the centres of the Alps to the plain.

9. Get this first notion very simply and massively set
in your thoughts. Longitudinal valleys, parallel with the
beds; more or less extended and soft in contour, and often
occupied by lakes. Cross defiles like that of Lauterbrunnen,
the Via Mala, and the defile of Gondo; cut down across
the beds, and traversed by torrents, but rarely occupied by
lakes. The Bay of Uri is the only perfect instance in
Switzerland of a portion of lake in a diametrically cross
valley; the crossing arms of the Lake Lucerne mark the
exactly rectangular schism of the forces; the main direction
being that of the lakes of Kussnacht and Alpnacht, carried

! [See also the upper figure in Plate XVI. (comparing ch. xiv. §§ 6, 12)
pp- 275, 278, where Ruskin explains that the section is ‘“arranged from tuder."j
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on through those of Sarnen and Lungern, and across the
low intervening ridge of the Brunig, joining the depressions
of Brienz and Thun; of which last lake the lower reach,
however, is obliquely transverse. Forty miles of the Lago
Maggiore, or, including the portion of lake now filled by
delta, fifty, from Baveno to Bellinzona, are in the longi-
tudinal valley which continues to the St. Bernardino: and
the entire length of the Lake of Como is the continuation
of the great lateral Valtelline.

10. Now such structure of parallel valley and cross
defile would be intelligible enough, if it were confined to
the lateral stratified ranges. But, as you are well aware,
the two most notable longitudinal valleys in the Alps are
cut right along the heart of their central gneissic chain;
how much by dividing forces in the rocks themselves, and
how much by the sources of the two great rivers of
France and Germany, there will yet be debate among
geologists for many a day to come. For us, let the facts
at least be clear; the questions definite; but all debate
declined.

11. All lakes among the Alps, except the little green
pool of Lungern, and a few small tarns on the cols, are
quite at the bottom of the hills’ We are so accustomed
to this condition, that we never think of it as singular.
But in its unexceptional character, it is extremely singular.
How comes it to pass, think you, that through all that
wildness of mountain—raised, in the main mass of it, some
six thousand feet above the sea, so that there is no col
lower,—there is not a single hollow shut in so as to stay
the streams of it; that no valley is ever barred across by
a ridge which can keep so much as ten feet of water calm
above it,—that every such ridge that once existed has been
cut through, so as to let the stream escape?

I put this question in passing; we will return to it:*
let me first ask you to examine the broad relations of the

1 [Oompare *‘ Letters on the Conformation of the Alps,” § 3 (below, p. 549).]
3 [See §.19, p. 112.]
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beds that are cut through. My typical section, Fig. 883,
is stringently simple; it must be much enriched and modi-
fied to fit any locality; but in the main conditions it is
applicable to the entire north side of the Alps, from Annecy
to St. Gall

12. You have first—(I read from left to right, or north
to south, being obliged to do so because all Studer’s sections
are thus taken)—this mass of yellow limestone, called of
the Jura, from its development in that chain; but forming
an immense tract of the surface of France also; and, as
you well know, this our city of Oxford stands on one of
its softer beds, and is chiefly built of it. We may, I think,
without entering any forbidden region of theory, assume
that this Jura limestone extends under the plain of Switzer-
land, to reappear where we again find it on the flanks of
the great range; where on the top of it the beds drawn
with fine lines in my section correspond generally to the
date of our English chalk, though they are far from white
in the Alps. Curiously adjusted to the chalk beds, rather
than superimposed, we have these notable masses of pebble
conglomerate, which bound the sandstones of the great
Swiss plain.

18. I have drawn that portion of the section a little
more boldly in projection, to remind you of the great Rigi
promontory ; and of the main direction of the slope of
these beds, with their backs to the Alps, and their escarp-
ments to the plain. Both these points are of curious im-
portance. Have you ever considered the reason of the fall
of the Rossberg,’ the most impressive physical catastrophe
that has chanced in Europe in modern times? Few moun-
tains in Switzerland looked safer. It was of inconsiderable
height, of very moderate steepness; but its beds lay per-
fectly straight, and that over so large a space, that when
the clay between two of them got softened by rain, one
slipped off the other. Now this mathematical straightness is

! [See Modern Painters, vol. iv, (Vo VI pp. 195 n., 378-879), and Plate 50
(Turner’s “‘ Goldau ").]
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characteristic of these pebble beds,—not universal in them,
but characteristic of them, and of them only. The lime-
stones underneath are usually, as you see in this section,
violently contorted ; if not contorted, they are at least so
irregular in the bedding that you can’t in general find a
surface of a furlong square which will not either by its
depression, or projection, catch and notch into the one
above it, so as to prevent its sliding. Also the limestones
are continually torn, or split, across the beds. But the con-
glomerates, though in many places they suffer decomposi-
tion, are curiously free from fissures and rents.! The hillside
remains unshattered unless it comes down in a mass. But
their straight bedding, as compared with the twisted lime-
stone, is the notablest point in them; and see how very
many difficulties are gathered in the difference. The crushed
masses of limestone are supposed to have been wrinkled
together By the lateral thrust of the emerging protogines;
and these pebble beds to have been raised into a gable, or
broken into a series of colossal fragments set over each
other like tiles, all along the south shore of the Swiss
plain, by the same lateral thrust; nay, *though we may
leave in doubt,” says Studer, “ by what cause the folded
forms of the Jura may have been pushed back, there yet
remains to us, for the explanation of this gabled form of
the Nagelfluh, hardly any other choice than to adopt the
opinion of a lateral pressure communicated by the Alps to
the tertiary bottom. We have often found in the outer
limestone chains themselves clear evidence of a pressure
going out from the inner Alps; and the pushing of the
older over the younger formations along the flank of the
limestone hills, leaves hardly any other opinion possible.”?
14. But if these pebble beds have been heaved up by
the same lateral thrust, how is it that a force which can
bend limestone like leather, cannot crush, everywhere, these
pebble beds into the least confusion? Consider the scale

1 {Compare above, p. 30.]
2 ['B. Studer: Geologie der Schweiz, 2 vols., 1851-1853, vol. ii, p. 374.]
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on which operations are carried on, and the forces of which
this sentence of Studer’s so serenely assumes the action.
Here, A, Fig. 84, is his section' of the High Sentis of
Appenzell, of which the height is at least, in the parts thus
bent, 6000 feet. And here, B, Fig. 84, are some sheets of
paper, crushed together by my friend Mr. Henry Wood-
ward,” from a length of four inches, into what you see;®
the High Sentis exactly resembles these, and seems to con-
sist of four miles of limestone similarly crushed into one.
Seems, I say, remember: I never theorize, I give you the
facts only. The beds do go up and down like this: that
they have been crushed together, it is Mr. Studer who says

'."' © .’.‘%'Eu

or supposes; I can’t go so far; nevertheless, I admit that
he appears to be right, and I believe he is right; only
don’t be positive about it, and don’t debate; but think of
it, and examine.

15. Suppose, then, you have a bed of rocks, four miles
long by a mile thick, to be crushed laterally into the space
of a mile. It may be done, supposing the mass not to be
reducible in bulk, in two ways: you may either crush it
up into folds, as I crush these pieces of cloth; or you may
break it into bits, and shuffle them over one another like
cards. Now, Mr. Studer, and our geologists in general,
believe the first of these operations to have taken place
with the limestones, and the second, with the breccias.

1 [See Geologie der Schweiz, vol. ii. (11 193.&
3 [Mr, Henry Woodward, LL.D., F.R.S., Keeper of the Geological Department,
British Museum'; President of the Geological Society, 1894-1896; editor of The
Geological Magazine, 1864»-1900.11

3 [But see a correction of this passage below, ch. xiv. § 18 2., p. 281.]

Fig. 84
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They are, as I say, very probably right: only just consider
what is involved in the notion of shuffling up your breccias
like a pack of cards, and folding up your limestones like a
length of silk which a dexterous draper’s shopman is per-
suading a young lady to put ten times as much of into
her gown as is wanted for it! Think, I say, what is in-
volved in the notion. That you may shuffle your pebble
beds, you must have them strong and well knit. Then
what sort of force must you have to break and to heave
them? Do but try the force required to break so much
as a captain’s biscuit by slow push,—it is the illustration I
gave long ago in Modern Painters'—and then fancy the
results of such fracturing power on a bed of conglomerate
two thousand feet thick! And here is indeed a very charm-
ing bookbinder’s pattern, produced by my friend in crushed
paper, and the length of silk produces lovely results in
these arrangements 4 la Paul Veronese. But when you
have the cliffs of the Diablerets, or the Dent du Midi of
Bex, to deal with; and have to fold them up similarly, do
you mean to fold your two-thousand-feet-thick Jura lime-
stone in a brittle state, or a ductile one? If brittle, won't
it smash? If ductile, wont it squeeze ?* Yet your whole
mountain theory proceeds on the assumption that it has
neither broken nor been compressed,—more than the folds
of silk or coils of paper. ‘
16. You most of you have been upon the Lake of Thun.
You have begn at least carried up and down it in a
steamer ; you smoked over it meanwhile, and countenanced
the Frenchmen and Germans who were spitting into it.
The steamer carried you all the length of it in half-an-
hour; you looked at the Jungfrau and Blumlis Alp, pro-
bably, for five minutes, if it was a fine day; then took to
your papers, and read the last news of the Tichborne case ;*®
then you lounged about,—thought it a nuisance that the
steamer couldn’t take you up in twenty minutes, instead

! [See Vol. VI, p. 195.]
2 [Ruskin in his copy here compares ch. xii. § 26 (below, pg. 200-867). ]

s v 122.]

For other contemptuous references to this case, see Vol.
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of half-an-hour; then you got into a row about your
luggage at Neuhaus; and all that you recollect afterwards
is that lunch where you met the So-and-sos at Interlaken.

17. Well, we used to do it differently in old times. Look
here ;—this * is the quay at Neuhaus, with its then travel-
ling arrangements. A flat-bottomed boat, little better than
a punt;—a fat Swiss girl with her schatz, or her father, to
row it; oars made of a board tied to a pole: and so one
paddled along over the clear water, in and out among the
bays and villages, for half a day of pleasant life. And one
knew something about the lake, ever after, if one had a
head with eyes in it.

It is just possible, however, that some of you also who
have been learning to see the Alps in your new fashion,
may remember that the north side of the Lake of Thun
consists, first, next Thun, of a series of low green hills,
with brown cliffs here and there among the pines; and
that above them, just after passing Oberhofen, rears up
suddenly a great precipice, with its flank to the lake, and
the winding wall of it prolonged upwards, far to the north,
losing itself, if the day is fine, in faint tawny crests of
rock among the distant blue; and if stormy, in wreaths of
more than commonly torn and fantastic cloud.

18. To form the top of that peak on the north side
of the Lake of Thun, you have to imagine forces which
have taken—say, the whole of the North Foreland, with
Dover Castle on it, and have folded it upside-down on the
top of the parade at Margate,—then swept up Whitstable
oyster-beds, and put them on the bottom of Dover Cliffs
turned topsy-turvy,—and then wrung the whole round like
a wet towel, till it is as close and hard as it will knit;—
such is the beginning of the operations which have produced
the lateral masses of the higher Alps.

19. Next to these, you have the great sculptural force,

* Turner’s first study of the Lake of Thun, in 18031

! [The drawing was No. 7 in Ruskin’s Exhibition of 1878 : see Vol. XIIL p. 417.]
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which gave them, approximately, their present forms,—
which let out all the lake waters above a certain level,—
which cut the gorge of the Devil’s Bridge—of the Via Mala
—of Gondo—of the Valley of Cluse; which let out the
Rhone at St. Maurice, the Ticino at Faido, and shaped
all the vast ravines which make the flanks of the great
mountains awful.

20. Then, finally, you have the rain, torrent, and glacier,
of human days.

Of whose action, briefly, this is the sum.

Over all the high surfaces, disintegration—melting away
—diffusion—loss of height and terror.

In the ravines,—whether occupied by torrent or glacier,
—gradual incumbrance by materials falling from above;
choking up of their beds by silt—by moraine—by continual
advances of washed slopes on their flanks; here and there,
only, exceptional conditions occur in which a river is still
continuing feebly the ancient cleaving action, and cutting
its ravine deeper, or cutting it back.

Fix thig idea thoroughly in your minds. Since the Valley
of Lauterbrunnen existed for human eyes,—or its pastures
for the food of flocks,—it has not been cut deeper, but
partially filled up by its torrents. The town of Interlachen
stands where there was once lake,—and the long slopes of
grassy sward on the north of it, stand where once: was
precipice. Slowly,—almost with infinite slowness,—the de-
clining and encumbering action takes place;' but incessantly,
and,—as far as our experience reaches,—irredeemably. . <.

21. Now I have touched in this lecture briefly on*the
theories respecting the elevation of the Alps, because I
want to show you how uncertain and unsatisfactory they
still remain. For our own work,’ we must waste no time
on them; we must begin where all theory ceases; and where
observation becomes possible,—that is to say, witlp¥the: forms

! JRuskin in his copy notes here,  Compare Lyell on slow raising of ‘coal-mine
floor” : see och. xxiv. of his Elements of Geology. .

3 [Here, again, he explains : ‘¢ Our own work,’ i.e., at Oxford, is to see ‘in what
strength and beauty of form,’ ete.” (p. 113).]
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which the Alps have actually retained while men have
dwelt among them, and on which we can trace the progress,
or the power, of existing conditions of minor change, Such
change has lately affected, and with grievous deterioration,
the outline of the highest mountain of Europe, with that
of its beautiful supporting buttress,—the Aiguille de Bion-
nassay. I do not care,—and I want you not to care,—how
crest or aiguille was lifted, or where its materials came
from, or how much bigger it was once! I do care that
you should know, and I will endeavour in these following
pages securely to show you, in what strength and beauty
of form it has actually stood since man was man, and what
subtle modifications of aspect, or majesties of contour, it
still suffers from the rains that beat upon it, or owes to
the snows that rest.

! [Here Ruskin in his copy compares ch. xii. § 1 (below, p. 244).]



CHAPTER 1I

THE THREE ARAS

(Part of a Lecture given at the London Institution in March, 1875,
with added pieces from Lectures in Oxford)

1. WE are now, so many of us, some restlessly and some
wisely, in the habit of spending our evenings abroad, that
I do not know if any book exists to occupy the place of
one classical in my early days, called Evenings at Home.
It contained, among many well-written lessons, one, under
the title of “ Eyes and No Eyes,” which some of my older
hearers may remember, and which I should myself be sorry
to forget. For if such a book were to be written in these
days, I suppose the title and the moral of the story would
both be changed; and, instead of “Eyes and No Eyes,”
the tale would be called “ Microscopes and No Microscopes.”
For I observe that the prevailing habit of learned men is
now to take interest only in objects which cannot be seen
without the aid of instruments; and I believe many of my
learned friends, if they were permitted to make themselves,
to their own liking, instead of suffering the slow process
of selective development, would give themselves heads like
wasps’, with three microscopic eyes in the middle of their
foreheads, and two ears at the ends of their antenne.

2. It is the fashion, in modern days, to say that Pope
was no poet.> Probably our schoolboys, also, think Horace

1 [Evenings at Home; or, The Juvenile Budget Opened. Consisting of a Variety of
Miscellaneous Pieces, for the Instruction und Amusement of Young Persons: 6 vols.,
1792-1796. First published anonymously; written by Dr. Aikin and his sister,
Mrs, Barbauld. o chapter called ““Eyes and No Eyes” was the ‘‘Nineteenth
Evenix;:g” (vol. iv. pp. 93 seq.).] Co

3 [For Ruskin's appreciation of Pope, 1llee Vol. XVI. p. 448 n.}

4
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none. They have each, nevertheless, built for themselves a
monument of enduring wisdom; and all the temptations
and errors of our own day, in the narrow sphere of lenti-
cular curiosity, were anticipated by Pope, and rebuked, in
one couplet:

“Why has not man a microscopic eye?
For this plain reason,—Man is not a fly.”

While the nobler following lines,

“Say, what avail, were finer optics given
To inspect a mite, not comprehend the heaven?’’!

only fall short of the truth of our present dulness, in that
we inspect heaven itself, without understanding it.

8. In old times, then, it was not thought necessary for
human creatures to know either the infinitely little, or the
infinitely distant; nor either to see, or feel, by artificial help.
Old English people used to say they perceived things with
their five,—or it may be, in a hurry, they would say, their
seven,—senses ; and that word ¢ sense” became, and for ever
must remain, classical English, derived from classical Latin,
in both languages signifying, not only the bodily sense, but
the moral one. If a man heard, saw, and tasted rightly,
we used to say he had his bodily senses perfect. If he
judged, wished, and felt rightly, we used to say he had his
moral senses perfect, or was a man “in his senses.” And
we were then able to speak precise truth respecting both
matter and morality ; and if we heard any one saying clearly
absurd things,—as, for instance, that human creatures were
automata,—we used to say they were out of their “senses,”
and were talking non-‘sense.”

Whereas, in modern days, by substituting analysis for
sense in morals, and chemistry for sense in matter, we have
literally blinded ourselves to the essential qualities of both

1 [Essay on Man, Epistle 1., lines 193-196. In the third of the lines quoted
Pope wrote, ‘“Say what the use, were,” etc. Compare Vol. V1. p. 76 ».]
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matter and morals; and -are entirely incapable of under-
standing what is meant by the description given us, in a
book we once honoured, of men who “by reason of use,
have their senses exercised to discern both good and evil.”?

4. And still, with increasingly evil results to all of us,
the separation is every day widening between the man of
science and the artist—in that, whether painter, sculptor,
or musician, the latter is pre-eminently a person who sees
with his Eyes, hears with his Ears, and labours with his
Body, as God constructed them; and who, in using instru-
ments, limits himself to those which convey or communi-
cate his human power, while he rejects all that increase it.
Titian would refuse to quicken his touch by electricity;
and Michael Angelo to substitute a steam-hammer for his
mallet. Such men not only do not desire, they imperatively
and scornfully refuse, either the force, or the information,
which are beyond the scope of the flesh and the senses of
humanity. And it is at once the wisdom, the honour, and
the peace, of the Masters both of painting and literature,
that they rejoice in the strength, and rest in the knowledge,
which are granted to active and disciplined life; and are
more and more sure, every day, of the wisdom of the
Maker in setting such measure to their being; and more
and more satisfied, in their sight and their audit of Nature,
that “the hearing ear, and the seeing eye,—the Lord hath
made even both of them.”* B,

5. This evening, therefore, 1 venture to address you,
speaking limitedly as an artist; but, therefore, I think,
with a definite advantage in having been trained to the use
of my eyes and senses, as my chief means of observation:
and I shall try to show you things which with your own
eyes you may any day see, and with your own common-
sense, if it please you to trust it, account for.

Things which you may see, I repeat; not which you
might perhaps have seen, if you had been born when you

! [Hebrews v. 14, Compare Vol. XXIII. p. 185.]
? [Proverbs xx. 12.]
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were not born; nor which you might perhaps in future see,
if you were alive when you will be dead. But what, in
the span of earth, and space of time, allotted to you, may
be seen with your human eyes, if you learn to use them.

And this limitation has, with respect to our present
subject, a particular significance, which I must explain to
you before entering on the main matter of it.

6. No one more honours the past labour—no one more
regrets the present rest—of the late Sir Charles Lyell,' than
his scholar, who speaks to you. But his great theorem of
the constancy and power of existing phenomena was only
in measure proved,—in a larger measure disputable; and in
the broadest bearings of it, entirely false. Pardon me if I
spend no time in qualifications, references, or apologies, but
state clearly to you what Sir Charles Lyell's work itself
enables us now to perceive of the truth. There are, broadly,
three great demonstrable periods of the Earth’s history.
That in which it was crystallized; that in which it was
sculptured ; and that in which it is now being unsculptured,
or deformed.”? These three periods interlace with each other,
and gradate into each other—as the periods of human life
do. Something dies in the child on the day that it is born,
—something is born in the man on the day that he dies:
nevertheless, his life is broadly divided into youth, strength,
and decrepitude. In such clear sense, the Earth has its
three ages: of their length we know as yet nothing, except
that it has been greater than any man had imagined.

! [Lyell (1797-1875) had died shortly before the delivery of this lecture. Lyell's
standpoint, in approaching geological problems, was indicated in the subsidiary
title of his great book, The Principles of Geology—‘‘ An Attempt to Explain the
Former Changes of the Earth’s Surface by Reference to Causes now in Opera-
tion”—the principle which he was the first geologist firmly to grasp being the

ower of gradual changes to produce great results if only time enough be-allowed
aee above, p. 13). The Principles was published in 1830-32-33, so that the re-
volution in geological ideas which it introduced, when it was flung into the strife
of the schools severally known as Neptunists (see below, p. 556) and Vulcanists,
was already in the air when Ruskin as a youth commenced the study of the
subject. It is in this sense that he speaks of himself as ‘“ Lyell’s scholar.”]

2 [With these three wmras compare the division of the first aner in this
voluéne inti) (1) materials, (2) formation, and (3) sculpture of the Alps (above,
PP- 3 seq.).
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7. (THE FIRST PERIOD.)—But there was a period, or
a succession of periods, during which the rocks which
are now hard were soft; and in which, out of entirely
different positions, and under entirely different conditions
from any now existing or describable, the masses, of which
the mountains you now see are made, were lifted and
hardened, in the positions they now occupy, though in
what forms we can now no more guess than we can the
original outline of the block from the existing statue.

8. (THE SECOND PERIOD.)—Then, out of those raised
masses, more or less in lines compliant with their crystal-
line structure, the mountains we now see were hewn, or
worn, during the second period, by forces for the most
part differing both in mode and violence from any now
in operation, but the result of which was to bring the
surface of the earth into a form approximately that which
it has possessed as far as the records of human history
extend. The Ararat of Moses’s time, the Olympus and Ida
of Homer’s, are practically the same mountains now, that
they were then.

9. (THE THIRD PERIOD.)—Not, however, without some
calculable, though superficial, change; and that change,
one of steady degradation. For in the third, or historical
period, the valleys excavated in the second period are
being filled up, and the mountains, hewn in the second
period, worn or ruined down. In the second era the
valley of the Rhone was being cut deeper every day; now
it is every day being filled up with gravel. In the second
@ra, the scars of Derbyshire and Yorkshire were cut white
and steep; now they are being darkened by vegetation,
and crumbled by frost. You cannot, I repeat, separate
the periods with precision; but, in their characters, they
are as distinct as youth from age,

10. The features of mountain form, to which during my
own life I have exclusively directed my study, and which
I endeavour to bring before the notice of my pupils in
Oxford, are exclusively those produced by existing forces,
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on mountains whose form and substance have not been
materially changed during the historical period.

For familiar example, take the rocks of Edinburgh
Castle, and Salisbury Craig. Of course we know that they
are both basaltic, and must once have been hot. But I do
not myself care in the least what happened to them till
they were cold.* They have both been cold at least longer
than young Harry Percy’s spur;' and, since they were last
brought out of the oven, in the shape which, approximately,
they still retain, with a hollow beneath one of them, which,
for aught I know, or care, may have been cut by a glacier
out of white-hot lava, but assuredly at last got itself filled
with pure, sweet, cold water, and called, in Lowland Scotch,
the “Nor’ Loch”;—since the time, I say, when the basalt,
above, became hard, and the lake beneath, drinkable, I am

* More curious persons, who are interested in their earlier condition, will
find a valuable paper by Mr. J. W. Judd,? in the quarterly Journal of the
Geological Society, May 1875 ; very successfully, it seems to me, demolishing
all former theories on the subject, which the author thus sums, at p. 185.

“The series of events which we are thus required to believe took place
in this district is therefore as follows:—

“A. At the point where the Arthur’s Seat group of hills now rises, a
series of volcanic eruptions occurred during the Lower Calciferous Sand-
stone period, commencing with the emission of basaltic lavas, and ending
with that of porphyrites,

“B. An interval of such enormous duration supervened as to admit of—

a. The deposition of at least 83000 feet of Carboniferous strata.

b. The bending of all the rocks of the district into a series of
great anticlinal and synclinal folds.

c. The removal of every vestige of the 3000 feet of strata by
denudation.

¢«C, The outburst, after this vast interval, of a second series of volcanic
eruptions upon the identical site of the former ones, presenting in its suc-
cession of events precisely the same sequence, and resulting in the production
of rocks of totally undistinguishable character.

« Are we not entitled to regard the demand for the admission of such a
series of extraordinary accidents as evidence of the antecedent improbability
of the theory? And when we find that all attempts to suggest a period
for the supposed second series of outbursts have successively failed, do not
the difficulties of the hypothesis appear to be overwhelming?”

172 Henry IV., Act i. sc. 1, line 42.]
3 [Mr. John Wesley Judd, F.R.S.; on the Geological Survey, 1867-1870; Presi-
dent of the Geological Society, 1887-1888.]
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desirous to examine with you what effect the winter’s frost
and summer’s rain have had on the crags and their hollows;
how far the ‘“kittle nine steps”! under the castle-walls, or
the firm slope and cresting precipice above the dark ghost
of Holyrood, are enduring or departing forms; and how
long, unless the young engineers of New Edinburgh blast
the incumbrance away, the departing mists of dawn may
each day reveal the form, unchanged, of the Rock which
was the strength of their Fathers.

11. Unchanged, or so softly modified that eye can
scarcely trace, or memory measure, the work of time.
Have you ever practically endeavoured to estimate the
alterations of form in any hard rocks known to you, during
the course of your own lives? You have all heard, a thou-
sand times over, the common statements of the school of
Sir Charles Lyell. You know all about alluviums and
gravels; and what torrents do, and what rivers do, and
what ocean currents do; and when you see a muddy stream
coming down in a flood, or even the yellow gutter more
than usually rampant by the roadside in a thunder-shower,
you think, of course, that all the forms of the Alps are to
be accounted for by aqueous erosion, and that it’s a wonder
any Alps are still left. Well—any of you who have fished
the pools of a Scottish or Welsh stream,—have you ever
thought of asking an old keeper how much deeper ‘they
had got to be, while his hairs were silvering? Do you
suppose he wouldn’t laugh in your face ?*

There are some sitting here, I think, who must have
themselves fished, for more than one summer, years ago, in
Dove or Derwent,—in Tweed or Teviot. Can any of you

1 [Scott ““records his pride in being found before he left the High School one
of the boldest and nimblest climbers of  the kittle nine stanes,’ a passage of difficulty
which might puzzle a chamois-hunter of the Alps, its steps, few and far between,
grojected high in air from the precipitous black granite of the Castle rock” (Lock-

art’s Life, ch. iii.). See Redgauntlet as noted in Vol. XIIL. p. 399 n.]

i LMr. Wedderburn after the delivery of this lecture wrote to a Seotch farmer,
who had lived all his life under Ben Nevis, to ask about this, and l}:,; lied that
no pool had deepened in his lifetime. This reply was read out by’ uign at the
next lecture.]}
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tell me a single pool, even in the limestone or sandstone,
where you could spear a salmon then, and can’t reach one
now—(providing always the wretches of manufacturers have
left you one to be speared, or water that you can see
through)? Do you know so much as a single rivulet of
clear water which has cut away a visible half-inch of High-
land rock, to your own knowledge, in your own day? You
have seen whole banks, whole fields washed away ; and the
rocks exposed beneath? Yes, of course you have; and so
have 1. The rains wash the loose earth about everywhere,
in any masses that they chance to catch—loose earth, or
loose rock. But yonder little rifted well in the native
whinstone by the sheepfold,—did the grey shepherd not put
his lips to the same ledge of it, to drink—when he and
you were boys together?

12. “But Niagara, and the Delta of the Ganges—and—
all the rest of it?” Well, of course a monstrous mass of
continental drainage, like Niagara, will wash down a piece
of crag once in fifty years (but only that, if it’s rotten
below); and tropical rains will eat the end off a bank of
slime and alligators,—and spread it out lower down. But
does any Scotchman know a change in the Fall of Foyers?
—any Yorkshireman in the Force of Tees?

Except of choking up, it may be—not of cutting down.
It is true, at the side of every stream you see the places
in the rocks hollowed by the eddies. I suppose the eddies
go on at their own rate. But I simply ask, Has any
human being ever known a stream, in hard rock, cut its
bed an inch deeper down at a given spot?

18. I can look back, myself, now pretty nearly, I am
sorry to say, half a century, and recognize no change what-
ever in any of my old dabbling-places; but that some stones
are mossier, and the streams usually dirtier,—the Derwent
above Keswick, for example.

“But denudation does go on, somehow: one sees the
whole glen is shaped by it?” Yes, but not by the stream.
'The stream only sweeps down the loose stones; frost and
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chemical change are the powers that loosen them. I have
indeed not known one of my dabbling-places changed in
fifty years. But I have known the éboulement under the
Rochers des Fyz, which filled the Lac de Chéde; I passed
through the Valley of Cluse a night after some two or
three thousand tons of limestone came off the cliffs of
Maglans-—burying the road and field beside it.' I have
seen half a village buried by a landslip, and its people
killed, under Monte St. Angelo, above Amalfi.® I have seen
the lower lake of Llanberis destroyed, merely by artificial
slate quarries; and the Waterhead of Coniston seriously
diminished in purity and healthy flow of current by the
débris of its copper mines. These are all cases, you will
observe, of degradation; diminishing majesty in the moun-
tain, and diminishing depth in the valley, or pools of its
waters. I cannot name a single spot in which, during my
lifetime spent among the mountains, I have seen a peak
made grander, a watercourse cut deeper, or a mountain
pool made larger and purer.

14. I am almost surprised, myself, as I write these words,
at the strength which, on reflection, I am able to give to
my assertion. For, even till I began to write these very
pages, and was forced to collect my thoughts, I remained
under the easily adopted impression, that, at least among
soft earthy eminences, the rivers were still cutting out
their beds. And it is not so at all. There are indeed banks
here and there which they visibly remove; but whatever
they sweep down from one side, they sweep up on the
other, and extend a promontory of land for every shelf
they undermine: and as for those radiating fibrous valleys
in the Apennines, and such other hills, which look sym-
metrically shaped by streams,—they are not lines of trench
from below, but lines of wash or slip from above: they are
the natural wear and tear of the surface, directed indeed
in easiest descent by the bias of the stream, but not dragged

t fSee Vol. IIL. p. 540 n.]
t [See Vol. I. p. 211]
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down by its grasp. In every one of those ravines the water
is being choked up to a higher level; it is not gnawing
down to a lower. So that, I repeat, earnestly, their chasms
being choked below, and their precipices shattered above,
all mountain forms are suffering a deliquescent and cor-
roding change,—not a sculpturesque or anatomizing change.
All character is being gradually effaced; all crooked places
made straight,—all rough places, plain; and among these
various agencies, not of erosion, but corrosion, none are so
distinct as that of the glacier, in filling up, not cutting
deeper, the channel it fills; and in rounding and smooth-
ing, but never sculpturing, the rocks over which it passes.

In this fragmentary collection of former work, now
patched and darned into serviceableness, I cannot finish my
chapters with the ornamental fringes I used to twine for
them; nor even say, by any means, all I have in my mind
on the matters they treat of: in the present case, however,
the reader will find an elucidatory postscript added at the
close of the fourth chapter,’ which he had perhaps better
glance over before beginning the third.

! [See §§ 15-18, pp. 145-147.



CHAPTER II1
OF ICE-CREAM

(Continuation of Lecture delivered at London Institution, with added
Tllustrations from Lectures at Oxford)

1. THE statement at the close of the last chapter, doubtless
surprising and incredible to many of my readers, must,
before I reinforce it, be explained as referring only to
glaciers visible, at this day, in temperate regions. For of
formerly deep and continuous tropical ice, or of existing
Arctic ice, and their movements, or powers, I know, and
therefore say, nothing.* But of the visible glaciers couched

* The following passage, quoted in the Geological Magazine for June
of this year;! by Mr. Clifton Ward, of Keswick,? from a letter of Professor
Sedgwick’s, dated May 24th, 1842, is of extreme value; and Mr. Ward’s
following comments are most reasonable and just:—

“¢No one will, I trust, be so bold as to affirm that an uninterrupted
glacier could ever have extended from Shap Fells to the coast of Holder-
ness, and borne along the blocks of granite through the whole distance,
without any help from the floating power of water. The supposition
involves difficulties tenfold greater than are implied in the phenomenon it
pretends to account for. The glaciers descending through the valleys of
the higher Alps have an enormous transporting power: but there is no
such power in a great sheet of ice expanded over a country without
mountains, and at a nearly dead level.’

“The difficulties involved in the theories of Messrs. Croll, Belt, Goodchild,
and others of the same extreme school,® certainly press upon me-—and I

! [New Series, vol. ii. p. 285.

2 [The Rev. James Clifton Ward (1843-1880), curate at Keswick, and after-
wards Vicar of Rydal ; on the staff of the Geological Survey in Yorkshire 1865-1869,
and in the Lake {)istrict 1869-1877. For his contributions to Deucalion, see below,
gg. 267-271., For other references to Professor Adam Sedgwick (1785-1873), see

lowﬁ'gp. 243 n., 284, 294, and Vol. VIIL ]; xxv.] )

3 [That is, of the extreme glacial school. James Croll (1821-1890), F.R.S.,
Keeper of Maps and Correspondence of the Geological Survey of Scotland. Thomas
Belt (1832-1878), author of geological works on the glacial period. Mr. J. G.
Goodchild, author of numerous geological papers, etc., and Curator of the Collec-
tion of the Geological Survey of Sco nlch]
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upon the visible Alps, two great facts are very clearly
ascertainable, which, in my lecture at the London Institu-
tion, I asserted in their simplicity, as follows :—

2. The first great fact to be recognized concerning them
is that they are Fluid bodies. Sluggishly fluid, indeed, but
definitely and completely so; and therefore, they do not
scramble down, nor tumble down, nor crawl down, nor slip
down; but flow down. They do not move like leeches,
nor like caterpillars, nor like stones, but like, what they are
made of, water.

That is the main fact in their state, and progress, on
which all their great phenomena depend.

Fact first discovered and proved by Professor James
Forbes, of Edinburgh, in the year 1842, to the astonishment
of all' the glacier theorists of his time;—fact strenuously
denied, disguised, or confusedly and partially apprehended,
by all of the glacier theorists of subsequent times, down to
our own day;' else there had been no need for me to tell
it you again to-night.

8. The second fact of which I have to assure you is
partly, I believe, new to geologists, and therefore may be

think I may say also upon others of my colleagues—increasingly, as the
country becomes more and more familiar in its features. It is indeed a
most startling thought, as one stands upon the eastern borders of ‘the
Lake-mountains, to fancy the ice from the Scotch hills stalking boldly
across the Solway, marching steadily up the Eden Valley, and persuading
some of the ice from Shap to join it on an excursion over Stainmoor, and
bring its boulders with it.

““The outlying northern parts of the Lake-district, and the flat country
beyond, have indeed been ravaged in many a raid by our Scotch neighbours,
but it is a question whether, in glacial times, the Cumbrian mountains and
Pennine chain had not strength in their protruding icy arms to keep at a
distance the ice proceeding from the district of the southern uplands, the
mountains of which are not superior in elevation. Let us hope that the
careful geological observations which will doubtless be made in the forth-
coming scientific Arctic Expedition will throw much new light on our past
glacial period.

“J, CuirroN WARD.

« Keswick, April 26th, 1875.”

t [On this subject, see the Introduction, above, pp. xxxiii. seq.]
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of some farther interest to you because of its novelty, though
I do not myself care a grain of moraine-dust for the new-
ness of things; but rather for their oldness; and wonder
more willingly at what my father and grandfather thought
wonderful (as, for instance, that the sun should rise, or a
seed grow), than at any newly-discovered marvel. Nor do
I know, any more than I care, whether this that I have
to tell you be new or not; but I did not absolutely Anow
it myself, until lately; for though I had ventured with
some boldness to assert it' as a consequence of other facts,
I had never been under the bottom of a glacier to look.
But, last summer, I was able to cross the dry bed of a
glacier,” which I had seen flowing, two hundred feet deep,
over the same spot, forty years ago. And there I saw,
what before I had suspected, that modern glaciers, like
modern rivers, were not cutting their beds deeper, but,
filling them up.® These, then, are the two facts I wish
to lay distinctly before you this evening,—first, that glaciers
are fluent; and, secondly, that they are filling up their
beds, not cutting them deeper.*

4. (I.) Glaciers are fluent; slowly, like lava, but dis-
tinctly.

And now I must ask you not to disturb yourselves, as
I speak, with bye-thoughts about «the theory of regelation.”®
It is very interesting to know that if you put two pieces
of ice together they will stick together; let good Professor

1 [See above, p. 9, and below, plf. 550 seq.]

2 [The Glacier des Bossons (as Ruskin notes in his copy).]

3 {[Compare W. G. Collingwood’s Limestone Alps of Savoy, p. 174: ‘“In our
district, quite independently of anything that has been written on the subject,
the fact cannot fail to strike a thoughtful observer, that even Alpine glaciers
during their greatest extension overflowed,—without ploughing away, as M. de
Mortillet thought,—the most friable Tertiary beds; as well as their own moraine
profonde. And even in modern small and steep Alpine glaciers, to which Professor
Geikie allows and attributes erosive power, what, as a matter of fact, do we find
underneath them? Where they have recently receded, is it bare, scraped rock?
Not at all; but a heaped-up causeway of dirt and stones. A visit to the Glacier
des Bossons, or that of the Bois, will show this.”

4 [As Ruskin notes in his copy, “ this second head is never entered upon here ;
it comes into ‘Yewdale and its Streamlets’” (see below, pp. 249 seq.); “but

compare § 17, and the whole of ch. ii. § 14.”]
[For Ruskin’s dismissal of this theory, see below, ch. x. § 17, p. 230.]
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Faraday have all the credit of showing us that;' and the
human race in general, the discredit of not having known
so much as that, about the substance they have skated
upon, dropped through, and ate any quantity of tons of—
these two or three thousand years.

It was left, nevertheless, for Mr. Faraday to show them
that two pieces of ice will stick together when they touch
—as two pieces of hot glass will. But the capacity of ice
for sticking together no more accounts for the making of
a glacier, than the capacity of glass for sticking together
accounts for the making of a bottle. The mysteries of
crystalline vitrification, indeed, present endless entertainment
to the scientific inquirer; but by no theory of vitrification
can he explain to us how the bottle was made narrow at
the néck, or dishonestly vacant at the bottom. Those con-
ditions of it are to be explained only by the study of
the centrifugal and moral powers to which it has been
submitted.

5. In like manner, I do not doubt but that wonderful
phenomena of congelation, regelation, degelation, and gela-
tion pure without preposition, take place whenever a
schoolboy makes a snowball; and that miraculously rapid
changes in the structure and temperature of the particles
accompany the experiment of producing a star with it on
an old gentleman’s back. But the principal conditions of
either operation are still entirely dynamic. To make your
snowball hard, you must squeeze it hard; and its expansion
on the recipient surface is owing to a lateral diversion of
the impelling forces, and not to its regelatic properties.

6. Our first business, then, in studying a glacier, is to
consider the mode of its original deposition, and the large
forces of pressure and fusion brought to bear on it, with

! [Faraday had called attention, in a lecture at the Royal Imstitution in 1850,
to the fact that if two pieces of ice, having throughout a temperature of 32° F. and
each melting at its sur}’ace, are made to touch each other, they will freeze together
at the points of contact. The lecture is reported in the Atheneum, June 15, 1850,
and is referred to at p. xiii. of Forbes's Occasional Papers. Tyndall recalled the

experimgxats in a lecture, January 23, 1857 : see, further, the Introduction, above,
p. xxxvii,
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their necessary consequences on such a substance as we
practically know snow to be,—a powder, ductile by wind,
compressible by weight; diminishing by thaw, and harden-
ing by time and frost; a thing which sticks to rough
ground, and slips on smooth; which clings to the branch
of a tree, and slides on a slated roof.

7. Let us suppose, then, to begin with, a volcanic cone
in which the crater has been filled, and the temperature
cooled, and which is now exposed to its first season of
glacial agencies. Then let Plate XII.,' Fig. 1, represent
this mountain, with part of the plains at its foot under an
equally distributed depth of a first winter’s snow, and place
the level of perpetual snow at any point you like—for
simplicity’s sake, I put it half-way up the cone. Below
this snow-line, all snow disappears in summer; but above
it, the higher we ascend, the more of course we find re-
maining. It is quite wonderful how few feet in elevation
make observable difference in the quantity of snow that
will lie. This last winter, in crossing the moors of the
peak of Derbyshire,® I found, on the higher masses of them,
that ascents certainly not greater than that at Harrow
from the bottom of the hill to the school-house, made all
the difference between easy and difficult travelling, by the
change in depth of snow.

8. At the close of the summer, we have then the rem-
nant represented in Fig. 2, on which the snows of the en-
suing winter take the form in Fig. 8; and from this greater
heap we shall have remaining a greater remnant, which,
supposing no wind -or other disturbing force modified its
form, would appear as at Fig. 4; and, under such necessary
modification, together with its own deliquescence, would
actually take some such figure as that shown at Fig. 5.

Now, what is there to_hinder the continuance of accu-
mulation? If we cover this heap with another layer of
winter’s snow (Fig. 6), we see at once that the ultimate

! [For references to Figs. 7-12 on this Plate, see below, pp. 158-160.]
% [In a driving tour in January 1875.}
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condition would be, unless somehow prevented, one of
enormous mass, superincumbent on the peak—Ilike a colossal
haystack, and extending far down its sides below the level
of the snow-line.

You are, however, doubtless well aware that no such
accumulation as this ever does take place on a mountain-
top.

9. So far from it, the eternal snows do not so much as
fill the basins between mountain-tops; but, even in these
hollows, form depressed sheets at the bottom of them. The
difference between the actual aspect of the Alps, and that
which they would present it no arrest of the increasing
accumulation on them took place, may be shown before
you with the greatest ease; and in doing so I have, in
all humility, to correct a grave error of my own, which,
strangely enough, has remained undetected, or at least un-
accused, in spite of all the animosity provoked by my earlier
writings.

10. When I wrote the first volume of Modern Painters,!
scarcely any single fact was rightly known by anybody,
about either the snow or ice of the Alps. Chiefly the
snows had been neglected: very few eyes had ever seen
the higher snows near; no foot had trodden the greater
number of Alpine summits; and I had to glean what I
needed for my pictorial purposes as best I could,—and my
best in this case was a blunder. The thing that struck
me most, when I saw the Alps myself, was the enormous
accumulation of snow on them; and the way it clung to
their steep sides. Well, I said to myself, “of course it
must be as thick as it can stand; because, as there is an
excess which doesn’t melt, it would go on building itself
up like the Tower of Babel, unless it tumbled off. There
must be always, at the end of winter, as much snow on
every high summit as it can carry.”*

There must, I said. That is the mathematical method
1 Pt was Fublished in 1843.]

2 [See Vol. JIL p. 447.]
XXVL I
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of science as opposed to the artistic. Thinking of a thing,
and demonstrating,—instead of looking at it. Very fine,
and very sure, if you happen to have before you all the
elements of thought; but always very dangerously inferior
to the unpretending method of sight—for people who have
eyes, and can use them. If I had only looked at the
snow carefully, I should have seen that it wasn’t any-
where as ‘thick as it could stand or lie—or, at least, as a
hard substance, though deposited in powder, could stand.
And then I should have asked myself, with legitimate
rationalism, why it didn’t; and if I had but asked——Well,
it’s no matter what perhaps might have happened if I had.
I never did.

11. Let me now show you, practically, how great the
error was. Here is a little model of the upper summits
of the Bernese range. I shake over them as much flour
as they will carry; now I brush it out of the valleys, to
represent the melting. Then you see what is left stands
in these domes and ridges, representing a mass of snow
about six miles deep. That is what the range would be
like, however, if the snow stood up as the flour does; and
snow is at least, you will admit, as adhesive as flour.

12. But, you will say, the scale is so different, you can’t
reason from the thing on that scale. A most true objec-
tion. You cannot; and therefore I beg you, in like manner,
not to suppose that Professor Tyndall’s experiments on “a
straight prism of ice, four inches long, an inch wide, and a
little more than an inch in depth,”* are conclusive as to
the modes of glacier motion.

In what respect then, we have to ask, would the differ-
ence in scale modify the result of the experiment made
here on the table, supposing this model was the Jungfrau
itself, and the flour supplied by a Cyclopean miller and his
men ?

* Glaciers of the Alps, p. 8481

! [Ruskin’s references to this book are to the first edition (1860).]
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18. In the first place, the lower beds of a mass six
miles deep would be much consolidated by pressure. But
would they be only consolidated? Would they be in
nowise squeezed out at the sides?

The answer depends of course on the nature of flour,
and on its conditions of dryness. And you must feel in a
moment that, to know what an Alpine range would look
like, heaped with any substance whatever, as high as the
substance would stand—you must first ascertain how high
the given substance will stand—on level ground. You
might perhaps heap your Alp high with wheat,—not so
high with sand,—nothing like so high with dough; and a
very thin coating indeed would be the utmost possible
result of any quantity whatever of showers of manna, if it
had the consistence, as well as the taste, of wafers made
with honey.

14. It is evident, then, that our first of inquiries bearing
on the matter before us must be, How high will snow
stand on level ground, in a block or column? Suppose
you were to plank in a square space, securely—twenty feet
high—thirty—fifty ; and to fill it with dry snow. How
high could you get your pillar to stand, when you took
away the wooden walls ? and when you reached your limit,
or approached it, what would happen ?

Three more questions instantly propose themselves ;
namely, What happens to snow under given pressure? will
it under some degrees of pressure change into anything
else than snow? and what length of time will it take to
effect the change?

Hitherto we have spoken of snow as dry only, and
therefore as solid substance, permanent in quantity and
quality. You know that it very often is not dry; and
that, on the Alps, in vast masses, it is throughout great
part of the year thawing, and therefore diminishing in
quantity.

It matters not the least, to our general inquiry, how
much of it is wet, or thawing, or at what times. I
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merely at present have to introduce these two conditions
as elements in the business. It is not dry snow always,
but often soppy snow—snow and water,—that you have to
squeeze. And it is not freezing snow always, but very
often thawing snow,—diminishing therefore in bulk every
instant,—that you have to squeeze.

It does not matter, I repeat, to our immediate purpose,
when, or how far, these other conditions enter our ground;
but it is best, I think, to put the dots on the i's as we
go along. You have heard it stated, hinted, suggested,
implied, or whatever else you like to call it, again and again,
by the modern school of glacialists, that the discoveries of
James Forbes were anticipated by Rendu.!

15. I have myself more respect for Rendu than any
modern glacialist has. He was a man of De Saussure’s
temper, and of more than De Saussure’s intelligence; and
if he hadn’t had the misfortune to be a bishop, would very
certainly have left James Forbes’s work a great deal more
than cut out for him ;—stitched—and pretty tightly—in
most of the seams. But he was a bishop; and could only
examine the glaciers to an episcopic extent;* and guess, the
best he could, after that. His guesses are nearly always
splendid ; but he must needs sometimes reason as well as
guess; and he reasons himself with beautiful plausibility,
ingenuity, and learning, up to the conclusion—which he
announces as positive—that it always freezes on the Alps,
even in summer.® James Forbes was the first who ascer-
tained the fallacy of this episcopal position; and who
announced ‘—to our no small astonishment—that it always
thawed on the Alps, even in winter.

16. Not superficially of course, nor in all places. But

1 [On this subject, see the Introduction ; above, pp. xxxiii. seq.
2 In his ctgy for a revision (which was, however, never carried out) Ruskin
here writes ‘‘Correct this sneer at bishops.” ¢‘Episcopic,” it may be noted, is
a coinage of Ruskin’s, not included in Dr. Murray’s New English Dictionary.

3 !See ch. ii. of Rendu's Theory of the Glaciers of Savoy, p. 24 of the English
t tion. ]

¢ [In the Sixteenth Letter on Glaciers: see Occasional Papers on the Theory
of Glaciers, now first collected, 1859, p. 226.]
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internally, and in a great many places. And you will find
it is an ascertained fact—the first great one of which we
owe the discovery to him—that all the year round, you
must reason on the masses of aqueous deposit on the Alps
as, practically, in a state of squash. Not freezing ice or
snow, nor dry ice or snow, but in many places saturated
with,—everywhere affected by,—moisture; and always sub-
Ject, in enormous masses, to the conditions of change which
affect ice or snow at the freezing-point, and not below it.
Even James Forbes himself scarcely, I think, felt enough
the importance of this element of his own discoveries, in
all calculations of glacier motion. He sometimes speaks of
his glacier a little too simply, as if it were a stream of un-
diminishing substance, as of treacle or tar, moving under
the action of gravity only; and scarcely enough recognizes
the influence of the subsiding languor of its fainting mass,
as a constant source of motion; though nothing can be
more accurate than his actual account of its results on
the surface of the Mer de Glace, in his fourth letter to
Professor Jameson.!

17. Let me drive the notion well home in your own
minds, therefore, before going farther. You may per-
manently secure it, by an experiment easily made by each
one of you for yourselves this evening, and that also on
the minute and easily tenable scale which is so approved
at the Royal Institution;? for in this particular case the
material conditions may indeed all be represented in very
small compass. Pour a little hot water on a lump of sugar
in your tea-spoon. You will immediately see the mass
thaw, and subside by a series of, in miniature, magnifi-
cent and appalling catastrophes, into a miniature glacier,
which you can pour over the edge of your tea-spoon into
your saucer; and if you will then add a little of the
brown sugar of our modern commerce—of a slightly sandy

1 [First published in the Edinburgh New Philosophical Journal, January 1843;
. 26 seq. in the Occasional Puapers.] )
i [Theg reference is to Tyndall’s experiment as described above, p. 130.]
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character,—you may watch the rate of the flinty erosion
upon the soft silver of the tea-spoon at your ease, and
with Professor Ramsay’s help, calculate the period of time
necessary to wear a hole through the bottom of it.

I think it would be only tiresome to you if I carried
the inquiry farther by progressive analysis. You will, I
believe, permit, or even wish me, rather to state summarily
what the facts are:—their proof, and the process of their
discovery, you will find incontrovertibly and finally given
in this volume, classical, and immortal in scientific litera-
ture—which, twenty-five years ago, my good master Dr.
Buckland ! ordered me, in his lecture-room at the Ashmolean,
to get,—as closing all question respecting the nature and
cause of glacier movement,—James Forbes’s Travels in the
Alps.

18. The entire mass of snow and glacier (the one pass-
ing gradually and by infinite modes of transition into the
other, over the whole surface of the Alps) is one great
accumulation of ice-cream, poured upon the tops, and flow-
ing to the bottoms, of the mountains, under precisely the
same special condition of gravity and coherence as the
melted sugar poured on the top of a bride-cake; but on
a scale which induces forms and accidents of course peculiar
to frozen water, as distinguished from frozen syrup, and to
the scale of Mont Blanc and the Jungfrau, as compared
to that of a bride-cake. Instead of an inch thick, the ice-
cream of the Alps will stand two hundred feet thick,—no
thicker, anywhere, if it can run off; but will lie in the
hollows like lakes, and clot and cling about the less abrupt
slopes in festooned wreaths of rich mass and sweeping flow,
breaking away, where the steepness becomes intolerable,
into crisp precipices and glittering cliffs.

19. Yet never for an instant motionless—never for an
instant without internal change, through all the gigantic
mass, of the relations to each other of every crystal grain.

1 [See the Introduction; above, p. xx.]
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That one which you break now from its wave-edge, and
which melts in your hand, has had no rest, day nor night,
since it faltered down from heaven when you were a babe
at the breast; and the white cloud that scarcely veils yonder
summit — seven-coloured in the morning sunshine — has
strewed it with pearly hoar-frost, which will be on this spot,
trodden by the feet of others, in the day when you also
will be trodden under feet of men,' in your grave.

20. Of the infinite subtlety, the exquisite constancy of
this fluid motion, it is nearly impossible to form an idea
in the least distinct. We hear that the ice advances two
feet in the day; and wonder how such a thing can be
possible, unless the mass crushed and ground down every-
thing before it. But think a little. Two feet in the day
is a foot in twelve hours,—only an inch in an hour (or say
a little more in the daytime, as less in the night),—and
that is maximum motion in mid-glacier. If your Geneva
watch is an inch across, it is three inches round, and the
minute-hand of it moves three times faster than the fastest
ice.® Fancy the motion of that hand so slow that it must
take three hours to get round the little dial. Between the
shores of the vast gulf of hills, the long wave of hastening
ice only keeps pace with that lingering arrow, in its central
crest; and that invisible motion fades away upwards through
forty years of slackening stream, to the pure light of dawn
on yonder stainless summit, on which this morning’s snow
lies—motionless.

21. And yet, slow as it is, this infinitesimal rate of cur-
rent is enough to drain the vastest gorges of the Alps of
their snow, as clearly as the sluice of a canal-gate empties
a lock. The mountain basin included between the Aiguille
Verte, the Grandes Jorasses, and the Mont Blanc, has an
area of about thirty square miles, and only one outlet,
little more than a quarter of a mile wide: yet, through this

1 'TMatthew v, 13. .
2 [This passage, wi]th ch. vi. § 15, formed oriﬁinally the conclusion of the lecture

at the London Institution: see below, p. 163 =,
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the contents of the entire basin are drained into the Valley
of Chamouni with perfect steadiness, and cannot possibly
fill the basin beyond a certain constant height above the
point of overflow.

Overflow, I say, deliberately; distinguishing always the
motion of this true fluid from that of the sand in an hour-
glass, or of stones slipping in a heap of shale. But that
the nature of this distinction may be entirely conceived by
you, I must ask you to pause with some attention at this
word, to “flow,”—which attention may perhaps be more
prudently asked in a separate chapter.



CHAPTER 1V
LABITUR, ET LABETUR!

(Lecture given at London Institution, continued, with added Illustrations)

1. OF course—we all know what flowing means. Well, it is
to be hoped so; but I'm not sure. Let us see. The sand
of the hour-glass,—do you call the motion of that flowing ?

No. 1t is only a consistent and measured fall of many
unattached particles.

Or do you call the entrance of a gas through an aper-
ture, out of a full vessel into an empty one, flowing ?

No. That is expansion—not flux.

Or the draught through the keyhole? No—is your
answer, still. Let us take instance in water itself. The
spring of a fountain, or of a sea breaker into spray. You
don’t call that flowing ?

No.

Nor the fall of a fountain, or of rain?

No.

Well, the rising of a breaker,—the current of water in
the hollow shell of it,—is tkat flowing? No. After it has
broken—rushing up over the shingle, or impatiently advanc-
ing on the sand! You begin to pause in your negative.

Drooping back from the shingle then, or ebbing from the
sand? Yes; flowing, in some places, certainly, now.

You see how strict and distinct the idea is in our minds.
Will you accept—I think you may—this definition of it?
Flowing is “the motion of liquid or viscous matter over
solid matter, under the action of gravity, without any other
impelling force.”

1 [Horace : Epistles, i. 2, 43; quotelg7also in Elements of Prosody, § 12.]
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2. Will you accuse me, in pressing this definition on
you, of wasting time in mere philological nicety ? Permit
me, in the capacity which even the newspapers allow to
me,—that of a teacher of expression,'—to answer you, as
often before now, that philological nicety is philosophical
nicety.” See the importance of it here. I said a glacier
flowed. - But it remains a question whether it does not
also spring,—whether it can rise as a fountain, no less than
descend as a stream.

For, broadly, there are two methods in which either a
stream or glacier moves.

The first, by withdrawing a part of its mass in front, the
vacancy left by which, another part supplies from behind.

That is the method of a continuous stream,—perpetual
deduction,* by what precedes, of what follows.

The second method of motion is when the mass that is

behind, presses, or is poured in upon, the masses before.
That is the way in which a cataract falls into a pool, or a
fountain into a basin.
- Now, in the first case, you have catenary curves, or else
curves of traction, going down the stream. In the second
case, you have irregularly concentric curves, and ripples of
impulse and compression, succeeding each other round the
pool.

8. Now the Mer de Glace is deduced down its narrow
channel, like a river; and the Glacier des Bossons is de-
duced down its deep ravine; and both were once inig(i;cd
into a pool of ice in the valley below, as the Glacx/f‘eii'ff
the Rhone is still. Whereupon, observe, if a stream. f&
into a basin—level-lipped all round—you know when it
runs over it must be pushed over—lifted over. But if ice
is thrown into a heap in a plain, you can’t tell, without the

* «Ex quo illa admirabilis a majoribus aque facta deductio est,”—Cie.
de Div., 1. 44. Lo

! [Compare Vol. XXV, p. 14.
3 [Compare Lectures on Art, § 68 (Vol. XX, p, 74); Munera Pulveris, § 101
(Vol. XVIIL p. 225 n.), and The Storm-Cloud of the Nineteenth Century, § 66.]
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closest observation, how violently it is pushed from behind,
or how softly it is diffusing itself in front; and I had never
set my eyes or wits to ascertain where compression in the
mass ceased, and diffusion began, because I thought Forbes
had done everything that had to be done in the matter.
But in going over his work again I find he has left just
one thing to be still explained; and that one chances to be
left to me to show you this evening, because, by a singular
and splendid Nemesis, in the obstinate rejection of Forbes’s
former conclusively simple experiments, and in the endeavour
to substitute others of his own, Professor Tyndall has con-
fused himself to the extreme point of not distinguishing
these two conditions of deductive and impulsive flux. His
incapacity of drawing, and ignorance of perspective, pre-
vented him from constructing his diagrams either clearly
enough to show him his own mistakes, or prettily enough
to direct the attention of his friends to them;—and they
luckily remain to us, in their absurd immortality.

4. Forbes poured viscous substance in layers down a
trough ; let the stream harden; cut it into as many sections
as were required; and showed, in permanence, the actual
conditions of such viscous motion.! Eager to efface the
memory of these conclusive experiments, Professor Tyndall
(Glaciers of the Alps, page 388) substituted this literally
“superficial ” one of his own. He stamped circles on the
top of a viscous current; found, as it flowed, that they
were drawn into ovals; but had not wit to consider, or
sense to see, whether the area of the circle was enlarged
or diminished—or neither—during its change in shape. He
jumped, like the rawest schoolboy, to the conclusion that
a circle, becoming an oval, must necessarily be compressed !
You don’t compress a globe of glass when you blow it into
a soda-water bottle, do you?

5. But to reduce Professor Tyndall’s problem into terms.

1 [Forbes described his experiments in the concluding chapter of his Travels in the
Alps c[zf Savoy (1843) ; and aga‘;: in a paper read before the oy:al §,ocxe-ty (April 10,
1845), ““Illustrations of the Viscous Theory of Glacier Motion,” printed in the
Philosophical Transactions for 1846, p. 143, and in the Occasional Papgra, p- 7]
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Let A F, Fig. 85, below, be the side of a stream of any
substance whatever, and a f the middle of it; and let the
partlcles at the middle move twice as fast as the particles

at the sides. Now we cannot study all
A /

a

the phenomena of fluid motion in one
diagram, nor any one phenomenon of

fluid motion but by progressive dia-
grams; and this first one only shows

the changes of form which would take

» place in a substance which moved with
uniform increase of rapidity from side
to centre. No fluid substance wowld
so move; but you can only trace the
geometrical facts step by step, from
uniform increase to accelerated increase.
\ ¢ Let the increase of rapidity, therefore,

first be supposed uniform. Then, while
the point A moves to B, the point a
moves to ¢, and any points once inter-
mediate in a right line between A and g,
will now be intermediate in a right line

D \ “ between B and c, and their places deter-
\ minable by verticals from each to each.

I need not be tedious in farther
describing the figure. Suppose A b a
square mile of the substance, and the
. origin of motion on the line A a. Then

when the point A has arrived at B,

the point B has arrived at C, the

point a at ¢, and the point & at d,
and the mile square, A 4, has become
the mile rhombic, B d, of the same
area; and if there were a circle drawn
in the square A b, it will become the
fat ellipse in B d, and thin ellipse in C f, successively.

6. Compressed, thinks Professor Tyndall, one way, and
stretched the other!

F f
Fig. 35
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But the Professor has never so much as understood
what ¢ stretching ” means. He thinks that ice won’t stretch !
Does he suppose treacle, or oil, will ? 'The brilliant natural
philosopher has actually, all through his two books on gla-
ciers,' confused viscosity with elasticity! You can stretck a
piece of Indian-rubber, but you can only diffuse treacle,
or oil, or water.

“But you can draw these out into a narrow stream,
whereas you cannot pull the ice?”

No; neither can you pull water, can you? In com-
pressing any substance, you can apply any force you like;
but in extending it, you can only apply force less than
that with which its particles cohere. You can pull honey
into a thin string, when it comes out of the comb; let it
be candied, and you can’t pull it into a thin string. Does
that make it less a viscous substance? You can’t stretch
mortar either. It cracks even in the hod, as it is heaped.
Is it, therefore, less fluent or manageable in the mass?

7. Whereas the curious fact of the matter is, that, in
precise contrariety to Mr. Tyndall’s idea, ice (glacier ice,
that is to say) will stretch;® and that treacle or water
won’t! and that’s just the plague of dealing with the
whole glacier question—that the incomprehensible, unten-
able, indescribable ice will both squeeze and open; and is
slipping through your fingers all the time besides, by melt-
ing away. You can’t deal with it as a simple fluid; and
still less as a simple solid. And instead of having less
power to accommodate itself to the irregularities of its bed
than water, it has much more;—a great deal more of it
will subside into a deep place, and ever so much of it
melt in passing over a shallow one; and the centre, at
whatever rate it moves, will supply itself by the exhaustion
of the sides, instead of raging round, like a stream in
back-water.

8. However, somehow, I must contrive to deal at least

1 [Glaciers of the Alps (1860) and Forms of Water (1872).]
2 [Compare ch. vi. § 156 n., p. 164.]
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with the sure fact that the velocity of it is progressively
greater from the sides to the centre, and from the bottom
to the surface.

Now it is the last of these progressive increments which
is of chief importance to my present purpose.

For my own conviction on the matter ;—mind, not
theory, for a man can always avoid constructing theories,
but cannot possibly help his conviction, and may some-
times feel it right to state them,—my own conviction is
that the ice, when it is of any considerable depth, no more
moves over the bottom than the lower particles of a running
stream of honey or treacle move over a plate; but that,
in entire rest at the bottom, except so far as it is moved
by dissolution, it increases in velocity to the surface in a
curve of the nature of a parabola, or of a logarithmic
curve, capable of being infinitely prolonged, on the suppo-
sition of the depth of the ice increasing to infinity.

9. But.it is now my fixed principle not to care what
I think, when a fact can be ascertained by looking, or
measuring. So, not having any observations of my own
on this matter, I seek what help may be had elsewhere;
and find in the eleventh chapter of Professor Tyndall’s
Glaciers of the Alps two most valuable observations, made
under circumstances of considerable danger, calmly en-
countered by the author, and grumblingly by his guide,—
danger consisting in the exposure to a somewhat close and
well-supported fire of round and grape from the glacier of
the Géant, which objected to having its velocity measured.
But I find the relation of these adventures so much dis-
tract me from the matter in hand, that I must digress

1 [Chapter XI. of Part IL ; pp. 289 seq.: “‘ The guide’s attention had been divided
between his work and his safety, and he had to retreat more than a dozen times from
the falling boulders and débris. I, on the other hand . . . I took my axe, placed a
stake and an auger against my heart, buttoned my coat upon them, and cut au
oblique staircase up the wall of ice, until I reached a height of forty feet from the
bottom. Here the position of the stake being determined by Mr. Hirst, who was at
the theodolite, I pierced the ice with the auger, drove in the stake, and descended
(withz?;(z)g ]injury. uring the whole operation, however, my guide growled audibly”
p- .
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briefly into some notice of the general literary structure
of this remarkable book.

10. Professor Tyndall never fails to observe with com-
placency, and to describe to his approving readers, how
unclouded the luminous harmonies of his reason, imagi-
nation, and fancy remained, under conditions which, he
rightly concludes, would have been disagreeably exciting,
or even distinctly disturbing, to less courageous persons.
And indeed I confess, for my own part, that my success-
fullest observations have always been made while lying all
my length on the softest grass I could find;' and after
assuring myself with extreme caution that if I chanced
to go to sleep (which in the process of very profound
observations I wusually do, at least of an afternoon), I
am in no conceivable peril beyond that of an ant-bite.
Nevertheless, the heroic Professor does not, it. seems to
me, sufficiently recognize the universality of the power of
English, French, German, and Italian gentlemen to retain
their mental faculties under circumstances even of more
serious danger than the crumbling of a glacier moraine; and
to think with quickness and precision, when the chances of
death preponderate considerably, or even conclusively, over
those of life. Nor does Professor Tyndall seem to have
observed that the gentlemen possessing this very admirable
power in any high degree, do not usually think their own
emotions, or absence of emotions, proper subjects of printed
history, and public demonstration.

11. Nevertheless, when a national philosopher, under
showers of granite grape, places a stake and auger against
his heart, buttons his coat upon them, and cuts himself an
oblique staircase up a wall of ice, nearly vertical, to a
height of forty feet from the bottom; and there, unbutton-
ing his coat, pierces the ice with his auger, drives in his
stake, and descends without injury, though during the
whole operation his guide “growls audibly,” we are bound
to admit his claim to a scientific Victoria Cross—or at

1 [Compare Vol. V. p. 164 and n.]



144 DEUCALION: VoL I

least crosslet,—and even his right to walk about in our
London drawing-rooms in a gracefully cruciferous costume;
while I have no doubt also that many of his friends will
be interested in such metaphysical particulars and examples
of serene mental analysis as he may choose to give them
in the course of his autobiography. But the Professor
ought more clearly to understand that scientific writing is
one thing, and pleasant autobiography another; and though
an officer may not be able to give an account of a battle
without involving some statement of his personal share in
it, a scientific observer might with entire ease, and much
convenience to the public, have published The Glaciers of
the Alps in two coincident, but not coalescing, branches—
like the glaciers of the Giant and Léchaud; and that out
of the present inch and a half thickness of the volume, an
inch and a quarter might at once have been dedicated to
the Giant glacier of the autobiography, and the remaining
quarter of an inch to the minor current of scientific ob-
servation, which, like the Glacier de Léchaud, appears to be
characterized by ‘ the comparative shallowness of the upper
portion,” * and by its final reduction to ‘a driblet measur-
ing about one-tenth of its former transverse dimensions.”

12. It is true that the book is already divided into two
portions,—the one described as *chiefly narrative,” and the
other as “chiefly scientific.” The chiefly narrative portion
is, indeed, full of very interesting matter fully justifyingits
title; as, for instance, “We tumbled so often in the soft
snow, and our clothes and boots were so full of it, that
we thought we might as well try the sitting posture in
sliding down. We did so, and descended with extraordinary
velocity ” (p. 116). Or again: “We had some tea, which
had been made at the Montanvert, and carried up to the
Grand Mulets in a bottle. My memory of that tea is not
pleasant” (p. 78). Or in higher strains of scientific wit and
pathos: “As I looked at the objects which had now become

* Glaciers of the Alps, p. 288.
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so familiar to me, I felt that, though not viscous, the ice
did not lack the quality of adhesiveness, and I felt a little
sad at the prospect of bidding it so soon farewell” [p. 88].

18. But the merely romantic readers of this section, rich
though it be in sentiment and adventure, will find them-
selves every now and then arrested by pools, as it were, of
almost impassable scientific depth—such as the description
of a rock ‘“evidently to be regarded as an assemblage of
magnets, or as a single magnet full of consequent points”
(p. 140). While, on the other hand, when in the course
of my own work, finding myself pressed for time, and eager
to collect every scrap of ascertained data accessible to me,
I turn hopefully to the eleventh chapter of the ¢chiefly
scientific” section of the volume, I think it hard upon me
that I must read through three pages of narrative describ-
ing the Professor’s dangers and address, before I can get
at the two observations which are the sum of the scientific
contents of the chapter, yet to the first of which *unfortu-
nately some uncertainty attached itself” [p. 290], and the
second of which is wanting in precisely the two points which
would have made it serviceable. First, it does not give the,
rate of velocity at the base, but five feet above the base;
and, secondly, it gives only three measurements of motion.
Had it given four, we could have drawn the curve; but we
can draw any curve we like through three points.

14. 1 will try the three points, however, with the most
probable curve; but this being a tedious business, will re-
serve it for a separate chapter,’ which readers may skip if
they choose: and insert, for the better satisfaction of any
who may have been left too doubtful by the abrupt close
of my second chapter, this postscript, written the other
day after watching the streamlets on the outlying fells of
Shap.

15. Think what would be the real result, if any stream
among our British hills at this moment were cutting its
bed deeper.

1 [See ch. vi. § 1 (below, p. 156).]
XXVI. K
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In order to do so, it must of course annually be able
to remove the entire zone of débris moved down to its
bed from the hills on each side of it—and somewhat more.

Take any Yorkshire or Highland stream you happen to
know, for example; and think what quantity of débris must
be annually moved, on the hill surfaces which feed its
waters. ‘Remember that a lamb cannot skip on their slopes,
but it stirs with its hoofs some stone or grain of dust which
will more or less roll or move downwards. That no shower
of rain can fall—no wreath of snow melt, without moving
some quantity of dust downwards. And that no frost can
break up, without materially loosening some vast ledges
of crag, and innumerable minor ones; nor without causing
the fall of others as vast, or as innumerable. Make now
some effort to conceive the quantity of rock and dust
moved annually, lower, past any given level traced on the
flanks of any considerable mountain stream, over the area
it drains—say, for example, in the basin of the Ken above
Kendal, or of the Wharfe above Bolton Abbey.

16. Then, if either of those streams were cutting their
beds deeper,—that quantity of rock, and something more,
must be annually carried down by their force, past Kendal
bridge, and Bolton stepping-stones. Which you will find
would occasion phenomena very astonishing indeed to the
good people of Kendal and Wharfedale.

17. “But it need not be carried down past the stepping-
stones,” you say—‘it may be deposited somewhere above.”
Yes, that is precisely so;—and wherever it iés deposited, the
bed of the stream, or of some tributary streamlet, is being
raised. Nobody notices the raising of it;—another stone
or two among the wide shingle—a tongue of sand an inch
or two broader at the burnside—who can notice that?
Four or five years pass;—a flood comes;—and Farmer So-
and-So’s field is covered with slimy ruin. And Farmer
So-and-So’s field is an inch higher than it was, for ever-
more—but who notices that? The shingly stream has gone
back into its bed: here and there a whiter stone or two
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gleams among its pebbles, but next year the water stain
has darkened them like the rest, and the bed is just as far
below the level of the field as it was. And your careless
geologist says, “ What a powerful stream it is, and how
deeply it is cutting its bed through the glen!”

18. Now, carry out this principle for existing glaciers.
If the glaciers of Chamouni were cutting their beds deeper,
either the annual line of débris of the Mont Blanc range
on its' north side must be annually carried down past the
Pont Pelissier; or the Valley of Chamouni must be in
process of filling up, while the ravines at its sides are being
cut down deeper. Will any geologist, supporting the modern
glacial theories, venture to send me, for the next number
of Deucalion, his idea, on this latter, by him inevitable,
hypothesis, of the profile of the bottom of the Glacier
des Bossons, a thousand years ago; and a thousand years
hence *



CHAPTER V
THE VALLEY OF CLUSE

1. WHaT strength of faith men have in each other; and
how impossible it is for them to be independent in thought,
however hard they try! Not that they ever ought to be;
but they should know, better than they do, the incum-
brance that the false notions of others is to them.

Touching this matter of glacial grinding action; you
will find every recent writer taking up, without so much
as a thought of questioning it, the notion adopted at first
careless sight of a glacier streamm by some dull predecessor
of all practical investigation—that the milky colour of it is
all produced by dust ground off the rocks at the bottom.
And it never seems to occur to any one of the Alpine
Club men, who are boasting perpetually of their dangers
from falling stones; nor even to professors impeded in their
most important observations by steady fire of granite grape,’
that falling stones may probably knock their edges off when
they strike; and that moving banks and fields of moraine,
leagues long, and leagues square, of which every stone is
shifted a foot forward every day on a surface melting
beneath them, must in such shifting be liable to attrition
enough to produce considerably more dust, and that of the
finest kind, than any glacier stream carries down with it *—
not to speak of processes of decomposition accelerated, on
all services liable to them, by alternate action of frost and
fierce sunshine,

2. But I have not, as yet, seen any attempts to determine

1 {See above, p. 142.]

% [In his copy for revision Ruskin here notes the implied argument : “* therefore
the bed must be filling up.”]

148
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even the first data on which the question of attrition must
be dealt with. I put it, in simplicity, at the close of last
chapter. But, in its full extent, the inquiry ought not to
be made merely of the bed of the Glacier des Bossons;
but of the bed of the Arve, from the Col de Balme to
Geneva; in which the really important points for study are
the action of its waters at Pont Pelissier;—at the falls
below Servoz;—at the portal of Cluse ;—and at the northern
end of the slope of the Saléve.

8. For these four points are the places where, if at all,
sculptural action is really going on upon its bed: at those
points, if at all, the power of the Second Ara," the ara of
sculpture, is still prolonged into this human day of ours.
As-also it is at the rapids and falls of all swiftly descend-
ing rivers. The one vulgar and vast deception of Niagara®
has blinded the entire race of modern geologists to the
primal truth of mountain form, namely, that the rapids
and cascades of their streams indicate, not points to which
the falls have receded, but places where the remains of
once colossal cataracts still exist, at the places eternally
(in human experience) appointed for the formation of such
cataracts, by the form and hardness of the local rocks. The
rapids of the Amazon, the Nile, and the Rhine, obey pre-
cisely the same law as the little Wharfe at its Strid, or as
the narrow “rivus aqua ”® which, under a bank of straw-
berries in my own tiny garden, has given me perpetual
trouble to clear its channel of the stones brought down in
flood, while, just above, its place of picturesque cascade is
determined for it by a harder bed of Coniston flags, and
the little pool, below that cascade, never encumbered with
stones at all.

4. Now the bed of the Arve, from the crest of the Col
de Balme to Geneva, has a fall of about 5000 feet; and
if any young Oxford member of the Alpine Club is minded

3 [Compare below, pp. 254, 870.

1 [See above, p. 118.]
3 [From Horace's description of :Lis little farm: Odes, iii. 16, 20.]
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to do a piece of work this vacation, which in his old age,
when he comes to take stock of himself, and edit the frag-
ments of himself, as I am now sorrowfully doing, he will
be glad to have done (even though he risked neither his
own nor any one else’s life to do it), let him survey that
bed accurately, and give a profile of it, with the places and
natures of emergent rocks, and the ascertainable depths and
dates of alluvium cut through, or in course of deposition.

5. After doing this piece of work carefully, he will
probably find some valuable ideas in his head concerning
the proportion of the existing stream of the Arve to that
which once flowed from the glacier which deposited the
moraine of Les Tines; and again, of that torrent to the
infinitely vaster one of the glacier that deposited the great
moraine of St. Gervais; and finally of both, to the cliffs of
Cluse, which have despised and resisted them. And ideas
which, after good practical work, he finds in his head, are
likely to be good for something: but he must not seek
for them; all thoughts worth having, come like sunshine,
whether we will or no:* the thoughts not worth having are
the little lucifer matches we strike ourselves.

6. And I hasten the publication of this number of
Deucalion, to advise any reader who cares for the dreary
counsel of an old-fashioned Alpine traveller, to see the
Valley of Cluse this autumn, if he may, rather than any
other scene among the Alps;—for if not already destroyed,
it must be so, in a few months more, by the railway which
is to be constructed through it, for the transport of Euro-
pean human diluvium. The following note of my last
walk there,’ written for my autumn lectures, may be worth
preserving among the shingle of my scattered work.

7. I had been, for six months in Italy, never for a
single moment quit of liability to interruption of thought.

E:aoxpﬁte’ )?Z:l;c;lqlf;t)‘u)ecgg:t; 1§8'}166 (vl"?br )t(.:’:l:ongtrﬁgg)ogl of the railway, see
Vol. XVIIL p. 25 n.]

i 51:& October 1874 : see the passages from Ruskin's diary given in Vol. XXIII.
p. L
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By day or night, whenever I was awake, in the streets of
every city, there were entirely monstrous and inhuman noises
in perpetual recurrence. The violent rattle of carriages,
driven habitually in brutal and senseless haste, or creaking
and thundering under loads too great for their cattle, urged
on by perpetual roars and shouts: wild bellowing and howl-
ing of obscene wretches far into the night: clashing of
church bells, in the morning, dashed into reckless discord,
from twenty towers at onoce, as if rung by devils to defy
and destroy the quiet of God’s sky, and mock the laws of
His harmony : filthy, stridulous shrieks and squeaks, reach-
ing for miles into the quiet air, from the railroad stations
at every gate: and the vociferation, endless, and frantic, of
a passing populace whose every word was in mean passion,
or in unclean jest. Living in the midst of this, and of
vulgar sights more horrible than the sounds, for six months,
I found myself—suddenly, as in a dream—walking again
alone through the Valley of Cluse, unchanged since I knew
it first, when 1 was a boy of fifteen, quite forty years ago;
—and in perfect quiet, and with the priceless completion
of quiet, that I had no fear of any outcry or other base
disturbance of it.?

8. But presently, as I walked, the calm was deepened,
instead of interrupted, by a murmur—first low, as of bees,
and then rising into distinct harmonious chime of deep
bells, ringing in true cadences—but I could not tell where.
The cliffs on each side of the Valley of Cluse vary from
1500 to above 2000 feet in height; and, without abso-
lutely echoing the chime, they so accepted, prolonged, and
diffused it, that at first I thought it came from a village
high up and far away among the hills; then presently it
came down to me as if from above the cliff under which I
was walking; then I turned about and stood still, wonder-
ing; for the whole valley was filled with the sweet sound,

1 [Ruskin in his copy notes this passage as applying to Florence.]

3 [The last words are here altered in accordance with Ruskin's marking in his copy.
This is a good instance of his care in revision, the earlier reading being, ‘¢ that I
was without fear of any outcry or base disturbance of it.”’]
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entirely without local or conceivable origin: and only after
some twenty minutes’ walk, the depth of tones, gradually
increasing, showed me that they came from the tower of
Maglans in front of me; but when I actually got into the
village, the cliffs on the other side so took up the ringing,
that I again thought for some moments I was wrong.

Perfectly beautiful, all the while, the sound, and exqui-
sitely varied,—from ancient bells of perfect tone and series,
rung with decent and joyful art.

“ What are the bells ringing so to-day for,—it is no
fete ?” I asked of a woman who stood watching at a garden
gate.

“For a baptism, sir.”

And so I went on, and heard them fading back, and lost
among the same bewildering answers of the mountain air.

9. Now that half-hour’s walk was to me, and I think
would have been to every man of ordinarily well-trained
human and Christian feeling—I do not say merely worth
the whole six months of my previous journey in Italy;—
it was a reward for the endurance and horror of the six
months’ previous journey ; but, as many here may not know
what the place itself is like, and may think I am making
too much of a little pleasant bell-ringing, I must tell you
what the Valley of Cluse is in itself.

10. Of “Cluse,” the closed valley,—not a ravine, but a
winding plain, between very great mountains, rising for the
most part in cliffs—but cliffs which retire one behind the
other above slopes of pasture and forest. (Now as I am
writing this passage in a country parsonage—of Cowley,
near Uxbridge,/—I am first stopped by a railroad whistle
two minutes and a half long,* and then by the rumble and
grind of a slow train, which prevents me from hearing my
own words, or being able to think, so that I must s1mply
wait for ten minutes, till it is past.)

* Counted by watch, for I knew by its manner it would last, and
measured it.

1 [The diary shows a visit to his friends the Hilliards at Cowley in June 1875.]
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It being past, I can go on. Slopes of pasture and forest,
I said, mingled with arable land, in a way which you can
only at present see in Savoy; that is to say, you have
walnut and fruit trees of great age, mixed with oak, beech,
and pine, as they all choose to grow—it seems as if the
fruit trees planted themselves as freely as the pines. I
imagine this to be the consequence of a cultivation of very
ancient date under entirely natural laws; if a plum-tree or
a walnut planted itself, it was allowed to grow; if it came
in the way of anything or anybody, it would be cut down;
but on the whole the trees grew as they liked; and the
fields were cultivated round them in such spaces as the
rocks left ;—ploughed, where the level admitted, with a
ploughshare lightly constructed, but so huge that it looks
more like the beak of a trireme than a plough, two oxen
forcing it to heave aside at least two feet depth of the
light earth ;—no fences anywhere; winding field walks, or
rock paths, from cottage to cottage; these last not of the
luxurious or trim Bernese type, nor yet comfortless chilets;
but sufficient for orderly and virtuous life: in outer aspect,
beautiful exceedingly, just because their steep roofs, white
walls, and wandering vines had no pretence to perfectness,
but were wild as their hills. All this pastoral country
lapped into inlets among the cliffs, vast belts of larch and
pine cresting or crowding the higher ranges, whose green
meadows change as they rise, into mossy slopes, and fade
away at last among the grey ridges of rock that are soonest
silvered with autumnal snow.

11. The ten-miles’ length of this valley, between Cluse
and St. Martin’s, include more scenes of pastoral beauty
and mountain power than all the poets of the world have
imagined ;' and present more decisive and trenchant questions
respecting mountain structure than all the philosophers of
the world could answer: yet the only object which occupies

1 [)The valley, says Ruskin elsewhere, is ‘“worth many Chamounis” (Vol. XXII,
. 69). For other references to it, see Vol. VI. pp. 183, 301; and Preteritu, i.
194, ii. § 214.] '
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the mind of the European travelling public respecting it, is
to get through it, if possible, under the hour.

12. I spoke with sorrow, deeper than my words attempted
to express, in my first Lecture,’ of the blind rushing of our
best youth through the noblest scenery of the Alps, without
once glancing at it, that they might amuse, or kill, them-
selves on their snow. That the claims of all sweet pastoral
beauty, of all pious domestic life, for a moment’s pause of
admiration or sympathy, should be unfelt, in the zest and
sparkle of boy’s vanity in summer play, may be natural® at
all times; and inevitable while our youth remain ignorant
of art, and defiant of religion; but that, in the present state
of science, when every eye is busied with the fires in the
Moon and the shadows in the Sun, no eye should occupy
itself with the ravines of its own world, nor with the
shadows which the sun casts on the cliffs of them; that
the simplest,—I do not say problems, but bare facts, of
structure,—should still be unrepresented, and the utmost
difficulties of rock history untouched; while dispute, and
babble, idler than the chafed pebbles of the wavering® beach,
clink, jar, and jangle on from year to year in vain,—surely
this, in our great University, I am bound to declare to be
blameful, and to ask you, with more than an artist’s wonder,
why this fair Valley of Cluse is now closed indeed, and for-
saken, ‘clasped like a missal where swart Paynims pray;”*
and, with all an honest inquirer’s indignation, to challenge—
in the presence of our Master of Geology, happily one of
its faithful and true teachers,* the Speakers concerning the

* Mr. Prestwich. I have to acknowledge, with too late and vain grati-
tude, the kindness and constancy of the assistance given me, on all
occasions, when I asked it, by his lamented predecessor in the Oxford
Professorship of Geology, Mr. Phillips.t

1 [See above, p. 103.]
% [In his copy Ruskin here writes, ‘“ basely natural onl¥;”] '
3 [In his copy Ruskin thus explains the epithet: *“ beach advancing or receding
with storm.”]
4 [Keats, Eve of St. Agnes; quoted also in Vol. XVIL p. 258.]
8 [Sir Joseph Prestwich (1812-1896), Professor of Geology at Oxford, 1874-1888,
For John Phillips (1800-1874), see Vol. XXII. p. 232; and below, pp. 275, 278, 286.]
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Earth,—the geologists, not of England only, but of Europe
and America,—either to explain to you the structure or
sculpture of this* renownedest cliff in all the Alps, under
which Tell leaped ashore;' or to assign valid reason for the

veins in the pebbles which every Scotch lassie wears for her
common jewellery.?

* The cliff between Fluelen and Brunnen, on the Lake of Uri, of which
Turner’s drawing 8 was exhibited at this lecture.

! [For an intended passage in which Ruskin began to explain his challenge here,
see below, p. 368.]

2 [Compare Lectures on Art, § 108 (Vol. XX. p. 102); and the closing words of
the first volume of Deucalion (below, p. 292).]

3 [No. 70 in Ruskin’s Exhibition of 1878 : see Vol. XIIL p. 459, and Plate XXIV.]



CHAPTER VI
OF BUTTER AND HONEY!

1. THE last chapter, being properly only a continuation of
the postscript to the fourth, has delayed me so long from
my question as to ice-curves, that I cannot get room for
the needful diagrams and text in this number:® which is
perhaps fortunate, for I believe it will be better first to
explain to the reader more fully why the ascertainment of
this curve of vertical motion is so desirable.

To which explanation, very clear definition of some
carelessly used terms will be essential.

2. The extremely scientific Professor Tyndall always uses
the terms Plastic, and Viscous, as if they were synonymous.
But they express entirely different conditions of matter.
The first is the term proper to be used of the state of
butter, on which you can stamp whatever you choose; and
the stamp will stay; the second expresses that of honey,
on which you can indeed stamp what you choose; but the
stamp melts away forthwith.

And of viscosity itself there are two distinct varieties—
one glutinous, or gelatinous, like that of treacle or tapioca
soup; and the other simply adhesive, like that of mercury
or melted lead.

And of both plasticity and viscosity there are infinitely
various degrees in different substances, from the perfect
and absolute plasticity of gold, to the fragile, and imper-
fect, but to man more precious than any quantity of gold,

1 [This chapter also embodies passages from the lecture at the London Institu-
tion : see below, p. 163 n.J

2 [Nor did he afterwards include them in any later number of Deucalion. There
are diagrama and text, dealing with the subject, in the MS. material ; but they are
not ciently in form for lzmblication.]156



VI. OF BUTTER AND HONEY 157

plasticity of clay, and, most precious of all, the blunt and
dull plasticity of dough; and again, from the vigorous and
binding viscosity of stiff glue, to the softening viscosity of
oil, and tender viscosity of old wine. I am obliged there-
fore to ask my readers to learn, and observe very carefully
in our future work, these following definitions.

Plastic.—Capable of change of form under external force,
without any loss of continuity of substance; and of retain-
ing afterwards the form imposed on it.

Gold is the most perfectly plastic substance we com-
monly know; clay, butter, etc., being more coarsely and
ruggedly plastic, and only in certain consistencies or at cer-
tain temperatures.
~ Viscous—Capable of change of form under external
force, but not of retaining the form imposed ; being languidly
obedient to the force of gravity, and necessarily declining
to the lowest possible level,—as lava, treacle, or honey.

Ductile.—Capable of being extended by traction without
loss of continuity of substance. Gold is both plastic and
ductile; but clay, plastic only, not ductile; while most
melted metals are ductile only, but not plastic.

Malleable.—Plastic only under considerable force.

8. We must never let any of these words entangle, as
necessary, the idea belonging to another.

A plastic substance is not necessarily ductile, though
gold is both; a viscous substance is not necessarily ductile,
though treacle is both; and the quality of elasticity, though
practically inconsistent with the character either of a plastic
body, or a viscous one, may enter both the one and the
other as a gradually superadded or interferent condition,
in certain states of congelation; as in Indian-rubber, glass,
sealing-wax, asphalt, or basalt.

I think the number of substances I have named in this
last sentence, and the number of entirely different states
which in an instant will suggest themselves to you, as
characteristic of each, at, and above, its freezing or solidify-
ing point, may show at once how careful we should be in
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defining the notion attached to the words we use; and how
inadequate, without specific limitation and qualification, any
word must be, to express all the qualities of any given
substance.

4. But, above all substances that can be proposed for
definition of quality, glacier ice is the most defeating. For
it is practically plastic; but actwally viscous;—and that to
the full extent. You can beat or hammer it, like gold; and
it will stay in the form you have beaten it into, for a
time ;—and so long a time, that, on all instant occasions of
plasticity, it is practically plasticc But only have patience
to wait long enough, and it will run down out of the form
you have stamped on it, as honey does, so that, actually
and inherently, it is viscous, and not plastic.

5. Here then, at last, I have got Forbes’s discovery and
assertion put into accurately intelligible terms;—very in-
credible terms, 1 doubt not, to most readers.

There is not the smallest hurry, however, needful in
believing them: only let us understand clearly what it is
we either believe or deny; and in the meantime, return to
our progressive conditions of snow on the simplest sup-
posable terms, as shown in my first plate.

6. On a conical mountain, such as that represented in
Fig. 6 (Plate XII), we are embarrassed by having to
calculate the subtraction by avalanche down the slopes.
Let us therefore take rather, for examination, a place where
the snow can lie quiet.

Let Fig. 7 (Plate XII.), represent a hollow in rocks at
the summit of a mountain above the line of perpetual snow,
the lowest watershed being at the level indicated by the
dotted line. Then the snow, once fallen in this hollow,
can't get out again; but a little of it is taken away every
year, partly by the heat of the ground below, partly by
surface sunshine and evaporation, partly by filtration of
water from above, while it is also saturated with water in
thaw-time, up to the level of watershed. Consequently it
must subside every year in the middle; and, as the mass
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remains unchanged, the same quantity must be added every
year at the top,—the excess being always, of course, blown
away, or dropped off, or thawed above, in the year it falls.

7. Hence the entire mass will be composed, at any
given time, of a series of beds somewhat in the arrange-
ment given in Fig. 8 [Plate XII.]; more remaining of each
year’s snow in proportion to its youth, and very little
indeed of the lowest and oldest bed.

It must subside, I say, every year;—but how much is
involved, of new condition, in saying this! Take the
question in the simplest possible terms; and let Fig. 9
[Plate XII.] represent a cup or crater full of snow, level in
its surface at the end of winter. During the summer, there
will be large superficial melting ; considerable lateral melting
by reverberation from rock, and lateral drainage; bottom
melting from ground heat, not more than a quarter of an
inch,—(Forbes’s Travels, page 864),'—a quantity which we
may practically ignore. Thus the mass, supposing the sub-
stance of it immovable in position, would be reduced by
superficial melting during the year to the form approximately
traced by the dotted line within it, in Fig. 9.

8. But how of the ¢nferior melting? Every interstice
and fissure in the snow, during summer, is filled either
with warm air, or warm water in circulation through it,
and every separate surface of crystal is undergoing its own
degree of diminution. And a constant change in the con-
ditions of equilibrium results on every particle of the mass;
and a constant subsidence takes place, involving an entirely
different relative position of every portion of it at the end
of the year.

9. But I cannot, under any simple geometrical figure,
give an approximation to the resultant directions of change
in form; because the density of the snow must be in some
degree proportioned to the depth, and the melting less, in
proportion to the density.

! [Chapter xxi.; p. 365 in the reprint of 1900.]
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Only at all events, towards the close of the year, the
mass enclosed by the dotted line in Fig. 9 will have sunk
into some accommodation of itself to the hollow bottom of
the crater, as represented by the continuous line in Fig. 10.
And, over that, the next winter will again heap the snow
to the cup-brim, to be reduced in the following summer;
but now through two different states of consistence, to the
bulk limited by the dotted line in Fig. 10.

10. In a sequence of six years, therefore, we shall have
a series of beds approximately such as in Fig. 11 ;—approxi-
mately observe, I say always, being myself wholly unable
to deal with the complexities of the question, and only
giving the diagram for simplest basis of future investiga-
tion, by the first man of mathematical knowledge and
practical common-sense, who will leave off labouring for
the contradiction of his neighbours, and apply himself to
the hitherto despised toil of the ascertainment of facts.
And when he has determined what the positions of the
strata will be in a perfectly uniform cup, such as that of
which the half is represented in perspective in Fig. 12, let
him next inquire what would have happened to the mass,
if, instead of being deposited in a cup enclosed on all sides,
it had been deposited in an amphitheatre open on one, as
in the section shown in Fig. 12. For that is indeed the
first radical problem to be determined respecting glacier
motion. ,

Difficult enough, if approached even with a clear head,
and open heart; acceptant of all help from former observers,
and of all hints from nature and heaven; but very totally
insoluble, when approached by men whose poor capacities
for original thought are unsteadied by coneeit, and paralysed
by envy. :

11. In my next plate [XIIL], I have given, side by side,
a reduction, to half-scale, of part of Forbes’s exquisite chart
of the Mer de Glace, published in 1845, from his own

1 [Tl]le chart was issued in a revised form in the second edition (1845) of Forbes’s
Travels.
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survey made in 1842; and a reproduction, approximately
in facsimile, of Professor Tyndall’s woodcut, from. his own
“eye-sketch” of the same portion of the glacier “as seen
from the cleft station, Trélaporte,” published in 1860.*

That Professor Tyndall is unable to draw anything as
seen from anywhere, I observe to be a matter of much
self-congratulation to him; such inability serving farther
to establish the sense of his proud position as a man of
science, above us poor artists, who labour under the dis-
advantage of being able with some accuracy to see, and
with some fidelity to represent, what we wish to talk
about. But when he found himself so resplendently in-
artistic, in the eye-sketch in question, that the expression
of his scientific vision became, for less scientific persons, only
a very bad map, it was at least incumbent on his Royally-
social Eminence to ascertain whether any better map of
the same places had been published before. And it is
indeed clear, in other places of his book, that he was
conscious of the existence of Forbes’s chart; but did not
care to refer to it on this occasion, because it contained
the correction of a mistake made by Forbes in 1842, which
Professor Tyndall wanted, himself, to have the credit of
correcting ;' leaving the public at the same time to suppose
it had never been corrected by its author.

12. This manner, and temper, of reticence, with its
relative personal loquacity, is not one in which noble
science can be advanced; or in which even petty science
can be increased. Had Professor Tyndall, instead of seek-
ing renown by the exposition of Forbes's few and minute
mistakes, availed himself modestly of Forbes’s many and
great discoveries, ten years of arrest by futile discussion
and foolish speculation might have been avoided in the

* Glaciers of the Alps, p. 869. Observe also that my engraving, in
consequence of the reduced scale, is grievously inferior to Forbes's work;
but quite effectually and satisfactorily reproduces Professor Tyndall’s, of
the same size as the original.

1 [See Glaciers of the Alps, p. 370.]
XXVL L
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annals of geology; and assuredly it would not have been
left for a despised artist to point out to you, this evening,
the one circumstance of importance in glacier structure
which Forbes has not explained.

13. You may perhaps have heard I have been found-
ing my artistic instructions lately on the delineation of a
jam-pot.! Delighted by the appearance of that instructive
object, in the Hotel du Mont Blanc, at St. Martin’s, full
of Chamouni honey, of last year, stiff and white, I found
it also gave me command of the best possible material for
examination of glacial action on a small scale.’

Pouring a little of its candied contents out upon my
plate, by various tilting of which I could obtain any rate
of motion I wished to observe in the viscous stream; and
encumbering the sides and centre of the said stream with
magnificent moraines composed of crumbs of toast, I was
able, looking alternately to table and window, to compare
the visible motion of the mellifluous glacier, and its trans-
ported toast, with a less traceable, but equally constant,
motion of the glacier of Bionnassay, and its transported
granite. And I thus arrived at the perception of the con-
dition of glacial structure, which though, as I told you just
now,’ not, I believe, hitherto illustrated, it is entirely in your
power to illustrate for yourselves in the following manner.

If you will open a fresh pot of honey to-morrow at
breakfast, and take out a good table-spoonful of it, you
will see, of course, the surface generally ebb in the pot.
Put the table-spoonful back in a lump at one side, and
you will see the surface generally flow in the pot. The
lump you have put on at the side does not diffuse itself
over the rest; but it sinks into the rest, and the entire
surface rises round it, to its former level.

1 [See the ‘¢ Instructions in Use of Rudimentary Series,” Vol. XXI. pp. 257, 260.]

# [See Vol. XXIII. pp. lii, liii., for Ruskin’s sojourn at St. Martin in October
1874. Ruskin, as appears from a note in his co;y, rﬁpoated and confirmed this
e:gleriment 2:!:) :‘I‘ Sallenches, 14th September 1882." He compares ch. xii, § 28
(below, p. 258).

3 [éee above, p. 139.]
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Precisely in like manner, every pound of snow you put
on the top of Mont Blanc, eventually makes the surface
of the glaciers rise at the bottom.*

14. That is not impulsive action, mind you. That is
mere and pure viscous action—the communication of force
equally in every direction among slowly moving particles.
I once thought that this force might also be partially
elastic, so that whereas, however vast a mass of honey you
had to deal with,—a Niagara of honey,—you never could
get it to leap like a sea-wave at rocks, ice might yet, in
its fluency, retain this power of leaping; only slowly,—
taking a long time to rise, yet obeying the same mathe-
matic law of impulse as a sea-breaker; but ascending
through @ras of surge, and communicating, through eras, its
recoil. The little ripple of the stream breaks on the shore,
—quick, quick, quick. The Atlantic wave slowly uplifts
itself to its plunge, and slowly appeases its thunder. The
ice wave—if there be one—would be to the Atlantic wave,
as the ocean is to the brook.!

If there be one! The question is of immense—of vital
importance, to that of glacier action on crag: but, before
attacking it, we need to know what the lines of motion
are,—first, in a subsiding table-spoonful of honey; secondly,

* Practically hyperbolic expression, but mathematically true.

! [This passage, with ch. iii. § 20, formed originally the conclusion of the
lecture at the London Institution. The report of it in the Times (March 15, 1875)
is as follows :—

‘It is worth making an effort to conceive the real periods of time in-
volved in glacier motion. At the centre of any great glacier stream, low
down where the ice is softest and moves fastest, its maximum average rate
will not pass two feet in the twenty-four hours. The minute haund of a
watch moves five or six times as fast. If therefore your ice-breaker rises
at all, it rises through years of surge, returns through years of recoil.
The little ripple of the stream breaks on the shore with quick repetition ;
the Atlantic wave slowly uplifts itself to plunge, and slowly appeases its
thunder ; the ice-wave, if there be one, would be to the Atlantic as the
ocean’s to the brook’s. The question if there be such a wave is of vital
importance to that of glacier action on crag. Mr. Ruskin added that he
would give a definition of a glacier which he requested his audience to
take note of : It is a tide which takes a year to rise, a cataract which
takes fifty to fall, a torrent that is ribbed like a dragon, and a rock that
is diffused like a lake.”]
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in an uprearing Atlantic wave; and, thirdly, in the pul-
satory festoons of a descending cataract, obtained by the
relaxation of its mass, while the same pulsatory action is
displayed, as unaccountably, by a glacier cataract* in the
compression of its mass.

And, on applying to learned men in Oxford and Cam-
bridge  for elucidation of these modes of motion, I find
that, while they can tell me everything I don’t want to
know, about the collision and destruction of planets, they
are not entirely clear on the subject either of the diffusion
of a drop of honey from its comb, or the confusion of
a rivulet among its cresses. Of which difficult matters,
I will therefore reserve inquiry to another chapter;' antici-
pating, however, its conclusions, for the reader’s better
convenience, by the brief statement, that glacier ice has
no power of springing whatever ;—that it cannot descend
into a rock-hollow, and sweep out the bottom of it, as a
cascade or a wave can; but must always sluggishly fill it
to the brim before flowing over; and accumulate, beneath,
under dead ice, quiet as the depths of a mountain tarn,
the fallen ruins of its colossal shore.

* Or a stick of sealing-wax.2 Warm one at the fire slowly through ; and
bend it into the form of a horseshoe. You will then see, through a lens of
moderate power, the most exquisite facsimiles of glacier fissure produced
by extension, on its convex surface, and as faithful image of glacter surge
produced by compression, on its concave one.

In the course of such extension, the substance of the ice is actually
expanded (see above, Chap. IV., § 7) by the widening of every minute
fissure ; and in the course of such compression, reduced to apparently solid
ice, by their closing. The experiments both of Forbes and Agassiz appear
to indicate that the original fissures are never wholly effaced by com-
pression; but I do not myself know how far the supposed result of these
experiments may be consistent with ascertained phenomena of regelation.

1 I have received opportune and kind help, from the other side of the
Atlantic waves, in a study of them by my friend Professor Rood.?

! [Ruskin here notes as a thing to be done on revision, “give more sure
evidence” for the statement that ‘“ice has no springmg‘ ower.” There are notes
on the subject in the MS. material for Deucalion, but they are not sufficiently in
form for publication.)

% [Compare below, p. 284.

3 [Ogden Nicholas Rood (1831-1902), for many years professor of physics in
Co‘l)lllfngaslUniversity. The study here referred to does not seem to have been
published.



CHAPTER VII
THE IRIS OF THE EARTH!

(Lecture given at the London Institution, February 17th and March 28th, 1876,*
—the subject announced being, “ AND THE GOLD OF THAT LAND IS GOOD :
THERE IS BDELLIUM AND THE ONYX STONE’

1. THE subject which you permit me the pleasure of illus-
trating to you this evening, namely, the symbolic use of
the colours of precious stones in heraldry, will,- I trust, not
interest you less because forming part both of the course
of education in art which I have been permitted to found
in Oxford; and of that in physical science, which I am
about to introduce in the Museum for working men at
Sheflield.

I say “to introduce,” not as having anything novel to
teach, or show; for in the present day I think novelty the
worst enemy of knowledge, and my introductions are only
of things forgotten. And I am compelled to be pertina-
ciously—it might even seem, insolently,—separate in effort
from many who would help me, just because I am resolved
that no pupil of mine shall see anything, or learn, but
what the consent of the past has admitted to be beautiful,
and the experience of the past has ascertained to be true.
During the many thousand years of this world’s existence,
the persons living upon it have produced more lovely things
than any of us can ever see; and have ascertained more
profitable things than any of us can ever know. Of these

* The abrupt interpolation of this lecture in the text of Deucalion is
explained in the next chapter [p. 197].

1 [For this phrase, see Stones q/‘1 sigenice, vol. ii. (Vol. X. p. 187).]
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infinitely existing beautiful things, I show to my pupils as
many as they can thoroughly see,—not more; and of the
natural facts which are positively known, I urge them to
know as many as they can thoroughly know,—not more ;
and absolutely forbid all debate whatsoever. The time for
debate is when we have become masters—not while we
are students, And the wisest of masters are those who
debate least.

2. For my own part—holding myself nothing better
than an advanced student, guiding younger ones,—I never
waste a moment of life in dispute, or discussion. It is at
least ten years since I ceased to speak of anything but
what I had ascertained; and thus becoming, as far as I
know, the most practical and positive of men, left discourse
of things doubtful to those whose pleasure is in quarrel ;—
content, for my pupils and myself, to range all matters
under the broad heads of things certain, with which we
are vitally concerned, and things uncertain, which don’t in
the least matter.

8. In the working men’s museum at Sheffield, then, I
mean to place illustrations of entirely fine metal-work, in-
cluding niello and engraving;' and of the stones, and the
Flora and Fauna, of Yorkshire, Derbyshire, Durham., and
Westmoreland ; * together with such foreign examples as
may help to the better understanding of what we have at
home. But in teaching metal-work, I am obliged to exhibit,
not the uses of iron and steel only, but those also of the
most precious metals, and their history; and for the under-
standing of any sort of stones, I must admit precious
stones, and their history. The first elements of both these
subjects, I hope it may not be uninteresting to you to
follow out with me this evening. '

* Properly, Westmereland, the district of Western Meres.?

1 [These intentions, however, were not carried out, except in the case of a mineral
wllfc[t(i:m'] h, xii. § 8 (bel Vol. XXV
ompare ch. xii. § 8 ow, p. 248); Proserpina, Vol . p. 431; and
Preface to Rock Honeyoomb, g 1] » P ’ ’ 4 ’
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4. 1 have here, in my right hand, a little round thing,
and in my left a little flat one, about which, and the like
of them, it is my first business to explain, in Sheffield,
what may positively be known. They have long been both,
to me, subjects of extreme interest; and I do not hesitate
to say that I know more about them than most people:
but that, having learned what I can, the happy feeling of
wonder is always increasing upon me—how little that is!
What an utter mystery both the little things still are!

5. This first—in my right hand—is what we call a
“pebble,”* or rolled flint, presumably out of Kensington
gravel-pits. I picked it up in the Park,—the first that lay
loose, inside the railings, at the little gate entering from
Norfolk Street. I shall send it to Sheffield; knowing that,
like the bit of lead picked up by Saadi in the drabian
Nights, it will make the fortune of Sheffield, scientifically,
—if Sheffield makes the most of it, and thoroughly learns
what it is.

6. What it és, I say,—you observe;—not merely, what
it is made of. Anybody—the pitifullest apothecary round
the corner, with a beggarly account of empty boxes'—can
tell you that. It is made of brown stuff called silicon, and
oxygen, and a little iron; and so any apothecary can tell
what you all who are sitting there are made of:—you, and
I, and all of us, are made of carbon, nitrogen, lime, and
phosphorus, and seventy per cent. or rather more of water;
but then, that doesn’t tell us what we are,—what a child
is, or what a boy is,—much less what a man is,—least
of all, what supremely inexplicable woman is. And so, in
knowing only what it is made of, we don’t know what a
flint is.

7. To know what it 1s, we must know what it can do,
and suffer,

* 1. A. 1.2 Sheffield Museum ; see Chapter VIIL [p. 201].

1 [Romeo and Juliet (in the description of the apothecary), Act v. sc. 1.]
3 [F. 1 in the Catalogue : see below, p. 419.]
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That it can strike steel into white-hot fire, but can itself
be melted down like water, if mixed with ashes; that it is
subject to laws of form one jot of which it cannot violate,
and yet which it can continually evade, and apparently dis-
obey; that in the fulfilment of these it becomes pure,—in
rebellion against them, foul and base; that it is appointed
on our island coast to endure for countless ages, fortifying
the sea cliff; and on the brow of that very cliff, every
spring, to be dissolved, that the green blades of corn may
drink it with the dew;—that in its noblest forms it is still
imperfect, and in the meanest, still honourable,—this, if we
have rightly learned, we begin to know what a flint is.

8. And of this other thing, in my left hand,—this flat
bit of yellow mineral matter,—commonly called a *sove-
reign,” not indeed to be picked up so easily as the other—
(though often, by rogues, with small pains);—yet familiar
enough to the sight of most of us, and too familiar to our
thought,—there perhaps are the like inquiries to be put.
What is it? What can it do; and for whom? This shape
given to it by men, bearing the image of a Casar ;—how
far does this make it a thing which is Cesar’s?* the opposed
image of a saint, riding against a dragon—how far does
this make it a thing which is of Saints? Is its testimony
true, or conceivably true, on either side? Are there yet
Cesars ruling us, or saints saving us, to whom it does of
right belong?

9. And the substance of it,—not separable, this into
others, but a pure element,—what laws are over it, other
than Ceesar’s; what forms must it take, of its own, in
eternal obedience to invisible power, if it escape our human
hammer-stroke ? How far, in its own shape, or in this, ig
it itself a Caesar; inevitable in authority; secure of loyalty,
lovable, and meritorious of love? For, reading its past
history, we find it has been much beloved, righteously or
iniquitously,—a thing to be known the grounds of, surely?

1 [Matthow xii. 31.]
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10. Nay, also of this dark and despised thing in my
right hand, we must ask that higher question, has it ever
been beloved? And finding in its past history that in its
pure and loyal forms, of amethyst, opal, crystal, jasper, and
onyx, it also has been much beloved of men, shall we not
ask farther whether it deserves to be beloved,—whether in
wisdom or folly, equity or iniquity, we give our affections
to glittering shapes of clay, and found our fortunes on forti-
tudes of stone; and carry down from lip to lip, and teach,
the father to the child, as a sacred tradition, that the Power
which made us, and preserves, gave also with the leaves of
the earth for our food, and the streams of the earth for our
thirst, so also the dust of the earth for our delight and
possession: bidding the first of the Rivers of Paradise roll
stainless waves over radiant sands, and writing, by the word
of the Spirit, of the Rocks that it divided, “'The gold of
that land is good; there also is the crystal, and the onyx
stone.”

11. Before I go on, I must justify to you the familiar
word I have used for the rare one in the text.'

If with mere curiosity, or ambitious scholarship, you
were to read the commentators on the Pentateuch, you
might spend, literally, many years of life, on the discussions
as to the kinds of the gems named in it; and be no wiser
at the end than you were at the beginning. But if, honestly
and earnestly desiring to know the meaning of the book
itself, you set yourself to read with such ordinary help as
a good concordance and dictionary, and with fair knowledge
of the two languages in which the Testaments have been
clearly given to us, you may find out all you need know,
in an hour.

12. The word “bdellium” occurs only twice in the Old
Testament : here, and in the book of Numbers,® where you
are told the manna was of the colour or look of bdellium.

1 [Genesig ii. 12. See the title of this chapter; and compare Fors Clavigera,
Letter 62, § 11.]
Numbers xi. 7. The other references in § 12 are to Exodus xvi. 14; Job
xxxvili. 20; Genesis xxvii. 28; Deuteronomy xxxii, 2.]
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There, the Septuagint uses for it the word xpararXos, crystal,
or more properly anything congealed by cold; and in the
other account of the manna, in Exodus, you are told that,
after the dew round the camp was gone up, “there lay a
small round thing—as small as the Aoar-frost upon the
ground.” Until T heard from my friend Mr. Tyrwhitt *
of the cold felt at night in camping on Sinai, I could not
understand how deep the feeling of the Arab, no less than
the Greek,' must have been respecting the divine gift of
the dew,—nor with what sense of thankfulness for mira-
culous blessing the question of Job would be uttered, “ The
hoary frost of heaven, who hath gendered it?” Then
compare the first words of the blessing of Isaac: *“God
give thee of the dew of heaven, and of the fatness of
earth;” and, again, the first words of the song of Moses:
“(Give ear, oh ye heavens,—for my speech shall distil as
the dew;” and you will see at once why this heavenly food
was made to shine clear in the desert, like an enduring of
its dew;—Divine remaining for continual need. Frozen,
as the Alpine snow—pure for ever.

18. Seize firmly that first idea of the manna, as the
type of the bread which is the Word of God;1 and then
look on for the English word “ crystal” in Job, of Wisdom,
“It cannot be valued with the gold of Ophir, with the
precious onyx, or the sapphire: the gold and the crystal
shall not equal it, neither shall it be valued with pure

* See some admirable sketches of travelling in the Peninsula of Sinai,
by this writer, in Vacation Touristsy Macmillan, 1864.2 1 still remember,”
he adds in a private letter to me, “that the frozen towels stood on their
edges as stiff as biscuits. By 11 a.m. the thermometer had risen to 85°, and
was still rising.”

t Sir Philip Sidney, in his translation of the dprov odpaved of the 105th
Psalm [verse 40], completes the entire range of idea,

 Himself, from skies, their hunger to repel,
Candies the grasse with sweete congealed dew.”

1 [Compare Queen of the Air, §§ 38, 70 (Vol. XIX. pp. 334, 364).]

3 [*“Sinai,” by the Rev. R. St. John Tyrwhitt, ch. vii. in Vacation Tourists and
Notes of Travel in 1862-1868, edited by F. Galton. For the cold, see p. 339. For
Mr. Tyrwhitt, see Vol. XV, pp. xxvi., xxx., 6.]
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gold;”! in Ezekiel, “firmament of the terrible crystal,” or
in the Apocalypse, “A sea of glass, like unto crystal,—
water of life, clear as crystal”—“light of the city like
a stone most precious, even like a jasper stone, clear as
crystal.” Your understanding the true meaning of all these
passages depends on your distinct conception of the per-
manent clearness and hardness of the Rock-crystal. You
may - trust me to tell you quickly, in this matter, what
you may all for yourselves discover if you will read.

14. The three substances named here in the first account
of Paradise, stand generally as types—the Gorp of all
precious metals; the Crystan of all clear precious stones
prized for lustre;* the ONyx of all opaque precious stones
prized for colowr. And to mark this distinction as a vital
one,—in each case when the stones to be set for the taber-
nacle-service are named, the onyx is named separately. The
Jewish rulers brought “onyx stones, and stones to be set
for the ephod, and for the breastplate.”* And the onyx
is used thrice, while every other stone is used only once,
in the High Priest’s robe; two onyxes on the shoulders
bearing the twelve names of the tribes, six on each stone
(Exod. xxviii. 9, 10), and one in the breastplate, with its
separate name of one tribe (Exod. xxviii. 20).

15. A. Now note the importance of this grouping. The
Gold, or precious metal, is significant of all that the power
of the beautiful earth, gold, and of the strong earth, iron,
has done for and against man. How much evil I need
not say. How much good is a question I will endeavour
to show some evidence on forthwith.

B. The Crystal is significant of all the power that jewels,
from diamonds down through every Indian gem to the
glass beads which we now make for ball-dresses, have had

* Exod. xxv. 7, xxxv. 27, comparing Job above quoted, and Ezekiel
xxviii. 13.

Job xxviii. 16; Ezekiel i. 22; Revelation iv. 6, xxi. 11.)
‘ Lustre includmg light showmg through colour” (Note in Ruskin’s copy).]
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over the imagination and economy of men and women—
from the day that Adam drank of the water of the crystal
river * to this hour.

How much evil that is, you partially know; how much
good, we have to consider.

c. - The Onyx is the type of all stones arranged in
bands of different colours; it means primarily, nail-stone—
showing a separation like the white half-crescent at the
root of the finger-nail; not without some idea of its sub-
jection to laws of life. Of these stones, part, which are
flinty, are the material used for cameos and all manner of
engraved work and pietra, dura; but in the great idea of
banded or belted stones, they include the whole range of
marble, and especially alabaster, giving the name to the
alabastra, or vases used especially for the containing of
precious unguents, themselves more precious;* so that this
stone, as best representative of all others, is chosen to be
the last gift of men to Christ, as gold is their first;
incense with both: at His birth, gold and frankincense; at
His death, alabaster and spikenard.?

16. The two sources of the material wealth of all
nations were thus offered to the King of men in their
simplicity. But their power among civilized nations has
been owing to their workmanship. And if we are to ask
whether the gold and the stones are to be holy, much
more have we to ask if the worker in gold, and the
worker in stone, are to be conceived as exercising holy
function. :

17. Now, as we ask of a stone, to know what it is,
what it can do, or suffer,’ so of a human creature, to know
what it is, we ask what it can do, or suffer.

* Compare the “Nardi parvus onyx,” which was to be Virgil's feast-
gift, in spring, to Horace.4 '

! [See Genesis ii. 10, and Revelation xxii. 1, 2.]

1’8 L]htthew ii. 11; Mark xiv. 3. On the vase of the Magdalen, see below,
p. 183.
3 [See above, § 7.
¢ {Odes, iv. 12, 17.]
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So that we have two scientific questions put to us, in
this matter: how the stones came to be what they are—
or the law of Crystallization; and how the jewellers came
to be what they are—or the law of Inspiration. You see
how vital this question is to me, beginning now actually
to give my laws of Florentine art in English Schools!®
How can artists be made artists,—in gold and in precious
stones ¢ whether in the desert, or the city ?—and if in the
city, whether, as at Jerusalem, so also in Florence, Paris,
or London?

Must we at this present time, think you, order the
jewellers, whom we wish to teach, merely to study and
copy the best results of past fashion? or are we to hope
that some day or other, if we behave rightly, and take
care of our jewels properly, we shall be shown also how to
set them; and that, merely substituting modern names for
ancient ones, some divine message will comé to our crafts-
men, such as this: “See, I have called by name Messrs.
Hunt and Roskell, and Messrs. London and Ryder,” and
I have filled them with the Spirit of God, in wisdom and
in understanding, and in all manner of workmanship, to
work in gold, and in silver, and in brass, and in cutting
of stones”??

18. This sentence, which, I suppose, becomes startling to
your ear in the substitution of modern for ancient names,
is the first, so far as I know, distinctly referring to the
ancient methods of instruction in the art of jewellery. So
also the words which I have chosen for the title (or, as
perhaps some of my audience may regretfully think it should
be called, the text) of my lecture, are the first I know
that give any account of the formation or existence of
jewels. So that the same tradition, whatever its value,
which gave us the commands we profess to obey for our

1 [The Laws of Fésole, which Ruskin had in preparation at the time of this
lecturcl!?(]” another reference to the latter of these two well-known Bond Street

Jewel}ers, see Fors Clavigera Letter 64, § 23.]
3 [See Exodus xxxi. 2-Gj
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moral law, implies also the necessity of inspired instruction
for the proper practice of the art of jewellery; and con-
nects the richness of the earth in gold and jewels with the
pleasure of Heaven that we should use them under its
direction. The scientific mind will of course draw back in
scorn from the idea of such possibility ; but then, the
scientific mind can neither design, itself, nor perceive the
power of design in others. And practically you will find
that all noble design in jewellery whatsoever, from the
beginning of the world till now, has been either instinctive,
—done, that is to say, by tutorship of nature, with the inno-
cent felicity and security of purely animal art,—Etruscan,
Irish, Indian, or Peruvian gold being interwoven with a
fine and unerring grace of industry, like the touch of the
bee on its cell and of the bird on her nest,—or else, has
been wrought into its finer forms, under the impulse of re-
ligion in sacred service, in crosier, chalice, and lamp; and
that the best beauty of its profane service has been debased
from these. And the three greatest masters of design
in jewellery, the ¢facile principes” of the entire Euro-
pean School, are—centrally, the one who definitely worked
always with appeal for inspiration—Angelico of Fésole;*
and on each side of him, the two most earnest reformers
of the morals of the Christian Church—Holbein, and Sandro
Botticelli.

19. I have first answered this, the most close home
of the questions,—how men come to be jewellers. Next,
how do stones come to be jewels? It seems that by all
religious, no less than all profane, teaching or tradition,
these substances are asserted to be precious,—useful to
man, and sacred to God. Whether we have not made

! [For Angelico’s jewel painting, see Vol. XXIII, p, 262. ‘It was the custom
of Fra Angelico,” says Vasari, “to abstain from retouching or improving any paint-
ing once finished. He altered nothing, but left all as it was done the first time,
blﬁieving, as he said, that such was the will of God. It is also affirmed that he woulti
never take pencil in hand until he had first offered a prayer” (vol ii. p. 34,
Bohn’s edition).]

3 [For these painters as reformers, see Ariadne Florentina (Vol. XXII. p. 328).]
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them deadly instead of useful,—and sacrificed them to devils
instead of God,—you may consider at another time.! To-
night, I would examine only a little way the methods in
which they are prepared by nature, for such service as they
are capable of.

20. There are three great laws by which they, and the
metals they are to be set in, are prepared for us; and at
present all these are mysteries to us.

I. The first, the mystery by which *“surely there is a
vein for the silver, and a place for the gold whence * they
fine it.” No geologist, no scientific person whatsoever, can
tell you how this gold under my hand was brought into
this cleft in the bdellium;t no one knows where it was
before, or how it got here: one thing only seems to be
manifest—that it was not here always. This white bdellium
itself closes rents, and fills hollows, in rocks which had
to be rent before they could be rejoined, and hollowed
hefore they could be refilled. But no one hitherto has been
able to say where the gold first was, or by what process
it came into this its resting-place. First mystery, then,—
that there is a vein for the silver, and a place for the

old.

s IT. The second mystery is that of crystallization; by
which, obeying laws no less arbitrary than those by which
the bee builds her cell—the water produced by the sweet
miracles of cloud and spring freezes into the hexagonal
stars of the hoar-frost ;—the flint, which can be melted and
diffused like water, freezes also, like water, into tkese hexa-
gonal towers of everlasting ice;} and the clay, which can
be dashed on the potter’s wheel as it pleaseth the potter

* “Whence,” not “where,” they sift or wash it: 30ev Smfeira:, LXX.
[Job xxviii. 1].

t 20. A, 1. Sheffield Museum.?

1 1. Q. 11, Sheffield Museum.®

! [Ruskin considers, and answers, the question below, p. 193. See also Vol. X.
p- 108, and Vol. XVIIL p. 217.]

2 Eéee below, ch. viii, § 8, p. 201.]
8 [See below, p. 432.)
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to make it, can be frozen by the touch of Heaven into
the hexagonal star of Heaven’s own colour—the sapphire.’

ITII. The third mystery, the gathering of crystals them-
selves into ranks or bands, by which Scotch pebbles are
made, not only is at present unpierced, but—which is a
wonderful thing in the present century—it is even untalked
about.” There has been much discussion as to the nature
of metallic veins; and books have been written with inde-
fatigable industry, and splendid accumulation of facts, on
the limits, though never on the methods, of crystallization.
But of the structure of banded stones not a word is ever
said, and, popularly, less than nothing known; there being
many very false notions current respecting them, in the
minds even of good mineralogists.

And the basis of what I find to be ascertainable about
them, may be told with small stress to your patience.

21. I have here in my hand,* a pebble which used to
decorate the chimney-piece of the children’s play-room in
my aunt’s house at Perth, when I was seven years old,®
just half a century ago; which pebble having come out
of the Hill of Kinnoull, on the other side of the Tay, I
show you because I know so well where it came from, and
can therefore answer for its originality and genuineness.

22. The Hill of Kinnoull, like all the characteristic crags
or craigs of central Scotland, is of a basaltic lava—in which,
however, more specially than in most others, these balls of
pebble form themselves. And of these, in their first and
simplest state, you may think as little pieces of flint jelly,
filling the pores or cavities of the rockr

Without insisting too strictly on the analogy—for Nature
is so various in her operations that you are sure to be
deceived if you ever think one process has been in all

* 1. A, 8. Sheffield Museum.*

! [Compare the passage on the sapphire as °‘the consummation of the clay” in
Modern Painters, vol. v. (Vol. VII. p. 208).]

3 [Compare above, p. 155.]

3 [See Praterita, i. ch. iii. (‘“ The Banks of Tay”), § 74.]

4 {See below, p. 435.)
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respects like another—you may yet in most respects think
of the whole substance of the rock as a kind of brown
bread, volcanically baked, the pores and cavities of which,
when it has risen, are filled with agate or onyx jelly, as
the similar pores of a slice of quartern loaf are filled with
butter, if the cook has spread it in a hurry.

28. I use this simile with more satisfaction, because, in
the course of last autumn, I was making some practical ex-
periments on glacial motion—the substances for experiment
being supplied to me in any degree of congelation or re-
gelation which might be required, by the perfectly angelic
cook of a country friend,' who not only gave me the run
of her kitchen, but allowed me to make domical mountains
of her best dish-covers, and tortuous valleys of her finest
napkins ;—under which altogether favourable conditions, and
being besides supplied with any quantity of ice-cream and
blanc-mange, in every state of frost and thaw, I got more
beautiful results, both respecting glacier motion, and inter-
stratified rocks, than a year’s work would have reached by
unculinary analysis. Keeping, however—as I must to-night
—to our present question, I have here a piece of this baked
volcanic rock, which is as full of agate pebbles as a plum-
pudding is of currants; each of these agate pebbles consist-
ing of a clear green chalcedony, with balls of banded agate
formed in the midst, or at the sides of them. This diagram *
represents one enlarged.

And you have there one white ball of agate, floating
apparently in the green pool, and a larger ball, which is
cut through by the section of the stone, and shows you
the banded structure in the most exquisite precision.

24. Now, there is no doubt as to the possible formation
of these balls in melted vitreous substance as it cools, be-
cause we get them in glass itself, when gradually cooled

* This drawing is in Sheffield Museum.?

! [See Ruskin’s letter from Broadlands in Vol. XXIV. f xxi.]
? [In fact, however, Ruskin did not send it to Sheffield.]
XXVI. M
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in old glass-houses; and there is no more difficulty in
accounting for the formation of round agate balls of this
character than for that of common globular chalcedony.
But the difficulty begins when the jelly is not allowed to
remain quiet, but can run about while it is crystallizing.
Then you get glutinous forms that choke cavities in the
rock, in which the chalcedony slowly runs down the sides,
and forms a level lake at the bottom; and sometimes you
get the whole cavity filled with lake poured over lake, the
liquid one over the frozen, floor and walls at last encrusted
with onyx fit for kings’ signets.*

25. Of the methods of engraving this stone, and of its
general uses and values in ancient and modern days, you
will find all that can interest you, admirably told by Mr.
King, in his book on precious stones and gems,' to which
I owe most of the little I know myself on this subject.

26. To-night, I would only once more direct your atten-
tion to that special use of it in the dress of the Jewish
High Priest; that while, as one of the twelve stones of
the breastplate, it was engraved like the rest with the
name of a single tribe, two larger onyxes were used for
the shoulder-studs of the ephod; and on these, the names
of all the twelve tribes were engraved, six upon each.* I
do not infer from this use of the onyx, however, any pre-
eminence of value, or isolation of symbolism, in the stone;
I suppose it to have been set apart for the more laborious
piece of engraving, simply because larger surfaces of it
were attainable than of true gems, and its substance was
more easily cut. I suppose the bearing of the names on
the shoulder to be symbolical of the priest’s sacrificial
office in bearing the guilt and pain of the people; while
the bearing of them on the breast was symbolical of his

* I am obliged to omit here the part of the lecture referring to diagrams.
It will be given in greater detail in the subsequent text.?

! [The Natural History, Ancient and Modern, of Precious Stones and Gems, und of the
Pyrecious Metals, By C. w. King, 1865. For the onyx, see pp. 254 seq.]

3 EExodu- xxviii, 9~12, 20, xxxix. 6, 7, 13.]

% [See ch. xi. and Plate XIV. (‘Structure of Lake Agate”).]
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pastoral office in teaching them: but, except in the broad
distinction between gem and onyx, it is impossible now to
state with any certainty the nature or meaning of the
stones, confused as they have been by the most fantastic
speculation of vain Jewish writers themselves.

There is no such difficulty when we pass to the inquiry
as to the use of these stones in Christian Heraldry, on
the breastplate and shield of the Knight; for that use is
founded on natural relations of colour, which cannot be
changed, and which will become of more and more import-
ance to mankind in proportion to the degree in which
Christian Knighthood, once proudly faithful to Death, in
War, becomes humbly faithful to Life, in Peace.

27. To these natural relations of colour, the human
sight, in health, is joyfully sensitive, as the ear is to the
harmonies of sound; but what healthy sight is,’ you may
well suppose, I have not time to define to-night;—the
nervous power of the eye, and its delight in the pure hues
of colour presented either by the opal, or by wild flowers,
being dependent on the perfect purity of the blood supplied
to the brain, as well as on the entire soundness of the
nervous tissue to which that blood is supplied. And how
much is required, through the thoughts and conduct of
generations, to make the new blood of our race of children
pure—it is for your physicians to tell you, when they have
themselves discovered this medicinal truth, that the divine
laws of the life of Men cannot be learned in the pain and
death of Brutes.?

28. The natural and unchangeable system of visible colour
has been lately confused, in the minds of all students, partly
by the pedantry of unnecessary science; partly by the for-
malism of illiberal art: for all practical service, it may be

1 {The question is much discussed in The Eagle's Nest: see Vol. XXIL pp. 194
seq. ; and on ‘‘ the extreme rarity of finely-developed organic sight,” see Vol. XVIII.
p- 145, and Vol. XXV. p. 428 a.] .

* [Ruskin’s hostility to vivisection was the cause of his rupture with Oxford (see
the Introduction to a later volume of this edition). For other passages in which

he expresses the same view, see below . 241, 344 ; and com Fors Clavigera
Lotters 64 (§ 8) and 75 (§ 10)] o 0 pare ’
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stated in a very few words, and expressed in a very simple
diagram.

There are three primary colours, Red, Blue, and Yellow;
three secondary, formed by the union of any two of these;
and one tertiary, formed by the union of all three.

If we admitted, as separate colours, the different tints
produced by varying proportions of the composing tints,
there would of course be an infinite number of secondaries,
and a wider infinitude of tertiaries. But tints can be syste-
matically arranged only by the elements of them, not the
proportions of those elements. Green is only green, whether
there be less or more of blue in it; purple only purple,
whether there be less or more of red in it; scarlet only
scarlet, whether there be less or more of yellow in it; and
the tertiary grey only grey, in whatever proportions the
three primaries are combined in it.

29. The diagram used in my drawing schools to express
the system of these colours will be found coloured in the
Laws of Fésole :*—this figure will serve our present purpose.*

The simple trefoil produced by segments of three circles
in contact, is inscribed in a curvilinear equilateral triangle.
Nine small circles are set,—three in the extremities of
the foils, three on their cusps, three in the angles of the
triangle.

The circles numbered 1 to 8 are coloured with the
primitive colours; 4 to 6, with the secondaries; 7 with
white; 8 with black; and the 9th, with the tertiary, grey.

* Readers interested in this subject are sure to be able to enlarge and
colour it for themselves. I take no notice of the new scientific theories
of primary colour:? because they are entirely false as applied to practical
work, natural or artistic. Golden light in blue sky makes green sky; but
green sky and red clouds can’t make yellow sky.

ll [Soje Vol. XV. p. 428; the diagram, however, was not in fact printed in
colours.

? [For a popular account of the theories in question, and of the application of them
to the ‘ three-colour process” of printing, the reader may be referred to the article
and illustrative plate in the supplement to the Emmdia Britannica, 1902, vol.
xxxil. p. 16, e principle on which the process is is (in contradistinction to
what Ruskin says in § 28) that ‘“‘any puskible tone of colour may be produced by
blending the primary colours in the necessary proportions.”]
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80. All the primary and secondary colours are capable
of infinitely various degrees of intensity or depression: they
pass through every degree of increasing light, to perfect
light, or white; and of increasing shade, to perfect absence
of light, or black. And these are essential in the harmony
required by sight; so that no group of colours can be
perfect that has not white in it, nor any that has not

Fig. 36

black; or else the abatement or modesty of them, in the
tertiary, grey. So that these three form the limiting angles
of the field, or cloudy ground of the rainbow. “I do set
my bow in the cloud.”

And the nine colours of which you here see the essen-
tial group, have, as you know, been the messenger Iris;
exponents of the highest purpose, and records of the per-
fect household purity and honour of men, from the days
when Hesiod blazoned the shield of Heracles, to the day
when the fighting T'éméraire led the line at Trafalgar,—the
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Victory following her, with three flags nailed to her masts,
for fear one should be shot away.!

81. The names of these colours in ordinary shields of
knighthood, are those given below, in the left-hand column.
The names given them in blazoning the shields of nobles,
are those of the correspondent gems: of heraldry by the
planets, reserved for the shields of kings, I have no time
to speak, to-night, except incidentally.

A. THE PRIMARY COLOURS.

1. Or. Topaz.

2. Gules. Ruby.

8. Azure. Sapphire.
B. THE SECONDARY COLOURS.

4. Ecarlate. Jasper.

5. Vert. Emerald.

6. Purpure. Hyacinth.
C. THE TERTIARY COLOURS,

7. Argent. Carbuncle.

8. Sable. Diamond.

9. Colombin. Pearl.

82. I. Or. Stands between the light and darkness; as
the sun, who “rejoiceth as a strong man to run his course,”*
between the morning and the evening. Its heraldic name,
in the shields of kings, is Sol: the Sun, or Sun of Justice;®
and it stands for the strength and honour of all men-who

! [In this passage Ruskin means that the ‘“ colours” have come to be synonymous
with ““standards”—heraldic tinctures symbolising honour, and g(migna standing
for courage and patriotism. He refers to the rainbow, symbolised in Greek legend
b&lﬁs, the messenger of the Gods, and in the Bible set in the cloud for a token
(Genesis ix. 13); to the ‘‘all-variegated” shield of the Greek hero (Hesiod, Shield
of Heracles, 139 seq.); and to Nelson’s flags, and signals at Trafalg:;—-—he ‘“had, as
usual, hoisted several flags, lest one should be shot away” they's Life of
Nelson, ch. ix.).]

* [Paalms xix. 5.} ’

3 [See Vol. XVII. p. 59 n.]
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run their race in noble work; whose path “is as the
shining light, that shineth more and more unto the perfect
day.”!

For theirs are the works which are to shine before
men, that they may glorify our Father. And they are also
to shine before God, so that with respect to them, what
was written of St. Bernard may be always true: * Opera
sancti patris velut Sol in conspectu Dei.”*

For indeed they are a true light of the world,® infinitely
more good, in the sight of its Creator, than the dead flame
of its sunshine; and the discovery of modern science, that
all mortal strength is from the sun,* which has thrown
irrational persons into stupid atheism, as if there were no
God but the sun, is indeed the accurate physical expression
of this truth, that men, rightly active, are living sunshine.

II. Gules (rose colour), from the Persian word «gul,”
for the rose.” It is the exactly central hue between the
dark red, and pale red, or wild-rose. It is the colour of
love, the fulfilment of the joy and of the love of life upon
the earth. And it is doubly marked for this symbol. We
saw earlier,’ how the vase given by the Madeleine was
precious in its material; but it was also to be indicated as
precious in its form. It is not only the substance, but the
form of the Greek urn, which gives it nobleness; and these
vases for precious perfume were tall, and shaped like the
bud of the rose. So that the rose-bud itself, being a vase
filled with perfume, is called also « alabastron”: and Pliny
uses that word for it in describing the growth of the rose.’

The stone of it is the Ruby.

IIT. Azure. The colour of the blue sky in the height
of it, at noon;—type of the fulfilment of all joy and love

! [Proverbs iv. 8; for the next quotation, see Matthew v. 16.]
? [The passage from * what was written of St. Bernard” down to living sun-
shine,” is repea aad with some alterations in Fors Clavigera, Letter 63, § 4.]
3 [John i. 9 viil, 12.]
See on this subject” Eagle’s Nest, § 100 (Vol. XXII. pp. 195, 196).]
See below, §§ 35 seq.]
See above, p. 172.]
Nat. Hist., xxi. 10.]

- S e
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in heaven, as the rose-colour, of the fulfilment of all joy
and love in earth. And the stone of this is the Sapphire;
and because the loves of Earth and Heaven are in truth
one, the ruby and sapphire are indeed the same stone; and
they are coloured as if by enchantment,'—how, or with
what, no chemist has yet shown,—the one azure, and the
other rose.

And now you will understand why, in the vision of the
Lord of Life to the Elders of Israel, of which it is written,
“ Also they saw God, and did eat and drink,” you are told,
“Under His feet was a plinth of sapphire, as it were, the
body of Heaven in its clearness.”*

IV. Ecarlate (scarlet). 1 use the French word, because
all other heraldic words for colours are Norman-French.
The ordinary heraldic term here is “tenné” (tawny); for
the later heralds confused scarlet with gules; but the colour
first meant was the sacred hue of human flesh >—Carnation ;
—incarnation : the colour of the body of man in its beauty ;
of the maid’s scarlet blush in noble love; of the youth’s
scarlet glow in noble war; the dye of the earth into which
heaven has breathed its spirit: incarnate strength—incarnate
modesty.

The stone of it is the J asper, which, as we shall see,* is
coloured with the same iron that colours the human blood ;
and thus you can understand why on the throne, in the
vision of the returning Christ, “He that sat was to look
upon like a jasper and a sardine stone.”®

V. Vert (viridis), from the same root as the word
“virtue” and ‘virgin,”°—the colour of the green rod in
budding spring; the noble life of youth, born in the
spirit,—as the scarlet means, the life of noble youth, in

Compare, again, the on the sapphire in Modern Painlers, vol. v. (re-
'005 in Ethics of the Dual?)wy:gel VIL p. 207, and Vol. XVIIL p. 359.]
[Exodus xxiv. 10, 11 (‘‘ under his feet as it were a paved work of a sapphire
ltone ” ete. ]
3 Compare Vol. IV. p. 130.]
This was not done ; but see Two Paths, § 1556 (Vol. XVI. p. 384).]
‘ Revelation iv, 3; quoted below,
¢ {Compare Val d’Arno, § 64 (Vol XXlIlP' p- 42 . ]
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flesh* 1t is seen most perfectly in clear air after the sun
has set,—the blue of the upper sky brightening down into
it. It is the true colour of the eyes of Athena,—Athena
I\avkémis,t looking from the west.!

The stone of it is the Emerald; and I must stay for a
moment to tell you the derivation of that word.

Anciently, it did not mean our emerald, but a massive
green marble, veined apparently by being rent asunder,
and called, therefore, the Rent or Torn Rock.

Now, in the central war of Athena with the Giants, the
sign of her victory was that the earth was rent, the power
of it torn, and the graves of it opened. We know this is
written for the sign of a greater victory than hers. And
the word which Hesiod uses—the oldest describer of this
battle—is twice over the same: the sea roared,. the heavens
thundered, the earth cried out in being rent, éouapaynoe.’
From that word you have ‘“the rent rock,”—in Latin,
smaragdus ; in Latin dialect, smaraudus—softened into eme-
raudu, emeraude, emerald. And now you see why *there
was a rainbow round about the throne in sight like unto
an emerald.”?

* Therefore, the Spirit of Beatrice is dressed in green, over scarlet
(not rose ;—observe this specially).

“Sovra candido vel, cinta d’ oliva,
Donna m’ apparve sotto verde manto,
Vestita di color di fiamma viva.”

+ Accurately described by Pausanias, i. 14, as of the colour of a green
lake, from the Tritonian pool;® compare again the eyes of Beatrice.

! [Athena to Ruskin meant the clear air, and at sunset, ‘‘looking from the
west,” the clear air is bluish green—which colour he thus here reads into the eyes
of the goddess; for other meanings which he found in the ep‘i,thet. see Queen of
the Air (Vol. XIX. pp. 306, 379); and compare Laws of Fésole, Vol. XV. p. 425.]

3 [Theogony, 679, 693. Compare Proserpina, i. ch. x. § 2 (Vol. XXV, p. 334).]

3 TRevelation iv. 3.]

4 [ Purgatorio, xxx. 30-33: ¢ With white veil with olive wreathed, A virgin in my
view appear'd, beneath Green mantle, robed in hue of living flame” (Cavy).]‘|

8 [““Observing that Athena's image had blue eyes, I recognised the Libyan
version of the myth. For the Libyans say that she 1s a daughtar of Poseidon and
the Tritonian lake, and that therefore she like Poseidon has blue eyes” (i. 14, 6).]

¢ [Puryatorio, xxxi. 116, where Dante speaks of the eyes of Beatrice as smeraldi
(omerald:y]
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VI. Purpure. The true purple of the Tabernacle,
“blue, purple, and scarlet”'—the kingly 