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PAPERS
 GLACIAL GEOLOGYILLUSTRATED BY THE
 ROCKS OF SWITZERLAND AND SCOTLAND.
 BY
 KALPH EICHAEDSON, F.RS.E.
 UON. SECY. EDINBl'I'.GH GEOLOGICAL SOCIETY.
 [From the Transactions of the Edinburgh Geological Society,
 Sessions 1874-77.1
 EDINBUPtGH:
 PRINTED BY NEILL AND COMPANYMDCCCLXXVII.
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ON
 PHENOMENA OF WEATHER ACTION AND GLACIATION
 EXHIBITED BY THE ALPS OF SWITZERLAND AND SAVOY;
 BEING NOTES OF A RECENT TOUR.
 Contents.—Evidences of waste. Swiss Boulder-clay. Roches Moutonnies.
 Nature of Glacier Ice. Moraine Lines on Glaciers (with Lithograph). BodenGlacier of Zerraatt. Moraine Stones. Glacier moulins and seracs. Medial,
 lateral, and terminal Moraines. Mer de Glace of Chamonix. Shrinkage of the
 Glacier des Bois, and disappearance of the Grotto of the Arveiron. Professor
 Forbes and Dr Tyndall on the Mer de Glace of Chamonix. The "Aiguilles" of
 Chamonix. Complex character of Alpine Geology. Three striking forms of
 Alpine Mountain-Weathering :—(!.) Domes ; (2.) Pyramids ; and (3.) Obelisks.
 " Every fresh district that a geologist examines adds to his
 store of f icts, and strengthens his theoretical ideas as to the
 origin of the structures he observes." Such was a passage in
 an able article in the " Quarterly Magazine " for July 1859, a copy
 of which I found in the hotel on the Eggischhorn in Septemberlast,—a passage that may serve as my excuse for presenting
 several geological notes which I made last autumn during a
 short tour through Switzerland and Savoy. In particular, I wasstruck with the phenomena of weather action exhibited by the
 Alps, and took every opportunity during my stay of observing
 and noting down the more prominent features of Alpine con-
 figuration.
 It is only when we attain the summit of some Alpine eminencethat we can adequately realise the importance of the part played
 by weather action in bestowing upon the Alps their present
 forms. On ascending the Eggischhorn, for instance, we gradually
 leave wooded and grass-covered slopes to find ourselves travers-
 ing at last nothing but loose earth and loose stones ; and finally
 discover that the peak (9G82 feet above the sea) consists simplyof a pile of great blocks over which one must clamber for a quarterof an hour to reach the summit. From this point, the Spitze,
 or peak of the Eggischhorn, a magnificent and world-renownedpanorama, opens on every side.
 From the Eggischhorn I observed, sharply defined against the
 cloudless sky, peaks similar to, although on a smaller scale than,
 the Matterhorn, that wonderful mountain pyramid which I
 afterwards saw at Zermatt, of which it is the pride ; and although
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4 UN phenomi:na of weatheu action and glaciation.
 so eminent a geologist as Studer maintains that the Matterhoruhas been forced upwards from beneath, and thus accounts for
 its strange pointed shape, it seems to me humbly that it is but
 another and a greater illustration of that weather action to whichall the Alpine peaks bear witness, and that its configuration is
 due not to subterranean but suboerial agencies. For the theory
 wliich I felt myself inclined and obliged to adopt to account for
 the outlines of the thousand Alpine peaks, is, that they are
 mainly due to that Earth-sculpture of which Professors Kamsayand_Geikie have so eloquently spoken ; and that, although sub-
 terranean convulsions did undoubtedly originally occur, yet, for a
 very long period, sufficient to impress upon the Alps all their
 more striking modern features, the quiet and gradual yet cease-
 less action of frost and rain, and of water in its various forms,
 has been the grand cause of Alpine configuration.
 Every mountain rising above the snow-level has one or moreglaciers, most of which descend below that level. This fact is
 strikingly illustrated in passing up the Nicolai Thai from St
 Niklaus to Zermatt. This great valley pf erosion, so beautiful
 in itself, is enlivened and rendered more grand by a,succession
 of snowy peaks, glaciers, and glacier streams. On one side, wehave the glaciers of the Brunegg Horn, the Weisshorn, the
 Schall Horn, and the Mettelhorn ; on the other, those of the
 Oalenhorn, Nadelhorn, and Dom. Eoaring torrents, of that
 greenish-white colour which indicates snow-fed streams, fromthe mighty Ehine down to the smallest Swiss brook, descendfrom each of these glaciers, their courses marked by widespreadheaps of rocks and debris, whilst their fearful power and long
 duration are recorded in the deeply eroded chasms from whichthey frequently issue. Xow, what lesson do all those glaciers
 and glacier streams teach, but that waste is for ever going on, andthat, to the sounding roar of their own glacier torrents, the Alpsare gradually wasting away ? The blocks, often of huge propor-
 tions, which the frost has, like a quarryman, blasted from the
 hills and which now strew the dales ; the masses of rock whichlie heaped upon the hill-tops as if newly split off and piled
 together ; the moraines which border, traverse, and terminate the
 glaciers ; and finally these wastes of debris which mark the course
 of every glacier stream,—all these phenomena are evidences too
 telling to be doubtful that the element of Water is at war with
 the Alps, and that, in spite of their vast proportions, they are
 unquestionably in a state of rapid decay. Men have gaugedglaciers and patiently measured for years their silent but cease-
 less motion. Would it not be possible, and perhaps even moreinteresting and important, to measure for years the heights of the
 Alpine peaks, with the object of discovering how much lower
 they gradually become, and how much, from their extremely
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ON PHEiXOiMENA OF WEATHER ACTION AND GLACIATION. 5
 exposed situation, they suffer from the action of the weather ?
 Such a field of observation as this would ultimately unite with
 that to which Professor Geikie and others have given attention,
 viz., as to the amount of the surface of the land annually removedby rivers and deposited in the sea. l^^'v'V^
 I had a great desire to discover till or boulder clay in Switzer- ^-{yQland, and surveyed every section of clay I met with to observe if
 '
 it could go under that designation. Most were hillside sections, vW^t.and although clay existed, I set it down rather to weathering
 than glacial action. Whilst, then, I cannot say I saw ancient
 till such as we know it in Scotland, I thought I repeatedly sawtill in process of formation. Thus at the magnificent glacier of
 the Ehone, to which I descended from the Grimsel, I observed afine greenish-white clay beneath the glacier foot which was pre-
 cisely analogous to our till. At the Boden Glacier, or lowerportion of the Gorner Glacier, however, near Zermatt, a better
 illustration occurred. Here the glacier did not, like the EhoneGlacier, slope down unbroken to the level of the valley, but pre-
 sented at its foot a broken and precipitous front. The surface of
 the Boden Glacier was, towards its termination, thickly strewedwith blocks, gravel, and sand ; and I picked out of the glacier ice
 finely rounded and smoothened stones, such as this specimen of
 the green-slate which forms the summit of the Matterhorn, Forcomparison, I exhibit also a stone taken from the Midcalder till
 the other day. This assemblage of rocks (mica schists, talcose
 schists, &c.), gravel, and sand was deposited by the Boden Glacier
 as it melted, and formed a deep tumultuous deposit precisely
 similar to our till.
 Of the fact that Switzerland was once, like Scotland, subject
 very generally to glaciating agencies, I had many proofs. Suchproofs are found in the smoothened and striated surfaces of rock
 masses now distant from the glaciers. Roches moutonndes are, as
 you are aware, rocks which have been polished by glacier action.
 The finest specimens of these which I saw, and I suppose as fine
 as any existing, were above the Handeck falls between Meyringenand the Grimsel. I measured one of these roclies moutonndes, of
 which I exhibit a diagram, and found it to be 20 feet high by 60feet long. They lie there among the pine trees like colossal
 snakes, their smooth and rounded surfaces shining out of theverdure. Further on, at a place called the " Helle Platte," anentire hillside, consisting of bare rock, has been smoothened byan ancient descending glacier. But, independently of suchevidences comparatively distant from existing glaciers, we find
 that the rocks near the present beds and areas of glaciers haveat a more or less remote period undergone polishing and striation,
 Gletscherschliff, as the Germans call it. Thus the marble rocksnear the Lower and Lesser Grindelwald glacier are most beautifully
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6 ON PHEXOMEXA OF WEATHER ACTION AND GLACIATION.
 smoothened and striated. I exhibit specimens of fragments of
 their smooth surfaces. At some distance, too, from the Bodenglacier, the rocks bear the same evidences of its passage over themin former days. The truth is, that of late years all the Swiss
 glaciers have considerably shrunk, and that areas fifty years ago
 covered by" The glacier's cold and restless mass,"
 are now either wastes of debris or smiling meadows. This fact
 must be borne in mind in visiting and describing the glaciers of
 Switzerland. As to the reason of this change in their volume, it
 is to be found in the absence during late years of sufficient falls
 of snow during winter to feed the glaciers all the year round.
 In a word, their " supplies " have been greatly stopped, yet, being
 as prodigal as ever in summer, their size has been steadily
 diminishing. The glacier streams, already noted as flowing from
 all glaciers, are, unless led by earth springs, nearly dry in winter,
 a proof of the influence of the summer sun in melting the
 glaciers.
 As to the nature of glacier ice, it differs from ice formed uponwater, glaciers being composed mainly of frozen snow. This
 causes glacier ice, when struck with the hammer, to break into
 loose lumps, rather than sharp, angular pieces like ordinary ice.*
 As to that knotty question which has of late been unfortunately
 so hotly discussed regarding the precise cause of glacier motion,
 and the precise nature of glacier ice, I was amused at the simple
 way in which an experienced Zermatt guide (Peter Summer-matter) settled the dispute. I asked him whether he thought a
 glacier was, as some maintained, a solid body ; or, as others said,
 a viscous one. He replied that he knew instances of both kinds
 of glaciers, and stated tliat it was impossible to lay down a
 general rule ; indeed one and the same glacier might at different
 portions of its course present the phenomena of a solid andviscous body. From the granulated structure of glacier ice
 before referred to, I should think its elasticity would be increased,
 a quality absolutely required to be possessed by ice both by the" viscous theory " of Forbes and the " pressure theory " of
 Tyndall.
 One of the grandest glacier views in Switzerland is from the
 Goruer Grat, a mountain rising 10,289 feet above the sea-level,
 and in the immediate neighbourhood of Zermatt. As I remarkedbefore, it is from such elevated points as this that we can best
 judge of the truth of the theory I have throughout advancedregarding the influence which weather action has had in impart-
 * I observe that this "granulated structure" of glacier ice is also referred to
 ill a paper by Mr J. A. I'icton, F.S.A., on the "Phenomena of Glacial Action in
 Norway," read before the I.iverpool Geological Society in December last. (Proc.
 1S74, ].].. 27 and :57 )
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ON PHENOMENA OF WEATHEK ACTION AND G]>ACIATION. 7
 ing to the Alps many, if not most, of their present features.
 Thus the Matterhorn, which seems from Zermatt to rise so
 mysteriously and in so strange a shape, appears no longer so
 singular an object when viewed 5000 feet higher from the Gorner
 Grat. From thence it is perceived to be but one of several
 similarly shaped surrounding mountains, such as the Gabelhorn,
 Eothhorn, and especially the Weisshorn. We are therefore led
 to the conclusion that all these great mountains owe their simi-
 larity in shape simply to their having weathered in the samestriking pyramidal and peaked manner. Not so those on the
 other side of the panorama from the Gorner Grat. Thecelebrated Monte Rosa, the Lyskamm, and the Breithorn weather
 differently, and have rounded or dome-shaped, and not peaked,
 summits.
 It is likewise from such a point as the Gorner Grat that wegrasp the principles and theory of moraines. I exhibit a sketch
 \vide lithograph) of the moraines of the great Gorner Glacier
 which I made on the summit of the Gorner Grat. You will
 observe how every rock-mass in situ abutting on or emerging
 from the glacier adds its rocky stream, and how these streams
 unite as they descend. What more speaking evidence of the
 decay of the Alps could be furnished than by these moraines ?
 Do we not here see how the frost and the glacier action have split
 away and eroded the rocks, and do we not here behold the glacier
 bearing them off downwards until at last they are cast headlong
 upon the plain ?
 We must go to the glacier itself to read the full story.
 Accompanied by a guide (as is absolutely necessary), whofrequently had to cut steps in the ice to allow us to proceed, I
 walked for an hour down the lowest portion of the GornerGlacier, called the Boden Glacier, extending from the base of the
 Eiffelhorn to the terminal moraine at the source of the Visp. Toreach the glacier we had to cross a lateral moraine, and to leave
 it a terminal moraine, the ice of the glacier in both cases standing
 high above the moraines. Where first we joined it, the surface
 of the glacier was of a pure white colour with scarcely any stones
 upon it ; but, as we descended, the number of pebbles, stones, androcks grew greater and greater, until at some places near the ter-
 mination of the glacier they entirely and thickly covered
 its surface. I may remark, that the shape of moraine stones is
 not round but flat, and that they are of all sizes. The roundingof stones by glaciers can be accounted for only in three ways :
 —
 1st, By direct glacier action, ie., by the glacier mass moving over
 them and pressing them against a hard substance such as the
 glacier's rocky bed ; 2d, by the action of the water which flows
 upon or beneath the glacier. Water flows iDoth on the surface
 of the glacier and beneath it, the heat of the sun being the cause,
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8 ON PHENOMENA OF WEATIIEK ACTION AND GLACIATION.
 as is shown by the surface water ceasing when frost sets in, and
 the glacier streams becoming much smaller in winter. But 3dly,
 to the action of the glacier moulins the chief rounding process
 must, I think, be ascribed. A moulin, literally " a mill," is the
 term applied to holes (often of immense depth) which occur in a
 glacier and into which one or more of its surface streams precipi-
 tate themselves. Stones likewise fall into tliese moulins, and by
 the action of the water become smooth and round. Small moulins
 are frequent on glaciers. We came upon a very large one in
 descending the Boden Glacier. It had the appearance of a great
 cavern on the glacier's surface. A pproaching it carefully, my guide
 hurled a large stone into its gaping mouth. For several seconds
 we heard nothing, and then followed, from several hundred feet
 below us, the deep echoing sound of the stone thundering from
 the bottom of the abyss. At another moulin I heard a noise as
 of a horse galloping, and yet it was only the water rumbling into
 the moulin depths. To explain these surface streams, it should be
 stated that, so long as the sun is shining upon it, the glacier is in
 a melting state. The surface is then soft, and we tread safely
 and surely upon it. Standing still, we hear a sound similar to
 that with which we are all familiar when standing on the tangle-
 covered rocks of a seabeach at low water. We listen, upon the
 glacier, to the snowy ice of its surface becoming slowly dis-
 integrated and converted into water, and to its shining prisms
 falling one by one into liquidity. Here and there, as we pass
 some crevasse or moulin, we catch a glimpse of the beautiful
 blue colour of the glacier ice as the sun's rays gleam behind the
 ice-mass and render it translucent. To enable tourists to observe
 this striking phenomenon more perfectly, artificial grottoes have
 been cut in several glaciers, such as those of the Grindelwald,
 and the Glacier des Bossons, near Chamouix.The form of the Gorner Glacier (including the Boden Glacier)
 resembles that of the Rhone in so far tliat, in the centre of both,
 occurs a steep acclivity from which the lower half of the glacier
 sweeps into the valley. In this latter portion of the Gorner
 Glacier, viz., the Boden Glacier, two moraines, distinctly seen
 owing to their colour, may be observed. The one, of a red
 colour, proceeds from Monte Eosa ; the other, of a black colour,
 from St Theodul. Peaked waves or hillocks of ice, called siracs,
 (Ger. seraggen), occur in the middle of the Boden Glacier, and im-
 part to it a variety and beauty which cannot fail to be admiredeither near or at a distance. This part of the glacier is truly
 called the " Mer de Glace," presenting as it does the appearanceof a stormy sea which had by some sudden enchantment been con-
 verted into ice. At the same time, this is the most difficult anddangerous portion of the glacier for travellers, who, if they
 possibly can, should beware entering upon it. 1 exhibit on a
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ON PHENOMENA OF WEATHER ACTION AND GLACIATION. 9
 diagram the sectional outlines of three great Swiss glaciers, viz.
 :
 the Ehone Glacier, the Gorner and Boden Glacier, and the Merde Glace and Glacier des Bois of Chamonix, so as to show the
 position of the leading fields of s&acs in each, and the mode in
 which each glacier descends.
 The subject of Moraines remains to be considered more
 minutely in describing the superficial phenomena of glaciers.
 Moraines have, as you are aware, been divided into three kinds
 —
 medial, lateral, and terminal—from the positions on the glacier
 which they severally occupy. This division, though rude, is
 sufficient to describe them in a general way. Each rock-mass
 occurring in situ on a glacier gives rise to three moraines, twoflanking the rock on each side and one departing from it andproceeding down the glacier. In this manner, rocks and stones
 from the very top of a glacier are borne downward to the bottom
 often many miles distant ; and we must keep this fact of the
 moraine carriage of stones in mind in connection with the stones,
 often foreign to the immediate locality, which are found in our
 own Scottish till. As already stated, a glacier's terminal
 moraine consists of a confused gathering of stones which have
 descended the glacier frou) its remotest extremities. A commonfeature upon great glaciers, such as the Grosser Aletsch andothers, is two firmly drawn lines of moraines in the centre of the
 glacier with stones strewed about, the whole presenting the
 appearance from a distance, or if photographed, exactly (as I
 heard a tourist remark) as if a great muck cart had been driven
 slowly down the glacier. As the lithograph opposite p. 15
 shows, the Gorner Glacier presents the same phenomenon. Thenumber of moraines on a glacier also depends upon its configura-
 tion. Thus, on the Gorner Glacier above the Riffelhorn, nume-rous moraines descend, as shown in the lithograph already
 described ; but, at the Riffelhorn, the glacier suddenly sweeps
 down at a considerable angle, and on its lower portion (the BodenGlacier) we can find only four well-marked moraines, two lateral
 and two medial. The greatest moraines of a glacier are its lateral
 and terminal moraines. The former are composed of the rocks
 actually ei'Ofied or fallen from the rock masses which hem in the
 glacier on either side. The terminal moraine is the grand
 accumulation of rocks, stones, and rubbish deposited at the
 glacier foot by the motion of the glacier. Especially of late
 years, when the Swiss glaciers have so much shrunk in
 dimensions, are those lateral and terminal moraines laid bare,
 and, in the case of great glaciers, interpose a formidable barrier
 to travellers desiring to ascend to or descend from the glacier ice.
 The glacier rests upon its lateral moraines when in a shrunk
 state, and we have then to climb up to it from them. So also
 the descent is troublesome. In the case of the Boden glacier,
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10 ON PHENOMENA OF WEATHER ACTION AND GLACIATION.
 my guide (Peter Summermatter) had to cut no fewer than four-
 teen steps in the ice with his ice-axe to enable us to leave the
 glacier and descend upon its lateral moraine. The moraine
 here must have been fully 14 feet beneath the surface of the
 glacier. The terminal moraines of a glacier also occur consider-
 ably below the level of its surface. On the other hand, mcdinl
 moraines repose upon the surface of the glacier instead of the
 glacier resting upon them as in the case of the others. In short,
 whilst a glacier may be said to rest upon its lateral and terminal
 moraines, the medial moraines rest upon the glacier.
 Leaving the Zermatt district, I turn now to a more classic
 one, that of Chamonix. It ought to be with reverence and pride
 that a Scotsman, and especially an Edinburgh man, approaches
 the Mcr de Glaix of Chamonix. To the study of this renownedSea of Ice, and to learn the principles of glacier action, our great
 Professor Forbes* devoted the best years and labour of his life,
 and wrote his name more indelibly in Alpine history than did
 Napoleon his when he carved it upon the granite of the Alps he
 had conquered. Still, our first impressions of the wonder of
 Chamonix must necessarily be disappointing. We had probably
 expected to witness a grand glacier display,—a magnificent sheet
 of ice sweeping down with snow-white splendour to the plain,
 like " a gigantic waterfall suddenly arrested in its career by the
 icy hand of some Alpine enchanter." Such is the Glacier of the
 E,hone ; such, to a lesser extent, are the Grindelwald and Bodenglaciers, and the Glaciers des Bossons and d'Argentiere. On the
 contrary, from the valley of Chamonix, whatever may have beenseen in ancient days, one sees nothing now of its famous Mer de
 Glace. Perched in its lofty rocky cradle, it remains hidden from
 the sight of those in the valley ; the little river Arveiron issuing
 from the rocks beneath being the only sign of its existence. I
 was surprised at this, and determined to discover the cause of
 the absence of glacier display. I therefore followed the river
 Arveiron upwards from Chamonix to its source, and there, at
 the foot of the Mer de Glace, I solved the difficulty to my satis-
 faction. I found that although evidences appeared everywherearound of a huge glacier having once occupied the groundadjacent to the source of the Arveiron, a glacier which must haveformed a conspicuous object from the vale of Chamonix, yet nowthat great glacier was gone, and only the hollow bed it occupiedwas left to view. For about a mile the little river pursued its
 course over ground which was once covered by a glacier. Allthat remained, however, of that glacier was a small tongue of ice
 from beneath which the river issued. For perhaps half a mile of
 its course the Arveiron flowed through masses of old moraine
 * See his "Life and Letters," by Principal Shairp, Professor Tait, and Mi-Adams Reilly. London, 1873.
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ON PHENOMENA OF WEATHER ACTION AND GLACIATION. 11
 debris (white granite), whilst on either side, at a considerable
 distance, stood, all gaunt and bare, the lofty walls which had once
 imprisoned the glacier.
 I had taken with me from Edinburgh a " Map " (which I
 exhibit) " of the Mer de Glace of Chamouni and of the Adjoining
 District from an Actual Survey in 1842—1-6 and 1850, by Pro-
 fessor James D. Forbes," reduced from Forbes's large mapappended to his " Travels in the Alps of Savoy," and added to by
 Dr Augustus Peterrnann, and published in 1855 by my relatives
 Messrs A. & C. Black of this city, who had kindly given me this
 copy. On that map, the lower portion of the Mer de Glace, the
 Glacier des Bois, is coloured as existing fully half a mile further
 down than it now is found. I was also interested to find in a" Guide du Voyageur aux Glaciers de Chamouni," published at
 Geneva in 1828, a glowing description of an immense cavern or
 grotto of ice from which the Arveiron then issued. A steel
 engraving was also given. " This vault of a sky-blue colour,"
 said the old guide-book, " rises to a height of about 100 feet ; andthe spectacle of the Arveiron rushing foaming from beneath it
 fills the mind with surprise. We are awe-struck at the sight of
 the dome of this crevassed vault, above which are blocks of ice
 and rock-masses on the point of falling." Alas ! this famousgrotto is a thing of the past. It has melted and fallen away; andthe Arveiron now issues from a little, uninteresting, glacier-foot
 or snout, the shrunk remnant of that once glorious cavern—that" spectacle auguste," to which Cambray and others refer withenthusiasm. I was informed by my guide at Cbamonix that
 this cavern or grotto existed only fi ve__yeai:s_ago ; so that we mayform an idea of the rapidity of the reduction which the Glacier
 des Bois has undergone. I observe in Professor Tyndall's recent
 interesting hand-book on " The Forms of Water, " that he describes
 the interior of the cavern at the source of the Arveiron, in 1859,
 as " bathed by blue light. The strange beauty of the place
 suggested magic, and put me in mind of stories about fairy caves
 which I had read when a boy." He acknowledges, however, in
 his preface written in 1872, or thirteen years later, that when hevisited Chamouix during that year he found that the vault of
 the Arveiron had " dwindled considerably." Now, as I havealready stated, it has almost altogether disappeared.
 The melting and disappearance of the lower half of the Glacier
 des Bois, including the vault of the Arveiron, has in one sense
 been a gain It enables us to see the inner and undergroundworkings of a glacier, standing as we do in its rocky bed andobserving the stony skeleton that once supported the glacier's
 icy mass. The immense depths of glaciers may here be gaugedand surveyed. The old glacier must have been several hundredfeet thick, judging by the height of the dark cliifs which rise on
 f^^
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12 ON PIIEXOMKNA OF WEATHER ACTION AND' GLACIATION.
 either side and whicli once contained it. How one might musehere on the vicissitudes of the past !—on the vast glacier which
 once swept down to the valley, with its seracs, and moulins,
 and moraines,—with its hundred signs of life (for there is life
 about a glacier), in its dancing glacier streams, and rumbling
 moulins, and in its own ceaseless daily motion. And then the
 beautiful blue-tinted cavern of the Arveiron at its foot,—the
 wonder of Chamonix, the admiration of all, learned or unlearned.
 Alas ! now we see not a vestige of that once famous cavern,
 nothing of that grand effect of nature but these scarred cliffs,
 these mounds of granite rocks and debris, and that brattling
 stream ; and we can scarcely bring ourselves to believe that it
 once existed, or that one glory of the earth has so quickly passed
 away.
 So much for the aspect of the ground once occupied by the
 lower portion of the Glacier des Bois, viewed from the source of
 the Arveiron, 3667 feet above the sea. Ascending 3000 feet
 higher to the Montanvert, we behold at last the famous Mev de
 Glace. We see it lying at our feet ; and if ever the shade of
 Forbes revisits the scene of his labours it must mourn over the
 shrunk state of this great glacier. Professor Tyndall, in the
 preface already alluded to, also comments upon the changed
 aspect of the Mer de Glace. " It exhibited," he says in 1872," in a striking degree that excess of consumption over supply
 which, if continued, will eventually reduce the Swiss glaciers to
 the mere spectres of their former selves." Writing apparently
 in 1865 or so, he remarks that "for the last fifteen or sixteen
 years the glaciers of the Alps have been steadily shrinking ; so
 that it is no uncommon thing to see the marginal rocks laid bare
 for a height of 50, 60, 80, or even 100 feet above the present
 glacier (" Forms of Water, " p. 145). With regard to the traces of
 ancient and now vanished glaciers, they may be found near the
 Grimsel at " a height of 2000 feet above the present valley bed"
 (Ibid, p. 146). One can see distinctly the immense basin the
 Mer de Glace of Chamonix once occupied, and can note howshrunk the giant has become. My guide informed me that only
 twelve years ago the Mer de Glace stretched from side to side
 with a volume of ice and to a height which I should think musthave rendered it doubly imposing compared with its aspect to-
 day. Now certainly it is still a grand spectacle and a worthyobject to visit and admire, but tJmi—in those early days of DeSaussure, Bovdier, Rendu, Agassiz, and Forbes—how very muchgrander and how magnificent it must have been ! Then its long
 waves of ice rolled from shore to shore, 7iovj the Mer de Glace is
 at low ebb, and great cliffs and moraines stand where its ice once
 stretched. The tide has gone out, perhaps never to return.
 The surface of the ice of the Mer de Glace is divided length-
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 wise into two distinct halves, one of which, the western, is of a
 white hue at a distance, but is found to be thickly pitted with
 earth and gravel when examined closely ; whilst the colour of
 the other half is black, it being completely covered by moraine
 debris. This debris comes down the Mer de Glace from the three
 glaciers which feed it, viz., de Talefre, de Lechaud, and du Geant.
 White granite and gneiss seemed to be the chief components of
 the moraine mounds ; and I may remark, that it was from the
 granite boulders from the Mont Blanc district, found near the
 Lake of Neuchatel, that evidence of great importance wasobtained of the extension of the glaciers of Switzerland in
 ancient times. The Pierre a Bot, the most famous of these
 erratics, has been described and figured by Lyell. The celebrated" blocks of Monthey," in the valley of the Rhone, are supposed
 to have been stranded by another great glacier descending that
 valley towards the Lake of Geneva. With regard to the appear-
 ance of the surface of the two sides of the Mer de Glace already
 noted. Professor Tyndall has shown, in his instructive bookbefore cited, that the eastern side of the Mer de Glace movesmore quickly than the western between Montanvert and the
 Chapeau, the place where tourists usually cross. Whilst the
 eastern side there moves in summer from 20 to 34 inches per
 day, the western moves from 9 to 28 inches only. In winter, the
 rate of motion is about half that of summer.As I mentioned before, I had Forbes' beautiful map of the
 Mer de Glace with me, but my endeavour to follow the four lines
 of moraines designed upon it proved unsuccessful. It seemed to
 me that, whatever number of distinct moraine-lines stretched
 down the Mer de Glace in 1850, only one confused mass of
 moraine debris covers the one-half of its surface now, viz., the
 eastern side. I also was unable to make out the famous dirt-
 hanels of the Mer de Glace, first observed by Forbes in 1842, andwhich are laid down in his map and in those of Professor
 Tyndall's book, the glacier mass seeming to me to descend withgreat irregularity and without any decided lines traversing its
 breadth. The maps accompanying Professor Tyndall's descrip-
 tions of the Mer de Glace tally with Forbes' map, but they wereapparently drawn between 1857 and 1859, and it is since then
 that the Mer de Glace has shrunk into its present reduced
 volume. I suspect the vicissitudes it has undergone may haveobliterated some of its once familiar superficial phenomena,although of course, as you are aware, the dirt-hands are by nomeans very apparent in all lights and from all positions, andcaught Forbes' eye quite accidentally, as he has recorded in a
 celebrated and beautiful passage in his great work " Travels in
 the Alps of Savoy." (Also in article " Glacier, " by Forbes, in
 the " Encyclopaedia Britannica").
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 Among the most striking features in the landscape around
 Chamcnix are a series of lofty mountains having stony and very
 much serrated summits, from which they are termed, not
 inappropriately, Aig^iilles, or " needles," or spires. The" Keedles" of the Isle of Wight similarly derive their name from
 their bare, pointed appearance. Specimens of the Aiguilles of
 the Chamonix district are well seen on approaching Chamonixfrom the Tete Xoir shortly after entering Savoy and passing from
 Switzerland into France. Other instances are also seen to
 advantage in descending from the Chapeau at the Mer de Glace.
 In the former case, they rise towering above the pine-clad valley,
 their long, stony peaks, pink-hued, giving a weird grandeur to
 the beautiful scene. In the latter case, the famous Mer de
 Glace seems to issue, an icy torrent, from between two imposing
 obelisks,—the Aiguille du Dru, 12,245 feet high, on the north;
 and the Aiguille de Charmoz, 10,943 feet high, on the south. Thehigher portions of the aiguille mountains have either been broken
 into tall, bare, obelisk-shaped pieces of rock, or serrated fantasti-
 cally into endless sharply-pointed pinnacles.
 The base rocks of the Chamonix district are gneiss and granite,
 which range largely through Switzerland, They frequently pass
 into protoginc, which contains talc in addition to the other com-ponents of granite. The Aiguilles, however, appear to be also
 composed of limestones and schists. As to the stratification
 of these and other aqueous Alpine rocks, it is of the mostirregular and contorted description. It is evident that the
 Alpine rocks have been chiefly deposited by water, but it is
 also as evident that these rocks have undergone the greatest con-
 vulsions and contortions. The Alps have furnished a most com-plex problem to Swiss geologists, and to this day they are
 engaged in solving it.* But irrespective of the nature, dip, or
 stratification of the rocks of which they are composed, the Alpshave been carved out of them and rise in the striking forms of
 domes, pyramids, or obelisks, or serrated ridges, over a vast extent
 of country. It is plain that no peculiarity in the structure
 or composition of Alpine rock-masses has saved them from theaction of the weather,—the hard granite has yielded as well as
 the softer limestone,—and whether by frost or rain, or glaciers
 or torrents, the rocks which compose the Alps have been slowlybut surely wasted away.
 The configuration of such singular mountains as the Aiguilles
 is due, like that of the Matterhorn and Breithorn, to the action
 of the weather, and to the mode in which the rocks of which they
 * The English reader may be referred to the article on the Geology of theAlps, by M. Desorof Neuchatel, prefixed to Mr Ball's "Guide to the WesternAlps" 1863; and to the Geological article prefixed to Baedeker's "Switzerland,"4th (Englishj edition, 18C0.
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 are composed disintegrate under its inlluence. The rules of that
 disintegration are still unknown, the mysteries of Earth-sculpture
 are still unrevealed. We may note, however, among the Alps
 three, of the more striking and peculiar modes of Mountain-
 weathering, however vaguely we may speculate as to the cause of
 their difference. We have—1st, dome-shaped mountains, such as
 Monte Eosa, Lyskamm, the Breithoru, and I may add the Domedu Goutc, close to Mont Blanc ; 2d, pT/ramid-shcqJcd mountains,
 such as the Matterhorn and Weisshorn ; and 3d, ohelisk-shajyed
 and serrated mountains, such as the Aiguilles of Chamonix. I
 exhibit a diagram illustrative of these three leading kinds of
 Mountain-weathering observable in the Alps of Switzerland
 and Savoy. It seems to me that it is weather action which has
 given to these eminences the more prominent features they
 present to-day, whatever inlluence in the comparatively distant
 past convulsions, upheavals, or subsidences may have had in
 placing the rock mass in position so as to admit of its becomingso weathered. Such convulsions or oscillations of the earth's
 surface may be said to have placed the rude block beneath the
 sculptor's chisel ; but it is to the grand sculptor, the weather,
 that we are indebted for beholding to-day that rude block roundedinto a dome-shaped hill, fashioned into a pyramid, or fractured
 into an obelisk. At the same time, the sculptor has workedirregularly. Dome-shaped hills, pyramidal hills, and obelisk-
 shaped and serrated hills frequently occur together and even in
 close proximity. There seems to be no rule for such weathering
 either as regards the nature of the rock or its exposure to the
 weather. The problem of weathering or earth-sculpture has yet
 to be solved, and we can at present only regard it with wonder.
 We may some day find out why one mountain has assumed oneshape and why another has a different form. As yet, however,whether we behold among the Alps or elsewhere noble mountainafter mountain lifting its lofty head to the sky, we may speculate
 and observe, and we may enjoy the pleasure of the pursuit of
 those principles according to which these grand objects of Naturehave derived their present imposing and beautiful forms ; but as
 to laying down any definite rules, it appears to me that our
 science has not yet advanced sufficiently far, and that it will only
 be after long and patient observations that we can hope to
 understand the mysterious agent which at present seems to
 address us in the thrilling language given by the author of" Manfred " to the " Spirit of the
 I am the spirit of the place,
 Coultl make the mountain bowAnd quiver to his caveru'rl base
 —
 And what with me M'ouldsl Thou
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ON PHENOMENA OF GLACIATION EXHIBITED BY THE
 ROCKS OF CORSTORPHINE HILL, NEAR EDINBURGH.
 Contents.—Sir James Hall's theory in 1812. Views of Agassiz and CharlesMaclaren. Roches Mouto7inecs. Striation. Dip of the Hill. " Crag and Tail."
 Glaciation not Synchronal. Views of Messrs Geikie. Evidences of Ice Action.
 Unsolved Problems. Consideration of three Theories ;— (1.) Icebergs; (2.) Ice-
 cap; and (3.) Local Glaciers. Glaciation in the Hasli Thai, Switzerland. Dif-
 ference between it and that of Corstorphine Hill.
 Having observed a few months ago in Svi'itzerland, as I
 mentioned in a recent paper (see p. 5), numerous fine instances
 of roches inouto7inics, I desired, when I came home, to look again
 at the rocks of Corstorphine Hill,, which had always to my mindpresented a singular appearance. I have therefore made a pretty
 general survey of the hill, and I have come to the conclusion
 that the phenomena exhibited by its superficial geology are fre-
 quently remarkably similar to the roches moiUonn^cs I observed
 among the Alps. The extremely interesting character of the
 rocks of Corstorphine Hill is not, I think, sufficiently known,
 —
 one cause of the absence of investigation of them on the part of
 the public being, I have no doubt, the fact that the various
 small properties of which the hill is composed bristle with
 placards proclaiming the various proprietors' exclusive rights of
 property. Such notices will undoubtedly deter many fromrambling over Corstorphine Hill in pursuit of scientific
 knowledge.
 From my general survey of Corstorphine Hill, it seems to methat it has evidently been subjected at one time to the abrading
 action of an agent operating like ice. The minutely complete
 way in which the surfaces of the many rock-masses in,situ havebeen rounded and polished ; the unitorm contour which these
 smoothened rock - masses display ; and the wide extent of
 area over which polished rocks are found on Corstorphine Hill,
 are circumstances which, from Alpine instances, we know are
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 attendant upon glacial action, and which we cau connect with noether agent but ice. In 1812, Sir James Hall, Bart, in a paper
 read before the Eoyal Society of Edinburgh, of which he wasPresident,* attributed the " dressing " of the rocks of Corstorphine
 Hill to " the operation of immense torrents of water," or lUbdcles;
 but the debacle th> ory (which, by the way, Hutton and Playfair
 always stoutly controverted^ was exploded by the promulgation
 of the glacial views of Agassiz, who visited Scotland in 1840.
 Our former President, Charles Maclareu, in his " Geology of Fife
 and the Lothians,"f tells us how he was converted to these views,
 which are now generally accepted. Our late President, Professor
 Geikie, refers to the glacial action exhibited by Corstorphine
 Hill in the " jNIemoir of the Geological Survey on the Geology of
 Edinburgh;"! whilst the curator of our Society's Museum, Air
 HendersDu, in the paper on Corstorphine Hill, which he read to
 us in January 1870, thinks " that the proofs of glacial action here
 cannot be disputed." § I propose to cite a few places onCorstorphine Hill illustrative of the glaciation to which I believe
 it to have been once exposed, leaving it to any desirous to study
 the subject more closely, or doubtful of the truth of the glaciation
 theory, to visit these places and judge for themselves.
 Clermiston Tower, erected by Mv Macfie of Clermiston in
 1871 to celebrate the centenary of the birth of Sir Walter Scott,
 is a good starting-point. This tower is, in my opinion, surrounded
 by examples of roches moutonnies. Immediately to the NE.is a knoll formed of greenstone, on the summit of which stand
 the ruins of an old tower. Diagram A gives the outlines of this
 knoll. Charles Maclaren refers [pp. cit. p. 293) to an " area of
 bare rock known by the name of ' Plainstones ' a little X.W. of
 the old turret, 20 or 30 yards square," as " beautifully dressed
 and grooved." He understands that Sir James Hall got the turf
 removed here. All the rock surfaces expo.^ed on the south-
 western side of the knoll are rounded and polished. The knoll
 has an abnipt and precipitous front to the KE., whilst it slopes
 smoothly to the S.W. It seems to me to be an example on a
 considerable scale of a roche moutonndc.
 I may remark, in the words of the " Geological Survey Memoir "
 {op. cit. p. 113), that " Corstorphine Hill consists of a crystalline
 hornblendic greenstone" (diorite) " disposed as a bed dipping
 westerly." The greenstone is one of the " intruisive traps in the
 Carboniferous series." Charles Maclaren {op. cit. p. 293) states
 * "Transactions," vol vii. The title of this paper is "On the Revolutions of
 the Earth's Surface," Part I. dealing with Alpine phenomena, and Part II. withthose of the Edinburgh district.
 t Second edition, 1866 (dedicated to our Society), page 292.
 t Accompanying sheet 32, Scotland, 1861, page 127-
 § Society's Transactions, vol. ii. page 33.
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 that the greenstone rock at the " Plaiustones " " dips to the W.at 10° to 12°." The greenstone of Corstorphine Hill rests on
 sandstones and shales which dip to the W., or rather the S.W.
 Mr Henderson found the " thin-bedded flags " of the pavementquarry on the eastern face of the hill, " near Craigcrook, dipping
 S.W. by W. at an angle of 12°." (Paper cited, p. 29).
 To return to the glacial phenomena, we find on descending the
 hill southwards from Clermiston Tower fresh proofs in a narrow
 gorge which stretches due E. from the new stables erected byMr A. B. Fleming. Here we have some very fine instances of
 rocJies moutonn^es, the whole ridge of rocks forming the southern
 side of the gorge being beautifully smootheued and rounded.
 (vide Lithograph). The rocks here, as generally over Corstorphine
 Hill, consist of greenstone, the hardness of which preserves the
 ancient polish to this day.
 Whilst evidences of rounding and polishing are abundantly
 evident everywhere over Corstorphine Hill, I failed to find anyinstance but one of striation. This was a flat (and not roundedslab of greenstone close to the road leading down to Barnton onthe northern side of the hill. I may add, on the authority of MrHenderson, as stated in the paper which I have cited, " that
 several members of our Society made an excursion to the locality"
 indicated by Sir James Hall, and " announced that the glacial
 scrachings described by him in his paper had no existence, but
 were mere cracks in the rocks." Mr Henderson himself, how-ever, found " a number of long, polished hummocks of greenstone
 ,
 grooved in parallel straight lines, the grooves being about 6 inches
 broad and nearly 3 inches deep, and extending the whole length
 of the hummocks in a westerly direction." I may mention that
 Sir James Hall instances minutely, in the paper to which I havereferred, fifteen localities on or surrounding Corstorphine Hill
 (of which he gives a map) exhibiting dressed and grooved rocks.
 From " the medium result of a number of observations " of the
 groovings, furrows, or scratches on these rocks, he came to the
 conclusion that the direction of the abrading agent in the neigh-
 bourhood of Edinburgh was " from 10° S. of W. to 10° N. of E."Mr Maclaren (op. cit. p. 293) refers to his having seen onCorstorphine Hill " groovings of many sizes, and all very nearly
 parallel, one being 3 feet in breadth and 6 or 8 inches deep."
 Professor Geikie (oj). cit. p. 127) states that " glacial scratchings
 are admirably displayed along the west side of CorstorphineHill." For myself, I can only cite the slab on the N. side as dis-
 tinctly striated, the stride, running in an easterly and westerly
 direction, and being parallel to each other. These striae are
 regular and minute, and are visible only in a certain light.
 With regard to the so-called " groovings " on the rocks of
 B
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20 ON THE ROCKS OF CORSTOKPHINE HILL.
 Corstorphiae Hill, I can quite believe that the nature of the
 segments, into which the greenstone rocks there are naturally
 divided may have misled some observers. The rocks uponwhich Clermiston Tower is built, and those above the whinstone
 quarry at the N.E. of the hill, facing Granton, display segments
 of this kind. Such parallel lines of division are common on the
 rocks of Corstorphine Hill, and, from some stratigraphical cause,
 generally run in a north-westerly and south-easterly direction.
 The origin of such divisions is to be sought not in glacial times,
 but in a much more distant period, perhaps when the whole massof Corstorphine Hill was being tilted up.
 Not far to the S.W. of Clermiston Tower, the greenstone
 rocks in situ all exhibit plienomena of glaciation. They illus-
 trate likewise the prevalent westerly dip of the greenstone bed
 forming Corstorphine Hill. A rock such as that shown in
 diagram C exhibits at once the polished surface and the dip of
 the rocks of the lull. Again, as diagrams A and B both prove,
 we may obtain models of the whole hill from individual rocks androck-masses found upon it ; for the hill slopes gently and
 smoothly down towards the W., being the line of dip of its rocks,
 whilst its eastern face is rugged and precipitous ; the ends of the
 rocks on the eastern side of the hill being found truncated andin the air. The hill thus owes its form to the dip of the bed of
 greenstone and of the strata of sandstone and shale of which it is
 composed, although the louuding of its surface on the W. and S.
 is due to glacial agencies.
 I may at this stage refer, in passing, to the fact that Corstorphine
 Hill can only in a qualified sense be regarded as an instance of
 the well-known geological phenomenon termed " Crag and tail."
 Corstorphine Hill is severed into two distinct portions by the
 gorge to the S. of Clermiston Tower, to which I referred before.
 The southern portion of the hill, including the famous point of
 view called Eest and be Thankful, presents the features of Cragand tail, as may be well seen from an elevated spot like CreweToll, above Fettes College, from which a nagnificent prospect
 opens over the city of Edinburgh and surrounding district. Thenorthern and larger portion of Corstorphine Hill, again, as is well
 seen from Drylaw, near Cruigleith Quarry, has no " tail " to the
 E., but presents on that side, for the stratigraphical reason I havealready given, a precipitous rocky face. As you are aware, the
 excellent examples of Crag and tail exhibited by Edinburgh andStirling Castle rocks, the Calton Hill, Craiglockhart, Binny Crag,
 and North Berwick Law (as Charles Maclaren has both described
 and figured) have their " crags " facing the W. and their " tails"
 sloping to the E. To account for this singular phenomenon, the
 familiar argument is that a ]inwprfu1 agent (the nature of w^hich
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 is matter of doubt) has swept over Central Scotland from W. to
 E. ; but this argument is somewhat difficult of application to the
 northern and larger portion of Corstorphiue Hill, as the " crag"
 there is to the E. and the " tail," if there is any, to the W.At a meeting of the Eoyal Society of Edinburgh on 1st
 February last. Professor Geikie (taking part in the discussion
 which followed the reading of a paper by Mr David Stevenson,
 C.E., on Njrth Berwick Law), very clearly explained three of
 the leading varieties under which the phenomenon of Crag andtail occurs in this district. He stated that North Berwick
 Law is a true instance of Crag and tail, and perhaps the best
 example we have. Independently of stratification, and for no
 apparent reason but that of having been formed by a powerful
 agent acting from the W., the crag of that hill (the neck or
 chimney of an old volcano) is found facing the W. precipitously,
 whilst a tail of ash lies heaped up to eastward. The Professor
 instanced Salisbury Crags and Corstorphiue Hill as examples of
 Crag and tail due to stratification, the crag in the former case
 facing the W. and in the latter the E., and added that it wouldhave been impossible, for stratigraphical reasons, for these hills
 to have assumed any other form. In illustration of these three
 varieties of Crag and tail, the Professor drew upon the black board
 the sections of North Berwick Law, Salisbury Crags, andCorstorphiue Hill, shown in diagram D.
 In the paper to which [ have referred, Mr David Stevenson
 seemed to imply, from having discovered glacial striae on the base
 of North Berwick Law, that the " Crag and tail " form of that hill
 was due to the abrading action of ice. Now, I think we mustseparate entirely the superficial glaciation of a hill from the con-
 version of its mass into Crag and tail or any other strongly markedform. Thus, in the case of Corstorphiue Hill, the glacial agent
 that rounded and polished its superficial rocks ought not to be
 considered the same as, or synchronal with, that unknown agent
 which gave to the mass of the hill its present striking physical
 features. As I have already meutioned, stratigraphical reasons
 go largely, if not wholly, to account for the present form of
 Corstorphiue Hill; and the origin of its present stratigraphy
 must be looked for in subterranean, not subserial, commotions.
 Even assuming, however, that it is an instance of Crag and tail,
 the mass of the hill must surely have acquired its present shape
 previous to the time when the merely superficial glaciation
 occurred to which I refer in this paper. As to the case of a true
 example of crag and tail, such as North Berwick Law, I may be
 permitted to remark generally that water and not ice seems, from
 simdar phenomena observable on every sea-beach and river-side
 at the present day, the more natural agent to which to refer the
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 form of the hill. Mr James Geikie, in a recent work,* draws the
 same inference from the same common objects of nature ; but,
 without explanation for tlie change, suddenly converts the water
 into land-ice, and thus accounts for Crag and tail. I prefer to
 adhere to the familiar and easy explanation afforded by water,
 whilst admitting that the strice to which Mr Stevenson referred
 may have been caused by the subsequent passage of land-ice.
 Professor Geikie remarks, on the subject of Crag and tail, in the
 Survey Memoir of Edinburgh (p. 127), that whilst " the later
 modification of the outline of " crag and tail hills may be accounted
 for by ice, yet the hills themselves " must have been prominentbefore the beginning of the drift " period. " Ice action wouldtend to abrade existing ridges by making them narrower andlower, but it would hardly denude a country into ridges each
 bounded on the W. by a trap-hill." He therefore wisely refers
 the " main features of crag and tail to a previous period, and to
 some process at present not easily explained."
 I could imagine that some, who were ignorant of, or did not
 attach importance to, glacial theories, might maintain that rain
 alone had polished the rocks of Corstorphine Hill. I regret I
 did not, except in the one instance to which I alluded, observe
 glacial stripe on these rocks, as that would have settled the matterconclusively in favour of ice. But then, I did not observedecided marks of glacial striation on the roches moutonndes whichI examined in Switzerland. For the reasons, however, which I
 stated at the commencement of this paper, I believe that the onlyagent which could have polished and rounded so perfectly the
 rocks of Corstorphine Hill is the same agent as is at present in
 daily action in Greenland, Switzerland, &c., viz., ice.
 The great area over which phenomena of glaciation are
 exhibited at Corstorphine Hill seems to me a leading argumentin favour of ice. The action of rain and running water producesirregularities which, especially over a large tract of ground, wouldsoon become apparent. That of ice is regular. Thus the wholesouth-westerly slope of Corstorphine Hill is symmetricallyrounded, owing to the rocks (chiefly hidden by turf) having beenplaned and rounded by the regular attrition of ice. Again, rain
 forms runlets which, if they flow over rocks, wear channels in
 them that grow deeper and deeper. The pressure of ice, on the
 other hand, being equally distributed over all parts of the rocksurface, abrades it equally and polishes the whole, wearing awayany superficial irregularities.
 As a proof of the wide extent of polished rock-surfaces onCorstorphine Hill, I may mention those occurring throughout
 * '-Tlip Oreat I.-e Age." London, 1874. Page 97.
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 the very large grass-park above the Convalescent House on the
 S. side of the hill. This park is bounded on the S. by the kirk
 road leading from Eest and be Thankful to Corstorphine village.
 Throughout the park numerous surfaces of greenstone are
 exposed, and in every case they are as perfectly and equally
 rounded and polished as any on the whole hill. Wherever such
 a surface occurs, it is found to be polished. Taking the large
 extent of the field into account, we may form an idea of the size
 of the ice mass which once enveloped this portion of Corstorphine
 Hill.
 The fact of the glaciation of the greater part of Corstorphine
 Hill being, I think, beyond dispute, the circumstances under
 which it was effected remain to be considered. I am afraid this
 is a problem which cannot be easily solved. There are, as you
 are aware, certain problems connected with the superficial geology
 of Scotland which remain still unsolved. The agent that
 fashioned the singular phenomenon of crag and tail so commonthroughout Central Scotland has as yet never been satisfactorily
 explained. I have just cited our late President, Professor
 Geikie, as referring in the Geological Survey " Memoir of
 Edinburgh "(p. 127), " the main features of crag and tail " to
 " some process at present not easily explained." Then, with all
 the help of the most able observers both in Switzerland, Green-
 land, and North America, Scottish geologists are not yet satisfied
 as to how our Scottish till, or boulder clay, was produced.
 Three of our Foreign Corresponding Fellows, the late Professor
 Agassiz, Principal Dawson, and Dr Eobert Brown, have given us
 the benefit respectively of their Swiss, North American, and
 Greenland experience. One of our Associates, Mr JamesGeikie, has in a masterly volume* summarised the views andresearches of many of the leading glacialists of all countries.
 With such great problems as crag and tail, and the originof drift,
 yet unsolved, we need not be ashamed, however muchwe mayregret, to acknowledge that such a minor problem as that of the
 glaciation of Corstorphine Hill is still an open one. Thecharacter of the glaciation proves that only a powerful, regular,
 and persistent abrading agent like ice can have polished androunded the rocks of Corstorphine Hill, but the precise character
 of that ice, or the precise period of such abrasion, are points yet
 unsolved.
 I may venture to make a few remarks upon this subject,
 although I cannot pretend to offer any solution. Indeed, anydogmatic or confident assertions regarding it would be quite out
 of the question. Admitting, then, that ice was the abrading
 * " The Great Ice Age." London, 1874.
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 agent, it must either have been the ice of (1) icebergs, (2) a
 general ice-cap over the whole district, or (3) local glaciers. Asto the first cause, I do not favour the assumption that icebergs
 were the agent ; for I do not think their action is so regular,
 minute, or genaral as is required to account for the rounding andpolishing of such rocks as those of Corstorphine Hill, glaciated
 as that hill is from crown to base. As to the second cause, DrRobert Brown, an Arctic traveller, and now engaged in Londonas a member of the Arctic Committee of the Royal Geographical
 Society, graphically refers in his recent " Geological Notes " on a
 portion of North Greenland, * to the ice-cap which envelops the
 interior of that country, and of which, to vary one word in the
 well-known lines of Salis, it may be said :
 " Es deckt mit weisser Hiille
 Ein imbekanntes Land."
 He describes the landscape around the shores of the mainlandof Disco Bay as follows :
 —" Everywhere—in and about and
 over all—the dreary marks of present or former ice action are
 apparent. Looking down from the hills, the eye is chilled, in
 the height of an Arctic summer, by a dismal little lake with the
 ice yet unbroken on the surface, or a little glacier creeping its
 slow way down to the sea ; while, beyond all, stretches the great" inland ice " which covers Greenland like a winding sheet in its
 icy pall, north and south, east and west, far as the eye can see or
 the observations of the few explorers who have attempted to
 penetrate it have enabled us to judge." I recollect Professor
 Geikie once remarking at one of our meetings that the only modeof ascertaining the properties of such an universal ice-cap wouldbe for some enthusiast to make a martyr of himself, and spendthe greater portion of his life in the interior of a country like
 Greenland, where such an ice-cap exists and could be studied.
 Mr James Croll, one of the first thinkers on the subject of the
 Glacial epoch, and an esteemed Fellow of our Society, recently
 remarked-j- that " our experience of Greenland is almost whollyconfined to the outskirts. No one, with the exception of DrHayes and Professor Nordenskicild, has penetrated to any distance
 into the interior." The former penetrated only 70 miles and the
 latter only 30 miles inland from the coast. Mr Croll estimates
 the thickness of the ice-sheet at the centre of Greenland to be
 10,000 feet.
 As to the tJiird cause, local glaciers, we know that such pro-
 * Geological notes on the Noursoak Peninsula, Disco Island, and of the countryin the vicinity of Disco Bay, North Greenland. "Trans. Glasgow Geol. Socy ,"
 vol. V. part i. page 55. 1875.
 t "Geological Magazine," July and August, 1874
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 duce Toclics moutonnies similar to those of Corstorphinc Hill.
 But so also would the passage of a sheet of land-ice of any kind.
 There is, however, this objection to the local glacier theory, that
 glaciers are found in beds or valleys rather than on the summits or
 smooth sides of mountains. Local glaciers are also accompanied
 by moraines, and these are not found on Corstorphiiie Hill.
 On the whole, I lean to the supposition that the glaciation of
 Corstorphine Hill has been due—1st., to land ice ; and 2d, to
 such a body of land-ice as enveloped the entire hill. I admit
 the difficulties of this position :—1st, Our ignorance of all the
 properties of such a vast body of ice. 2d, The local character of
 the glaciation under notice ; for, although the rocks of Corstorphine
 Hill are distinctly rounded and polished, all the rocks in the
 neighbourhood are not so. Still, I think we must recognise that
 in order to polish Corstorphine Hill from peak to base it must
 have been entirely enveloped in ice ; and whether this was due to
 an ice-cap which, as in the case of Greenland, covered the whole
 interior of Central Scotland, or whether it was due to the greater
 size of a particular glacier which traversed Corstorphine Hill,
 may next be considered.
 We can understand from the descriptions of travellers that an
 ice-sheet, such as that in Greenland, is not only of enormous
 thickness but also that it envelops the whole landscape. Wemay also draw the inference from its great thickness that
 it could exist only in a climate of the most severely glacial char-
 acter. Glaciers, however, being only limited bodies of ice, do
 not require such severe climatic conditions in order to exist.
 They also, as I have already observed, never envelop an entire
 hill, but occupy valleys. They are likewise invariably accom-
 panied by moraines or moraine debris. A glacier requires three
 concomitants : 1st, a gathering place, or neve ; 2d, a bed ; and 3d,
 lateral, medial, and terminal moraines, or at least evident moraine
 debris. Unless, then, we find traces of these concomitants on
 Corstorphine Hill or in its immediate vicinity, and I believe wedo not, we cannot, from knowledge of existing glaciers, argue that
 a glacier once traversed it. It seems to me that we are reduced
 to what is admittedly a much less familiar agent, viz., an universal
 ice sheet, in order to account for the glaciation of the rocks of
 Corstorphine Hill.
 I find that Sir James Hall read his paper in 1812 on a return
 from an Alpine tour. Indeed, the first part of it is devoted to a
 consideration of Alpine phenomena. It is matter of surprise
 that, in presence of the striking phenomena of Alpine glaciation,
 he should adhere to the cUhdcle theory, and that he did not
 anticipate the glacial views of Agassiz. Permit me to refer to a
 valley in Switzerland which I visited in September last, and
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 which appeared to me to be an instance of glaciation not
 necessarily by the agency of an universal ice-sheet, but probably
 only of local glaciers. Pray remark that this was a valley, not a
 hill, like Corstorphiue. The valley in ([uestion was the upper
 portion of the Hasli Thai, and my route (a familiar one to Swiss
 tourists) lay from ]\Ieiringen tn the Grimsel, a walk occupying
 an entire day. The route during its whole course follows the
 river Aare up-stream, and is a constant ascent. Whilst in the
 morning, at Meiringen, we were 1900 feet high, in the evening,
 at the Grimsel Hospice, we were 6100 feet above the sea-level.
 Tlie river Aare issues from those famous Aar glaciers, in the
 neighbourhood of the Grimsel, which were studied su'^.cessively
 by Hugi, Agassiz, Professor Forbes, and Dollfuss-Ausset. As weascended the river and gradually approached more glacial
 regions, evidences of glaciation and glacier-action becamegradually more and more apparent. At Guttanen (3500 feet
 high) the moraines began, and we found the meadows strewed
 with stones that had been brought down in former years by the
 glaciers whose shrunk forms (for all the Swiss glaciers have
 shrunk of late years) are now seen clinging to the neighbouring
 mountains. 1000 feet higher, near the Falls of the Haudeck, andwe came upon those splendid examples of roches moiitonnics to
 which I referred in a recent paper (vide Lithograph opp. p. 19).
 I exhibit a sketch of one in diagram E ; and in diagram F (which
 is taken from Mr Whymper's beautiful work, " Scrambles
 amongst the Alps," 1871, p. 144) the mode in which a bodyof ice produces roches moutonndcs, such as those above the
 Handeck falls and at Corstorphine Hill, is illustrated. Havingleft the Handeck rocks, we came to a tract covered with
 moraine debris. Then, passing along a path carved out of the
 solid rock, we observed that the entire face of the rocky
 hillside that sloped down to the river Aare (notably at one
 place called the " Helle Platte," or bright smooth surfcice) hadbeen polished by glacier action. Finally, as we ascended 1500feet higher to the Grimsel, we saw that the rocks on both sides
 of the river bore the same glaciated and mammilated appearance.
 We were thus led to believe that the Aar glaciers, among which,
 as I have said, the river Aare now takes its rise, once extended
 much further down-stream, and that the action of these glaciers
 in former times had polished the rocks on both banks of the river.
 I may add that the theory of an universal ice-cap did not seemto be required here, but simply the minor coajecture of the
 enlargement and passage of local glaciers, which still exist in a
 greatly shrunk state.
 In the absence, however, in the vicinity of Corstorphine Hill
 of an evident glacier gathering-ground or nev^, of a glacier bed.
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 and of moraines,—all of which occur in the Swiss district I havedescribed,—I must say I incline to refer the rounding andpolishing of the rocks of Corstorphine Hill to that period of
 greatest cold in the glacial epoch when Scotland lay buried, as
 Greenland does now, beneath a great body of ice. Some gla-
 cialists have even asserted (from groovings and striae observed)
 that that ice moved uniformly in a certain direction. Somehave stated from such evidence that it traversed the Edin-burgh district from W. to E.—the direction which Sir JamesHall, long before " glacial theory " days, indicated as that taken
 by the " immense torrents of water " to which he ascribed the" dressing " or abrasion of the rocks of Corstorphine Hill. 1 donot intend, however, to go into the question of the probable
 direction taken by the ice to which, I believe, such abrasion mustnow be attributed ; but shall conclude by stating that I think
 we have undoubted evidences of its having completely envelopedCorstorphine Hill, rounding and polishing its rocks from its
 summit to its base, and producing those interesting specimens of
 roches moutomides so well worthy of further study, and to whichI have ventured to call your attention in this paper.
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NOTICEOF
 GLACIATED ROCK SURFACES (DISPLAYING CORALS)
 NEAR BATHGATE, RECENTLY QUARRIED AWAY.
 Mr James Linn kindly showed me, on 28th June last, an
 interesting glaciated rock about a mile distant from Bathgate.
 It was the surface of a bed of Carboniferous limestone (marine)
 in Petershill quarry, dipping, from E.S.E. to W.N.W. (true), at an
 angle of 30°. This glaciated surface was laid bare about a year
 before we saw it, and has been recently quarried away ; so that
 a notice is desirable, if only to record the fact of its having once
 existed.
 The rock in question was about 15 yards long by 3 wide, and a
 great portion had been abeady removed by the quarrying opera-
 tions. At the north end of the rock, in particular, the original
 glaciated surface was well preserved, and a beautiful specimen of
 Lonsdalcia floriformis coral was displayed. It had been polished
 quite smooth by the glaciating agent. In the case of another
 specimen of the same coral, which was also visible, the polishing
 had been obliterated by weathering. Various corals of the same
 species, also Spirifers and Encrinites, and a specimen of Cauda
 gain (supposed by Professor Ramsay to be a seaweed*) were also
 displayed—in every case polished. The polishing was muchmore perfect where the corals appeared in the surface of the
 limestone, their structure being harder than the limestone.
 Indeed, this hardness of the fossils produced protuberances in the
 surface of the rock in which they appeared, the glaciating agent
 having eroded the rock-surface around the corals. The erosive
 power and action of the agent (ice) is shown by its having
 removed the softer limestone surrounding the corals, which con-
 sequently protruded from it slightly.
 * Mr Salter's Appendix to Geol. Survey's Memoir 32, p. 150.
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 The rock under notice was situated about 700 feet above the
 sea-level. Strife crossed its surface at various places, running
 E.S.E. and W.X.W. (true), the line of the dip. No cross striae
 were observed ; consequently the rock seems to have been planed,
 polished, and striated by some agent moving persistently in one
 direction, such as a glacier—not an iceberg. Above the rock
 occurred a bed of boulder-clay about 13 feet deep, proving that
 previous to the deposition of the boulder-clay, the subjacent rock
 under notice had been completely polished and striated by the
 passage over it of some heavy, closely-enveloping agent,
 presumably ice. In the middle of the boulder clay a somewhatsingular regular line of boulders occurred, some of greenstone,
 some of sandstone full of vegetable remains, and some of coarse
 limestone. About 4 feet of tirring topped the bed of boulder
 clay.
 Another, but much smaller, glaciated rock surface occurred in
 a bed of limestone about a quarter of a mile to the north of that
 just noticed. Its surface Avas polished like the other, and the
 dip of this bed and the striae upon its surface corresponded with
 those of the bed first mentioned. I am glad to say that Mr Linnarranged with the quarrymen to preserve for him the beautiful
 glaciated specimen of Lonsdaleia floriformis above noted. Heinforms me that, on visiting Petershill in company with our last
 elected Foreign Corresponding Fellow, Major Brooks of the
 Geological Survey of Wisconsin, U.S., on 6th July last (our visit
 had taken place only a week before), he found that the
 ice markings on the bed first described in this paper had all beenquarried away. He secured two fragments, however, from the
 quarrymen. The rapidity with which interesting geological
 phenomena often disappear, by human as Avell as by elemental
 agencies, proves the desirability of their being observed andrecorded without any delay ; and this, I think, should be regarded
 as one of the prime uses and duties of a Society such as ours.
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NOTEON A
 STRIATED EKRATIC RECENTLY EXPOSED AT GRANTON:
 WITH OBSERVATIONS ON THE REQUISITES FOR DETERMINING
 THE PARENT ROCKS OF ERRATICS.
 The portion of an erratic exposed at Grautou Harbour by the
 •ecent storm is certainly one of the most perfectly striated rocks
 [ ever saw. As an instance of striation it well deserves a visit,
 md as the tide will probably soon obliterate the strise upon it,
 the rock itself should be briefly noticed in this Society. It
 occurs on the shore at the foot of the sea-wall not far to the west
 of Granton pier, and considerably to the east of the western
 breakwater. The seawall protecting the road along the shore
 covers what is probably the larger portion of the erratic, only the
 northern end of which has been laid bare and is now visible. Theportion exposed is about 2 yards long by 1 yard broad. Therock is apparently of greenstone, and, as the diagram shows, the
 portion exposed is of a flat rather than round shape. Stride in
 regular long parallel grooves cross the rock in a direction E.N.E.
 and W.S.W. (true). No cross strise appear.
 Of course, striae in the case of an erratic prove nothing so far
 as the direction of the glaciating agent is concerned. But look-
 ing to the regularity and length of the striae on this rock, to the
 fact that no cross striae occur, and to the flat shape of the rock
 itself, I should imagine that the erratic before us may possibly
 have been at one time a portion of a roche 7noutonn6e which had
 been split off by frost action and laid down here by glacial
 agencies, without its having been subjected to that tossing to andfro, rounding, cross scratching, and general disfigurement whichordinary boulders have evidently undergone. Another theory to
 account for the regularity of its striation might be that this
 greenstone erratic had been deposited here in a rough state, andthat it had been planed, polished, and stiiated by the passage
 over it of ice entering the sea at this point.
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32 ox A STRIATED ERRATIC AT GRANTOX.
 As to the precise locality whence this rock was derived, I do not
 speculate, as greenstone occurs in many places all round the
 present site of the erratic under notice. Indeed, this erratic mayhe said to lie nearly in the centre of a district abounding in
 detached masses of greenstone. To the north, we find greenstone
 on the shores of Fife and in the islands Inchcolm and Inchkeith
 in the Firth of Forth. To the north-west, we find greenstone at
 Inverkeithing and North Queensferry. Crossing the ferry, wefind greenstone again occupying Dalmeny Park and stretching in
 a long band from Cramond Lsland as far inland as West Craigs.
 Further south we find another belt of greenstone extending fromRatho railway station to Bonnington House. The DalmahoyCrags are greenstone, Corstorphine Hill is greenstone, Craig-
 lockhart Hill is greenstone, Salisbury Crags are greenstone. Ourerratic at Granton is apparently greenstone also, but you maynow judge of the ditticulty of ascribing to it a parent rock, andstating definitely whether the rock m situ from which it wasderived is situated to the north, south, east, or west of Granton.
 Unless and until we had a slice of this erratic subjected to
 minute mineralogical analysis, we could not, I submit, with anything like scientific accuracy, say whence this erratic was derived.
 I believe that such analysis, if applied to them, would show that
 a difference exists betwixt each of the detached greenstone masses
 round Edinburgh to which I have referred, and that if they were
 each analysed and classified, an erratic like that at Granton, whensimilarly analysed, could be relegated with some degree of
 accuracy to its parent rock. It has always appeared to me that
 it would be an all important point in the evidence relative to the
 direction followed by erratics, in this as in other districts, if wecould compare slices of them with slices of known rocks in situ
 ;
 but this kind of evidence implies a knowledge of mineralogy andthe use of the miscroscope with which few are gifted, as also the
 possession of certain instruments requisite to prepare rock slices
 for microscopical analysis, of which instruments I have only heard
 of one (and that recently introduced) in this city.
 So far as I am aware, this line of evidence has not yet beensystematically followed in connection with the observation of
 glacial phenomena. Our Foreign Corresponding Fellow, Dr Daniel
 Hahn, himself a first-rate mineralogist, and a pupil of the famousZirkel of Leipzig, agreed to send to a German laboratory slices of
 the trap-rocks of the Edinburgh district, so that we might havethem at last carefully and authoritatively analysed and definitely
 classified ; and I furnished him with one or two specimens for
 this purpose, as also with a chip from a Tynecastle boulder.
 He left, however, for the Cape of Good Hope (where he still is),
 shortly afterwards, and I have not since heard from him. So
 the scheme still rests in cmhryo. A special committee of this
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ON A STRIATED ERRATIC AT GRANTON. 33
 Society was formed to take up the subject, but it has as yet
 made no report.
 To show the importance such a scheme of mineralogical
 microscopical analysis would have upon reading the history of
 glacial times, I may just cite another practical instance besides
 that of the Granton erratic. Mr Milne Home and I inspected,
 in February 1874, the sandpit then newly opened at Tynecastle,
 and which displayed numerous greenstone boulders. The ques-
 tion, of course, occurred to us, Whence were they derived ? Didthe ice that conveyed them follow a south-easterly route, say fromCorstorphine Hill ? or did it follow a north-easterly one, say fromCraiglockhart or the Dalmahoy Crags ? Or were both of these
 surmises incorrect, and, as analysis could alone show, were these
 erratics derived from another, perhaps totally different, quarter ?
 I think you will agree with me that, whilst with our present
 knowledge we should be exceedingly careful in ascribing to this
 or that rock mass in situ the parentage of erratics, it would bevery desirable that, and our knowledge of the district will neverbe complete till, we have both the trap-rocks in situ, and the
 eiTutics which lie strewn about in every direction, submitted to
 mineralogical microscopical analysis, and properly classified.
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