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IX.-On the Glacial Succession in Europe. By Professor JAMES GEik.IE, 

D.C.L., LL.D., F.R.S., &c. (With a Map.) 

(Read 16th May 1892.) 

For many years geologists have recognised the occurr~nce of at least two boulder­
clays in the British lslands and the corresponding latitudes of · the Continent. lt is no 
longer doubted that these are the products of two separate and distinct glacial epochs. 
This has been demonstrated by the appearance · of intercalated deposits. of terrestrial, 
freshwater, or, as the case inay be, marine· origin: Such interglacial accumulations 
have been met with again and again in Britain, and they have likewise been detected at 
many places on the Continent, between the border of the North Sea and the heart of 
Russia. Their organic contents indicate in some cases cold climatic conditions ; in others, 
they imply a climate not less temperate or even more genial than that which now 
obtains in the regions where they occur. N or are such interglacial beds con:fined to 
northern and north-western Europe. In the Alpine Lands of the central and southern 
regions of our Continent they are equally well developed; lmpressed by the growing 
strength of the evidence, it is no wonder that geologists, after a season of doubt, should 
at last agree in the conclusion that the glacial conditions of the Pleistocene period were 
interrupted by at least one protracted interglacial epoch. Not a few observers go 
further, and maintain that the evidence indicates more than this. They hold that three 
or even more glacial epochs supervened in Pleistocene times. This· is the conclusion l 
reached many years ago, and 1 now-purpose reviewing the evidence which has accumu­
lated since then, in order to show how" far it goes to support that coriclusion. 

In our islands we have, as already rem.arked, two boulder-clays, of which the lower 
or oldest has the" widest extension southwards, for it has been traced as far as the valley 
of the Thames. The upper boulder-clay, on the other hand, does not extend south of 
the Midlands of England. In the north of England,· and throughout Scotland and the 
major portion of lreland, it is this upper boulder-clay which usually shows at the surface. 
The two clays, however, frequently occur together, and are exposed again and again in 
deep arti:ficial and natural sections, as in pits, railway-cuttings, quarries, river-banks, and 
sea-cliffs. Sometimes the upper rests directly upon the lower ; at other times they are 
separated by alluvial and peaty accumulations or by marine deposits. The wider· 
distribution of the lower till, the direction of transport of its included erratics, and the 
trend of the underlying roches rrioutonnees and rock-strire, clearly show that the earlier 
mer de glace covered a wider area than its successor, and was confüient on the :ßoor of 
the North Sea with the Scandinavian ice-sheet. lt was during 'the formation of the 
Iower till, in short,. that glaciation in these islands attained. its maximuni development. 
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The interglacial beds, which in many places separate the lower from the upper till, 
show that after the retreat of the earlier 11ier de glace the climate became progressively 
more temperate, until eventually the country was clothed with a flora essentially the 
same as the present. Wild oxen, the great lrish deer, and the horse, elephant, rhinoceros, 
and other mammals then lived in Britain. From the presence· of such a ß.ora. and fauna 
we may reasonably infer that the climate during the climax of interglacial times was as 
genial as now. The occurrence of marine deposits associated with some of the inter­
glacial peaty beds shows that eventually submergence ensued; and as the shells in some 
of the marine beds are boreal and Arctic forms, they prove that cold climatic conditions 
accompanied the depression of the land. To what extent the land sank under water we 
cannot tell. lt may have been 500 feet or not so much, for the evidence is somewhat 
unsatisfactory. 

The upper boulder-clay of our islands is the product of another mer de glace, which 
in Scotland would seem to have been hardly less thick and extensive than its predecessor. 
Like the latter, it covered the whole country, overflowed the Outer Hebrides, and became 
confluent with the Scandinavian inland ice on the bed of the N orth Sea. But it did not 
flow so far to the south as the earlier ice-sheet. 

lt is well known that· this later mer de glace was succeeded in our mountain regions 
by a series of large local glaciers, which geologists generally believe were its direct 
descendants. lt is supposed, in short, that the inland ice, after retreating from the low 
grounds, persisted for a time in the form of local glaciers in mountain valleys. This 
view l also formerly held, although there were certain appearances which seemed to 
indicate that, after the ice-sheet had melted away from. the lowlands and shrunk far into 
the mountains, a general advance of great valley-glaciers had taken place. 1 had 
observed, for example, that the upper boulder-clay is often weil developed in the lower 
reaches of our mountain valleys-that, in fact, it may be met with more or less 
abundantly up to the point at which large terminal moraines are encountered. More 
than this, 1 had noticed that upland valleys, in which no local or terminal moraines 
occur, are usually clothed and paved with boulder-clay throughout. Again, the aspect 
of valleys which have been occupied by large local glaciers is very suggestive. Above 
the point at which terminal moraines occur only meagre patches of till are met with on 
the bottoms of the valleys. The adjacent hill-slopes up to a certain line may show bare 
rock, sprinkled perchance with erratics and superficial morainic detritus; but above this 
line, if the acclivity be no~ too great, boulder-clay often comes on again. These appear­
ances are most conspicuously displayed in the Southern Uplands of Scotland, particularly 
in South Ayrshire and Galloway, and long ago led me to suspect that the local glaciers 
into which our latest mer de glace was resolved, after retreating continuously towards 
the heads of their valleys, so as to leave the boulder-clay in a .comparatively unmodified 
condition, bad again advanced and ploughed this out, down to the · point at which they 
dropped their terminal moraines. Subsequent observations in the Highlands and the Inner 
and Outer Hebrides confirmed me in my suspicion, for in all those regions we· meet with 
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phenomena of precisely the same kind. My friends and colleagues, Messrs PEACH and 
HORNE, had independently come to a similar conclusion ; and the more recent work of the 
Geological Survey in .the North-West Highlands, as they inform me, has demonstrated 
that after the dissolution of t~e general ice-sheet, underneath which the upper boulder­
clay was accumulated, a strong recrudescence of glacial conditions supervened, and a 
general advance of great valley-glaciers took place-the glaciers in many places coalescing 
upon the low grounds to form united mers de g'lace of considerable extent. 

The development of these large glaciers, therefore, forms a distinct stage in the 
history of the Glacial Period. They were of su:fficient extent to occupy all the :fiords of 
the N orthern and Western Highlands, at the mouths of which they calved their icebergs, 
and they descended the valleys on the eastern slopes of the land into the region of the 
great lakes, at the lower ends of which we encounter their outermost terminal moraines. 
The Shetland and Orkney Islands and the Inner and Outer Hebrides at the same time 
nourished local glaciers, not a few of which flowed into the sea. Such, for example, was 
the case in Skye, Harris, South Uist, and Arran. The broad Uplands of the south were 
likewise clothed with snow-:fields that fed numerous glaciers. These were especially 
conspicuous in the wilds of Galloway, but they appeared likewise in the Peeblesshire 
hills; and even in less elevated tracts they have left more or less well-marked traces of 
their former presence. 

lt is to this third epoch of glaciation that 1 would assign the :final scooping out of 
our lake-basins and the completion of the deep depressions in the beds of our Highland 
:fiords. All the evidence, indeed, leads to the conviction that the epoch was one of long 
duration. 

lt goes without saying that what holds good for Scotland must, within certain limits, 
hold good also for lreland and England. In Wales and the Cumberland Lake District, 
and in the mountain regions of the sister island, we meet with evidence of similar 
conditions. Each of those areas has obviously experienced intense local glaciation sub­
sequent to the disappearance of the last big ice-sheet. 

Attention must now be directed to another series of facts, which help us to realise 
the general conditions that obtained during the epoch of local glaciation. In the basin of 
the estuary of the Clyde, a~d at various other places both on the west and east coasts of 
Scotland, occur certain clays and sands, which overlie the upper boulder-clay, and in some 
places are found wrapping round the kames and osar of the last great ice-sheet. These 
beds are charged with the relics of a boreal and Arctic fauna, and indicate a submergence 
of rather more than 100 feet. In the lower reaches of the rivers Clyde, Forth, and Tay 
the clays and sands forma well-marked terrace, and a raised sea-beach, containing similar 
organisms, occurs here and there on the sea-coast, as between Dundee and Arbroath, on 
the southern shores of the Moray Firth, and elsewhere. When the terraces are traced 
inland they are found to pass into high-level fluviatile gravels, which may be followed 
into the mountain valleys, until eventually they shade off into fluvio-glacial detritus 
associated with the terminal mori.tines of the great local glaciers. lt is obvious, in short, 



130 PROFESSOR JAMES GEIKIE ON THE 

that the epoch of local ice-sheets and large valley-glaciers was one also of partial sub­
mergence. This is furtber shown by the fact that in some places the glaciers that 
reached the sea. threw down their moraines on the 100-feet beach. lt must have been 
an epoch of much floating ice, as the marine deposits contain ~ow and again many 
erratics, large and small, and are, moreover, frequently disturbed and contorted as if 
from the grounding of pack-ice. 

The phenQmena which I have thus briefly sketched su:ffice to show that the epoch 
of local glaciation is to be clearly distinguished from that of the latest general mer de 
glace. I have long suspected, indeed, that the two may have been separated by as wide 
an interval of time as that which divided the earlier from the later epoch of general glacia­
tion. Again and again I have searched underneath the terminal moraines, in the faint hope 
of detecting interglacial accumulations. My failure to discover these, however, did not 
weaken my conviction, for it was only by the merest chance that interglacial beds could 
eyer have been preserved in such places. I feel sure, however, tbat they mm;t occur 
among the older alluvia of our Lowlands. Indeed, as I shall point out in tbe sequel, it is 
highly probable that tbey are already known, and that we have hitherto failed to recog­
nise their true position in the glacial series. 

Although we have no direct evidence to prove that a long interglacial epoch of mild 
conditions immediately preceded the advent of our local ice-sheets and large valley-glaciers, 
yet the indirect evidence is so strong that we seem driven to admit that such must 
have been the case. To show this I must briefly recapitulate what is now known as to 
the glacial succession on the Continent. lt has been ascertained, tben, that the Scandi~ 
navian ice has invaded the low grounds of Germany Oll two separate occasions, which 
are spoken of by continental geologists as the " first " and " second " glacial epochs. 
The earlier of these was the epoch ofmaximum glaciation, when the inland ice flowed south 
into Saxony, and overspread a vast area between the borders of the North Sea and the 
base of the Ural Mountains. This ice-sheet unquestionably coalesced with the mer de 
glace of the British Islands. Its bottom-moraine and associated fluvio-glacial detritus are 
known in Germany as lower diluvium, and the various phenomena connected with it 
clearly show that .the inland ice radiated outwards from the high grourids of Scandinavia. 
The terminal front of that vast mer de glace is roughly indicated by a line drawn from 
the south coast of Belgium round the north base of the Harz, and by Leipzig and Dres­
den to Krakow, 'thence north-east to Nijni Novgorod, and further north to the head, 
waters of the Dvina and the shores of the Arctic Sea near the Tcheskaia Gulf. 

The "lower diluvium" is covered in certain · places by. interglacial deposits and an 
overlying "upper diluvium "-a succession clearly indicative of climatic changes. In the 
interglacial beds occur remains of Elephas antiquus and other Pleistocene mammals, and 
ä flora which denotes a genial temperate climate. One of the latei;it discoveries of inter­
glacial remains is that of two peat-beds lying between the lower. and uppei; diluvium 
near Grünenthal in Holstein.* Amongthe abundant plant-relics are pines and firs (no 

*.Neues JahrbuchJ. Min. Geol. u. Palceont.1 1891, ii. pp. 62, 228; lbi<l., 1892, i. p .. 114. 
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lönger indigenous to Schleswig-Holstein) aspen, willow, white birch; hazel, hornbeam, 
oak, and juniper. · Associated with these are Ilex and Trapa natans, the presence of 
which, as Dr WEBER remarks, betokens a climate like that of -Western Middle Germany. 
Amongst the plants is a water-lily, which occurs also in the interglacial beds of Switzer­
land, but is not riow found in Europe: The evidence furnished by this and other inter~ 
glacial deposits in North Germany shows that, ·after the ice-sheet of the lower diluvium 
had melted away, the climate became as temperate as that which is now experienced in 
Europe. Another recent find. of the same kind is the "diluvial" peat, &c., of Klinge 
in Brandenburg, described by Professor N EHRING. * These beds have yielded remains of 
elk (Cervus alces),.rhinoceros (species not determined), a small fox (?), and megaceros. 
This latter is not the typical great Irish deer, but a variety ( C. megaceros, var. Ru.ffii, 
Nehring). The plant-remains include pine, fir (Picea excelsa), hornbeam, warty birch 
(Betula verritcosa), various willows (Salix repens, S. aurita, S. caprea? S. cinerea), 
hazel, poplar (?), common holly, &c. lt is worthy of note that here also the interglacial 
water-lily (Cmtopleura helvetica) of Schleswig-Holstein and Switzerland makes its 
appearance. Dr WEBER writes me that the facies of this flora implies a well-marked 
temperate insular climate (SEEKLIMA). The occurrence of holly in the heart of the 
Continent, where it no longer grows wild, is particularly noteworthy, The evidence 
furnished by such a flora leads one to conclude that at the climax of the .genial inter­
glacial epoch, the Scandinavian snowfields and glaciers were not more extensive than 
they are at present. 

The presence of the upper diluvium, however, proves that such genial conditions 
eventually passed away, and that an ice-sheet again invaded North Germany. But this 
later invasion was not on the same scale as that of the preceding one. The geographical 
distribu:tion of the upper diluvium and the position of large terminal moraines put this 
quite beyond doubt. The boulder-clay in question spreads over the Baltic provinces of 
Germany, extending south as far as Berlin, and west into Schleswig-Holstein and Den­
mark. At the climax of this later cold epoch glaciers occupied all the fiords of Norway, 
but did not advance beyond the general coast-line, Norway, at that time, must have 
greatly resembled Greenland-the inland ice covering the interior of the country, and 
sending seawards large glaciers that calved their icebergs at the mouths of the great 
fiords. In the extreme south, however, the glaciers did not quite reach the sea, but piled 
up l~rge terminal moraines on the coast-lands, which may be·followed thence into Sweden 
in· an easterly direction by the lower end of Lake W ener and through Lake "\Vetter. A 
similar belt of moraines marks out the southern termination of the ice-sheet in Finland. 
Between Sweden and Finland lies the basin of the Baltic, which, at the epoch in ques­
tion, was filled with ice, forming a great Baltic glacier, This glacier ovcrflowed the 
ÄI.and Islands, Gottland, and Öland, fanning out as it passed towards the s~uth9west lind 

* Naturwisse;nschaftliche Wochenschrift, Bd. vii. (1892), No. 4, p. 31. The plants were determined by Dr WEBER, 
Professor WITTMACK, and HerrWARNSTORF. [More recent investigations have considerably increased our knowledge of 
this flora .. See Naturwissenschaftliche Wochenschrift, Bd. vii. (1892), Nr. 24, 25. Ausland, 1892, Nr. 20.] 
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west, so as to invade on the south the Baltic provinces of Germany, while iri. tlie north 
it,traversed the southern part of Scania and overwhelmed the Danish islands as it spread 
into Jutland and Schleswig-Holstein. The course of this second ice-sheet is indicated by 
the direction of transport of erratics, &c., and by the trend of rock-strire and roches 
moutonnees, as weil as by the position of its terminal and lateral moraines. 

Such, then, is the glacial succession which has been established by geologists in Scandi­
navia, North Germany, and Finland. The occurrence of two glacial epochs, separated by 
a long interval of temperate conditions, has been proved. The evidence, however, does 
not show that there may not haVf1 been more than two glacial epochs. There are certain 
phenomena, indeed, connected with the glacial accumulations 'Of the regions in question~ 
which strongly suggest that the succession of changes was more complex than is generally 
understood. Several years ago Dr A. G. NATHORST adduced evidence to show that a ~reat 
B~ glac~~r, similar to that underneath which the upper diluvium was amassed, ~xisted 
b~~,~~e-~~v~_nt of the vast mer de glace of the so-called "f!r~ glacial e12och,"* and his 
observations have been confirmed and extended by H. LuNDBOHM.t The facts set forth 
by them prove beyond dou bt that this early Baltic glacier smoothed and glaciated the 
rocks in Southern Sweden in a direction from south-east to north-west, and accumulated 

1 

a bottom-moraine whose included erratics yield equally cogent evidence as to the trend, 
of glaciation. That old moraine is overlaid by the "lower diluvium," i.e., the boulder­
clay of the succeeding vast mer de glace that flowed south to the foot of the Harz-the 
transport of the stones in the superjacent clay indicating a movement from N.N.E. to 
S.S.W., or nearly at right angles to the trend of the earlier Baltic glacier. It is difficult 
to avoid the conclusion that we have here to do with the products of two distinct ice­
epochs. But hitherto no interglacial deposits have been detected between the boulder­
clays in question. lt might, therefore, be held that the earlier Baltic glacier was 
separated by no long interval of time from the succeeding great mer de glace, but may 
have been merely a stage in the development of the latter. lt is at all events conceivable 
that before the great mer, de glace attained its maximum extension, it might have existed 
for a time as a large Baltic glacier. 1 would point out, however, that if no interglacial 
beds had been recognised between the lower and the upper diluvium, geologists would 
probably have considered that the last great Baltic glacier was simply the attenuated 
successor of the preceding continental mer de glace. But we know that this was not the 
case ; the two were actually separated by a long epoch of genial temperate conditions. 

There are certain other facts that may le'ad us to doubt whether in the glacial 
phenomena of the Baltic ooast-lands we have not the evidence of more than two glacial 
epochs. Three, and even four, boulder-clays have been observed in East and West 
Prussia. They are separated, the one from the other, by extensive aqueous deposits, 
which are sometimes fossiliferc:ius. Moreover, the boulder-clays in question have beeil 

* Beskrifning. till geol. Kartbl. Trolleholm: Sveriges Geologiska U'nMrsökning, Ser. Aa. Nr. 87. 
t Om de äldre baltiska isströmmen i södra Sverige : Geolog. Förening. i Stockholm FörhanilJ,., Bd. x. p. 157. 
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followed c9ntinuously over considerable areas. lt is· quite. 'possible, · of course, th'at ·all 
those bould.er-clays may be the product of one epoch, laid down .during more or less con'­
siderable oscillations of an ice-sheet. In this view of the case the intercalated aqueous 
deposits .would indicate temporary retreats, while the boulder-clays would represent 
successive readvances of one and the same mer de glace. On the · other hand, it is equally 
possible, if not more probable, that the boulder-clays and intercalated beds are evidence 
of so mariy separate glacial .and interglacial epochs. We cannot yet say which is the 
true explanation of the facts. But these being as they are, we may doubt whether 
German glacialists are justified in so confidently maintaining that their lower and upper 
diluvial accumulations are the products of the "first" and "second" glacial epochs. 
lndeed, as 1 shall show presently, the upper diluvium of North Germany and Finland 
cannot represent the second glacial epoch of other parts of Europe. 

For a long time it has been supposed that the glacial deposits of the central regions of 
Russia were accumulated during the advance and retreat of one and the same ice-sheet. 
In 1888, however, Professor PAVLOW brought forward evidence to show that the pro'vince 
of Nijni N ovgorod had been twfoe invaded by a general mer de glace. During the first 
epoch of glaciation the ice-sheet overflowed the whole province, while only the northern 
half of the same region was covered by the mer de glace of the second invasion. .i\gain, 
Professor ANNACHEVSKY has pointed out that in the province of Tchernigow two types of 
glacial deposits appear, so unlike in character and so differently distributed that they 
can hardly be the products of one and the same ice-sheet. But until recently no inter­
glacial deposits had been detected, an~,..the 0~~~~9ations just referred to failed, therefore, 
to make much impression. The mtssing link in the evidence has now happily been 
supplied by M. KRISCHTAFOWITSCH. * At Tro'izkoje, in the neighbourhood of Moscow, occur 
certain lacustrine formations which have been long known to Russian geologists. These 
have been variously assigned to Tertiary, lower glacial, postglacial, and preglacial 
horizons. They are now proved, however, to. be of interglacial age, for they rest upon 
and are covered by glacial accumulations. Amongst their organic remains are oak 
(Quercus pedunculata), alder (Alnus glutinosa, A. incana), white birch, hazel, Norway 
maple (Acer platanoides), Scots fir, willow, water lilies (Nuphar, Nymphma), mammoth, 
pike, perch; Anadonta, wing-cases of beetles, &c. The character of the plants shows 
that the climate of Central Russia was milder and more humid than it is to-day. 

lt is obvious that the upper and lower glacial deposits of Central Russia cannot be 
the equivalents of the upper and lo':Ver diluvium of the Baltic coast-lands. The upper 
diluvium of those regions is the bottom-moraine of the so-called great Baltic glacier. At 
the time that glacier invaded North Germany, Finland was likewise covered with ice, 
which flowed towards the south-east, but did not advance quite so far as the northern 
shores of Lake Ladoga. A double line of terminal moraines, traced from Hango Head 
on the Gulf of Finland, north-east to beyond Joensuu, puts this beyond doubt.t The 

*Bull. de ld Soc. Imper. des Naturalistes de Moskau, No. 4, 1890. 
t Sederholm, Fen.nia, ~'No. 7; Frosterus, ibid. iii., No. 8; Ram.say, ibid. iv„ No. 2. 
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morainic deposits that overlie the iriterglacial beds of Central Russia camiot, tlierefore, 
belong to the epoch of the great Baltic glacier. They are necessarily older. In short, 
it is obvious that the upper and lower glacial accumulations near Moscow must be on the 
horizon of the lower diluvium of North Germany. And if this be so, then it is c]ear that 
the latter cannot be entirely the product of one and the same rner de glace. When the 
several boulder-clays, described by SCHRÖDER and others as occurring in the Baltic pro­
vinccs of Germany, are reinvestigated, they may prove to be the bottom-moraines of as 
many distinct and separate glacial epochs. 

lt may be contended that the glacial and interglacial deposits of Central Russia are 
perhaps only local developments-that their evidence may be accounted for ?Y oscillations 
of one single rner de glace. This explanation, as already pointed out, has been applied 
to the boulder-clays and intercalated aqueous beds of the lower diluvium of North 
Germany, and the prevalent character of the associated organic remains makes it appear 
plausible. lt is quite inapplicable, however, to the similar accumulations in Central 
Russia. During the formation of the freshwater beds of Troizkoje, no part of Russia 
could have been occupied by an ice-sheet; the climate was more genial and less '' con­
tinental " than the present. Y et that mild interglacial epoch was preceded and succeeded 
by extremely Arctic conditions. lt is impossible that such excessive changes could have 
been confined to Central Russia. Germany, and indeed all Northern and North-Western 
Europe, must have participated in the climatic revolutions. 

So far, then, as the evidence has been considered, we may conclude that three glacial 
and two interglacial epochs at least have been established for Northern Europe. lf" this 
be the case, then a similar succession ought to occur in our own islands; and a little 
consideration of the evidence already adduced will suffice to show that it does. lt will 
be remembered that the lower and upper boulder-clays of the British. lslands are the 
bottom-moraines of two separate and distinct ice-sheets, each of which in its time 
coalesced on the floor of the North Sea with the inland ice of Scandinavia. lt is obvious, 
therefore, that our upper boulder-clay cannot be the equivalent of the upper diluvium of 
the Baltic coast-lands, of Sweden, Denmark, and Schleswig~Holstein. DE GEER and 
others have shown that while the great Baltic glacier was accumulating the upper 
diluvium of North Germany, &c., the inland ice of Norway calved its icebergs at the 
mouths of the great fiords. Thus, during the so-called "second" glacial epoch of Scandi­
navian and German geologists, the Norwegian inland ice did not coalesce with any British 
rner de glace. The true equivalent in this country of the upper diluvium is not our 
upper boulder-clay, but the great valley-moraines of our mountain regions. lt is our 
epoch of large valley-glaciers which corresponds to that of the great Baltic ice-flow. Our 
upper and lowerboulder-clays are on the horizon of the lower diluvium of Germany and 
the glacial deposits of Central Russia. 

lt will now be seen that the evidence in Britain is fully borne out by what is known 
of the glacial succession in the corresponding latitudes of the Continent. I had inferred 
that our epoch of large valley-glaciers formed a distinct stage by itself, and was probably 
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separated from tbat of the preceding ice-sheet by a prolonged interval o{ interglacial 
conditions .. _One link in the chain of evjdence, however, was wanting : I could not poin-t 
to the occurrence of interglacial deposits underneath the. great valley-möraines. But 
these, as we have seen, form a well-marked horizon on the Cöntinent, and we cannot 
doubt that a similar interglacial stage obtained in these islands. W e may feel confident, 
in fact, that genial climatic conditions supervened on the dissolution of the last great 
me'r de glace in Britain, and . that the subsequent development of extensive snow-fields 
and glaciers in our mountain regions was contemporaneous with the appearance of the _ 
last great Baltic glacier. 

W e need not be surprised that interglacial beds should be well developed underneath 
the bottom-moraine of that great glacier, while they have not yet been recognised below 
the corresponding morainic accumulations of our Highlands and Uplands. The conditions 
in the low grounds of the Baltic coast-lands favoured their preservation, for the ice in 
those regions formed a broad mer de glace, under the peripheral areas of which sub­
glacial erosion was necessarily at a minimum and accumulation at a maximum. In our 
mountain valleys, however, the very.opposite was the case. The conditions obtaining 
there were not at all comparable to those that characterised the low grounds of Northern 
Germany, &c., but were quite analogous to those of Norway, where, as in our own 
mountain regions, interglacial beds are similarly wanting. lt is quite possible, however, 
that {atches of such deposits may yet be met with underneath our younger moraines, 

. and they ought certainly to be looked for. But whether they occur or not in our 
mountain valleys, it is certain that some of the older alluvia of our lowlands must belpng 
to this horizon. Hitherto all alluvial beds that overlie our upper_boulder-clay have been 
classified as postglacial ; but since we have ascertained that our latest mer de; gktce was 
succeeded by genial interglacial conditions, we may be sure that records of that temperate 
epoch ~ill yet be recognised in such lowland tracts as were never reached by the glaciers 
of the succeeding cold epoch. Hence, I believe that some of our so-caJled "postglacial" 
.alluvia will eventually be assigned to an interglacial horizon. Amongst these may be 
cited the old peat and freshwater beds that rest upon the . upper boulder~clay at Hailes 
.Quarry, near Edinburgh. To the same horizon, in all probability, belong the clays, with 
· Megaceros, &c., which occur so frequently underneath the peat-bogs of Ireland. Afi 
interesting account of these was given some years ago by Mr WILLIAMS,* who, as a 
collector of Megaceros remains; had the best opportunity of ascert;iining the nature of 
the deposits in which these occur. He gives a section of Ballybetagh Bog, nine miles 
south-east of Dublin, which is as follows :-

6. ·Peat. 
5. Greyish clay. 
4. Brownish clay, with remains of Megaceros. 
3. Y ellowish clay, largely composed of vegetable matter. 
2. Fine tenacious clay, without stories. · 
1. Boulder-clay. 

* Geol. Mag„ 1881, p. 354. 
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The beds overlying the boulder-clay are evidently of lacustrine origin. The fine clay 
(No. 2), according to Mr WILLIAMS, is simply reconstructed boulder-c1ay. After the 
disappearance of the mer de glace the land would for some time be practically destitute 
of a:ny vegetable covering, and rain would thus be enabled to wash down the finer 
ingredients of the boulder-clay that covered the adjacent slopes, and sweep them into the 
lake. The clay formed in this way is described as attaining a considerable thickness near 
the centre of the old lake, but thins off towards the sides. The succeeding bed (No. 3) 
consists so largely of vegetable debris that it can hardly be called a clay. ·Mr WILLIAMS 
describes it as a "bed of pure vegetable remains that has been ages under pressure." He 
notes that there is a total absence in this bed of any tenacious Clay like that of the under­
lying stratum, and infers, therefore, that the rainfall dming the growth of the lacustrine 
,vegetation was not so great as when the subjacent clay was being accumulated. Remains 
of Megaceros occur resting on the surface of the plant-bed and at various levels in the 
overlying brownish clay, which attains a thickness of 3 to 4 feet. The latter is a true 
lacustrine sediment, containing a considerable proportion of vegetable matter, inter­
stratified with seams of clay and fine quartz-sand. According to Mr "\VILLIAMS, it was 
accumulated under genial or temperate climatic conditions like the present. Between 
this bed and the overlying greyish clay (30 inches to 3 feet thick) there is always in all 
the bog deposits examined by Mr WILLIAMS a strongly-marked line of separatio:q. The 
greyish clay consists exclusively of mineral matter, and has evidently been derived from 

· the disintegration of the adjacent granitic hills. Mr WILLIAMS is of opinion that this 
clay is of aqueo-glacial formation. This he infers from its nature and texture, and-from 
its abundance. " Why," he asks, " did not this mineral matter come down in like 
quantity all the time of the deposit of the brown clay which underlies it 1 Simply 
because, during the genial conditions which then existed, the hills were everywhel'.e 
covered with vegetation ; when the rain fell it soaked into the soil, and the clay being 
bound together by the roots of the grasses, was not washed down, just as at the present 
.-time, when there is hardly any degradation of these hills taking place." He mentions, 
futther, that in the grey clay he obtained the antler of a reindeer, and that in one case 
the antlers of .a Megaceros, found embedded in the upper surface of the brown c1ay, 
im.mediately under the grey clay, were scored like a striated boulder, while the under 
side showed no markings. Mr WILLIAMS also emphasizes the fact that the ai:ltlers of 
Megaceros frequently occur in a broken state-those near the surface of the'.brown Clay 
being most broken, while those at greater depths are much less so. He shows that this 
could not be the result of tumultuous river-action-the elevation. of the valley precluding 
the possibility of its receiving a river capable of producing such effects. Moreover, the 
remains show no trace of having been water-worn, the edges of the teeth of the great 
deer being as sharp as if the animal had died but yesterday. Mr WILLIAMS thinks that 
the broken state of the antlers is due to the " pressure of great masses of ice on the 
surface of the clay in which they were embedded, the wide expanse of the palms of the 
ant]ers exposing them to pressure and liability to breakage ; and even, in many instances, 
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when there was 12 or 14 inches in circumference of solid hone almost as hard and sound 
as ivory, it was snapped.across." · lt is remarkable that in this one small bog nearly·one 
hundred heads of Megaceros have been dug up. 

Mr WILLIAMS' observations show us that the Megaceros-beds ate certainly older than 
the peat-bogs with their buried timber. When he first informed me of the result of his ·· 
researches (1880), I did not believe. the Megaceros-beds could be older than the latest. 
cold phase of the Ice Age. I thought that they were later in date than our last· general · 
mer de glace, and I think so still, for they obviously rest upon its ground-moraine. But , 
since I now recognise that our upper boulder-clay is not · the product of the last glacial 
epoch, it seems to me highly probable that the Megaceros-beds are of interglacial age- · 
that, in short, they occupy the horizon of the interglacial deposits of N orth Germany, &c. 
The appearances described by Mr WILLIAMS in connection with the "grey clay" seem 
strongly suggestive of ice-action. Ballybetagh Bog occurs at an elevation of 800 feet 
above. the sea, in the neighbourhood of the Three Rock Mountains (1479 feet)„and during 
the epoch of 'great valley7glaciers the climatic conditions of that region must have been 
severe. But, without having visited the ]ocality in question, I should hesitate to say 
that the phenomena necessari1y point to local glaciation. Probably frost, lake-ioo,-and 
thick accumulations of snow and neve might suf:lice to account for the various factS cited 
by Mr WILLIAMS. 

I have called special attention to tbese Irish lacustrine beds, because it is highly 
probable -that the postglacial age of similar alluvia occurring in many other places in 
these islands has hitherto been assumed and not proved. N ow that we know, however, 
that a long interglacial stage succeeded the disappearance of. the last general mer de 
glace, we may feel sure that the older. alluvia of. our lowland districts cannot belong 
exclusively to postglacial times. The local · ice-sheets and great glaciers of our "third" 
glacial epoch were confined to our mountain regions ; and in the Lowlands, therefore, 
which were not invaded, we ought to have the lacustrine and fluviatile accumulations of 
the preceding interglacial stage. A fresh interest now attaches to our older alluvia, 
which must be carefully re-examined in the new light thus thrown upon them. 

Turning next to the Alpine Lands of Central Europe, we find that geologists there 
have for many years recognised two glacial epochs. Hence, like · their confreres in 
N orthern Europe, they speak of " first" and " second" glacial epochs. * "\Vithin recent 
years, however, Professor PENCK has shown that the Alps have experienced at least three 
separate periods of glaciation. He describes tbree distinct ground-moraines, · with 
associated river-terraces and interglacial deposits in the valleys of the Bavarian Alps,· 
and his observations have been confirmed by Professor BRüCKNER and Dr BöHM. t The 

* MoRLOT, Bulletin de la Soc. Vaud. d. Sciences nat., 1854, 18.58, 1860; DEICKE, Bericht. d. St. Gall. naturf. ges., 
1858; HEER, Urwelt aer Schweiz; MÜHLBERG, Festschrift d. aarg. naturf; Ges. z. Feier ihrer 500 Sitz., 1860; RoTHPLETZ, 
Denkschr. d. schweizer. Ges. f. d. ges. Naturwissensch., Bd. xxviii., 1881; WETTSTEIN, Geologie v. Zurich u. Umgebung, 
1885; BAL'llZER, Mitteil. d. naturf Ge8 Bern, 1887; RENEVIER, Bull. de la Soc. helvet. d. Sciences nat., 1887. 

t PENCK, Die Vergletscherung d. deutschen Alpen, 1882; BRüCKNER, "Die Vergletscherung des Salzachgebietes," 
Geogr. Abhandl. Wim, Bd. i.; BöHM, Jahrb. der k. k. geol. Reichsanst, 1884, i885 ; see also 0. FRAAS, Neues Jahrb. f. 
Min. Geol. u. Palreont., 1880, Bd. i. p. 218; E. FUGGER arid C. KASTNER, Verhandl. d. k. k. geol. Reiehsanst, 1883, p. 136. 
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same glacialists, 1 understand, have nearly completed ·an elaborate survey of the Eastern 
Alps, of which they intend · shortly to publish an extended account. The results obtained 
by them are-~ery interesting, and fully bear out the conclusions already arrived at from 
their _exploration of the Bavarian Alps.~~ A similar succession of glacial epochs has quite 
r~cEmtly been determined by Dr Du PASQUIER in North Switzerland.t Nor is this kind 
of evidence confined to the north side of the Alps. On the shores of Lake Garda, 
between Safö and Brescia, three ground-moraines, separated by interglacial accumulations, 
are seei;i. in section. The interglacial deposits consist chiefly of loams-the result · of 
subaerial weathering-_ and attain a considerable thickness. From this PENCK infers that· 
the time which has elapsed since the latest glaciation is less than that required for the 
a~cumulation of either of the two interglacial series-a conclusion which, he says, is 
borne out by similar observations in other parts of the Alpine region.t 

Although the occurrence of such subaerial products intercalated between separate 
morainic accumulations is evidence of climatic changes, still it does not tell us how far 
the glaciers retreated during an interglacial stage. Fortunately, however, lignite beds 
and other deposits charged with plant remains are met with occupying a similar position, 
and from these we gather that during interglacial times the glaciers sometimes retired to 
the very heads of the mountain valleys, and must have been smaller than their present 
representatives. Of such interglacial plant-beds, which have been met with in some 
twenty localities, the most interesting, perhaps, is the breccia of Hötting, in the neigh­
bourhood of Innsbruck.§ This breccia rests upon old morainic accumu:lations, and is 
ag;ain overlaid by the later moraines of the great Inn glacier. From the fact that the 
breccia contains a · number of extinct species of plants, palreontolögists were· inclined to 
assign it to the Pliocene. Professor PENCK, however, prefers to include it in the 
Pleistocene system, along with all the glacial and interglacial deposits of the Alpine 
lands. According to Dr VON WETTSTEIN, the flora in question is not Alpine but Pontic. 
At the time of the formation of the breccia the large-leaved Rhododendron ponticum 
flourished . in the Inn valley at a height of 1200 metres above the sea; the whole 
character of. the flora, in short, indicates a warmer climate than is now experienced in . 
the neighbourhood of Innsbruck. lt is obvious, therefore, that in interglacial times 
the glaciers must have shrunk back, as Professor PENCK remarks, to the highest ridges 
of the mountains. 

W e may now glance at the glacial succession which has been established for Central 
France. More than twenty years ago Dr JuLIEN brought forward evidence to show 
that the region of the Puy de Dome had witnessed two glacial epochs. 11 During the 

* Mittheil. des deutsch. u. oesterreich. Alpenvereins, 1890, No. 20 u. 23. 
· t Beiträge z. geolg. Karte der Schweiz, 31 Lief„ 1891 ; Archiv. d. Sciences phys. et nat., 1891, p. 44. 

t "Die grosse Eiszeit," Himmel u. Erde. 
§ PENCK,"Die Vergletscherung der deutschen Alpen, p. 228; Verhandl. d. k. k. geol. Reichsanst., 1887, No. 5; Himmel 

und Erde, 1891: · BöHM, Jahrb. d. k. k. geol. Reichsanst„ 1884, p. 147. BLAAS, Ferdinandeums Zeitschr., iv. Folge; 
Bericht. d. nat.-wissensch. Vereins, 1889, p. 97. 

· li Des pMnomenes gla-eiaires dans le Plateau central de la France, &c., Paris, 1869. 
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first of these epochs a Jarge glacier flowea froni Mont Dore. After its retreat a prolonged 
interglacial epoch followed, during which. the old morainic deposits and the rocks they 
rest upon were much eroded. In the valleys and hollows thus excavated freshwater 
beds occur which have. yielded relics of an abundant flora, together with the remains of 
Elephas meridionalis, Rhinoceros lepto'rhinu,s, &c. After the deposition of these frMh­
water alluvia, glaciers again descended the valleys and covered the interglacial beds with 
their moraines. Similar results have been obtained by M. RAMES from a study of the 
glacial phenomenon of ÜANTAL, which he shows · belong to two separate epochs. {< The 
interval between the formation of the two series of glacial accumulations must have been 
prolonged, for the valleys during that interval were in some places eroded to a depth of 
900 feet. M. RAMES further recognises that the second glacial epoch was distinguished 
by two advances of valley-glaciers, separated by a marked episode of fusion. Dr JuLIEN 
has likewise noted the evidence for two episodes of fusion during. the first extension of 
the glaciers of the Puy de Döme. 

Two glacial epochs have similarly been admitted for the Pyrenees ; t but Dr PENCK 
some years ago brought forward evidence to show that these mountains, like the Alps, 
have experienced three separate and distinct periods of glaciation. t 

W e may now return to Scotland, and consider briefly the changes that followed upon 
the disappearance of the local ice-sheets and large valley-glaciers of our mountain regions. 
The eYidence is fortunately clear and complete. In the valley of the Tay, for example, 
at and below Perth, we encounter the following succession of deposits :-

6. Recent alluvia. 
5. Carse-deposits, 45 feet above sea-level. 
4 .. Peat and forest bed. 
3. Old alluvia. 
2. Clayi;;, &c., of 100-feet beach. 
1. Boulder-clay. 

The old alluvia (3) are obviously of fluviatile origin, and show us that after the 
deposition of the clays, &c., of the 100-feet beach the sea retreated, and allowed the Tay 
and its tributaries to plough their way down through the marine· and estuarine deposits 
of the " third " glacial epoch. These deposits would appear to have extended at first as 
a broad and approximately level plain over all the lower reaches of the valleys~ Through 
this plain the Tay and the Earn cut their way to a depth of more than 100 feet, and 
gradually removed all the material over a course which can hardly be less than 2 miles 
in breadth below the Bridge of Earn, and considerably exceeds that in the Carse of 
Gowrie. No organic remains occur in the " old alluvia," but the deposits consist princi­
pally of gravel and sand, and show not a trace of ice-action. lmmed_iately overlying 

* Bull. Soc. geol. de France, 1884; see also M. BOULE, Bull. de la Soc. philomath. de Paris, 8° Ser. i. p. 87. 
t GARRIGou, Bull. Soc. geol. de France, 2• Ser. · xxiv. p. 577; JEANBERNAT, Bull. de la Soc. d'Hist. nat. de Toulouse, 

iv. pp. 114, 138; PIETTE, Bull. Soc. geol. de France, 3° Ser. ii. pp. 503, 507. 
t Mitteilungen d. Vereinsf Erdkunde zu Leipzig, 1883. 



l!O. PJW.FESSOR JAMES GEIKIE ON.;THE 

them comes the .well-known peat-bed ( 4}. This is a mass of vegetable matter, varying 
in thickness from.a few inches up to 3 or 4 feet. In some .places it seems to be made 
up chiefly of reed-like plants and sedges and occasional mosses, commingled with which · 
are abundant fragments of birch, alder, willow, hazel, and pine. In other places it 
contains trunks and stools of oak and hazel, with hazel-i:rnts-the trees being .rooted in 
the subja'Cent deposits. lt is generally highly compressed and readily splits into lamiure, 
upon the :surface _of which many small reeds, and now and again wing-cases of .beetles, 
may be detected. A ]arge proportion of the woody debris-twigs, branches, and trunks 
-appears to have been drifted. A "dug-out" canoe of pine was found, along with, 
ttunks of the same tree, in the peat at Perth. The Carse~deposits (5), consisting: 
principally of clay and silt, rest upon the peat-bed. The occurrence in these deposits of_ 
Scrobicularia .piperata and oyster-shells leaves us in no doubt as to their marine.origin. 
'l'hey vary in thickness from 10 up to fully 40 feet.* 

A similar succession of deposits is met with in the valley of the Forth, t and we can­
not doubt that these tell precisely the same tale. I have elsewhere t adduced evidence 
tq show that. the peat-bed, with drifted vegetable debris, which underlies the Carse 
accumulations of the Forth and Tay is on the same horizon as the "lower buried forest" · 
of our oldest peat-bogs, and the similar bogs that occur in Norway, Sweden, Denmark, 
Schleswig-Holstein, Holland, &c. Underneath the "lower buried forest" of those regions . 
occur now and again freshwater clays, charged with the relics of an Arctic-alpine flora; 
and quite recently similar plant-remains have been detected in old alluvia at Corstorphine, 
near Edinburgh. When the beds below our older peat-bogs are more carefully examined, 
traces of that old Arctic flora will doubtless be met with in many other parts of these 
islands. lt was this flora that clothed North-Western Europe during the decay of the 
last local ice-sheets of Britain and tlie disappearance of the great Baltic glacier. 

The dissolution of the large valley-glaciers of this country was accompanied by a 
general retreat of the sea-all the evidence leading to the conviction that our islands 
ev,entually became united to the Continent. The climatic conrlitions, as evidenced by 
the flora of the "lower buried forest," were decidedly temp~rate-probably even more 
genial than they are now,. for the forests attained at that time a much greater horizontal 
and vertical range. This epoch of mild climate and continental connection was even­
tually succeeded by one of submergence, accompanied by colder conditions. Britain was 
again insulated-the sea-level in Scotland reaching a height of 45-50 feet above present 
high-water. To this epoch pertain the Carse-clays of the Forth and Tay. A few erratics 
oc,cur in these deposits, probably betokening the action of floating ice, but the beds more 
closely resemble the modern alluvial silts of our estuaries than the tenacious clays of the 
100-feet terrace. When the Carse-clays are followed inland, however, they pass into 
coarse river-gravel and shingle, forming a well-marked high-level alluvial terrace, of much 

, * Fot a particular account of the Tay-valley Succession, see Prehistoric Europe, p. 385. 
t Proc. Roy. Soc. Edin„ 1883-84, p. 745; Mem. Geol .. Survey, Scotland, Explanation of Sheet 21. 
t Prehistoric Europe, chaps. xvi„ xvii. 
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the same character as the yet · higher-level fluviatile terrace, which is associated in like 
manner with the marine deposits of the lÖO-feet beach. 

Of contemporaneous age with the Carse-clays, with which indeed they are continuous, 
are the raised beaches at 45-50 feet. These beaches occur at many places along the 
Scottish coasts, but they are seldom seen at the heads of our sea:..lochs. \Vhen the · sea 
stood at this level, glaciers of considerable size occupied many of our mountain valleys. 
In the west they came down in places to the sea-coast, and dropped their terminal 
moraines upon the beach-deposits accumulating there. Thus, in Arran i!= and in Suther­
land,t these moraines are seen reposing on the raised beaches of that epoch. And I 
think it is probable that the absence of such beaches at the heads of many of the sea­
lochs of the Highland area is to be explained by the presence there of large glaciers, 
which prevented their formation. 

·Thus, there is clcar evidence tö' show that after the genial epoch represented by the 
H lower buried forest;" a recrudescence of glacial conditions supervened in Scotland. 
Many of the small moraines that occur at the heads of our mountain valleys, both in the 
Highlands and Southern Uplands, belong in all probability to this epoch. They are 
cbaracterised by their very fresh and well-preserved appearance.t lt is not at all likely 
·that these later climatic changes could have been confined to Scotland. Other region~ 
must have been similarly affected. But · tbe evidence will probably be harder to read 
than it is with us. Had it not been for the existence of our "lower buried forest," with 
the overlying Carse-deposits, we could hardly have been able to distinguish so readily 
between the moraincs of our " third" glacial epocb and those of tbe later epoch to which 
1 now refer. The latter, we might have supposed, simply marked a stage in the final 
-retreat of the antecedent great valley-glaciers. 

1 have elsewhere traced the history of the succeeding stages of the Pleistocene period, and 
adduced evidence of similar, but less strongly-marked, climatic changes having followed 
upon those just referred to, · and my conclusions have been supported by the · independeiit 
researcbes of Professor BLYTT in Norway. But these later changes need not be considered 
here. lt is sufficient for my general purpose to confine attention to the well-proved 
conclusion that after the decay of the last local ice-sheets and great glaciers of our "third" 
glacial epoch genial conditions obtained, and that these were · followed by cold and humid 
conditions, during the prevalence of which glaciers re-appeared in many mountain valleys. 

W e have thus, as it seems to me, clear evidence in Europe of four glacial epocbs, 
separated the one from the other by protracted intervals of genial temperate conditions. 
So far, one's conelusions are based on data which cannot be gainsaid, but there are certain 
considerations which lead to tbe suspiciön that the whole of tbe complex tale has not yet 
been unravelled, and thatthe climatic changes were even more numerous·thanthose that 
I have indicated. -Let it be noted that glacial conditions attained .. tbeir·maximum during 

* British Association Reports (1854): Trans. of Sections, p. 78. 
t L. HINXMAN: Paper read before Edin. Geol. Soc., April 1892. 
t Prehistoric Europe (chaps. xvi. xvii.) gives a fuller statetnent of the evidence. 
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' the earliest of our recognised glacial epochs. With each recurring cold period the ice­
sheets and glaciers successively diminished in importance. 'l'hat is one of the outstanding 

Jacts with which ·we have to deal. Whatever may have been the cause or causes of 
_ glacial and int~rglacial .conditions, it is obvious that those causes, after attaining a 
maximum influence, gradually became less effective in their operation. Such having been 

. the case, one can hardly help suspecting that our epoch of greatest glaciation may have 
· b.een preceded by an altern:;i.tion of cold and genial stages analogous to those that followed 
. it. If three cold epochs of progressively · diminished severity succeeded the epoch of 
maximum glaciation, .the latter· may have been· preceded by one or more epochs of 
progressively increased severity. That something of the kind may have taken place is 
suggested by the occurrence of the old moraine of that great Baltic glacier that preceded 
the appearance of the most extensive mer de glace of N qrthern Europe. The old moraine 

. in question, it will be remembered, underlies the "lower diluvium." Unfortunately, the 

. very conditions that attended the glaciation of Europe render it im probable that any 
conspicuous traces of glacial epochs that may have occurred prior to the period of 

. maximum glaciation coul<l have been preserved within the regions covered by the great 
inland ice. Their absence, therefore, cannot be held as proving that the lower boulder­
clays of Britain and Northern Europe are the representatives of the earliest glacial epoch. 
The lowest boulder-clay, I believe, has yet to be discovered. 

lt is in the Alpine lands that we encounter the most striking evidence of glacial 
conditions anterior to the epoch of maximum glaciation. The faruous breccia of 
Hötting has already been referred to as of interglacial age. From the character of its 
flora, ETTINGHAUSEN considered this accumulation to be of Tertiary age. The assemblage 
of plants is certainly not comparable to the well-known interglacial flora of Dürnten. 
According to the researches of Dr R. VON WETTSTEIN,* the Hötting flora has most affinity 
with that of the Pontic Mountains, the Caucasus, and Southern Spain, and implies ?­
considerably warmer climate than is now experienced in the Inn valley. This remarkable 
deposit, as Dr PENCK pointed out some ten years ago, is clearly of interglacial age. His 
conclusions were at once challenged, on the ground that the flora had · a Tertiary and not 

<a Pleistocene facies; consequently, it was urged that, as all glacial deposits were of 
Pleistocene age, this particular breccia could not be interglacial. But in this, as in 
_similar cases, the palreontologist's contention has not been sustained by the strati:­
graphical evidence, and Dr PENCK's observations have been confirmed by several highly­
.competent geologists, as by MM. BöHM and Drr PASQUIER. The breccia is seen in several 
well-exposed sections resting upon the moraine of a local glacier which formerly descended 
the northern flanks of the Inn Valley, opposite Innsbruck, where the mountain-slopes 
,un.der existing conditions are free from snow and ice~ Nor is this all, for certain erratics 
appe_ar in the breccia, which could only have been derived from pre-existing glacial 
accumulations, and their occurrence in this accumulation at a height of 1150 metres 
shows that before the advent of the Hötting flora the whole Inn Valley must have been 

• Sitzung.~berichte d. Kais. Acad. d. Wissensch. in Wien, mathem.-naturw. Glasse, Bd. xcvii. Abth. i., 1888. 
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:6.lled with ice. The plant-bearing beds are in their turn covered by the ground-moraine 
of a later and more extensive glaciation. To bring about the glacial conditions that 
obtained before the formation of the breccia, the snow-line, according to PENCK, must 
have been at least 1000 metres lower than now ; while, to induce the succeeding 
glaciation, the depression of the snow-line could not have been less than 1200 metres. 
These observations have been extended to many other parts of the Alps, and the con­
clusion arrived at by Professor PENCK and his colleagues, Professor BRÜCKNER, and Dr 
BöHM, is briefly this,-that the maximum glaciation of those regions did not fall in the 
":first" but in the " second" Alpine glacial epoch. 

The glacial phenomena of Northern and Central Europe are so similar-the climatic 
oscillations which appear to have taken place had so much in common, and were on so 
grand a scale-that we cannot doubt they were synchronous. We may feel sure, 
therefore, that the epoch of maximum glaciation in the Alps was contemporaneous with 
the similar epoch in the north. And if this be so, then in the oldest ground-moraines of 
the Alps we have the records of an earlier glacial epoch than that which is represented 
by the lower boulder-clays of Britain and the corresponding latitudes of the Continent. 
In other words, the Hötting flora belongs to an older stage of the Glacial Period than 
any of the acknowledged interglacial accumulations of Northern Europe. The character 
of the plants is in keeping with this conclusion. The flora has evidently much less 
connection with the present flora of the Alps than the interglacial floras of Britain and 
N orthern Europe have with those that now occupy their place. The Hötting flora, 
moreover, implies a considerably warmer climate than now obtains in the Alpine regions, 
while that of our interglacial beds indicates a temperate insular climate, apparently much 
like the present. 

The high probability that oscillations of climate preceded the advent of the so-called 
" first" mer de glace of N orthern Europe must lead to a re-examination of our Pliocene 
deposits, with a view to see whether these yield conclusive evidence against such climatic 
changes having obtained immediately before Pleistocene times. By drawing the line of 
separation between the Pleistocene and the Pliocene at the base of our glacial series, the 
two systems in Britain are strongly marked off the one from the other. There is, in 
short, a distinct "break in the succession." From the Cromer Forest-bed, with its 
abundant mammalian fauna and temperate Hora, we pass at once to the overlying Arctic 
freshwater bed and the superjacent boulder-clay that marks the epoch of maximum 
glaciation. * Amongst the mammalian fauna of the Forest-bed are elephants (Elepha.s 
meridionalis, E. antiquus), hippopotamus, rhinoceros (R. etruscus), horses, bison, boar, 
and many kinds of <leer, together with such carnivores as bears, Machmrodus, spotted 
hyrena, &c. The freshwater and estuarine beds which contain this fauna rest immediately 
upon marine deposits ( W eybourn Crag), the organic remains of which have a decidedly 
Arctic facies. Here, then, we have what at :first sight would seem to be another break 

* In some places, however, certain marine deposits (Lerla-myalis bed) im:mediately overlie the Forest-bed. See 
postea, footnote, p. 145. 
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in tbe succession. The Forest-bed, one might suppose, indicated an interglacial epocb, 
separating two cold epochs. But Mr CLEMENT REID, who has worked out the geology of 
the Pliocene with admirable skill, -i< has another explanation of the phenomena. lt has, 
long been known that the organic remains of the marine Pliocene of Britain denote a 
progressive lowering of temperature. The lower member of tbe system is crowded with 
southern forms, which indicate warm-temperate conditions. But when we leave the 
Older and pass upwards into the N ewer Pliocene those southern forms progressively 
disappear, while at the same time immigrants from the north increase in numbers, until 
eventually, in the beds immediately · underlying the Forest-bed, the fauna presents a 
thoroughly Arctic facies. During the formation of the Older Pliocene with its southern 
fauna our area was considerably subm~rged, so that the German Ocean had then a much 
wider communication with the seas of lower latitudes. At the beginning of Newer 
Pliocene times, however, the land emerged to some extent, and all connection between 
the German Ocean and more southern seas was cut o:ff. When at last the "Forest-bed 
series" began to be accumulated, the southern half of the N orth Sea basin had become 
dry land, and was traversed by the Rhine in its course towards the north, the Forest­
bed representing the alluvial and estuarine deposits of that river. 

Mr REID, in referring to the progressive change indicated by the Pliocene marine 
fauna, is inclined to agree with Professor PRESTWICH that this was not altogether the 
result of a general climatic change. He thinks the successive dying out of southern 
forms and tbe continuous arrival of boreal species was principally due to the North Sea 
remaining fully open to the north, while all connection with southern seas was cut o:ff. 
Under such conditions, he says, "there was a constant supply of Arctic species brought 
by every tide or storm, while at the same time the southern forms had to hold their own 
without any aid from without; and if one was exterminated it could not be replaced." 
Doubtless the isolation of the N orth Sea must have hastened the extermination of the 
southern forms, but the change could not have been wholly due to such local causes. 
Similar, if less strongly-marked, changes characterise the marine Pliocene of the Medi­
terranean area, while the freshwater alluvia of France, &c., furnish evidence in the same 
direction. 

The Cromer Forest-bed overlies the W eybourn Crag, the marine fauna of which 
has a distinctly Arctic facies. The two cannot, therefore, be exactly contemporaneous : 
the marine equivalents of the Forest-bed are not represented. But Mr REID points out 
that several Arctic marine shells of the W eybourn Crag occur also in the Forest-bed, 
while certain southern freshwater and terrestrial shells common in the latter are met with 
likewise in the former, commingled with the prevailing Arctic marine species. He thinks, 
therefore, that we may fairly conclude that the two faunas occupied adjacent areas. 
One can hardly accept this conclusion without reserve. lt is di:fficult to believe that a 
temperate flora and mammalian fauna like that of the Forest-bed clothed and peopled 
Eastern England when the adjacent sea was occupied by Arctic molluscs, &c. Surely 

* Mem. of Geol. Survey, "Pliocene Deposits of Britain." 
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the occurrence of a few forms, which are common to the Forest~bed and the underlying 
Crag, does not necessarily prove that the two faunas occupied adjacent districts. Mr 
REID, indeed, admits that some of the marine shells in the Forest-bed series may have 
been derived from the underlying Crag. Were the marine equivalents of the Forest-bed 
forthcoming we might well expect them to contain many Crag forms, but the facies of 
the fauna would most probably resemble that of the existing North Sea fauna. Again, 
the appearance in the W eybourn Crag of a few southern shells common to the Forest­
bed, does not seem to prove more than that such shells were contemporaneous somewhere 
with an Arctic marine fauna. But it is quite possible that they might have been carried 
for a long distance from the south ; and, even if they actually existed in the near 
neighbourhood of an Arctic marine fauna, we may easily attach too much importance to 
their evidence. * 1 cannot think, therefore, that Mr REm's conclusion is entirely satis­
factory. After all, the Cromer Forest-bed rests upon the W eybourn Crag, and the 
evidence as it stands is explicable in another way. lt is quite possible, for example, that 
the Forest-bed really indicates an epoch of genial or temperate conditions, preceded, as it 
certainly was eventually succeeded, by colder conditions. 

If it be objected that this would include as interglacial what has hitherto been regarded 
by most as a Pliocene mammalian fauna,t I would reply that the interglacial age of 
that fauna has already been proved in Central France. The interglacial beds of Auvergne, 
with Elephas meridionalis, rest upon and are covered by moraines,+ and with these have 
been correlated the deposits of Saint-Prest. Again, in Northern ltaly the lignites of Leffe 
and Pianico, which, as I showed a number of years ago, § occupy an interglacial position, 
have likewise yielded Elephas meridionalis and other associated mammalian forms. 

* The inference that the Forest-bed occupies an interglacial position is strengthened by the evidence of certain 
marine deposits which immediately overlie it. These (known collectively as the Leda-myalis bed) occur in irregular 
patches, which, from the character of their organic remains, cannot all be precisely of the same age. In one place, for 
example, they are abundantly charged with oysters, having valves united, and with these are associated other species of 
molluscs that still live in British Seas. At another place no oysters occur, but the beds yield two Arctic shells, Led,a, 
myalis and Astarte borealis, and some other forma which have no special significance. Professor ÜTTO TORELL pointed 
out to Mr REID that these separate deposits could not be of the same age, for the oyster is sensitive to cold and does 
not inhabit the seas where Leda myalis and Astarte borealis flourish. From a consideration of this and other evidence 
Mr REID concludes that it is possible that the deposits indicate a period of considerable length, during which the depth 
of water varied and the climate changed. Two additional facts may be noted: Leda myalis does not occur in any of 
the underlying Pliocene beds, while the oyster is not found in the Weybourn and Ohillesford Orag, though common 
lower down in the Pliocene series. These facts seem to me to have a strong bearing on the climatic conditions of the 
Forest-bed epoch. They show us that the oyster flourished in the North Sea before the period of the Weybourn Orag 
-that it did not live side by side with the Arctic forma .of that period-and that it reappeared in our seas when favour­
able conditions returned. When the climate again became cold an Arctic fauna (including a new-comer, Leda myalis) 
once more occupied the N orth Sea. 

t Elephas meridionalis is usually regarded as a type-form of the Newer Pliocene, but long ago Dr FUCHS pointed 
out that in Hungary this species is of quaternary age: Verhandl. d. k. k. geolog. Reichsanstalt, 1879, pp. 49, 270. 
lt matters little whether we relegate to the top of the Pliocene or to the base of the Pleistocene the beds in 
which this species occurs. That it is met with upon an interglacial horizon is certain; and if we are to make the 
Pleistocene eo-extensive with the glacial and interglacial series, we shall be compelled to include in that system some 
portion of the N ewer Pliocene. · 

+ JULIEN, Des PMnomenes gl,aeiaires dans le Pl,ateau central, &c., 1869; BOULE, Revue d'Anthropologie, 1879. 
§ Prehistoric Europe, p. 306. Professor PENCK writes me that he and the Swiss glacialist, Dr Du PABQUIER, have 

recently examined these deposits, and are able to confirm my conclusion as to their interglacial position. 
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There can be no doubt, then-indeed it is generally admitted-that the cold 
conditions that culminated in our Glacial Period began to manifest themselves in Pliocene 
times. Moreover, as it can be shown that Elephas meridionalis and its congeners 
lived in Central Europe after an epoch of extensive glaciation, it is higbly probable that 
the Forest-bed, which contains the relics of the same mammalian fauna, is equivalent in 
age to the early interglacial beds of France and the Alpine Lands. W e seem, therefore, 
justified in concluding that the alternation of genial and cold climates that succeeded the 
disappearance of the greatest of our ice-sheets was preceded by analogous climatic changes 
in late Pliocene times. 

1 shall now briefly summarise what seems to have been the glacial succession in 
Europe :-

Glacial J 
1. W eybourn Crag ; ground-moraine of great Baltic Glacier underlying " lower 

diluvium;" oldest recognised ground-moraines of Central Europe. 
. These accumulations represent the earliest glacial epoch of which any trace has 

been discovered. lt would appear to have been one of considerable severity, but not 
l so severe as the cold period that followed. 

f 2. Forest-bed of Cromer; Hötting breccia; lignites of Leffe and Pianico; fnter­
Interglacial . i glacial beds of Central France. 

l Earliest recognised interglacial epoch; climate very genial. 

Glacial 

( 3. Lower boulder-clays of Britain; lower diluvium of Scandinavia and N orth 
1 Germany (in part); lower glacial deposits of South Germany and Central Russia; 

. ~ ground-moraines and high-level gravel-terraces of Alpine Lands, &c.; terminal 

1 
moraines of outer zone. 

The epoch of maximum glaciation; the British and Scandinavian ice-sheets con­
l fluent; the Alpine glaciers attain their greatest development. 

I 
4. Interglacial freshwater alluvia, peat, lignite, &c., with mammalian remains 

(Bri~ain, Germany, &c., Central Russia, Alpine Lands, &c.); marine deposits (Britain, 
Interglacial . Balt1c coast-lands). 

l Continental condition of British area; climate at first cold, but eventually tem­
perate. Submergence ensued towards close of the period, with conditions passing from 

Glacial 

temperate to Arctic. · 

( 5. Upper boulder-clay of Britain; lower diluvium of Scandinavia, Germany, &c., 
1 in part; upper glacial series in Central Russia; ground-moraines and gravel-terraces 

i in Alpine Lands. 
. Scandinavian and British ice-sheets again confluent, but mer de glace does not 

1 
extend quite so far as that of the preceding cold epoch. Conditions, however, much 
more severe than those of the next succeeding cold epoch. Alpine glaciers deposit 

l the moraines of the inner zone. 
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I
r 6. Freshwater alluvia, lignite, peat, &c. (some of the so-called postglacial allu.via of 

Britain; interglacial beds of N orth Germany, &c.; Alpine lands (?); marine deposits 
Interglacial • 1 of Britain and Baltic coast-lands). · 

Britain probably again continental ; climate at first temperate and somewhat 
insular; submergence ensues with cold climatic conditions-Scotland depressed for 
100 feet; Baltic provinces of Germany, &c., invaded by the waters of the N orth Sea. 

Glacial 

r 7. Ground-moraines, terminal moraines, &c„ of mountain regions of Britain; upper 

1 
diluvium of Scandinavia, Finland, N orth Germany, &c.; great terminal moraines of same 

1 
regions; terminal moraines in the !arge longitudinal valleys of the Alps (Penck). 

Major portion of Scottish Highlands covered by ice-sheet; local ice-sheets in 
. 1 Southern Uplands of Scotland and mountain districts in other parts of Britain; great l valley-glaciers sometimes coalesce on low grounds; icebergs calved at mouths of 

Highland sea-lochs ; terminal moraines dropped upon marine deposits then forming 
(100-feet beach). Scandinavia shrouded in a great ice-sheet, which broke away in ice­
bergs along the whole west coast of Norway. Epoch of the last great Baltic glacier. 

( 8. Freshwater alluvia (with Arctic plants); "lower buried forest and peat" (Britain 

j and ~ orth-west Europe generally). Carse-clays and raised beaches of 45-50-feet 
Interglacial . level m Scotland. 

t' Britain again continental; climate at first cold, subsequently becoming temperate: 
great forests. Eventual insulation of Britain; climate humid, and probably colder 
than now. 

Glacial 

r 9. Local moraines in mountain-valleys of Britain, here and there resting on 45-50-
1 feet beach ; so-called "postglacial " moraines in the upper valleys of the Alps. 

· 1 Probably final appearance of glaciers in our islan. ds. Some of these glaciers attained 
a considerable size, reaching the sea and shedding icebergs. lt may be noted here 
that the decay of these latest glaciers was again followed by emergence of the land 

land a recrudescence of forest-growth (" upper buried forest "). 

A word of reference may now be made to that remarkable association of evidence of 
submergence, with proofs of glacial conditions, which has so frequently been noted by 
geologists. Take, for example, the succession in Scotland, and observe how each glacial 
epoch was preceded and apparently accompanied by partial submergence of the land:-

1. Epoch of greatest mer de glace (lower boulder-clay); British and Scandinavian ice-sheets 
coalescent. Followed by wide land-surface = Continental Britain, with genial climate. 
Submergence of land-to what extent is uncertain, but apparently to 500 feet or so. 

2. Epoch of lesser mer de glace (upper boulder-clay); British and Scandinavian ice-sheets 
coalescent. Followed by wide land-surface = Continental Britain, with genial climate. 
Submergence of land for 100 feet or thereabout. 

3. Epoch of local ice-sheets in mountain districts; glaciers here and there coalesce on the 
low grounds; icebergs calved at mouths of Highland sea-lochs (moraines on 100-feet 
beach). Followed by wide land-surface = Continental Britain, with genial climate. 
Submergence of land for 50 feet or thereabout. 

4. Epoch of small local glaciers, here and there descending to sea (moraines on 50-feet 
beach). 
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These oscillations of the sea-level did not terminate with the emergence of the land 
after the formation of the 50-feet beach. There is evidence to show that subsequent to 
the retreat of the small local glaciers ( 4) and the emergence of the land, our shores 
extended seawards beyond their present limits, but how far we cannot teil, \Vith this 
epoch of re-emergence the climate again became more genial, our forests once more 
attaining a greater vertical and horizontal range. Submergence then followed (25 to 30 
feet beach) accompanied by colder and more humid conditions, which, while unfavourable 
to forest growth, tended greatly to increase the spread of peat-bogs. We have no evi­
dence, however, to show that small local glaciers again appeared. Finaily the sea retired, 
and the present conditions ensued. 

lt will be seen that the submergence which preceded and probably accompanied the 
· advent of the lesser mer de glace (2) was greater than that which heralded the appear­
ance of the local ice-sheets (3), as that in turn exceeded the depression that accompanied 
the latest local glaciers ( 4 ). There would seem, therefore, to be some causal connection 
between cold climatic conditions and submergence. This is shown by the fact that not 
only did depression immediately precede and accompany the appearance of ice-sheets and 
glaciers, but the degree of submergence bore a remarkable relation to the extent of 
glaciation. M.any speculations have been indulged in as to the cause of this curious 
connection between glaciation and depression; these, however, I will not consider here. 
None of the explanations hitherto advanced is satisfactory, but the question is one well 
deserving the attention of physicists, and its solution would be of great service to 
geology. 

A still larger question which the history of these times suggests is the cause of 
climatic oscillations. I have maintained that the well-known theory advanced by JAMES 

ÜROLL is the only one that seems to throw any light upon the subject, and the observa­
tions which have been made since I discussed the question at length, some fifteen years 
ago, have added strength to that conviction. As Sir ROBERT BALL has remarked, the 
astronomical theory is really much stronger than ÜROLL made it out to be. In his 
recently„published work, The Cause of an Ice Age, Sir ROBERT says that the theory is so 
thoroughly weil based that there is no longer any ground for doubting its truth. "W e 
have even shown," he continues, " that the astronomical eonditions are so definite that 
astronomers are entitled to direct that vigorous · search be instituted on this globe to 
discover the traces of those vast climatic changes through which astronomy declares that 
our earth must have passed." In concluding this paper, therefore, I may shortly indicate 
how far the geological evidence seems to answer the requirements of the theory. 

Following ÜROLL, we find that the last period of great eccentricity of the earth's orbit 
extended over 160,000 years-the eccentricity reaching its highest value in the earlier 
stages of the cycle. lt is obvious that during this long cycle the precession of the 
equinox must have completed seven revolutions. W e might therefore expect to meet 
with geological evidence of recurrent cold or glacial and genial or interglacial epochs ; and 
not only so, but the records ought to show that the earlier glacial epoch or epochs were 
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colder than those that followed. N ow we find that the epoch of maximum glaciation 
supervened in early Pleistocene times, and that three separate and distinct glacial epochs 
of diminished severity followed. Of these three, the fust would appear to have been 
almost as se.vere as that which preceded it, and it certainly much surpassed in severity 
the cold epochs of the later stages. But the epoch of maximum glaciation, or the fust of 
the Pleistocene series, was not the earliest glacial epoch. lt seems to have been pre­
ceded by one of somewhat less severity than itself, but which nevertheless, as we gather 
from the observations of PENCK and his collaborateurs,. was about as important as that 
which came·after the epoch of maximum glaciation. Hence it would appear that the 
correspondence of the geological evidence with the requirements of the astronomical 
theory is as close as we could expect it to be. Four glacial with intervening genial 
epochs appear to have fallen within Pleistocene times ; while towards the close of the 
Pliocene, or at the beginning of the Pleistocene Period, according as we choose to classify 
the deposits, an earlier glacial epoch, followed by genial interglacial conditions, super­
vened. 

In this outline of a large subject it has not been possible to do more than indicate 
very briefly the general nature of the evidence upon which the chief conclusions are 
based. 1 hope, however, to have an opportunity ere long of dea1ing with the whole 
question in detail. 

EXPLANATION OF PLATE. 

Map of Europa showing the areas occupied by ice during the Epoch of Maximum Glaciation (Second 
Glacial Epoch), and the extent of. glaciation in Scandinavia, Finland, Baltic coast-lands, &c., and the British 
Islands during the Fourth Glacial Epoch. For the limits of the greater · glaciation on the Continent, 
HABENICHT, PENCK, NIKITIN, and NATHORST have been followed. The Great Baltic Glacier is chießy after 
DE GEER. 
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