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PREFACE

THIS book attemptsto show how the surface-
features of Europe are the result of remarkable
and comparatively recent changes, in which
the wearing away of the rocks and the deposi-
tion of continental waste have played a far
smaller part than the actual upheaval and
depression of the land.  These surface-features
are intimately related to the movements of
man across them; and it is hoped that the
traveller in familiar parts of Europe, whether
a lover of scenery or a student of historical
foundations, will find something of interest
in these pages. The descriptive chapters
may recall landscapes that have been keenly
enjoyed from mountain footpaths, or from
the long white highways on which imperial
towns are strung like gems. The change-
ful sway of the earth itself, the dominance
now of a great sea, and now of an uprising
and unstable mountain-chain, cannot fail to
prove impressive, when we read even the
latest story of European lands.

¥



Vi PREFACE

The book is thus an essay both in geography
and geology. My indebtednessto E. Suesss
Antliiz der Erde and to other monumental
works will be easily apparent from the
bibliography. In the references, the first
number, Roman or Arabic, isthat used in the
bibliography; a number in thick typeindicates
a volume; any other number indicates a
page. Simple maps and diagrams have been
inserted, to supplement the information that
can be found in any detailed atlas. Where
travel by road is suggested, the old-fashioned
horse or bicycle need not be rejected as a
medium. | cannot wish the reader any better
fortune than my own—the memory of happy
journeys and the comradeship of European

friends.
GRENVILLE A. J. COLE.
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THE GROWTH OF EUROPE

CHAPTER |
SOME GEOLOGICAL CONSIDERATIONS

J. W. GREGORY, in his work on The Making
of the Earth, which is published in the Home
University Library, hasindicated the complex
nature of the present continents. Systems
of stratified rocks containing marine fossls
occur so freely across areas that are now dry
land as to suggest that every part of the
primitive solid crust of the globe has been at
some time or other under water. The more
we learn of the detailed structure of the oldest
rocks accessible to us, the more we are assured
that they accumulated as sediments worn
from still older masses. The great cycle of
denudation that was clearly pointed out by
James Hutton at the close of the eighteenth
century has recurred so often in all regions of
the globe that nothing now remains of the
earliest continental land. Some parts of our
continents are far older than others; but
even these are young in comparison with the

9



10 THE GROWTH OF EUROPE

complete history of the region in which they
form the earliest record.

Hutton in 1785, in his Theory of the Earth,
realised that atmospheric forces acting on
upstanding land must inevitably reduce that
land to what we now call its " base-level,"
the level of the surrounding sea. The softer
portions are worn away more quickly; but
this allows more scope to the destructive
forcesin attackingthe hard blocksthat remain.
Ultimately these blocks must also disappear.
The material loosened from their flanks
becomes spread out by gravitation across
the lower lands. Chemical and mechanical
agents break up this material into finer and
yet finer particles, and these become carried
away by water or by wind into the great
cemetery of the sea

This dead level condition would be the
last phase in the history of a continent, were
there no readjusting forces in the earth. Be-
fore, however, the general plain has been
produced by denudation—while, in fact, it
remains in the condition that W. M. Davis
has called a peneplain—elevation by vertical
upthrust or crumpling of therocks setsin. The
worn-down continent becomes rejuvenated,;
the sluggish streams meandering on its surface
carve out new features, and approach the
sea in rapids and in leaping falls. Broad



GEOLOGICAL CONSIDERATIONS 1|

divides, and smaller watersheds between
adjacent valleys, again arise, and here and
there some local folding may produce a
mountain-chain.

Yet in some cases denudation may be
accompanied by subsidence, and the former
continent may disappear. A " transgres
sion " of the sea then lays down marine
strata across it, and the land fauna and flora
migrate to some other portion of the globe.
Hutton pictured the simultaneous decay of
continents, and the rise of new ones, with
somewhat catastrophic swiftness, to form a
reconstituted world. This cycle of events,
however, at any one time has reached various
phases in various regions. One part of the
crust, like the Russian platform, appearsto
have remained fairly stable for along time;
another part undergoes, within the limits of
a single geological period, marked and recur-
rent subsidences and elevations in regard to
the general level of the sea.

The continents as we now know them are
of modern origin in geological time. When
we try to trace back their features, we soon
reach an epoch when their outlines and their
surface-forms were so different from those
that we recognise to-day that we can no
longer refer to the land masses by their
present names. The history of the European
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area is concerned with very ancient matters;
but the growth of what we call Europe is
comparatively recent. The growth of a conti-
nent includes the results of the decay of its
higher lands, since the material that is swept
down accumulates in basins, and forms new
margins to the sea upon the coast-plains.
The coming of man has set no period to the
cycle of continental change, and many of the
features along which we plant our towns
to-day have arisen since our ancestors settled
in European lands.

The relations of land and water on a conti-
nental margin depend on whether the land is
rising or sinking, or on whether the sea-level
is being raised or lowered in regard to the
land. A general shallowing of the ocean-
basins (1,188) will spread the water across the
coast-lands; a deepening, accompanied by a
contraction of their width, will leave fresh
areas of rock exposed. The volume of oceanic
water may, moreover, change in geological
time, and the solidification of a large part of
it as ice during a glacial epoch may produce
results equivalent to an elevation of the
land. An enormous body of water may thus
be transferred by evaporation to colder
regions, where it falls upon the land as snow.
Until milder conditions set in, no appreciable
return can be made in the form of rivers to
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the sea. Another cause of variation in the
level of the seais merely local, but is worthy
of consideration; continental land lying above
the general sea-level attracts the water away
from the surface that it would otherwise
assume. The wearing down of the high
masses of a continent allows, on the other
hand, the water to slip back from the shores.
The water so released rises on the sides of
oceanic islands, and a removal of the attrac-
tion of the continents would swamp some of
these islands altogether.

There can be no doubt, however, that the
great cause of variation in the sealevel
against a coast lies in the upward or down-
ward movement of the land. Such move-
ments have repeatedly been traced in con-
nexion with large earthquakes. The most
striking example known to us occurred at
Y akutat Bay in Alaska in 1899, where the
beach was raised from seven to as much as
forty-seven feet. Barnacles and mussels were
still clinging to the uplifted rocks when the
area was investigated by R. S. Tarr and L.
Martin in 1906. The raised beaches along
many coasts, by which we may gauge such
movements, are commonly warped. The top
of the beach, which represents the former
level of the sea during a resting stage, now
lies at various heights above that level-
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There has clearly been a deformation of tike
land-surface. Subsidences below sea-level
have also occurred in recent times; but in
judging of them care must be exercised, lest
the mere outward slipping of delta-material
be confused with movement of the firmer
crust. The sea, moreover, may wear away
the coast and encroach upon roads and
cultivated lands; but in time such action is
necessarily checked by the formation of a
shelf of erosion between the high and the low
water line, on the inner margin of which the
waves become practically powerless. Con-
tinuous marine erosion is possible only when
accompanied by a subsidence of the land.

E. Reyer has pointed out that the sub-
sidence of land-masses is often gravitational
towards the ocean-basins, and that the rocks
dlip outwards, becoming folded and con-
torted in the process. Hence there is much
in common between movements of the crust
and those of delta-slime. Such sliding im-
plies the previous elevation of a mass of
land, and most authors have recognised that
there are tangential dresses in the crust
which lead to the crumpling of rocks along
certain lines. In some cases, huge blocks
are thrust up above the general level, bounded
by faults, that is, by surfaces along which
-differential movement has taken place.
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E. Suess urges that the appearance of ee
vation may be due to subsidence of the sur-
rounding country, which leaves such masses
standing as relics of a former highland; and
some mountains, formed of blocks, may owe
their pre-eminence to the falling in of neigh-
bouring lands. On the other hand, it is
usually impossible to say why mountains have
arisen in the form of a folded chain along a
particular line on the earth's surface.

An Austrian geologist of wide outlook,
O. Ampferer, believes that the movements
which give rise to elongated chains originate
in the plastic substratum below the outer
crust, and that the surface is dragged and
wrinkled by flow in this unstable layer, the
physical conditions of which are only dimly
known to us.

Continentsmust beregarded as large results
of mountain-building processes. From abroad
point of view, they are domes or anticlinal
masses, while the ocean-basins are the corre-
sponding downfolds or synclinal depressions.
The breadth of the oceans, however, as com-
pared with their depth, necessitates a con-
vexity of their floorson the spheroidal surface
of the earth. Hence they are, until we
reach their rims, like basins turned upside
down. The only way by which we can
adequately realise the smallness of movements
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of the crust in comparison with the diameter
of the earth is to attempt to draw a section of
a continent or an ocean on the same vertical
and horizontal scale. None the less, in view
of their influence on the movements of man,
a being only six feet high, across the surface,
earth-wrinkles, and the features carved by
denudation from them, assume immense his-
torical importance.

The time through which we can trace the
physical changes in a given area is divided
into geological periods, the limits of which are
based upon thetypes of animal life which suc-
cessively arose, flourished, and passed away.
In the earlier days of scientific observation, it
seemed easier to draw the line between two
periods than it does at the present time.
William Smith, the English land-surveyor, who
taught geologists in 1816 that strata could be
* identified by organised fossils" believed that
the faunas which he studied as characteristic
of this or that horizon were creations special to
the formations in which they were entombed.
What are called unconformities (fig. 1), indi-
cating uplifts of the sea-floor, and consequently
gaps in the stratified series of marine deposits,
are frequent in the English systems of rocks.
Such apparent breaks allow of a considerable
change of faunain two successve beds, and
they helped to emphasise the soundness of
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William Smith's discovery. Observations in
other lands, astimewent on, naturally tended
to fill up these gaps in our information, and
something like a continuous sequence of
stratified rocks is now known to us from the

Fio. 1.--Diagrammatic sketch of umconformity Letween pre-
Camlrian and Silurian strata, as seen on & hillside above
the JoycesRiver, Co. Gal way.

limited European area. The line between
one period and another must be based on the
prevalence above or below it of some selected
organic species or group of species; and the
geologist and palaeontologist become nowadays
more concerned with discovering zoological
linksthan in emphasising faunistic differences.
B
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The geological periods are thus much like
human dynasties, which serve us well in
setting up a timescale for past affairs.
Although at each line of division continuous
history cries Le roi.est mort, vive le roi, yet
association with the name of the reigning
monar ch sets a convenient date on a potsherd,
a coat of mail, or a cathedral. By prevalent
fossil remains, geological periods are sub-
divided into epochs, and special subdivisions
of epochs are spoken of as ages.

A system of rocks comprises those formed
during a geological period; a series of rocks
represents an epoch of time. A stage corre-
spondsto an age. Where further subdivision
is required, zones are established, charac-
terised by the name of some particular fossil
Species.

Systems have been brought together into
great groups, each of which correspondsto a
time-division styled an era. The terms used
for the groups and eras imply the remoteness
or nearness of the prevalent life-forms that
characterise them as compared with those of
the present-day. The earliest era is styled
Archcean, suggesting vast antiquity; the next
is Paloozoic, "ancient life"; then Mesozoic,
" middlelife"; and Cainozoic, " modern life."
The names of the systems and periods have
grown up somewhat casually, and suggest dis-
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tricts where the strata have been studied in
detail, or the occurrence of some type of rock
within the system, or, in the case of those in-
cluded in the latest era, the relative resem-
blance of the molluscan species to those of
modern seas.

In estimating the comparative lengths of
geological periods, only avery rough approxi-
mation can be reached. If we assume that, in
dealing with great thicknesses of strata, these
thicknesses are proportionate to the times
occupied in their deposition, we may form a
time-scale based on European systems, or
on those of the whole world. It is obvious
that the world-wide basis, adopted by W. J.
Sollas (2), will give the most logical result.
Such a scale for Europe, selecting only the
marine strata, indicates an approximately
equal duration for the Cainozoic and Mesozoic
eras, and a Palaeozoic era about three times
as long as either. The Cainozoic era would
thus represent about a fifth of the time that
has elapsed since the appearance of the first
well recorded fauna on the globe. Sollas's
world-wide computation shows a Mesozoic
era somewhat longer than the Cainozoic, and
a Palaeozoic era about equal to these two
together. The Cainozoic era would thus fil
about one quarter of the time since the opening
of the Palaeozoic era.
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Thefollowingtable showsthe names adopted
for the systems and periods in the present
book. It must be understood that we already
know in addition a very thick mass of strati-
fied deposits, representing no doubt several
systems, of pre-Cambrian or Archaean age.

Quartary Group and RECENT AND POST-

Era. PLIOCENE.
PLIOCENE.
Cainozoic or Tertiary JM 10 CENE.

Group and Era. OLIGOCENE.
lEOCENE.

: * CRETACEOQUS.
MeEeozom Group and JURASSI C.
a TRIASSIC.
PERMIAN.

CARBONIFEROUS.

Palaeozoic Group and | DEVONIAN.

Era. GOTLANDIAN.

ORDOVICIAN.

CAMBRIAN.

!Systems classified in
certain localities
only.

NOTE.—The term SILURIAN for a long time
covered both the Ordovician and Gotlandian
systems above mentioned, and is generally
used in this sense on the continent of Europe.
It has been restricted in recent years, owing

Archaean Group and
Era.
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to the Cambridge usage, to the old " Upper
Silurian" or Gotlandian only, and its reten-
tion seems likely to be a cause of considerable
confusion.

CHAPTER 11
THE GREAT CRETACEOUS SEA

RECONSTRUCTIONS of the outlines of sea
and land in various geological periods, in the
formsof " palaeogeographic maps," are always
unlike anything seen upon maps of the world
at the present day. We can justly infer
coast-lines from the nature of the deposits,
or even from the characteristic fauna in
certain places; but we can only draw sweeping
boundaries between sea and land, and our
ignorance of coastal details leaves very much
to be desired. The drowned valleys and
outlying islands of a sunken coast cannot be
represented, nor can the bays that mark the
attack of an eroding ocean upon stationary
land. The resemblance of terrestrial faunas
in places far apart, or the dissimilarity be-
tween marine faunas in adjacent regions of
stratified rock, leads to the drawing of land-
bridges between continents, which are believed
to have served as passage-ways on the one
hand, and ontheother asbarrierstomigration
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in the seas. The absence of any geological
evidence over the wide areasthat are occupied
by the modern oceans render s palaeogeogr aphic
delineation almost hopeless; but the accep-
tance of Suesss Gondwanaland as a lost
continent, stretching east and west across
two thirds of the southern hemisphere, and
abolishing both the South Atlantic and the
Indian oceans, has long thrown doubt on
the permanence of any existing feature.
Europe as a continent cannot be traced
back beyond Cainozoic times, and the greater
part of its present configuration dates from
the Pliocene period. Far older masses have
asserted themselves in the cores of its earth-
folds; or as horsts, that is, as upstanding
blocks from which material has been faulted
down on all sides; or, again, as platformslaid
bare by recent denudation. But such frag-
mentary indications do not enable us to recon-
struct a Mesozoic Europe. On the contrary,
as resear ch goes on, we become more and more
impressed by the extent of the Cretaceous sea,
and it is difficult to point to any considerable
area of the modern continent which, with
absolute certainty, escaped submergence in
the waters that deposited the chalk.

The Cretaceous system may be divided
into an Upper and a Lower Series, and its
marine deposits represent a very general
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transgression of the sea over land-areas
throughout the world. Through long geolo-
gical periods down to Lower Cretaceous times,
a continent of old and highly altered rocks
(quartzites, schists, and intrusive granites)
stretched over what is now the North Atlantic
region. Considerable submergence of its
southern edge occurred in Ordovician and
Gotlandian times; but a series of folds was
then set up, which produced mountainous
ridges running in a north-east and south-
west direction, in the cores of which granite
often rose, as a further strengthening of the
mass. This Caledonian land is still known
to us in the west and north-west of Ireland,
in the Scottish highlands, and notably
throughout the Scandinavian peninsula, and
the sandstones and conglomerates of the
Old Red Sandstone series accumulated on it
in Devonian times. Then came the invasion
of this continental edge by the Carboniferous
sea. On the schistose rocks of Mayo and
Donegal, and in central Scotland, we find
shore-deposits in place of the pure type of
Carboniferous Limestone, and it is therefore
clear that the North Atlantic continent held
itsown. Its borders extended far southward
in Upper Carboniferous times, producing the
swampy flats on which the coal-measure
forests spread and flourished. A new system
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of crumplings preceded the Permian period
in our area, and added a robust series of east
and west foldstothe continental edge. These
have been named Armorican from Brittany,
and Hercynian from their passage into central
Germany. They are still conspicuous in the
trend of the hill-ranges in southern Ireland
and Wales, and in that of the Belgian coalfield
and the Ardennes. Many modern features,
moreover, have been moulded on under-
lying Armorican predecessors. The faulting
that accompanied these movements brought
several old crystalline masses to the same
level as younger strata, while great intrusions
of granite took place contemporaneously with
the folding of the crust. The most important
relics of the Armorican land are Brittany, the
Ardennes-Hunsriick mass, the Black Forest
and the Vosges, the plateau of Bohemia, the
Central Plateau of France, and the Meseta or
" table" that formsnearly the whole of Spain.
The floor of Russia was probably raised by
the Armorican folding, though it largely con-
ssts, like Fennoscandia, of Archaean rocks.
Even in Permian times, immediately suc-
ceeding the Carboniferous, the sea invaded
parts of the new Armorican land, and spread
northward and westward as far as the stub-
born highlands of "Tyrone. The Triassic sea,
important as its deposits are in Bavaria and
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Tyrol, extended only into central Germany;
but the Jurassic period saw the waves beating
again right across the Armorican country,
and coral-banks flourished in a warm sea
over the greater part of England. Some
recovery took place in the edge of the northern
continent at the close of this period, and the
first strata of Cretaceous times in south-east
England and northern Germany are lacus
trine; but the sea soon reasserted itself, until
the deposition of soft white foraminiferal ooze
became general over the European area.

The spreading of the Upper Cretaceous
sas over continental margins is so world-
wide a feature that it can be best accounted
for by a shallowing of the ocean depths. The
white chalk, none the less may have accu-
mulated in places in 1500 to 2000 fathoms of
water. Yet depth alone will not account for
the purity of this Cretaceous limestone, since
there is a rapid transition in the north of
Ireland from conglomerates that mark a
shore-line to white chalk of the ordinary
type. The chalk near Belfast, moreover,
contains pebbles of quartzite worn from the
old land beneath it. We may conclude, if
we please, that the continental edge furnished
little clayey matter; but this is improbable,
when we consider how mica-schists prevailed
upon it, and how these very same rocks yield
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yellow soil-caps in our own day. It seems
far more likely that the North Atlantic
continent, despite the Caledonian folds that
at one time wrinkled up its edge, was already
worn down and low-lying, like eastern Canada
at the present day. It was a region of small
precipitation, and the rivers that flowed from
it brought down little detritus from the land.

We may take our stand on the northern
summit of Slieve Gallion in the county of
Londonderry, and look in imagination east-
ward over the European area as it was in
late Cretaceous times. Beneath us at the
present day is a ring-like exposure of chalk,
preserved under a flow of Cainozoic basalt,
a mere relic of the marine limestone that
once spread across the country. It is a thin
representative of the massive chalk of England,
for to the west of us rise the Donegal ranges
which formed some portion of the Cretaceous
coast-line. But the abundant flints and
fragments of chalk that are found in dredgings
off the west of Ireland prove that the Cre-
taceous sea spread far westward of the line
usually assigned to it in palaeogeographic
maps, and probably into the mid-Atlantic
region (3). A.Jukes-Browne (4,fig.53) boldly
carries it across the greater part of Ireland,
and represents the British Isles in late Cre-
taceous time as a group of eight small islands.
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The upper beds of the Chalk have, as we
can se familiarly in southern England, be-
come silicified in irregular lumps and layers,
giving rise to the resisting masses known as
flint. On the destruction of the beds of chalk
by weathering, which is largely a matter of
solution, the flints remain behind, and accu-
mulate as gravels in beaches or on the surface
of the land. They afford a striking measure
of the amount of chalk that has been lost,
and we learn from them that the Upper
Cretaceous sea invaded the east of Aberdeen.
Relics of Cretaceous strata have been dredged
from far northern latitudes off the Norwegian
coast, and O. Nordgaard has suggested that
theabundant flint-implementsin Norway were
worked from a Cretaceous deposit that became
lost to usin human times. The present writer
has argued that many immature features on
the surface of the Irish uplands are due to the
fact that the region was protected by overlying
chalk almost down to the Glacial epoch.

The blocks of chalk recognised by J. W.
Judd under the basalt of the west of Mull,
wher e flints are common in gravels of Cainozoic
age, probably lie near the northern limit of
the Upper Cretaceous sea. The Upper Cre-
taceous strata of the island of Eigg are sandy,
and indicate a coast-line; but the ease with
which such deposits are destroyed may well
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suggest caution in following this limit across
Europe. The white headlands of the island
of Mden in eastern Denmark, where the
chalk rises picturesquely 125 metres above
the sea, are connected with a broad develop-
ment of Upper Cretaceous strata that has
been traced in borings under almost the
whole of Denmark. In Bornholm, however, a
rocky island which resembles a geological
museum in comparison with the rest of
Denmark, Cretaceous beds of slightly older
age include marls and sands that indicate
proximity to a shore. Similar rocks occur in
southern Sweden, and the presence of chalk
in northern Germany shows that the sea
deepened from this area southward. A large
island rose in the region of the Harz Moun-
tains, where earth-movements continued to
upheave the older rocks even after the chalk
sea lapped round their uptilted edges. The
Upper Cretaceous beds became themselves in-
folded on the margin of this rising chain.

A more important mass of land, perhaps
at some point connected with the Harz area,
was formed by the old plateau of Bohemia,
a horst left upstanding since the Hercynian
movements of pre-Permian time. Though
Upper Cretaceous strata cover much of the
country between Dresden and Prague, their
sandy nature shows that land was being de-
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nuded in the neighbourhood. This land was
of larger extent in Lower Cretaceous times, so
that even here there is evidence of the broad-
ening of the seas which preceded the develop-
ment of modern Europe.

The Upper Cretaceous ocean spread far
across the east of Prussia, across Poland,
and across most of Russia. The Armorican
ridges running east from Brittany are held
to have divided a northern from a southern
basin in France; but the sea swept round
this and between the Central Plateau of
Auvergne and the North German island,
and so into the Mediterranean area, where
practically no land rose. The west of Spain
may have remained uncovered; but Upper
Cretaceous strata occur on the Sierra de
Guadarrama north of Madrid, and the boun-
daries of the modern Mediterranean are of
far later date. E. Haug (1V, 2, 1299) has
prepared a map of the European area in the
final or Maestrichtian age of the Cretaceous
period, which probably errs on the side of
caution, but which sufficiently indicates the
extent of oceanic water.

Our white chalk along the escarpment of
the Surrey hills points to an emergence of the
land from a depth of some 600 fathoms;
and the extent of country that lay beneath
the water to the north and west becomes
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readily apparent when we survey the midlands
from the Chiltem edge. The great masses of
Cretaceous limestone that are now reared into
crags on the flanks of the Alpine chain remind
us still more impressively of the changes
that have taken place since the departure
of the Mesozoic seas. On the precipice of
the Santis in Appenzell we may see our
familiar zones of Gault and Chalk, transformed
by earth-pressures into compact shales and
limestones, and lifted 2500 metres (8000 ft.)
abovethesea. Thedeposits of the Cretaceous
ocean here form the bulwark of the most
important mountain-range in Europe.

CHAPTER I 1]

EUROPE AS A PRODUCT OF POST-CRETACEOUS
TIME

IT will be seen from the last chapter that
the growth of Europe since the Cretaceous
period involves the spread of land-masses
southward and eastward from the old North
Atlantic continent, and the final loss of this
continent beneath the sea. The most stable
masses remaining from the old land-surfaces
that so long formed a margin to pre-European
seas appear to be the Caledonian areas of north-
west Ireland and Scotland, and such parts of
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Scandinavia and Finland (Fennoscandia) as
were not covered by the Cretaceous ocean.

Before we look into the origin of certain
local features that may strike us in our
journeys across Europe, it will be well to take
a general view of the geological history of
the region in post-Cretaceous periods. Even
during Cretaceous times, upward and down-
ward movements displaced the borders of
the seas and many districts that were sub-
merged in the middle of the period became
raised as islands before its close. During
these movements, intrusions of granitoid rocks
took place along the line of the Pyrenees, and
these point to a certain unrest in the molten
substratum or Untergrund, preparatory to the
folding that formed the mountain-barriers of
to-day.

The periods that are mainly concerned with
the growth of Europe are clearly those of
the Cainozoic or Tertiary era. Charles Lyell
(5), in 1833, gave us names for three broad
divisions of Tertiary time, based on the
number of existing marine molluscan species
that could be traced back into successively
older strata. He viewed the beds from above
downwards, seeking philosophically to explain
their characters by the action of natural
causes that are still in operation on the earth.
His Pliocene (strictly written, " Pleiocaene ")
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system includes the " more recent " molluscan
forms; below is the Miocene (" Meiocsene "),
or " lessrecent"; and the Cainozoic era opens
with the Eocene, or " dawn of the recent."

Beyrich, in 1854, intercalated Oligocene,
or " few recent,” between the Eocene and
the Miocene, and this well-known term
will be adopted here. De Lapparent's and
E. Haug's works (Il and 1V), however,
illustrate the tendency to recombine the
Eocene and Oligocene systems under some
name that expresses their continuity and
the similarity of their deposits, while Miocene
and Pliocene are often united as the Neogene
period. From the point of view of the history
of our continents, which is now revealed to
us in considerable detail, and also when we
regard the great thicknesses of the beds
concerned, the division of Cainozoic time
into four periods seems convenient. The
remarkable changes in mammalian life during
the era also justify this view.

The prevalence and dominating influence
of man after Pliocene times lead most
geologists and zoologists to close the Cainozoic
era with the Pliocene period, and to place
Lyell's Post-Pliocene and Recent periods in a
separate era, the Quaternary. It has been
pointed out by A. Morlot and others that
German authors are more correct in using
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the term Quartar or Quartary (1V, 2, 1760),
The latest of the great ice-ages that have
affected the world occurred at the beginning
of the Quartary era.

The names used for subdivisions of the
Cainozoic periods have varied with the judg-
ment of successve authors, and the most
important matter is to understand the rela-
tive position of the series and stages, from
whatever localities their titles may be drawn.
Thefollowing names will be used in the present
volume: —

QUARTARY ERA

Systems. Series.
RECENT AND POST- Upper (Fost-Glaeial).
PLIOCENE. Lower (Glacial).

CAINOZOIC (TERTIARY) ERA
(Sicilian Stage.
Upper [Astian Stage.
PUOCENE. Middle (Placentian).
Lower (Pontian Stage.
(Sarmatian Stage.
Upper (Tortonian).
MIOCENE. Middle (Helvetian).
Lower (Burdigalian).
Upper (Aquitanian).

OLIGOCENE. Lower (Tongrian).
Upper (Paris Series).
EOCENE. Lower (London Series).

C
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NOTE.—The places from which the above
technical names are derived are, in descending
order, Sicily; Asti, south-east of Turin;
Piacenza (the Roman Placentia); the Black
Sea (Pontus Euxinus, whence " Pontic"
might be preferable); Sarmatia, the Roman
name for southern Russia; Tortona, east
of Asti; Helvetia, the Roman name for
Switzerland; Bordeaux (the Roman Burdi-
gala); Aquitaine, the province north of the
Pyrenees; Tongres, northof LiegeinBelgium;
Barton in Hampshire; Paris; London.

The terms " Parisian " and " Londinian "
have been used in restricted senses, and are
hence not here employed for the two series
of the Eocene system.

The earth's outer crust moves in a series
of waves, therising and falling of which seem
slow, but which resemble those of a rough
sea (fig. 2). On the open Atlantic, or even
in the storm-swept Mediterranean, one may
se the water swelling in great domes, and
