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Geological Survey Office,
14 Hume Street,

Dublin, 20th November, 1922.

I have read with great pleasure the geological section of Miss E. Butler’s work on the
geography of Ireland, and have been much struck by the way in which the most modern
investigations have been utilised, and the results stated in an attractive and lucid style that
will appeal to readers who are by no means specialists. There is no redundancy or “ talking
round the subject,” such as frequently occurs in so-called popular books, and the work will
undoubtedly attract its readers to the long history of Ireland before it was occupied by man,
and thus will add yet further to the interest felt in a country on its way to free development.

Grenville A. J. Cole, D.Sc., F.R.S.,
Professor of Geology in the College of
Science for Ireland, and Director of the

Geological Survey of Ireland.

[ Since these pages were made ready for the printers. Professor Cole, to whom Irish
Geography is so indebted, has passed away, leaving Ireland in particular, and the world of
Science in general, the poorer for his loss. I cannot let the pages appear without a special
acknowledgment of my indebtedness to him for the valuable notes which he made for me
when reading the manuscript. Most of these are now embodied in the text.—E. B.]

The ancient sea which lay over the area where Ireland now is.

•

The Oldest Rocks.

LONG, long ago, where Ireland now stands firm-rooted in the ocean, there was no land, but
only a vast expanse of sea. That sea extended over the site of the present Great Britain and



over much of the present Europe. On its margins rose stretches of rocky wastes, down from
which flowed rivers, carrying in their waters sand and mud from the land, even as the rivers
do to-day, and depositing these on the sea-floor, the sand nearer the edge, as always happens,
and the mud farther out to sea.

These materials went on accumulating, layer by layer, on that great sea-floor, for untold
ages ; and the layers pressed each other down by their great weight ; and the weight of the
water above them pressed them too, and the natural cements out of the sea-water helped to
bind them together, until what was once sand and mud became hardened into solid rock. That
rock forms the lowest down foundation of Ireland to-day and of Great Britain and Europe too.

Layer after layer of other rock has been piled up over it. Hot, molten matter from beneath
the earth-crust has burst through it ; but still that older rock itself remains ; and, in the move-
ments of the earth’s surface, parts of it have been thrust up so high as to be now mountains.
We can see it exposed to view in Donegal, and in Mayo and Sligo. It is a gleaming, greyish-
coloured rock easily split into flakes. One can notice in it slaty layers which are probably due
to the great pressure which it has undergone. It is called schist from a Greek word meaning
“ split,” because it will split easily into thin scales. With the schist is a rock called gneiss.
Though the gneiss exists in layers, like the schist, it was not laid down by sediment, but must
have welled up in molten form from beneath, and then, mixing with the schist, some of which
it melted, cooled down into the hard banded rock which it is to-day.

Schists, similarly associated with gneiss, also occur in the great mountain masses of
North-west Scotland and in those of Scandinavia and of Eastern Canada. Scientists can find
in these rocks no traces of the remains of either animal or vegetable life ; and, therefore, it
looks as if they date from a time before plants or animals inhabited the sea where they were
laid down, or the land from which the rivers brought the sediments that formed them.

When these ancient schists were upheaved and formed solid land, the rains beat on them,
and rivers flowed down from them as previously from the old rocky sea-margins ; and so
sands and mud were deposited around their edges, while farther out to sea, where the water
was clearer, tiny creatures which had been called into life in the deep lived and perished, their
bodies and shells falling as sediment to the sea-floor. In time all these sediments too became
solid rock, and they are the next oldest rocks which we find in Ireland. They appear at the
surface on the flanks of the Leinster mountains from Bray to Waterford. Some of them have
also been stripped of the later rock, which for a long time overlay them, on the summits of the
Comeragh, Slieve Bloom and Galtee Mountains ; and a great mass of them exists close
beneath the surface in the district extending from Longford north-east to the sea at County
Down.

The sands of these old seas have been compressed into what is called grit, a sandstone
often coarse and giving sharp rock edges when eaten out by the weather ; or they have been
cemented into quartzite ; and the mud deposits have been compressed into flags, slates and
shales. Quartzite is so hard that it breaks off in sharp fragments when attacked by the
weather, instead of crumbling away smoothly like other rocks. The great resisting peaks of
Croagh Patrick and of the Twelve Bens in Connemara, of Errigal in Donegal, and of the
Sugar Loaf in Wicklow are mountains of quartzite thus carved out by the weather.

This second oldest set of rocks is very largely represented in Wales. Now the old name of
Wales is “ Cambria,” and so the lowest down layers of these rocks are called Cambrian ; but
the middle and later layers are called by another Welsh name, Silurian, from the district in



South Wales inhabited long ago by a Welsh tribe called the “ Silures” a tribe whose name
lives in history for the sturdy resistance which they offered to the invading Romans nine-
teen centuries ago.

In Ireland the rocks of Howth promontory and of the district from Bray southwards to
Wicklow town are classed as Cambrian, and again a band of rock stretching from Cahore
Point south-west to beyond Wexford town ; but the other rocks mentioned above among the
second oldest are classed as Silurian.

Cambrian rocks are the oldest which contain any well-marked remains of living organ-
isms. But among the traces of life found in them are primitive types of almost every kind of
invertebrate animal life, that is, of backbone-less animals ; and it may be that still earlier
forms of these primitive types will one day be traced in still older rocks.

The traces of life existing in Silurian rocks are somewhat more developed.

For convenience scientists now use the term Pre-Cambrian to signify the oldest rocks of
all those formed by sediments, that is, the ancient schists in which, as we saw, no well defined
traces of living organisms have yet been detected.

When these second oldest rocks, which we can now speak of as Cambrian and Silurian,
had been laid down, some immense forces caused great wrinkles to form on the earth’s
surface. In our part of the globe these wrinkles ran in the direction north-east and south-west,
and they thrust high up from beneath the sea great areas, which now form the Scandinavian
mountains, the mountains of North-west Scotland, and, in Ireland, the great mountains of
Donegal, Mayo and Connemara, the Leinster range, and the mountains running from Newry
north-east into County Down, and terminating in Slieve Croob. As the wrinkles ran in the
direction north-east and south-west, so the trend of the mountains formed by them remains to
this day north-east and south-west. The arches of the earth-crust, formed by these foldings,
became filled with molten rock from the interior. But the molten rock could not find its way
out, except by a few occasional cracks, to the surface through all the thick layers of sediment-
ary rock [1] that over-lay it ; so it cooled and grew solid within the arches of the earth-
wrinkles, and it forms to-day the Granite core of the Leinster range, of the Ox Mountains, of
the mountains of Connemara and Donegal and Newry, and of the mountains of Scotland and
of Norway. However, though the molten matter from beneath was unable to force its way out
to the surface, except through an occasional split, it greatly affected the rock against which it
pressed from below, melting the under layers of it by its immense heat, and mingling with
their substance. That is why, when we now examine places where granite pressed against the
older sedimentary rock, we find that rock altered tomica schist, the shiny substance, mica,
having developed out of the shales in the altering processes.

On the bathing strand at Dalkey, south of Dublin, an excellent example of this alteration
can be seen. Great flags of mica schist stand almost upright, flanking the granite mass of
which the hills at the back are composed.

The surface of the granite which filled up the arches of the old earth wrinkles is now laid
bare on the mountain tops, for the weather has attacked and eaten off the rock which formerly
covered it. In fact, all along the Leinster chain from Dalkey south-west through County
Wicklow and Carlow, to beyond the Nore in County Kilkenny, a distance of over seventy
miles, the granite core of the mountains is laid bare along the mountain ridges; while, at both
the eastern and western sides of the range, a strong flanking of mica schist remains.



Sometimes the mica schist is so hard and firm-set that it can be cut into great blocks for
building purposes. At Glendalough, over the main doorway of the ruin of St. Kevin’s Church,
now thirteen centuries old, one can see an immense block of this stone. With all its parallel
foldings it looks more like a beam of wood than a block of stone.

Granite is very largely used for building purposes. It is especially suitable for the building
of quays and harbour walls ; for, unlike the more common kinds of rock, it is not easily eaten
away by water. Dun Laoghaire Harbour, for instance, is built of great blocks of granite
quarried from the side of Dalkey Hill.

Granite is a very interesting rock to examine. The word granite itself means “ consisting
of grains” ; and granite, we can see, has a granular constitution. When we examine it closely
we find that it consists of three different materials. Firstly, there are small flakes of shiny
rock, which can be easily removed with a penknife. This shiny substance is called mica, from
a Latin word meaning “ to glitter.” Secondly, there are what look like tiny flattened bricks of
a coloured rock, sometimes pink, sometimes grey, according to the kind of granite. These are
feldspar (i.e., field-spar) ; and they, with the mica are held together by a third substance, a
hard, transparent kind of rock called quartz. Quartz, as well as being very hard, is quite
insoluble in ordinary acids ; so, when the weather attacks granite and decomposes out the
feldspar and mica, the quartz grains are set free intact, and so they are washed down by the
rivers and accumulate at the sea edge to form the familiar sea-sand of our strands and sand-
hills. But the other constituents of granite—the mica and feldspar—form mud and rich clay,
for they both contain alumina and potash, and mica, in addition, contains iron and magnesium
; and all these admixtures in clay are good for plants.

On account of the way in which granite weathers by the falling out of the little grains of
quartz from between the other materials, granite hills, and even separate blocks of granite
when long exposed to the weather, have a graceful, rounded appearance. On the other hand,
hills of quartzite have a sharp, irregular appearance. Bray Head, for example, and Howth
summit, and Sugar Loaf Mountain, all of which are formed of quartzite, have quite a different
outline from Three Rock Mountain, and from the Dublin Mountains generally, which are
mostly granite domes. Yet quartzite is made up of little grains of quartz. Probably the grains
were originally washed down from granite hills. But whereas in granite the grains of quartz
only bind the feldspar together, and are set free when it decomposes, in quartzite, the quartz
grains themselves are held together by a strong quartz cement. That explains why the two
kinds of rock are acted on so differently by the weather.

People who live near any of the mountain regions mentioned in this chapter will be able to
see these things for themselves. Others will have plenty to see in their own districts when we
come to later chapters. For we have not yet finished with the birth of Ireland. We leave her
still part of a great northern continent ; but we have seen some of her big bones formed
namely, the Leinster chain, and the mountains of Newry, Donegal and Connaught. The story
of the birth of the South-west of Ireland, and of the Central Plain, will occupy us next.

•

Old Red Sandstone and Limestone.

THE great north-east and south-west earth foldings which, as we have seen, gave Ireland the
Leinster Range, and the mountains of Connemara, Mayo, Donegal, etc., and which gave



Highland Scotland and Norway their back-bone of mountains, are generally called the
Caledonian foldings, because so large an area ridged up by them remains in Highland
Scotland. So, too, the broad mass of land upheaved at the time of these foldings is spoken of
as the Caledonian Continent. Caledonia was an ancient name of Scotland, much as Hibernia
was of Ireland, and Cambria of Wales. The name is still often used in poetry. Byron, it will be
remembered, addresses Scotland with the words :—

“ Hail, Caledonia, stern and wild.”

The Caledonian continent must have stretched east-wards into north-west Europe on the
one hand, and away towards North America on the other, so that Ireland was part of it, not an
island as she is to-day. On this old continent the weather acted for long ages, wearing away
the tops of the mountain foldings, and often exposing the underlying granite. In the hollows
of the continent fresh-water lakes formed, chiefly in the southern half of the present Ireland ;
but some also formed in the northern half of Ireland, and in the areas between the Caledonian
foldings in Scotland. But the great mountains which had been upheaved remained land the
mountains of Leinster, Connemara, Mayo, Donegal and Newry. Firm land must also have still
remained away to the south and west beyond Cork and Kerry, where only the ocean is now.
The Irish area must thus have been in the interior of a great continent ; and so, desert con-
ditions probably prevailed. By the crumbling away of the rocks under the attacks of the
weather, great quantities of sand and mud were washed down, and deposited on the lake
floors. Large quantities were also spread out upon the land surface by river floods and by
winds, as happens on the verge of the Sahara to-day. These deposits, often thousands of feet
thick, form the great masses of red sandstone and reddish flags, slate and conglomerate,
which appear at the surface in the mountains of Cork, Kerry, Tipperary and Waterford to-day.
Amass of the same kind of rock appears on the borders of Sligo and Roscommon, and a
much larger mass in Ulster in the high ground between Lough Erne and Dungannon. Traces
of an oxide of iron which must have been present in the lake waters, and which helped to
cement the grains of these rocks together, have tinged them all a dark red. Sandstone is the
rock most in evidence among them ; therefore, the name “ Red Sandstone” is loosely applied
to the whole system. And because a much more recent deposit of red sandstone is found in
other places, as for instance, round Belfast Lough in Ireland, and in Cheshire in England, the
term “ Old” is applied to these older deposits. That explains the full name, Old Red Sand-
stone System, which is applied to the great mass of rock that forms the bones of South-west
Ireland to-day.

Most of the rocks in the Devonian Peninsula in England were laid down at this time ; and
so the period of Old Red Sandstone is often spoken of as the Devonian Period. The traces of
animal life found in the Old Red Sandstone rocks of Ireland and of Scotland consist of the
remains of fresh-water fish, such as ganoids.

That is how we know that these rocks must have been formed in fresh water lakes. But the
Old Red Sandstone of Devon must have been formed under the sea, for it contains the
remains of corals and sea-fish. [2]

Well-developed traces of plant life occur in the Old Red Sandstone System of rocks.
Among them are the imprints of large ferns, mosses and reed-like plants.

During all this time for some reason the land must have been slowly sinking, so that the
lakes of the Caledonian continent eventually became sea-inlets ; and in time the sea spread
over all the southern part of that old continent, gradually covering all of the Irish area south of



the Donegal mountains, except the few higher groups of mountains, such as those of
Connemara and Wicklow, some of whose tops still remained above water as archipeligoes, or
possibly as promontories of the old continent. The same sea covered nearly all of England,
and spread over the site of the present continent of Europe, covering Belgium and the Rhine
country as far as Westphalia in Germany. We know this, because beds of limestone, like that
which covers the central plain of Ireland, extend over all these regions. Now, if a fragment of
this limestone be examined carefully under the microscope, it will be found to consist almost
entirely of corals and of the shells and other calcareous remains of sea animals, all compres-
sed and cemented together into solid stone. If some strong vinegar be dropped on the stone,
the stone will be seen to fizz on the surface, and give off a gas just as sea-shells would if
treated in the same way. Such a deposit could only be laid down on a sea floor ; and a like
deposit is being accumulated on the ocean floors to-day. When the limestone was laid down,
the area where it exists must have been well out to sea ; because near the coasts it is sand and
mud from the shore which would have accumulated, and not limestone. As a matter of fact,
towards the edge of the limestone area, there occur beds of sandstone and shale, that is rocks
formed from the sediment washed down from the land ; and these beds must mark the edge of
the sea in whose depths the great limestone deposits were laid down.

Overlying these limestones, oftenest near their edges, beds of coal appear. Great marshy
areas, like shallow lakes, must have formed near the ocean’s edge ; and these must have
become filled with a luxuriant vegetation of ferns, tall mosses and reed-like plants, such as
will flourish only in a moist locality not visited by a severe winter cold. These plants, falling
upon each other, century after century, and sending forth new growths, covered the ground
with a thick bed of vegetable matter fallen leaves, old plant-stems, roots, branches, etc.
Unlikely as it appears, these great basins of once luxuriant vegetation form the coal seams of
to-day. But the coal seams are to-day covered over with layers of shale and sandstone, which
shows that the area covered by these rich forests must have again sunken and become sea
floor. Over this floor, mud and sand washed down from the adjoining land, were laid down
until their weight, and the weight of the water over them, compressed the masses of old
vegetation into the black substance which we know as coal.

The great mass of limestone, which extends from the west of Ireland eastward through
Europe to beyond the Rhine, is overlain by abundant coal fields, chiefly near its northern
edge and wherever it flanks the older mountains. For this reason the whole deposit is spoken
of as carboniferous. The Latin word carbo means coal ; and the word carboniferous, there-
fore, means coal-bearing. The period during which these deposits were laid down is called the
Carboniferous Period ; and we can judge of the great length of the period when we learn
that in some places the deposit reaches a thickness of six thousand feet. Towards the end of
that long period the sea floor must have been gradually tilted up, what had been open sea
becoming in succession sea shore, marshy land, and again shallow sea. We know this,
because the carboniferous limestone is largely overlain by beds of shale and sandstone,
including coal ; and these formations tell a tale of shallow seas and forest-clad land.

Finally, the central plain of Ireland was definitely upheaved into dry land ; and so was the
north of England and Lowland Scotland. The rest of Scotland, it will be remembered, as well
as the mountains of Donegal, Connemara and Leinster had, in part, remained above water all
the time. The proof of this is that one can still trace the sea-edge deposits of that period up
along their sides. For instance, on the southern side of Barnesmore, in South-east Donegal,
one can notice the beds of limestone gradually growing thin, and eventually giving way to
beds of sand and gravel, which must have been shore deposits.



About the time when the wide sea-floor of what we can now call the Carboniferous Sea
was being upheaved into dry land again, another series of great earth-foldings occurred ; or it
might be that these foldings caused the upheaval. This time the pressure must have come
from the south, for the folds ran east and west. The mountains of Brittany, in the west of
France, are due to these foldings. In England the same foldings raised the earth-wrinkle which
forms the present high peninsula of Devon and Cornwall. In Ireland they gave all the
mountains of the south-west, from Dungarvan, in Waterford, to the sea at Kerry.

These foldings are sometimes called Armorican, because they are so well marked in
Brittany, whose ancient name is Armorica. Sometimes they are called by other names,
according to the different regions upheaved by them. But for us the best name for them is
“ Cork-and-Kerry” foldings, so marked are they in the counties of Cork and Kerry.

The same forces, which produced these “ Cork-and-Kerry” foldings, extended northwards
through the Irish area. In Tipperary and Offaly they thrust up the Silvermine and the Slieve-
Bloom mountains. If these mountains do not run exactly east and west, like the Galtees and
the Reeks, it is because the foldings, which produced them, met with the older hard ridge of
the Leinster Chain, and so were forced to accommodate themselves somewhat to it, which
they did by bending a bit in its direction. The same “ Cork-and-Kerry” foldings, too, thrust
Clare into a great table-land, and ridged up the Slieve Aughty and the Slieve Bernagh
mountains at its east. They also thrust up the great mass of mountain limestone between
Bundoran and Lough Gill.

We can know that all these mountains were upheaved after the carboniferous deposits were
laid down because, when we examine the layers of rock as they exist to-day in the districts
named, we find that the carboniferous beds lie over the Old Red Sandstone formation in
layers which are almost everywhere in the same direction, as its own surface.

As a matter of fact this is how both the Carboniferous and the Old Red Sandstone deposits
occur as regards the Silurian rocks which had been thrust up out of the horizontal position by
the old Caledonian foldings, and that is how we know that these older foldings occurred
before the period of fresh-water lakes, in which were formed the beds of Old Red Sandstone,
and before the period of open sea which gave Ireland the limestone floor of her great central
plain.

When a thing fits itself to the form of another, it is said to conform to that other.

By looking attentively at railway cuttings, cliff edges, quarries, and even open drains, one
can see plenty of examples of these things. To one who knows even a little of the story of
how rocks are formed, every cliff-cutting, every stone, in fact, is of interest, carrying the mind
out over the uncounted ages which have been since our little planet was flung whirling into
space.

So much has yet to be said about the deposits of the Carboniferous Period that they will
have to occupy another chapter. We have done well in this chapter, if we have formed an idea
of how the Old Red Sandstone was laid down in lake floors unconformably over the older
rocks ; and of how then a gradual sinking of the land occurred, making most of the present
Ireland a great sea-floor, over which the Carboniferous Limestone was deposited ; and of
how, at the edge of this great sea, sandstones, shales and occasional coal measures were laid
down ; and of how, towards the end of the period, when, the sea growing shallower, the area
alternated between marshy land and shallow waters, these shales and coal measures must



have spread over most of its surface ; and finally of how, during the later stages of the period,
great earth movements pressing onwards from the south thrust up giant wrinkles running in
an east and west direction, thus giving birth to the mountains of the South-west of Ireland ;
while, by the lifting of the ocean-floor, the great limestone plain of Ireland was born.

Evidence of Glaciation in Ireland.

I. All over the country wherever the overlying clay is removed, the surface of the solid
rock beneath is found to be polished, and marked with slight grooves or scratches, nearly all
of which, in any locality, run in a particular direction. Not alone that ; but, where the rock
sides of the valleys are exposed, as along the coasts of Kerry and of Connemara, they too
show to be smoothly polished and to bear grooves or Striæ, as they are called, running in the
direction towards the sea. Now, all this polishing and scratching, could only have been
effected by the passage of land-ice over the surface of the rock, and between the walls of the
valleys. Wherever glaciers and moving ice-fields occur to-day, as in Switzerland and in
Greenland, it is found that the rock-sides and floors of the valleys are polished and striated in
the same way. The ice, in its passage, carries with it fragments of stone collected from over
the rock floor of the country or torn from the higher mountains. These stones have become
firmly embedded in the ice—frozen into it in fact—and they scratch the rock over which the
ice-mass slowly moves ; so when the ice has melted away, the scratched and polished rock-
surfaces remain as witnesses to the story of its passage.

II. Again, in many places up and down the country we meet with enormous stray blocks
of stone, often perched in quite surprising positions. There are among them blocks much too
large to have been transported there by man : and in many cases the rock of which they are
composed is different from that of the immediate locality, and shows them to have been
carried very far from their parent mass. Such a block, for instance, is Clough More (Cloch
Mhór), near Rostrevor. The boulder itself is of solid granite, like that of the mountains above
Newry, but the hillside on which it rests is formed of slate-rock. The boulder is twelve and a
half feet long, and nine feet high. It is calculated to weigh over forty tons. The only ex-
planation of how it could have been transported to its present position is that it must have
been borne there by moving ice, and left stranded when the ice melted away. Blocks like
Clough More are met with in the Alpine regions, where the glaciers have recently retreated,
and in Switzerland one can see such blocks being carried along by existing glaciers, on whose
surface they have fallen from the overhanging peaks higher up the mountain valley. In Ireland
these great boulders are so common, and are found perched in such extraordinary positions,
that their presence alone would almost be sufficient proof that glaciers once covered the land.

III. But there are other good proofs of the former existence of glaciers over Ireland. One of
these is furnished by the presence of eskers or gravel-ridges, which must have been the beds
of sub-glacial streams.

Beneath existing glaciers there is always a stream of muddy water running. Where the
glacier ends, one will notice at its base an arch, where the ice is melted away by this stream.
Also, the bed of the stream is piled up with loose stones, dropped out of the melting ice, and
rounded to gravel by the action of the stream itself. If the climate were to become warm
enough to cause the whole glacier and its parent snow-field to melt, a ridge of gravel would
remain to mark where once the sub-glacial stream flowed.

Such gravel ridges, now overgrown with grass, are common in Ireland. In some districts
they are called green-hills, and in others eskers. So common indeed is their occurrence over



the country that the word Esker (Irish, Eiscir) occurs as the name of thirty different town-
lands in all ; and it enters, besides, in combination with other words, into the names of many
others. Garrisker, for instance, in County Kildare, gets its name from the Irish Gearr-Eiscir,
that is, “ short gravel-ridge.”

A good esker can be seen in South-west Tyrone, and quite a long one runs right across the
Central Plain from Clarinbridge in Galway, almost to Dublin. This long ridge is called in the
old books, the Eiscir-Riada, that is, “ the Gravel-ridge of Chariot-driving,” because along it
lay the great road connecting the Kingdom of Connaught with Tara, and the kings of old rode
over it in their chariots. The “ Eiscir-Riada” also served as the ancient boundary between the
northern half and southern half of Ireland.

Being grass-grown on the surface, these eskers have the appearance of long, green hills ;
but often, as at Balrothery, near Tallaght, outside Dublin, they are cut into for use as gravel
quarries ; and then one can examine their real structure, and see the the similarity of their
bedding to the bedding of the gravels in existing sub-glacial streams in the Alps and else-
where.

IV. Let us look again at our [...] glacier. We see on either side of the ice-stream a ridge of
loose, broken fragments of rock. These ridges are calledmoraines. When the glacier melts,
the moraines remain, their rocks being strewn at every angle on either side of the valley once
filled by the ice. We are familiar with such rock-strewn valley sides in Ireland the Gap of
Dunloe in Kerry, and the Scalp in County Wicklow, are cases in point and these valley
borders of loose rock, “ lateral moraines,” as they are called, form another link in the chain of
evidence of former glaciation of the country.

Again, when a glacier has travelled far down a valley in Switzerland in winter, and then
shrinks back in summer, one can know where the winter ending was by noticing a curve of
moraine material across the valley further down. Such a curve of loose rock and stone is
called a “ terminal moraine,” because it piled up where the glacier “ terminated.” Such
terminal moraines are common amidst our mountain valleys. They often indeed dam up the
valleys, converting them into lakes. The Upper Lake of Glendalough, for instance, was
formed in this way, and so were Upper Lough Bray and many of our other mountain lakes.
When the ground which bounds the lower end of these lakes is examined, it is found to con-
sist of rock-débris, such as would be deposited by melting glaciers.

V. But the most important and widespread evidence that Ireland was for a long period
under ice is the thick deposit of boulder clay which covers almost the entire country. This
clay is different from clay deposited by rivers. For the most part it is not stratified, that is to
say, it does not exist in layers, as river silt would ; but it occurs in great masses, often reach-
ing an enormous thickness. Naturally enough, the deposit reaches its greatest thickness in the
low grounds and deep valleys of the country, but in sheltered positions it is sometimes met
with at heights of even two thousand feet above sea level. Sometimes it occurs in a series of
round-backed elevations called “ Drumlins,” like the Ards in Down. In the clay are embedded
loose fragments of stone of all sizes, sometimes even enormous boulders. That is why it is
called Boulder Clay. As has been already mentioned, the rock, of which these stones are
com-posed, is often different from that of the rock-floor over which the clay lies. In this way
there is much mixing of materials, and the soil is all the richer for the mixing. For example,
the limestone fragments existing in the boulder clays of South Dublin and Wicklow form a
natural fertiliser in these districts, otherwise lacking in limestone.



The boulder clay itself is fine and powdery, just what would be worn off the rock-floors by
the continuous grinding of an enormous mass of stone-studded ice, in its passage over them.
In many cases the fragments of stone in the boulder clay are themselves striated. Embedded
in the ice they formed grinding tools, which, grooving the surface of the solid rock under-
neath, also themselves became grooved and striated.

When, with the coming of a milder time, the ice eventually melted away, the clay and
stones imprisoned in its lower layers were released, and laid down to form the thick covering
of boulder clay which we have noticed all over the country. It is natural to expect that, at the
melting of all this ice there must have been torrential floods. The clay must have been washed
about, and the stones from it deposited as gravels by the rushing streams. We constantly find,
as a matter of fact, irregularly stratified gravels in connection with the boulder clay. What is
more interesting still, we also find in many places two deposits of boulder-clay, one above the
other, separated by a band of stratified clay, sand and gravel. This seems to point to two
lengthy periods of glaciation, with a time of milder climate in between ; and geologists think
that such must have occurred. They even calculate that there must have been more than one
cessation of glacial conditions during the Period which is called the Great Ice Age.

To sum up then—our scratched and polished rock floors and valley sides, our numerous
strayed boulders, our many esker ridges, our repeated moraines, and, most of all, our rich
deep deposit of boulder clay, and similar evidences met with across the European Continent
and North America, place it beyond doubt that Ireland, all Northern Europe, and much of
North America, must, since the present land forms took shape, have undergone a prolonged
period of glaciation.

When milder times returned, vegetation forced its way back again into the regions whence
the ice had retreated. Animals roamed up from the south and penetrated into the virgin
country. The Arctic bear, and other Arctic animals, retreated northward with the ice ; but the
remains of them, which are found in our caves, bear witness to their having once roamed our
land.

When the ice passed away for good, the types of life on the earth were almost those with
which we are familiar to-day. Man penetrated into the regions of Northern Europe, as the ice
shrank back ; and he brought with him the animals which he had domesticated in the regions
from which he came. The remains of the dog, sheep, horse and ox are not found in Ireland till
after the glacial deposits.

The earliest traces of the presence of man which we find in Ireland are some chipped
flints, which occur on the raised beach at Larne. Since that time away back in the dim begin-
nings of human history, the Irish area has undergone many changes. On the east, the coast at
Larne in Antrim, and again at Sutton, near Dublin, has gradually tilted up, so that what were
once sea beaches at these places are now far raised above the high-water mark.

Mr. W. B. Wright, of the Geological Survey, has made an exhaustive study of the Great Ice
Age ; and he considers that this uplift, with the corresponding uplift in Western Scotland is
due to the recovery by the earth crust in these areas to its old position from which in glacial
times it was crushed down by the weight of the giant mass of overlying ice. The sinking
down would have been greatest where the ice-cap was thickest, that would be over Western
Scotland ; and so the uplift would be most noticeable there, and in the adjoining part of
Ireland.



But against this uplift in the east, there has been, since the ice melted away, a sinking of
land, or an encroachment of the sea in the West and South-west ; what were once glaciated
valleys, at Killary Harbour, for instance, and in Kerry and Cork, are now deep-sea inlets, or
fiords—drowned valleys, in fact.

Again, there is evidence that after the disappearance of the ice great forests sprang up all
over the country. Then, there must have come damper times, when marshes became common
both in the mountain hollows and in the plains. Peat moss took root in these and throve apace,
filling them up with its spongy vegetation, till it converted them into bogs. The bogs retain
evidence of the former forests, for enormous trunks of ancient oak trees are found in them.

At last men penetrated into the country. They found it good to live in ; and they made
clearings in the forests, and built themselves rude huts of wood and clay, and supported them-
selves by fishing and by hunting, and by rearing flocks. Later they took to tilling the soil ; and
from that far-off time even to our own day, the good, rich soil, warmed by the friendly sun,
and moistened by kindly showers, has gone on giving up plentiful produce in response to
human toil. Succeeding generations of boys have herded cattle on the hill-sides ; succeeding
generations of strong men have worked on the soil, reclaiming, draining, tilling and manuring
it ; succeeding generations of women-folk have kept the home, bringing up young families,
and going through their endless round of humble duties—spinning, baking, cleaning and
stitching. And still, to-day, in spite of the changed conditions of life, in spite of all the
centuries of chequered history in between, the boys who herd and the men who till, and the
women who keep the country home, are the strongest mainstay of our little land. So, with a
tribute to these worthy workers of that soil which the ice, in passing, left as a legacy, we may
fittingly end this part of our story.

[1] Rocks formed by sediment deposited in the sea or along rivers are called “ Sedimentary
Rocks.”

[2] For the suggestion that much of the Irish Old Red Sandstone must have been laid down on
the land surface by river floods and by winds is due to Professor Cole. The idea does not
seem to have occurred to the older geologists ; they regarded the whole Old Red Sand-
stone System in Ireland as lake floor deposit.

Professor Cole, referring to the Irish Old Red Sandstone, in his book, Ireland the Out-
post, writes :

“ Throughout the Devonian Period, denuding forces were active on the surface of the
Caledonian continent, and semi arid conditions are believed to have prevailed. In desert-
areas reddish and purplish sandstones were formed, where the waste products accumulated
as broad cones at the feet of the decaying hills. Occasional floods, operating over wide
areas of sun-dried detritus, spread beds of pebbles across the lowlands, and here and there
more regularly stratified sands and muds were laid down in shallow lakes. These
Devonian deposits are now cemented into rocks of high resistance, and the whole system
of strata is styled the Old Red Sandstone.” (Ireland the Out-post. Oxford University Press,
p. 12.)
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