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PREFACE

We live on a piece of the Earth’s crust which
has had an immensely long and eventful history,
at times shrouded in mystery!. Here we tell how it has
travelled the globe and more than once lain at the bottom
of the oceany how it was buried to red-hot depths and
sundered aparty and how it was frozen under ice sheets
before emerging, with some help from our ancessors, as

the unjque lanascape of Britain.’
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i THE EARTH’S CRUST UNDER
BRITAIN

The British Isles and the surrounding shallow seas
are underlain by continental crust which is part of
the Furasian continental mass, Beyond to the north-
west is the very different ¢ceanic crust beneath the
Atlantic Ocean, The contirental crust under Britain
is between 27 and 35 kilometres thick, as computed
from the paths and speeds of earthquake waves set off by
big explosions.* Since no drill hole has penetrated
deeper than about 4500 metres, the composition of
most of the crust can only be guessed ut. It seems
reasouable to  assume that the deeper layers of the
crust are very old and alco that they should show
signs of deep burisl., Rocks of just this type, whose
mineral constituents and crystallive lextures show
that they were orce under high pressure and very
hot, are found in the North-West Highlands of Scotland*
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and in the islands of the Outer Hebrides’, They also
uixlerlie the Rockall Bank®, which is a detached part
ot tiie coatinent far out in the Atlantic, These cry-
stalline vocks are known to be at least 2700 million
vears old, though probably not is old as the oldest
rocks s far dated (from West Gresnland, Rhodesia,
Minviesota and Enderby Land in the Antarctic’) which are
botween 2300 and 4000 million years old (tle age of
the Farth is 4600 million veurs), It can be supposed
that similur old rocks form a layer running under
most 1§ not 11l of ihe British Isles, Small patches of old
crystalline rock come to the surface in the southeast-
crr tip of Irelund and in central Anglesey?, but the
Next extsnsive ouicrops after Scotland are in the Channel
Islands and Brittany®. The thickness of the old cry-
stzlline layer must vary a lot: it is known from the
surface structdre that in some places, such as the
Solway Firth'®, younger rocks plunge deeply down
while the depth to the base of the crust remaians
unchanged; in fact, some geologists think that the
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old crystalline layer mav be missing!! altogether under
southern Scotland and central Ireland, Precisely how
and when the first continental crust under ;Britain
began to form is unknown, Probably it originated
towards the end of the mysterious first 1000 million
years of the Earth’s history by repeated remelting of
volcanic lava and ash, Subsequently, portions of newer,
mainly sedimentary crust have been ‘welded’ onto
the old crystalline layer. These in turn have been
reworked by further compressions and heating and
injected with molten rock from deep sources, Finally,
undisturbed layers of sedimentary rock have been
deposited over all these older components,
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2 PLATES, OCEANS AND
MOUNTAINS

Most geologists accept that the outer solid Earth
is made up of'? separate plates which are continually
growing by addition of fresh volcanic rock at the
mid-ocean ridges in the process calied sea-floor spread-
ing, Moving slowly outwards from the ridges across
the ocean floor, the plates eventually sink back into
the Earth’s interior along subduction zones beneath
ocean trenches, generating earthquakes and _chains of
volcanoes, Many mountain ranges are composed of
sedimentary rocks which were deposited both in deep
water in association with volcanic rocks like those
found in mid-ocean ridges and volcanic island chains,
and"® in shallow-water on continental shelves, All these
rock formations are strongly folded and overthrust,
This has led geologists to suppose that fold-mountain
ranges originated when continental masses and volcanfc

12. -8 (= is composed of), 13. X B4 and SHIEHK both



island chains carried about on moving plates collided with
each other after the ocegnic crust Separating them was
totally consumed in subduction zones'*. These mechan-
isms are known as plate tectonics, Despite’® the
popularity of plate tectonic solutins, the classical
Sensiglic’ theory of wmountain-bullding still finds some
support'®, In this, thick piles of sedimentary and vol
canic rock accumulate in transcontinental downwarps
or ‘geosynclines’ supposedly located over descending
currents in the Earth’s interior, When the continental
crust below the downwarps melts, the sediments are
squeezed between the converging sides, Although this
process is nowhere seen happening today, it may have
happened in the wmore remote past'’, Studies of rock
magnetism have shown that continental masses on
opposite sides of many younger fold-mountain belts
have drifted together, but similar studies of older
fold-belts in Canada and Africa have failed to detect
any Stuch movement,
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3 RECONSTRUCTING PAST
ENVIRONMENTS

The reconstruction of ancient environments depends
on a close knowledge of present-day environments such
as deserts, river estuaries, deep-3ea troughs, volcanic
lava fields, coral reefs and ice-fields, Features diagnostic
of these ~wvironments'® are sought in older bardened
deposits of all ages, Because older rock formations
are frequently deformed. weathered, eroded or other-
wise altered, the full reconstruction of an environ-
ment in all its detail is. ¢ Conplex piece of detective
work!®, And occasionally rocks and structures are found
which have no apparent analogues in the world today®.

The rounded pebbles in conglomerates indicate
former beaches and similar ‘high-en=rgy’ environ-
ments where the energy of waves or currents was

18. FARLHIBT X SR RAY R fEo 19. ~ERWPERETE 20 BTE
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capable of grinding together large stones’', Ripple-marks
found on bedding planes of sandstone have usually
formed in shallow water while®® patterns of connected
infilled cracks in shale or silistone beds betray their
formation in sun-dried mudflats, Peculiar lobate and
fluted ‘shapes (sole marks) on the undersides of
greywacke-mudstone layers indicate carrents presumed
to be similar to the deep-water ‘turbidity currents’
responsible for*® breaking submarine telephone cables,
Characteristic flattened textures in certain volcanic
formations show that they are ignimbrites formed by
the welding together of red~hot particles from ‘glowing
cloud’ eruptions**. the welding can only occur on dry
land, In contrast, pillow-lavas form only under water.
Rounded sand grains in sandstones indicate deserts
while the slope of dune-sandstone layers shows the
direction of prevailing winds, Salt and gypsum layers
result from strong evaporation in hot arid climates
while glacial conditions are suggested by fossil*®
boulder clay or tillite,
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4 BUILDING UP THE STRUCTURE

The bedrock of the British Isles is built up from rock
formations laid down in a long succession of different envi-
ronments*. Each envirenment gave place to*’ its successor
in conszquence of*® earth movements which also affected
in some degree the deposition of sediment in different parts
of that particular environment?®, Gentle uplift caused
shallowing of the sea and emergeace of the sea
bed as dry land, so that marine sedime.us are over-
lain by terrestrial sediments resting on a surface of
erosion, Gentle subsidence flgoded former land sur.
faces so that shallow-water marine sediments rest on
terrestrial sediments. Quite small uplifts or subsid-
ences of a hundred metres or less changed the environ-
ment radically from, say, a river floodplain to a coral
sea, and vice versa®®, But the rock formations produced

26. APIEE GRS R —REEARFRE PR GBI, 27,
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in these enviroaments, however different®!, lie more or
less conformably one layer on top of another,

At intervals in British geological history, much
more powerful, mainly horizontal forces have acted
on the crust, causing violent deformation of the rock
layers, accompanied by heating and crystallisation of the
rock on a reglonal scale, and followed by the injection of
molten igneous rock into the folded layers®®. These great
events, perhaps caused by collisions of continents borne
along on plates®, gove rise to** mountainous terrains in
which the folded and overthrust rock formations were
subjected to rapid erosion, Within the mountains,
local rift valleys and lake basins accumulated terres.
trial sediments, Sooner or later, the mountains them-
selves were reduced to a plain which, by gentle.
subsidence, disappeared under the sea, The younger
terrestrial and marine sedimentary layers rest discor-
dantly on the upturned, worn-down edges of the older
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