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Preface to the first edition

The recent popularisation of science is part of a modern passion for explanation. Most books in this genre are concerned with exposing the mechanics of the space/time continuum, or the workings of the body, by stripping down the complexity of the world to its components. The intention is to show that, deep down, everything is readily comprehensible. At the end one is much the wiser, but as when a complex conjuring trick is explained as a mere mechanical contrivance there lingers a vague feeling of disappointment. Somehow, the enjoyment of the trick is more satisfying than the explanation.

When Heather Godwin asked me to write a book with the geology of Britain as its theme I decided to avoid the purely analytical path. Instead, what I wish to explore are the connections between geology and landscape – the deeper, geological reality that underpins natural history, and even our own activities. I want to celebrate the richness of the geological history of our islands, and to show how events that happened hundreds of millions of years ago still control the lie of the land and the plants that grow upon it. The intention is to enrich the reader’s awareness of our extraordinary past.

This intention makes my geology a more personal account. I will explore curious byways of the landscape as much as narrating its geological history. Jacquetta Hawkes’s book, A Land, was published more than half a century ago. It was one of the books that inspired me to take up science; the facts on which that book was based are now somewhat out of date, but the inspiration remains. If I can stimulate a sense of wonder in a similar way, this book will have succeeded.

There has to be an historical narrative, which, as it happens, runs broadly in tandem with the geography of Britain. Lying beneath the thin skin of recorded history in our islands, geology has the same role in landscape as does the unconscious mind in psychology: ubiquitous but concealed. This is the hidden landscape.



Preface to the second edition

The Hidden Landscape is seventeen years old in 2010. Fortunately, my approach to understanding the landscape and history of Britain still remains appropriate today. After all, the rocks do not change, and geological time is indifferent to mere decades. I have been encouraged by letters from readers who have found that an understanding of the geological underpinning of our landscape has added to their appreciation of the countryside. Indeed, a few of those who read this book have been inspired to undertake formal study of geology.

Scientific understanding of many aspects of British geology has continued to develop, as should happen in any discipline. Now that I have an opportunity to produce this second edition I can introduce some new geological facts where appropriate, and correct a few mistakes that survived from before. I have added a new final chapter reflecting on how our future exploitation of the landscape might still respect the geological truth beneath.

Towns are not necessarily in opposition to the natural landscape: those that grow naturally out of the local geology seem to sit comfortably within it. We are fortunate in Britain in having a wonderfully complex patchwork quilt of geology, and that is partly why our ancient towns and villages are so various and so delightful. Respect for the hidden landscape was once a matter of local convenience, but now must be a matter of choice as building methods have become so homogenized. The richness of the landscape of our islands is one of the things that makes life worth living, and that is all down to the geology.



1
Journeys to the Past

Many years ago I travelled to Haverfordwest to get to the past. From Paddington Station a Great Western locomotive took me on a journey westwards from London further and further back into geological time, from the age of mammals to the age of trilobites. The train soon quit the flat Thames Valley beyond Reading, and with it the soft sands and hard cobbles of the Reading Beds, laid down when there were mammals and birds on land, and crabs in the sea, and when the world would have felt familiar. Then I was speeding over the Chalk, and back in time to the company of dinosaurs. The train travelled on towards Bath, where Jurassic limestones and shales take turns across the countryside, the former proud with ancient corals, the latter dark and low, with ichthyosaurs and plesiosaurs, ‘sea lizards’ that grasped Jurassic fish and ammonites. Of ammonites, plesiosaurs and ichthyosaurs, nothing remains but their fossils. Under the River Severn and into Wales, and I was back before the time of the dinosaurs, to a time when Wales steamed and sweated, not with the fires of smelting, but with the humid heat of moss-laden and boggy forests in coalswamps, where dragonflies the size of hawks flitted in the mist; and then on back still further in time, so far back that life had not yet slithered or crawled upon the land from its aqueous nursery.

At last I arrived at Haverfordwest – I had come back far enough for the rocks to yield trilobites. Trilobite land lay all around; to the west as far as the sea at St Davids, imbued with the mystery of the origin of all things. First I walked along the valley of the River Cleddau where the Silurian rocks could be found. I walked there from the station. The route went past the old gasworks and out on to the river bank where a crude towpath was a regular dog walk for the local people. Rock peeped out from behind bramble bushes, or in little scrapings by the path. Four hundred million years ago these rocks had been soft silts and muds on the floor of the Silurian sea, and now, hardened by time and elevated by tectonics, they revealed their proper order along the Cleddau Valley. I had nothing with me except what I could carry on my back, and the most important item of all was the geological hammer. These soft rocks were not difficult to break.

I pulled out a substantial lump of the crude rock, and then, holding it to the light like a connoisseur examining a rare vase, I picked out a line marking the direction of the former sea floor. Only one plane through the rock would correspond exactly with the fossilised sea bed; this is where the fossils lie. Break the rock in another direction and I would risk destroying the specimens. For fossils lie on the bedding – and what an appropriate word for tucking up past life into an endless sleep in the rocks.

Most geological hammers have a square, bashing side, and a chisel side. A gentle tap with the latter is often all that is needed to break open a bedding plane, and awake the sleeper. So tapping and tapping at the Cleddau rocks I obtained a good break along the bedding; every time such a crack opened up, the two sides of the rock were parted impatiently: inside could be who knows what treasure. When nothing was revealed, and the rock split into two to show only the grey, speckled face of a barren Silurian sea floor, I plucked a new piece of rock from the rock face, and split it. And then, suddenly, a trilobite! No longer than my thumb, but crouched in the rock as if waiting to be released from its sleep in stone, I cried a shout of pure joy at the discovery. I can still remember my anticipation as the rock piece parted comfortably in my hands, almost as one might cut a deck of cards: no strain or grinding. Then there was astonishment in suddenly finding this complex creature, so perfect though so old, with a pair of petrified eyes visible to the naked eye even in the misty light of a Welsh afternoon, eyes that had last seen the world more than four hundred million years ago – before the first, humble liverwort had colonised the dampest shore, before sharks, before flies, and how unimaginably far before humankind.

The trilobite had the shape and the feel of an artefact; something of the neatness and symmetry of a medallion. Like a medallion it could sit comfortably in the palm of my hand. The fossil showed a head, with its eyes, and a middle lobe, a tail, and a thorax with perhaps a dozen segments – a complicated animal despite its antiquity. I remember a curious feeling, as if in some way this revelation to my hammer after so long asleep in the bedding of the rock had not just been a matter of serendipity. Perhaps I had been intended to find that trilobite, to make the blow upon just that piece of rock, and to release that very messenger from the past into the world to tell its story. I became aware of the continuity of things. There was a thread running between this trilobite and this investigator. At the time the only feeling I would have been able to articulate was one of specialness of the moment and of the place, a kind of contentment I could hug to myself. The excitement of the find was physical, like any kind of hunting. But the metaphysical component was there, too, at the very least a species of shock to be made so aware of how long this place had existed as a haven for life – why else should this stone-bug, preserved in rock in part and counterpart, have seemed as if sent to me as a talisman?

I knew enough then to avoid trying to clean up my precious trilobite in the field. Tissue paper was kept for very special discoveries. The more routine finds were wrapped in newspaper. In this part of Wales there was no youth hostel and I had to treat myself occasionally to a cheap bed-and-breakfast. In the evening, under the inadequate illumination of a 40-watt light bulb, I took out the trilobite again and gloated.

Welsh bed-and-breakfast at the cheapest end of the market tended to be strange and dark, mostly cold, rooms at the back of inns with few customers. They did not have the jolly hanging signs of English pubs, but a stark name painted on the wall – something simple like the New Inn. A friend dubbed one cheerless example The Misery Arms; by an odd perversion of the normal function of the inn this particular place was dedicated to dispensing gloom rather than cheer. A request for a half of bitter was greeted by a deep sigh, and ‘I shouldn’t wonder if it’s flat’ or ‘very thin, our bitter’. Sandwiches were unavailable, the crisps as flexible as fallen leaves. I have often wondered about this substitution of gloom for what should be the jolliness of a good inn, and it seems that the only explanation lies in the ineluctable association of having a good time with guilt in the non-conformist tradition. There is never anybody behind the bar when you arrive. You stand there shifting from foot to foot for a while, hoping somebody will appear. Nobody does. You try a variety of throat-clearings, coughs and gargles. Finally, you yell ‘I say! Hello!’ or something equally daft, and eventually your barman appears: ‘I’ve been out the back …’ he says, unnecessarily. I suspect that he knows you are there all the time, and is allowing sufficient angst to be built up, to expiate the guilt of the half of bitter you may, if you are lucky, eventually get.

For me, at that time, these curious discomforts had no importance beside the excitement of discovery. Imagine the odds against my having found this particular trilobite. This animal, like all organisms at this early part of the Silurian period, lived in the sea. A deep sea covered most of Wales then, but only in some parts of this sea were conditions suitable for trilobites to thrive. Other parts were stagnant – starved of the oxygen all animals, even trilobites, need to breathe and grow. Add to this the fact that trilobites had enemies in the Silurian sea; we can find the occasional specimen with healed bite marks. These were the ones that got away; many more never had the chance to leave their remains behind. And what if my trilobite, having died, were discovered by creatures scavenging for food? These would soon have dismembered the carcass, scattering pieces of my animal here and there over the sediment surface so that it could never be reconstructed. Most marine life does get broken and redistributed in this way, and this process keeps the nutrient cycle turning over. So perhaps the trilobite died under unusual circumstances, ones that favoured its preservation. Perhaps it was buried under a blanket of sediment generated during an exceptional storm? Murdered and entombed by a single act. But then how often would such storms occur? Maybe only one a century would have violence enough. Remember our sense of astonishment when trees – oaks even – which had stood inviolate for three hundred years or more were devastated by a single night’s storm in October 1987? Possibly the events needed to entomb the trilobite were as infrequent, so that it became the chance casualty of an exceptional event. The sediment itself must have been of the right kind to preserve the fossil. The trilobite in my hand was not complete: in life, it would have had a battery of little legs, like those of a prawn, not a trace of which remained. Those legs lacked the hard shell usually necessary to become preserved as fossil material; only the hard carapace was mineralised and hence fossilised. But even such resistant material can be dissolved and leached away in the wrong kind of rock. My mudstone behind the old gasworks in Haverfordwest was of the right type to cradle safely the carapace of the trilobite for its long imprisonment.

But this is nowhere near the end of the story; much can happen to the rocks themselves. Time piles rock upon rock. The sea comes and goes with the passing geological ages. Unless other events intervened, my trilobite would have become interred within an ever deeper pile of sediments, to a depth possibly beyond the deepest coal seam, and buried into an obscurity from which it would never emerge. But often in geology that which is buried is destined to rise. Phases of mountain building throw up rocks that were once deep beneath the surface. The British Isles have been through no fewer than three such phases since my trilobite scuttled about on the sea floor. The first of these – the great Caledonian convulsion – was responsible for disinterring my fossil. But even then it must have had a lucky escape; these times of orogeny also destroy countless fossils. In some cases fossils become twisted and distorted beyond recognition, in other cases they may be baked in the furnace of the interior of the Earth before they have a chance to rise to the surface. Rocks are continually recycled. Sediments become sedimentary rocks, sedimentary rocks are entombed deep in the crust, and these in turn may be squeezed and distilled back into hard metamorphic and even igneous rocks. In this great cycle the evidence of life may be destroyed in a moment. There are areas of the world the size of England – in parts of the Andes, for example – where the former sedimentary rocks have been so maltreated that hardly a fossil survives. The trilobite escaped all this. But even when lifted to the surface, out of reach of the transforming fires of the interior of the Earth, there were other obstacles in the way of its discovery. It could have been reburied beneath younger sediments: indeed, it almost certainly was, and these sediments have been stripped away in turn by erosion. The last Ice Age (geologically speaking, an event of yesterday, because the ice only retreated a few thousand years ago) increased the rate of erosion enormously and the fossil might have succumbed to washing, or grinding, or freezing. And finally there is chance that makes a scrape in the ground here rather than there; the decision of who-knows-what town councillor of Haverfordwest to widen the path, thereby exposing a little cliff of rock to my hammer. And finally, and most importantly, my hammer fell on the right spot, the rock cleaved in the right way, and I did not fumble and lose the specimen in my excitement.

So my discovery was a concatenation of chances, linking across hundreds of millions of years, serendipity a thousand-fold. Could such a chain of circumstances still be chance alone? Or perhaps my awareness of the complexity of the chain invested the find with mystery? Imagine a kind of relay race, in which the trilobite is the baton. Time runs the baton through hazard after hazard, but at each test the token survives, to be thrown on to another lap of chance and survival.

We cannot conceive of the sheer expanse of time. We can count tens readily enough, and have an adequate notion of what a few hundreds might look like. Even trying to think of thousands introduces confusion – could we really tell whether a heap contains a thousand pebbles, or three thousand? There is a game at every village fete that relies upon the ambiguity of numbers of this order. Usually it is something like ‘Guess the number of sweets in the jar’. The closest guess collects the prize. But glance down the list of guesses and you can see how approximate is our vision of numbers even in their hundreds – there may be a three-fold difference in the estimate of the number of sweets in a jar that can easily be held in both hands. If we become confused with a thousand or so, how do we appreciate a million, let alone ten million, or a hundred million? Yet palaeontologists will toss around their millions of years with the ease that other people talk about last Friday. My vision of the trilobite fossil as a baton passed down through the geological ages is actually absurdly sped up. The mountain ranges come and go with the ease that one can push up a fold in the tablecloth. As each geological cycle is completed my hand-sized token is flipped nonchalantly on to the next circuit. Yet perhaps the Keystone Cops version does serve to animate the inexorable slowness of real time. It reduces it to the scale where we can view events through the screen of our own mere three or four score years. So our human chronology domesticates time.

My trilobite was invested with the mystery of time – it was the baton handed to me, at last, from the Silurian. Even if I could only understand time as if in a cartoon, I could picture the extraordinary chain that linked me by way of my talisman with the period before the first four-legged creatures. Surely such a messenger should bring momentous news: the arrival of the messenger was itself momentous! It came as a spyglass to see back into the past, as a means to see this little piece of Wales near the gasworks in Haverfordwest as it was 400 million years ago. Such excitement made my uncompromising bed in the Welsh bed-and-breakfast seem a small concern.

It was further to the west, near St Davids, that I began to appreciate more the links between the rocks beneath and the land above, and between our own lives and distant prehistory. St Davids is a little town set at the western tip of South Wales, and it is not much bigger now than it was two hundred years ago. It is the cathedral city of Pembrokeshire. It became part of the larger county of Dyfed, a confection produced by the reorganisation of the Welsh counties in 1972, but, such nonsense forgotten, is now once again in its old county – the anglophone, seabound, little-England-beyond-Wales that runs from Pembroke to St Davids. St Davids cathedral eschews the hard look of the Welsh chapel. It nestles in a hollow away from the gales of winter, and is tiny for the seat of a see, but with all the dignity. The ruined bishop’s palace nearby asserts the Church of England. The whole of St Davids has the feel of a market town from Gloucestershire cleverly floated off and moored off the Welsh coast. The cathedral is constructed from the rock of the place, much of it wonderfully mottled with lichens. Purplish sandstones and other hard building stones have ensured its endurance. Lichens love to grow where there is much moisture and little pollution. They will grow anywhere, for of all organisms they demand the least, living off the very rain itself, with vitamin supplements supplied from the stone over which they grow. This lack of demand can be their undoing, for where there is pollution in the atmosphere the lichens gulp in lead along with their nutriment. Eventually they die. A few hardy species, such as those on the tombstones in Highgate Cemetery in London, are all that survive pollution. But in St Davids the moist air blows in clean from the Atlantic Ocean, and many species of lichens compete to soften any freshly hewn stone. They dapple, they paint. And this is one reason why the cathedral there seems to sit so comfortably in its own place, as much a growth from the land itself as an artefact. Beyond the cathedral the open countryside shows the occasional outcrop of those rocks from which the cathedral was built. The building is truly part of the landscape. Such trimmings as there are inside the building from ‘foreign’ parts, such as the Purbeck ‘marble’, are like light touches of cosmetic which serve to heighten its native beauty.

But to see the rocks themselves you must go to the sea. The cliffs near St Davids are now famous. The entire cliff path is owned by the National Trust, and it winds up and down all around the old county of Pembrokeshire. You can walk to Fishguard if you have a mind. And everywhere there is rock. Rock plunges vertically into the sea where the breakers chew at spiky slabs two hundred feet below. In other places there are folds; the bedding is twisted, and convoluted, and thrown into crazy spasms as if the strata had been in the hands of a demented pasta spinner. Then, suddenly, along a vertical crack, the rocks will change: black shale will give way to purple sandstone, or silvery slate to red shale. These cracks are just what they seem – breaks in the fabric of the Earth. Quiescent now, movements along these faults, between the rock bodies on either side, once generated earthquakes as powerful as the one that demolished San Francisco in 1906. Below, the sea, ever searching out the weak spot, has picked out the fault to make a cave. Hardly any of the rocks here seem to be horizontal, as they were when they were laid down beneath the sea. On these cliffs, the viewer can feel the strength of the Caledonian convulsions twisting and breaking the rocks, conjoining what was once separate in time and space, separating what was once juxtaposed. This is a scrambled piece of country.

Here can be seen the real complexity of the rocks. Near Haverfordwest much was hidden beneath trees and town and field – but on the cliffs everything is on display. How different these buckled heights are from the stepped and ordered strata of other parts of Britain: the banded Lias of Dorset, the chalky Seven Sisters.

Near St Davids, the little fishing villages of Solva and Abercastle crouch close to the cliffs and almost seem a part of them. Just like the cathedral, the cottages grow from the landscape, for all that they are now smart homes rather than the houses of poor fishermen. The connection I felt with the remote past when I cradled that trilobite in my hand applies no less to the whole human landscape.

When I first caught sight of the St Davids peninsula from the bus at Newgale I knew that here was a special and ancient place. For most of the rocks are Cambrian, the very oldest rocks with fossil shells. Cambria is a Roman word for Wales, and so it is Wales that donated its name to a geological system that is now known around the world. Near St Davids, the largest British trilobite can be found, Paradoxides davidis. The largest specimen of this species is stored at the Natural History Museum – it is sixty centimetres long, a trilobitic monster. Paradoxides was once the villain in a rather second-rate science-fiction novel entitled The Night of the Trilobites in which the trilobites stirred from the rocks, came alive and sought to wreak havoc on the present-day inhabitants of their ancient homeland. But these Cambrian fossils have suffered with the rocks that contain them: cracks dissect the exoskeleton, and they have been as twisted as the rock on which they lie. Even the Haverfordwest trilobite was a more promising candidate for revivification. But the very antiquity of Paradoxides – just the fact of its suffering in the rock during the 500 million years since it was alive – gives it a particular excitement. Its battered appearance testifies to that chain of special circumstances that brought it from the muddy sea floor of the Cambrian to the steep cliffs at St Davids. Such a giant was as nothing compared to the forces within the Earth that might have destroyed it. It seems to say: I have survived, but how narrowly …

There was a time when one could examine a whole specimen of Paradoxides in a cliff in a small bay called Porth-y-Rhaw. Shot through with cracks, this giant was uncollectable. The animal which once crawled about the Cambrian sea floor had been elevated into a vertical position along with the surrounding strata. The soft mud which had once been its home had been changed to a hard, splintery mudstone. Maybe the spray from a winter storm would once again anoint the trilobite with sea water for the first time for hundreds of millions of years. The trilobite was there when I first visited the spot, but when I returned twenty years later I found it had gone. Someone had tried to collect it from the cliff: only crude gouges remained. The excavation was defeated by the splintery rock and the dense pattern of joints, and the trilobite had simply crumbled into meaningless shards. Thus one of the most tangible links into the Cambrian I have ever seen was destroyed by an hour or two of thoughtlessness. The baton which had passed through the Caledonian crisis, and had outlasted the Ice Age, was thrown away at last. Worse than ignored, this message from the past had been destroyed.

A similar disregard for the past, and ignorance of context, has led to the erection of a brightly coloured service station just outside St Davids. This flimsy, flat-roofed, synthetic thing is like an encampment by an invader. Far from settling into the land it announces itself; it is both temporary and intrusive. It has nothing to do with the land. It has nothing to do with geology. It ignores the past. Nor does it provide a substrate for a clothing of lichens that might soften its geometry. Compare the cathedral, which seems to belong to the St Davids peninsula, to grow from the geology, and to be part of that fateful continuum running from the Cambrian to the present. This petrol station echoes the hack marks surrounding Paradoxides. The connections with the past have been severed, the continuity broken. It is not just that modern construction demands that red brick and lurid signage push their uniformity into every corner of the land, even though they sit uncomfortably where there should be rock or stone. Rather, the character of the land is being obscured, its diversity diminished in a thousand ways. Much of the character of our country is governed by its geology, and determined by the rocks. The service station demonstrates how this is changing, as the quick commercial fix comes to dominate the local and the contingent. The beauty of Britain resides in the contrasts between its regions, and in the multiplicity of these regions. Much of this depends on geology. Those complex and chancy links into the past affect us even now – and if we lose awareness of them, that loss diminishes us. Perhaps this was the message that the trilobite brought me in Haverfordwest.

The geological map of Britain is a blotchy and complex affair like the battered complexion of an old drunk. It is a small area: in some parts of the world an area as large as Britain might be coloured with a single shade, underlain by one monotonous rock type. It is much-in-little. This diversity has given us our scenery, our older buildings, our natural vegetation, something of our history; in short, our character.

The covering of soil which embraces the human part of the history of our islands is but a thin one; vegetation and buildings are a skin covering the geological patchwork. I envisage rolling back this skin, as one might a carpet, to reveal the rocks beneath. In some places the carpet would be vanishingly thin, as over much of Wales and Scotland, in others comparatively rich and deep, as in the Severn Valley, or over much of the agricultural land of the South East. When the covering is removed the geological map becomes explicit. How easy it is then to appreciate the way in which our islands have been stitched together from a hundred different rock formations. How simple it is to see that the younger formations lie upon the older as blankets lie one on top of the other on an undisturbed bed, or that in other regions this order is disarranged as if the blankets had been grasped by a giant hand, and twisted and crumpled this way and that, or even overturned completely. How clearly we can see that the great masses of granite that make up Dartmoor or the Cairngorms cut through the surrounding rocks like great boils welling up from below, or that some parts of the country are folded into gentle bowls, or puckered into massive domes. This is the underlying reality of the character of the land. Those parts of the country seeming at ease or in harmony still reflect this fundamental map. The flowers that grow wild in the hedgerows acknowledge this foundation. The fungi know it. Farmers fight it or celebrate it. Houses once grew from it. It is the hidden landcape.

This is a book about connections between geology, natural history, and ourselves. The intention is to inspire a way of looking at the landscape, rather than to enumerate its thousand quirks or to act as gazetteer. The basis in geology is, naturally, a scientific one, and where this is unfamiliar I shall try to explain it. The architecture, or flora, or scenery that grow from it will likely be better known. The progression in the book is from ancient to modern, through geological time. This is also a journey, very broadly, from north-west Scotland to South East England. It will be a journey full of diversions, digressions and distractions.



2
Names, Origins, Maps and Time

Man is a taxonomic animal.

Taxonomy is the discipline of naming plants and animals, but in a wider sense it describes the giving of names as a tool for understanding the world. Science, and especially a descriptive science like geology, revels in a welter of names. ‘Blinding with science’ describes being dazzled and confused by words and terminology. One of the first characteristics of pseudo-science is the invention of an arcane vocabulary that both binds together the fraternity, gives a spurious objectivity, and excludes strangers. This partiality for names excites suspicion: surely honest folk call spades spades.

Such suspicion is a good thing, but taxonomy remains central to our understanding of the natural world. This is not the dubbing of things for the sake of it; a name can be shorthand for understanding. The more precisely you are able to name a flower, the more you know about flowers. Later, I will explain how the naming of the great Moine Thrust in the north-west Highlands served to unscramble the history of thousands of square miles of the British Isles. Any visitor to the Highlands can now talk about the Moine Thrust with an easy familiarity, but just by using the word ‘thrust’ he acknowledges the resolution of a century of scientific squabbling about the structure of Scotland. So names label concepts that may have had a long struggle to be born. To employ them is to give homage to those who have made the discoveries that have changed the way we see the landscape.

John Fowles, in his book The Tree, has pointed to an obsession with names – or naming – which may interfere with our response to the thing named. This is something like the mania that can take over in an art gallery, when, rather than look at the pictures, we shuffle about looking at the labels in the curious belief that this will somehow help us to understand the artist. Or it may be a reference to the extreme form of ‘twitchery’, whereby bird enthusiasts pursue some rare warbler or bunting, with apparently no end in view but to tick it off a list of British birds seen in a lifetime. This is even more bizarre when the bird in question is a straggler, far from its distant home where it is as common as a lark. The aim here is the list, the compilation, not a greater understanding or appreciation of the object.

Train-number collecting of this kind is usually harmless, but to label the name-giving process as an obsession only with lists is to miss the important point. Human cognition often begins with labelling, with defining, with naming. Children advance from naming ‘birds’ as one division of ‘animals’ to separating pigeons from crows and sparrows; those who progress further to name all the British species can only do so by learning to observe closely, to discriminate differences in plumage, to appreciate birdsong, and to recognise habits. This is not just ticking off items in a list, it is learning to appreciate shades of meaning which cannot be recognised without depth of understanding. This is almost a definition of taxomony. Nor does it follow that aesthetic appreciation is somehow blunted by this taxonomic knowledge. There may be those to whom getting the name right is more important than enjoying the thing itself, but there must be many more for whom the discrimination of species opens the way to appreciating the marvellous richness of the world. The opposite extreme would be a taxonomic ignoramus who is somehow still capable of responding to nature and who would derive the same pleasure from a spruce monoculture as from a rich, mixed deciduous woodland simply because he could not tell the difference. Presumably he would soon succumb to belladonna poisoning because he would be unable to tell deadly nightshade from blackberries.

So names matter. W. H. Auden, whose brother was a distinguished geologist, had an early interest in geology, and knew the feel of names in his early days: ‘A word like pyrites was for me not simply an indicative sign, it was the Proper Name of a Sacred Being.’ Some peoples have names of such dread significance they dare not be spoken aloud. The Inuit (Eskimos) allegedly have a vast list of names for different colours and conditions of what to us would be simply ‘white snow’. Names describe what is significant in the world, and this can vary from culture to culture. Scientific names attempt to provide a common language, and so describe what is in the world, transcending cultural differences. To name ‘thrust’ or ‘pyrites’ is partly to acknowledge an awareness of what they mean, and this meaning may not have been obvious once. At a practical level the scientific names of plants, animals and fossils are used the world over in the same way. The trilobite Calymene will be known to a Chinese or a Russian by the same scientific name whatever its local vernacular name.

So it is impossible to dodge using specialised names. They provide the vocabulary of history. There is nothing intimidating about names. Small children soon master Tyrannosaurus, which is a technical name; indeed, they seem to relish such labels in all their Graeco-Roman, polysyllabic splendour. Some even manage Pachycephalosaurus.

The first names to introduce are those of the main classes of rocks: igneous, sedimentary, metamorphic. These three names encapsulate some of the great struggles in geological science. It has not always been clear how these rocks were formed, nor even that they represented rocks of a fundamentally different cast. Igneous rocks originated from molten magma deep within the Earth’s crust, which solidified as it cooled. They are nearly always crystalline, and frequently very hard. Granite, basalt, pumice, and gabbro are all varieties of igneous rocks. Because of their hardness and resistance to weathering igneous rocks may form the major features in a landscape: Arthur’s Seat in Edinburgh, the Black Cuillins in Skye, Lundy Island, Bodmin Moor, Strumble Head on the coast in western Wales. They protrude against sky and sea. They can be attacked by the weather (as can everything except gold and platinum), but this attack is slow, extraordinarily slow. This is why Lundy Island remains, battered by every storm, while all the rocks around it have been eroded into oblivion.

The two main types of igneous rocks are volcanic, the product of eruption, and plutonic, which formed deep in the Earth’s crust in the very bowels of the Earth. Those formed in Pluto’s domain often cooled slowly, and had time to grow large crystals. Look at almost any city kerbstone, which will probably be made of granite, and the big pink or white crystals can be seen with the naked eye. Plutonic rocks may form not merely mountains but mountain ranges. Vulcan’s rocks were formed violently, from a forge of fire, spewed from vents or extruded in incandescent clouds, and forged in different ways, too, so that they can look quite different: twisted or blocky or piled in flow upon flow. They can form fast, spread wide and cause much damage – as did the Mount St Helen’s eruption of 1987 – or they can flow like burning treacle and be easily sidestepped. Such flows are a part of everyday life in Hawaii. Yams can even be cooked in the hot ashes.

Sedimentary rocks are nothing more than ancient sediments, and many of these accumulated slowly, at a rate of a few millimetres a year. Most rocks of this kind were formed beneath the sea. This geological fact is one of the few that has penetrated common consciousness. On one field trip I met a farm worker who, on hearing that I was a geologist said: ‘They say that it was all underneath the sea round here at one time.’ This was accompanied by a vague gesture at the landscape and a look of sly scepticism. I didn’t dare reply that the whole scene, enveloped in drizzle, had been beneath the sea, not once, but several times, and not so long ago, geologically speaking, had been subtropical. One can imagine the laughter at The Grubbing Mattock Inn later that day.

The former deposits of lakes and rivers are also sedimentary rocks; these are where one can expect to find fossils of plants or quadrupeds. Even desert sands may be preserved as a very particular kind of sandstone. What most sedimentary rocks have, which other kinds of rocks do not, is evidence of bedding – stratification showing where the former sea, lake, or river bed once was. It is bedding which defines the layers in the Lias, which sets the profile of the steps on the limestone hillsides in Derbyshire, and which I saw contorted by paroxysms of the Earth in the cliffs in Pembrokeshire. Sedimentary rocks today are being laid down over much of the Earth. Imagine a satellite picture of the Earth: all the blue oceans covering much of the surface of the globe are where sediments accumulate. You may be able to pick out a discoloration where one of the great rivers, the Amazon or the Nile or the Ganges, spills into the sea: this stain is the sediment itself. The rivers have flood plains floored by more sediment. And lakes like Baikal or Victoria or Ontario are floored by muds that will one day become rocks. You may even be able to pick out the desert areas on which sand dunes migrate: some of these, too, will eventually become rock. But equally there are other areas of the world, and not just high mountains, where the ground wears away, eventually, and these areas will leave no trace in the rocks. Because fossils are found in sedimentary rocks, it follows that there will be certain kinds of animals and plants which live in erosional sites – mountain lions, or alpines – which are destined to leave no fossil record. If they become extinct it will be as if they had never been.

The third great class of rock is metamorphic. Metamorphic rocks can be generated from either igneous or sedimentary rocks, so they are, in a sense, secondary. Metamorphism is change, and in rocks this means the transformation of limestone into marble, granite into gneiss or shale into slate and schist. Heat and pressure are the agents of change, and both sedimentary and igneous rocks can be variously squeezed and heated to take on a new character, and acquire a new name in the process. This pressure and roasting almost invariably goes on deep in the Earth, driven by the inexorable processes of geological change: the movement of plates, heat from magma. Thus it is that metamorphic rocks are usually found at the surface where mountains are, or have once been, because many mountains are the legacy of the turbulence of the Earth. Metamorphism took place in the very roots of a mountain chain. ‘Changed’ rocks present many appearances, because metamorphism itself operates in several ways, and the starting materials are legion. Glistening crystals of mica are often present; in the Highlands of Scotland they catch glancing sunbeams or flash in car headlights. How many times must such a source have been traced in the expectation of finding a diamond – only to discover a micaceous mineralogical mirror. Many metamorphic rocks are banded or striped with layers of different texture that are contorted and thrown into ripples or rucks or fantastic waves. These layers do not necessarily parallel one another for long distances (as the bedding generally does in sedimentary rocks) for they are the expression of pressure and heat and may veer this way and that on the whim of who knows what geological enormity forged beneath the weight of an ancient Himalaya.

Equipped with these three words, we can read the first and simplest geological map of our islands: this shows the distribution of igneous, metamorphic and sedimentary rocks.

This first map tells us important things. Sedimentary rocks dominate alone in most of England, with igneous rocks additionally in Wales. Sedimentary rocks produce arable England – farming England – where soil colour and type are an expression of the character of the underlying strata. Rock types dictate whether cows can graze, or whether cereal crops or sugar beet are grown. Resistant rocks, weathering slowly, produce uplands like the Pennines, where sheep prosper almost alone. Clay vales produce deep, rich soils. Sandy soils suit carrots; thin, chalky ones barley. The character of the land follows the outcrop of the rock types in broad swathes or strips miles wide. The rocks dictate whether wattle and daub, or stone, or flint rubble was used in vernacular architecture. They dictate whether old man’s beard, heather, or devil’s bit scabious grow by the wayside. In subsequent chapters these interconnections are the subject of detailed exploration. But metamorphic rocks are dominant in the Highlands. This fact tells us immediately that this part of the country must have been part of a mountain chain at one time – but when? And why does so little of it remain? Here, too, the vegetation is characteristic: peaty moorlands, now partly disappearing beneath swathes of planted conifers; Scots pines; old oak woodland thick with lichens. There is little agriculture now – except in the North East – and this is also the exception geologically, as it is underlain by sedimentary rocks rather than metamorphic. Most recently, ice has scoured this land, leaving its legacy in lochs and perched boulders. As for igneous rocks, they are scattered like birthmarks and freckles over the physiognomy of our land, although most commonly in the north and west. Tough granite forms our highest peaks in Scotland and it forms the bleak wastes of Dartmoor. The influences of sedimentary and igneous rocks compete in the Welsh landscape. More subtly, the hot infusions brewed from these fiery rocks have percolated into the land itself, leaving minerals that have sparked claims and financed booms. Fire-formed rocks have been responsible for spoil heaps that are still eyesores, or old workings in remote areas that have a tinge of romance about them in craggy ruin which they probably lacked in their smoking prime.

Most geological maps are much more detailed than this, although all would recognise the fundamental three-fold classification of rocks. The basic tool then for understanding the foundations of landscape is the geological map. The names which make the map comprehensible are descriptive of rocks and of time. Colours map the rock types – or formations – as they run across country. On most maps the rocks are shown with the superficial deposits, or ‘drift’, stripped off. These include gravels from stream beds, wind-blown sand and the like. The maps go down to the bedrock. Quite often the drift is the most important control on the plants that grow in your garden or the crops on a farm. Soils can vary over short distances in response to the characters of the immediate subsoil. But the broader character of the countryside is related to the rocks beneath. To a geologist a clay is a rock, for all its plasticity. Mostly, formations are named after localities where the rocks are well developed, such as the Oxford Clay, the Bedford Sands, or the Stiperstones Quartzite. The Blue Lias and the Cornbrash are classical names for formations that do not carry a locality but have a special historical appeal. A formation can be thick or thin – hundreds of metres to less than a metre. The Cornbrash is often very thin but it was so distinctive that William Smith was able to map it as a formation on the first geological map of the British Isles (1815), and the same line can be recognised today with little change. A formation can be mapped with no idea of its age: it is primarily the rock that is mapped, not the age. A given age may include several formations in different parts of the country. On the left-hand side of geological maps there is an age calibration, which matches formation to time. But on some very small-scale maps rocks of a particular age may be coloured as if they were formations; this then becomes a map of time, not rock.

Geological maps are published on many different scales. The problem of representing geology is one of fractal geometry. The closer you look and the higher the scale, the more you will see: the more convoluted will a geological boundary become. It is like mapping a rocky coastline – do you map every protruding rock, each swirling pool? Most local areas have map sheets to a scale of 1:50,000 published by the British Geological Survey, and these give all the information the reader is likely to need. In this book we will take the widest sweep at the broadest scale – too approximate, no doubt, to satisfy those with an appetite for detail – only occasionally stopping to peer closely at this interesting feature or that.

There is no end to mapping. Even now there are parts of the country where the geology is cryptic. There is scarcely an area without its mysteries, nor any area that has not at some time sparked controversy. The process of understanding the past is often compared with turning back the pages of a book to read history itself. On this analogy the rock layers are pages, the writing past life or climate, and time ticks away the narrative. But truth is much more relativistic. The writing changes, as does the tale it tells, because new interpretations are made. But the outlines of the map itself, and the stacking of time, have at last reached stability.

The colours conventionally used on the British geological map are appealing. Blues and purples are used for the ancient rocks of Cambrian, Ordovician and Silurian age, but Chalk is light green. You almost expect the rocks when you see them to conform to the colours on the map. And it is true that the older Palaeozoic rocks are often dark, though scarcely purple. The Old Red Sandstone sometimes has the brownish colour it is allotted, and the ‘New Red’ is suitably brighter. The igneous rocks burst from the ground in flaming red, and that seems appropriate, too. One might argue that the spring barley of the chalklands lends the outcrop, for a while, just that jaunty shade of green. But the Carboniferous limestone, backbone of England and plateau of Ireland, is an improbable light blue. The appropriateness is obscure, unless the colour was chosen because these tough rocks formed under clear blue seas (which they likely did).

As to time, the words that are necessary to divide the Earth’s history are based on the same principle as the reigns of the English kings and queens that calibrated the casing on our first fountain pen; except that there is no repetition of names in the manner of Charles or Edward, and the lengths of each division of time are less at the whim of volatile humanity.

Time can be divided into segments; the divisions between segments should correspond to events in the world. Because geological time is so vast, names serve to make time comprehensible. Tens or hundreds of millions confuse: ‘Jurassic’ seems graspable. Even now one has difficulty in remembering just how many million years ago was the base of the Permian, but the name sticks in the memory like the rollcall of the Tudor kings and queens. The names will help us shuffle events into order. It was not always so; vast miscorrelations in the past led to furious debates between scientists. Even today some creationists assert that the whole edifice of geological time is a chimera.

And it is difficult to prove time. Sequence is easy. Layer lies upon layer: you would need the deliberate blindness of the last flat-earthers to deny the evidence of your eyes. As you look westwards along the Dorset coast one formation clearly dips away below another, and time follows the same design. But how much time? The convinced creationist presumably sees the evidence of successive layers piled one
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The divisions of geological time, providing the basis for the historical narrative in this book. Absolute ages in millions of years before the present are still subject to refinement as more is learned about radioactive decay of elements.

on another to assert God’s will on the appropriate day of creation. The palaeontologist sees the time required to change one oyster to another, or to encapsulate a number of ammonite species, or as part of the history of dinosaurs and plesiosaurs: a lot of time, certainly, but thousands, hundreds of thousands, or millions of years? A scientist concerned with sediments sees the accumulation of a million tides, a thousand storms, punctuated by as many breaks of unknown duration.

The question how much time? has been central to geology, and still is. Time depends on the accuracy of the clock. Nineteenth-century estimates were based on totting up all the piles of sedimentary rocks – in order – and then working out how much time would be needed to accumulate them, grain by grain, by comparison with the accumulation of sediments today. Other estimates were based on the supposed rate of cooling of the Earth. The different answers were believed fervently by the advocates of their particular clock: time depended on the observer. This kind of relativity has its counterpart in the uncertain world of fundamental particle physics where the observer himself is a part of what can be defined as reality. It so happened that the most famous physicist of his time, Lord Kelvin, was widest of the mark with regard to his estimate for the age of the Earth, based on cooling, because the role of radioactive heating in the core had not been appreciated in 1897. His clock whizzed around frantically.

So what now sets the time? It is the decay of radioactive elements, tick-ticking away at a predictable rate. The click on the Geiger counter near a source of radioactivity is the very sound of time itself. Uranium (or, to be precise, one of its isotopes) throws out such clicking particles as it decays inexorably to lead (again, a particular one of its isotopes). Potassium decays to argon at a predictable rate. As more and more precise methods of measuring smaller and smaller quantities of elements are developed, so a greater range of elements showing decay series allow for the dating of different rocks: Strontium-Rubidium, Uranium-Thorium and many more. Different elements decay at various rates, so they provide clocks tuned to different timescales: fast-decaying Carbon-14 dates archaeological sites; slowly decaying Uranium dates the oldest rocks on Earth. Unless there is some hidden flaw in the method that could reset the clocks again, it looks as if the millions we now know about are nearly as real as the rocks themselves. The question of time still lies at the centre of the creationist critique. Because they know that the world is only about six thousand years old (the Bible and its chronology being literally true) it follows that time itself has bent, the decay of the elements distorted. Even Professor Kelvin’s fast clock is too slow by far. The very atoms must be stopped in their spinning to dance to the tune of the first few words of divine revelation. Symbolic readings of the myths of Genesis are not permitted.

But the question how much time? is still an issue with scientists. Rates of change are the question: Does all evolution proceed at a slow and gradual pace, or does it go by fits and starts? Did the dinosaurs die out on a Wednesday afternoon, or slowly, over millennia? Does the Earth move today at the same pace as in the past? But the age of the Earth is now set rather securely at 4,600 million years, one of those immutable facts that should be filed in the mind along with the date of the Battle of Hastings and the French Revolution. One of the important gifts that came back with the Moon rock was a confirmation of the Earth’s antiquity. Earth and Moon were born together – but the Moon was not whipped through cycles of change like its giant sibling. Dead after the briefest of lives, its signature of death was preserved until men scooped its dust into their astonished fingers.

Until quite recently it was thought that the Earth and Moon were born in fire, spun from a raging sun, continuing to spin as liquid balls, which cohered and solidified as they cooled. There is an atavistic appeal to a fiery solar system, hot with youth, bubbling and incontinent with chaotic flames. It somehow seems right that the early Earth should be hot, and then cool to maturity, boiling off its youth in volcanoes and quakes, as purple as a fractious baby; or perhaps there is a more homely image of a hot potato, with a skin like the Earth’s crust, which contains the heated interior even as it cools.

Yet it was not so. The planets grew, spun from dust and accumulated through gravity, after the ‘Big Bang’ of creation itself. Accretion, not fire, was the key to the birth of the Sun’s companions. Even now, a girdle of such debris remains as an asteroid belt that did not congeal into planets. Thousands of meteorites bombarded the early Earth. The pocked surface of the Moon preserves this phase, frozen in history; on the Moon, which soon lost any atmosphere it may have had, the craters still survive. On the Earth, bombardment may have caused remelting of parts of the crust. There slowly followed the three-fold segregation of the body of the Earth – like the layers of an onion, or the flavour zones of an old-fashioned gob-stopper – into core, mantle and crust. The early atmosphere was almost devoid of oxygen, and possibly largely composed of heavy, inert carbon dioxide gas. Then upon this agglutinated world the fire of radioactivity set in train the heating from within. Water was expelled from volcanoes, and ultimately condensed to form early seas. Metals moved in solution or in gases to find their accommodation within the crust, and if they had not, our rare and precious metals would have remained more scattered than currants in a plum duff. The Earth, in short, was mostly constructed from inside.

There is nothing intuitive about this tale. One might make something of the distillation of order from chaos, as anticipated in the creation myth. The heavens were indeed separated from the Earth. But here there is no comfortable image of a cooling potato, nor yet the dramatic one of a sphere of fire. Nothing here of cleaving into opposites – night and day, water and fire, good and evil – which is the stuff of myths that spring naturally from human minds. This earliest world is alien.

But nothing remains of it. These are the truly hidden landscapes, irretrievable except in experiment or imagination, or preserved in timefrozen form on extraterrestrial bodies. Hints of primeval rock still arrive in the guise of meteorites, some of which are debris from that early phase of creation. The beginnings of Britain lie somewhere within this early world. Nothing of it can be seen today. The oldest rocks known on Earth are about 4,000 million years old. They are preserved in Canada, western Australia and in Greenland, but some of them contain evidence of being derived from rocks still older …

Four billion years … What can we make of such a span? During that time the surface of the Earth has been shaped, reshaped, and reshaped again, and that new shape once more redesigned. Life has appeared, diversified, suffered crises, moved from sea to land to air, developed the consciousness to learn its own past. Over the area now occupied by our small islands the sea has advanced and retreated many times. Its advances have left a legacy of sediments, from which the story in this book can be read. At other times there have been deserts, or deltas, or lakes. Is there a pattern to all this? James Lovelock and the enthusiasts for the Gaia view see the Earth almost as an organism where these endless cycles also evolve, life itself modifying the world it inhabits towards ever greater complexity and interdependence. The Earth can cope with change – even damage – because the complex balance of the planet, the legacy of its long history, acts like the immune system in our own bodies dedicated to restore balance. To others it seems as if chance alone has spelled out the history of the Earth: there is no notion of ‘progress’, and what we might think of as progressive change is merely a concatenation of accidents. Risen from dust, we could yet return to it.

If the truth lies somewhere between these visions this does not mean that either view is without value. It is undoubtedly true that the Earth as a whole has evolved since its earliest days, and that life has had a large part to play in that evolution. It is equally true that any idea of steady progress would be confounded by the intervention of chance and contingency: the invasion of the sea, the arrival of a meteorite. And especially at our local level, on our own islands, we see only a part of the story for part of the time, and that, imperfectly.

But for all that, the British Isles include as great a variety of rocks in a small area as anywhere in the world. The coming together of all these rocks – just here – is the visible expression of our several thousands of millions of years of history. The richness of our geology dictates the variety of our scenery. The stark Highlands, the crags of the Peak District, the wide tor-capped spreads of Dartmoor, the leafy Weald are all products of their geology. This is not to decry our human influence. Man has controlled the scenery in many ways, and local archaeology has shown just how persistent and pervasive these changes have been. Scholarly works by W. G. Hoskins and Oliver Rackham have made the reading of the landscape – man’s landscape – a popular Sunday pastime. Ancient hedges and boundaries, old coppices, forgotten villages, old green lanes and ancient industries all contribute to the details crammed into our deliriously diverse islands. But all these evidences of past activities sit on the bedrock of geology. Human endeavours do not succeed if they deny the geological realities. This hidden landscape is a part of all our lives.
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