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A map of Britain made of stones collected by Jon during his travels and mounted on the wall in his home.











‘The landscape flowed away, back to its source.’


Geoffrey Hill, Mercian Hymns, VI (1971)












A Note to the Reader


Stones of Britain is published posthumously. It may be Jon’s last book, but his beautifully researched and compelling writing on geology, history and architecture lives on.


While Jon finished the manuscript before his passing, the final touches and illustrations were added at a later date with the help of his beloved wife, Liu Hong Cannon, and good friend, Simon Pascoe. I hope we have done Jon’s vision justice.
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Chapter 1





Shaping the scene


We moved from inner London to west Devon in 1974, when I was eleven. One day not long after that we went out for a drive, rounded a corner, and there it was – a dramatic hill of dark, shattered rock; perched at the top was a tiny church: Brentor.


I will never forget that moment. It was as though someone had inserted an enormous key into a keyhole in my heart and turned it. I was at once emotionally overwhelmed and visually thrilled. I wanted to sit and look at it: I also wanted to inhabit it; to climb it. And I wanted to understand it; to know how it came to be there, and to get to grips with my own reaction to it. I’ve been trying to do so ever since.


So, what did I discover about Brentor? That this turning point in the life of one human being ultimately owes a debt to dramatic tectonic events that took place about 340 million years ago. That Brentor was once a volcano, erupting beneath a shallow sea, and later became a kind of fossil of itself; a dead, hard volcano-shaped lump, buried deep beneath other, younger rocks. That it has only been revealed on the surface again, something of its basic form just about intact, in what are relatively recent times, geologically speaking. That landscapes have come and gone on an unimaginable scale, and that the hard reality of the rocks is as fluid, contingent and dramatic as human history.


I was by no means the first person to have found this landform impressive. The church served a parish, yet it is in the most inconvenient location for miles around; there must have been a very good reason for its founders to put it there. Well over a millennium before that twelfth-century event, other people ringed the foot of the tor with a mighty earthwork. The tor rises through this, a rocky conical finger poking through a rough earthen ring. Both the church and the earthwork are built from the tor itself: the latter by digging and mounding its thin skin of earth (and reinforcing it with local stones), the former by excavating, shaping and transporting its rock (and other rocks that lie nearby).


Each rock had its own long and complex story of assembly, destruction and reassembly before it became part of a building that had itself been reconfigured many times over the centuries. Many less obvious aspects of the tor are man-made, too; despite having an edge of wildness about it, Brentor has been stripped of tree cover by people, and it is our grazing sheep that maintain its rough-cropped grassland. There is an abandoned manganese mine at the base of the tor, and a small quarry on one of its flanks; to make the graveyard, earth had to be carried to the tor-top; within it, human bones are even now adding calcium to the shallow soil.


The categories ‘human’ and ‘natural’ are unhelpful here. The power of this place is dependent on the combination of rocky hill, earthwork and church; the latter are made out of the former, enhancements to the landscape made from the landscape itself. There is something architectonic about the tor; there is something crag-like about the church. Architecture is a kind of human place-making; buildings are places made out of other places. People are place-makers.


Such statements can be applied to almost everywhere on the island of Britain, and much of the rest of the world besides. Everywhere, place matters. Landscape, the natural form of the surface of the Earth, cannot be separated from the activities of people throughout history. Landscape and culture are interdependent, and both are laced with the traces of their own pasts. Geology, landscape and history triangulate: geology + people = place.


This book is not simply about geology, or about history; it is about the interaction between the two, and the landscapes that result. My focus is on the island of Britain and the islands immediately offshore (Orkney, the Hebrides and the Scillies are in; Shetland, Ireland, the Isle of Man and the Channel Isles are out). The rocks, of course, continue unheeding below the sea and onto neighbouring land-masses; but the encircling water makes our island a single natural entity; and the story of how the sea has ended up surrounding this particular patch of the Earth’s surface is largely a geological one.


As the result of this emphasis, there’s also not much in this book about (say) chemicals or fossils; and there is a lot about architecture, and about human events. Such biases might partly be explained by my background: I am an art historian, interested in why material things look the way they do, and how people have marked and manipulated them, and what that tells us about culture, and history, and creativity. I approach the landscape as I would a work of art, one in which nature and humanity both play a crucial role. In doing so, I have tried to guard against determinism, but have been openly subjective: I’m interested as much in exploring character – in how a place feels, and in revealing the associations and themes suggested by the patterns of human life in a place with a given geology – as I am in whether one literally caused the other. But I have tried to seek out stories in which historical events or monuments have clearly been driven or shaped by a pre-existing geological reality, and I call this connection ‘geohistorical’. Often the rocks contain potentialities that lie in wait, ever patient, until some concatenation of human events lights upon them and transforms history.


Ultimately, I’d like to help re-enchant our perception of the land beneath us, and to celebrate the human contribution to a grand and elemental story. I want to explain: this is how this island fits together, and what makes Humberside so different to Argyll; Dorset to Ceredigion. I want to help people see their physical environment as something to be entered and surrounded by, to inhabit and be part of, rather than a set of views to be looked at, or driven through blindly following the sat-nav. For this reason I have woven aspects of my own life experience into the narrative: just as nations have geohistories, so do individuals, comprised of the places in which they have lived or which have made the strongest impression on them. If I can help give anyone who lives in or visits this island a sense of the particularity, individuality and personality of landscapes, I will have done my job.


This book is also, against a backdrop of environmental crisis, a plea to see the beauty and greatness that sits alongside destruction in our relationship with the natural world. Our current travails are partly the result of our forgetting that we are a part of the natural environment, not simply an alterer or exploiter of it; an important part, because we are unique among animals in the extent to which we shape its appearance. The beauty of prehistoric stone circles, or of the great hollow mounds of quarried and shaped stone that are the cathedrals, is also the ugliness of the steelworks, the mine and the nuclear power station. That this beauty is flawed only adds to its richness and depth.


This is not a book about wild/natural and human/tamed, of ecology versus destruction; it is a paean to humanity’s essential unity with nature, and our contribution to its beauty; an attempt to show how the landscape itself is a compact between humanity and geology, inscribed with visible testaments to past events.


Stone is the oddest thing. We live on a great lump of it hurtling through space. Without it we would have no soil, nor paths for water to make rivers and seas, no life. Yet to us it seems lifeless: dead, solid matter. Think of those strange worlds, the asteroids – barren lumps of pure thing, tiny hurtling landscapes unseen. Yet stone is also endlessly specific, exhaustingly varied, and as intricate, intimate and full of character as a human face. And every living thing on the planet is derived from such raw matter. It’s easy to forget it as we move around the landscape, but we would be floppy messes without our calcium-dominated mineraline framework. I said I’d avoid determinism – but it’s also true that the stones are really in charge.









Chapter 2





About Britain


About the Earth


I have a piece of Brentor, my life-changing hill in Devon, on my bookshelf. At first glance, this lump of stone just looks rockish: grey, hard, cold. But as the eye focuses in, it’s not that simple. The greyness has a blue-green tinge; a reddish shade suffuses part of it. The surface is smooth, almost texture-free, giving it a gnomic, impenetrable quality.


All this is a testament to its origin. Brentor was born as magma poured from a rift in the surface of the Earth into the cooling waters of an ocean. These rapidly fixed it into stone, and they left their traces in the distinctive qualities of this particular rock. The reddish blush tells us that a source of oxygen was nearby, in turn meaning that the water was relatively shallow. So this particular rock comes from the upper part of a small volcanic cone that developed on the sea floor.


The skin of our planet is a shallow thing, a shell of hardened magma. We human beings inhabit it: brief bursts of carbon-based energy all of us. From our perspective the rocks are stable and solid; indeed, we conjure a host of guiding metaphors on that basis. Rock of ages, you are my rock, etc.


But in fact they are constantly, dynamically in motion. It’s just that we are too fast, too brief to notice; except when their grand timescale suddenly and briefly keeps pace with our own short and volatile one, usually in the form of violent events: lava flows, landslides, earthquakes.


The rocks – like everything in the universe, it sometimes seems – are in fact caught up in a stately cycle. The stony crust is split into giant plates, on average about 20 miles thick, moving at an average of 8cm a year – that is, about a third faster than your fingernail grows – as convection shifts in the hotter, more mobile world that lies beneath it. Where these tectonic plates are moving apart, magma moves into the gap between them, forming young rocks, a new portion of crust that spreads outwards from its point of origin. This is known as ‘seafloor spreading’, and it is going on at this moment in the middle of the Atlantic: Iceland sits on a zip-line in the crust, and the island is made of hardened magma that has flowed out of this gap. Volcanoes and lava flows often line such opening scar-lines.


Where the plates come together, portions of crust can collide: an impact that is at once slow and stately and of awesome power. Ultimately, one side will be forced to plunge under the other – ‘subduction’, this is called – and the two will be conjoined. As they compress, the crust is ruckled like a carpet: enormous mountain ranges are built, basins develop – and, again, strings of volcanoes erupt. The volcanoes of the Mediterranean – Mount Etna, Vesuvius – are caused by this process: in this case, the African tectonic plate is being subducted under the European one. The material that is forced below will eventually be recycled. Some of it may even return to the surface somewhere as the plates move apart. The surface is constantly renewing itself.


The crust has a profound relationship with the upper parts of the earth’s interior (indeed the tectonic plates comprise both the crust and the uppermost layer beneath it, the mantle). It likewise interacts with the other entities which stop our planet from being a dead and rocky desert: the life-giving water and the air which shifts across its surface. Each of these elements conducts a kind of dance with the others.


For example, the water and the air erode those rocks which are exposed to them, and this can change their character and appearance. A portion of crust might carry both rocks that are solidified magma – effusions resulting from the shifting of the plates – and rocks that are the compacted detritus of erosion.


The latter, which are called sedimentary rocks, dominate the surface of Earth, and generate the most fertile soils. As a result, although 95 per cent of the crust is made of one kind of hardened magma or another, the landscape we experience is mostly sedimentary.


As these processes go through their cycles of destruction and creation, the surface of our planet changes. Seen from space, Earth is an intense marble of blue, white and green: the white moves hourly, but the balance of blue and green only changes over thousands of years. It reflects the distribution of the two main types of crust.


The water of the oceans mostly covers the areas where the crust is thin (from 4.5 miles deep): this is relatively young material, made from magma that welled up as a result of seafloor spreading, and is known as oceanic crust. Dry land is mostly where the crust is thicker, older, more complex (up to 50 miles thick): this is continental crust.


Precisely where the water sits in relation to these thickenings of the rocky skin will be subject to constant change. Much of the comparatively shallow sea that surrounds most continents sits on top of continental crust; while under the right circumstances – Iceland and Hawaii are prominent examples – oceanic crust can appear above the waters.


In spite of this, from the perspective of human beings, what is dry and what is wet, what is sea and what is land, can seem immutable. It is also crucial to how we live our lives. The sea is at once a barrier and a mode of communication; the land is where we live, and its rocks supply many of the materials on which we depend, from metals to the soil itself, and guide the locations where we grow our food, keep our animals, build our cities and make our roads. Many of the identities we adopt – which nation we are part of, for example, and how cultures form and interact with one another – will be conditioned by the lie of the land, and that in turn is dependent on the arrangement of those rocks exposed at the surface.



About Britain



This is the situation in which all human beings have found themselves: on dry land, trying to work with the environment around us, using it to make food, shelter, tools, culture, and on a particular patch of planet Earth: Britain.


This is a complex chunk of continental crust, much of it very ancient, which emerges above the water at about 54° north and 2° west, and is about 700 miles long north to south as the crow flies, and much narrower east to west. The length of this island is one of its most characteristic properties: it can be balmy in Brighton when it is subarctic on Birsay; it is as far from John O’Groats to Southampton as it is from there to Bilbao.


Britain is the largest island in an archipelago that sits on the edge of things: just off the north-western corner of a continental mass which extends as far as China, and only 100 miles from the submerged edge of the continental crust. We are thus placed in relation to our nearest continental land-mass rather as the Solar System is situated vis-à-vis the Milky Way: an outer arm of something vast.


On this island, the higher ground tends to lie in the north and the west, where it is also furthest from the continent, and nearest to the Atlantic Ocean – and also closest to Ireland, the other large island in our archipelago. The rocks here tend to be older, too. Most of the younger, softer, lower ground is to the south and the east, facing the continent. The coast is more complex and indented to the west, simpler to the east. Only three rivers are more than 150 miles long: the Severn flows west to where its mouth opens towards Ireland and the great ocean beyond; the Thames and the Trent (via the Humber), flow east, into the shallower North Sea, from which the continent can be reached relatively easily.


This distinction of highland and lowland is a fundamental one. A series of associations riff from it: geologically ancient and complex and geologically young and simple; hard and soft; fertile and infertile; rich in metals and rich in farmland; empty and populated; ‘wild’ and ‘civilised’; north and south. The two categories are truly the geohistorical yin and yang of the island as a whole.


After all, we are utterly dependent on the materials of the Earth; our resources ultimately derive from what is in the crust; and the story of the rocks gives meaning to what we see about us. Yet the gap between geological time and human time is profound. We will be exploring the results of a very recent flourishing of activity, on land that is very old. Both are complex stories, and they interact and cross-fertilise in sometimes unexpected ways.


To explore this and other patterns we will move through Britain rock-type by rock-type in the order that they were created, explaining the origin of each group of rocks, exploring the human world that inhabits them, and painting a picture of the characteristics that result: as if human and geological activity were two aspects of a single personality. The result will be a composite portrait of man and the rocks, in which each constituent part has a voice of its own.









Chapter 3





About time


About geological time


Brentor is a short, stiff ascent of perhaps fifteen minutes. Breath and heartbeat alike quicken as you make your way over rocky, sheep-cropped grass, passing the abandoned workings of a nineteenth-century manganese mine, and a few seconds later, a massive series of Iron Age earthworks. Then the hill steepens and obvious signs of human activity fall away – until one approaches the hill’s highest point, atop which sits St Michael’s church, a building of the mid-twelfth century.


Inside, the air stills. A quiet power seems to fill the space. Sit in a pew; let your mind, and the rhythms of your body, slow. Gradually, time itself seems to thicken. Everything feels as permanent and unchanging as the rock on which it is built. Yet the walls bear the traces of over 800 years of alteration – new windows, small additions – and the hillfort at the foot of the tor is perhaps a millennium older than the church. That seems a long time – until you consider that the stones of which this church is made were formed over 330 million years ago.


Start to count your way backwards through time. It takes ten minutes or so to reach 800, the age of the church; perhaps another ten to reach the Iron Age.


Carrying on to 300 million is no small task. Going at eight hours a day, because you also need to eat and sleep, you would be sitting in that pew for well over thirty-five years. Perhaps the still power inside this building is the bottled essence of time itself.


The rocks of Brentor are not themselves especially old. This planet coalesced out of the dust of space about 4,600 million years ago (Ma). Though there are surviving rocks from as early as 4,000 million years ago, these are very rare. The most ancient British rocks are in the far north-west of Scotland; they are about 2,800 million years old, and are themselves among the oldest in the world. But almost everything else on our island was formed in the last 500–550 million years. Perhaps, then, we can think of Brentor’s rocks as middle-aged.


Thirty-five-plus years is a very long time to sit in a pew. Let’s try reducing geological time to fit twelve hours of a day. The first four–five hours cover the Precambrian period, during which the oldest rocks were formed. The ensuing seven–eight hours are divided into eleven further periods of various lengths: the first of these, the Cambrian, is when life starts to become obvious in the rock-record: a signal development, because many of the rocks that have been most useful to human beings are themselves formed from the detritus of living creatures. The fifth, the 59-million-year Carboniferous, is notable for an explosion of plant life, which is the source of fossil fuels. This is when the rocks of Brentor came into being.


Each of these periods has its own geohistorical story. But much of what we’ll explore together only becomes visible right at the end of our twelve-hour sit-in. It is less than ten minutes ago that the landforms of today begin to develop. With less than a minute to go, the Homo genus evolves, and we start to measure time not by the changing geology but by the materials people use, themselves usually derived from the Earth. These time-periods start with the Palaeolithic, or Old Stone Age – during which, in the last 0.003 of a minute of our day, Homo sapiens becomes a permanent inhabitant of Britain.


Compared to the rest of time, the human presence on this planet is little more than a carbon blink. Yet we have done much to change the landscape. We have to bear both geological and human time in mind as we explore the relationship between our species and the rocks.


We jumped around in history as we climbed Brentor. This is true everywhere in Britain: its multi-layered, historically rich landscape is one of this island’s great treasures. As we move through our island’s geological story, the historical jumps we make will be many and varied. So let’s start with a historical framework of humanity-and-the-rocks: an overall narrative of human history, of people and geology as it has played out on this island.


About human time


The stone ages


Human history, like that of the rocks, begins with a great gulf of time in which much remains unknown: a kind of human Precambrian. The Homo genus has existed for 2.5–3 million years; Homo sapiens for over 300,000 of these. For almost all this time, stone tools were our central technological achievement, making them the longest-lasting technology in our entire story. Crucial discoveries such as how to ignite fire were also partly dependent on geology (flint rapped against iron pyrites nodules being an early technique). In Britain this Palaeolithic begins with our first known (and pre-Homo sapiens) human inhabitants, around 500,000 years ago. Thanks to waves of glaciation, our island was empty of people for long periods thereafter.


The ice thawed about 14–15,000 years ago, only to briefly return; so it is a few thousand years later that habitation of Britain becomes continuous to the present. From this period we start to see a palpable improvement in the sophistication of stone tools; and the baking of clay to make objects. Development is divided into two stages: the Mesolithic, or Middle Stone Age, from about 11,600 years ago; and the Neolithic, or New Stone Age. That, from about 6,000 years ago (or 4000 BC), is when the pace of change increases: agriculture is spreading into Britain, and at roughly the same time, people start to make a permanent and visual impact on the landscape.


But people had always had an intimate understanding of the lie of the land. The hills and plains offered clues as to where sources of sustenance and shelter might be found. And earth materials had become more than merely tools. Neanderthal people had used ochre – the oldest and most ubiquitous source of colour in human culture – to colour things. Earth pigments were also used by Homo sapiens when, about 40,000 years ago, we started producing fully fledged works of art.


About 26,000 years ago, a man’s body was placed in a limestone cave called Paviland, on the South Wales coast: an opening in a cliff with a view of the game-filled plain that is now the Severn Estuary. His remains were accompanied by artefacts of limestone, flint, chert and volcanic rhyolite, and coloured using ochre.


This is the oldest ritualised burial site in Europe, and it displays an interest both in its setting in the landscape, and in the materials of the Earth. Perhaps, even, an awareness of the power of features like mountains and caves formed a model for architecture when it came along. Although the first true works of monumental stone architecture are in eastern Turkey, and date to 11–12,000 years ago, the story really takes off in the fourth millennium BC, when we start to see ambitious buildings in various places: Peru, Mesopotamia – and the Atlantic fringe of north-west Europe, Britain included.


Neolithic lithophilia


It is in the Neolithic that humans become creatures that build monuments – by which I mean permanent structures of stone – and reconfigure landscapes on a grand scale. In Britain it’s a story that starts with places of gathering and of burial. The former come in the arrangement of rough discontinuous circlets of earthen ditches, arranged to enclose hilltops; these are known as causewayed enclosures, and remains of feasting have been found in them. They mark the start of a long tradition in which people select prominent hills for the location of monuments.


The burial places are dominated by communal burial mounds, often longer than they are wide, and of drystone (that is, the pieces of stone are not cemented together) or earthen construction, but containing elaborate drystone structures – tunnels, groups of rooms in which bones were deposited. These structures have various names: long barrows, chambered cairns, long mounds, and more. They are the first true architecture in Britain, and among the oldest ambitious, permanent buildings in the world. With their hill-like exteriors and cave-like interiors, they remind us that death is where people have always been most inevitably and profoundly connected to geology, reduced to dust, interred within the bones of the Earth, becoming a part of place.


In order to bury a body, after all, you have to remove earth from the ground. Pile this material over the burial and you leave behind a mound. Such a mound is also immediately a monument, its very presence fixing into the landscape the memory of those who have passed.


Alongside partying and mourning, there was also work, and industrial monuments are another landscape-changing development of this period. We see the first quarries and mines, created in a thirst to find specific stones. Such early extraction sites are rare, partly because many have been returned to over the centuries since, destroying the evidence of their own origins.


It can be hard to work out why one buried layer of Cretaceous flint (for example) was chosen over another for tool-making. Clearly, Neolithic people had an intense engagement with the subtly varying qualities of differing rocks. Some of the resulting tools are exquisitely crafted, and very beautiful. The most highly valued tool-making stones were traded over hundreds of miles, making them the first significant ‘man-made erratics’: rocks moved by people far from their point of geological origin. Most remarkable are the rare and exquisite jadeite axes sourced near the Alps and transported to Britain. Specific stones – quartz in particular – had strong cultural or religious associations, and are found in many ritual contexts.


Quartz is a good examples of the way geology can translate itself into human history. It is made of silica: one of the most common of the minerals from which all rocks are made. It can be very hard, but fractures along clean, sharp-edge lines: hence the popularity of flint, which is also made from silica, for making tools. Such qualities are also cause of the steep, high rubble-covered peaks of quartzite mountains, a related material. In the form of quartz, it is silica’s translucent shininess that has attracted people, for both its beauty, and its symbolic implications: perhaps it was thought to be connected to light itself. Distracting-looking rocks have generated disproportionate attention ever since.


All in all, Neolithic culture displays a richness of response to the materials of the Earth, a quality I call ‘lithophilia’. As the Neolithic draws to a close, this tendency starts to spread out across entire landscapes. Having been in use for 400 years or so, long barrows and their ilk are sealed up or abandoned. New monuments appear, with a new level of ambition, as areas several square miles across are reconfigured into open-air settings for ritual events.


Everything is subject to erosion, be it a mountain or a monument. The more permanent the material, the longer it will last. Because of this, mountains and hills are often made of rock’s harder layers, and such rocks also often happen to be relatively old. In a comparable way, we have lost the large numbers of prehistoric monuments that were made of timber, and many of those of earth, leaving us with larger numbers of those made of stone. These stone monuments are most common in places where geology has delivered quantities of loose, or nearly loose, rocks that required little or no quarrying. It aids their preservation that such places are often also relatively infertile, so there has been less motivation to destroy them. Stone circles, stone rows, cairns, standing stones and henges (circular earthen banks with a ditch inside them) survive in numbers in such landscapes.


Some such structures boil the relationship of human and rock down to their profoundest, most elemental core. Standing stones are at once human-like presences and visual connections between land and sky; cairns, like long barrows, are basically mounds: that most proto-geological of architectonic forms. Both are still being created: gravestones are a kind of standing stone, and mark the presence of an absent human being; cairns, which inevitably cross-fertilise with burial mounds as a monument-type, are ubiquitous as markers of upland routes and peaks: ‘a crowd-sourced communication system’, the climber Will Gadd calls them. Figures such as Captain James Cook built them in various parts of the globe, early markers of the reach of industrial-era British power.


Other Neolithic innovations were particularly prescient. In Orkney, drystone walling was used to make ambitious domestic dwellings. At Stonehenge, Wiltshire, rocks were hammered into roughly rectilinear blocks. In many places, rocks were carved, sometimes with enigmatic abstract patterns, but more often with ‘cup and ring marks’, turning flattish exposed rocks into what look like arcane maps. To do this required tools harder than the rock itself, such as quartz. People are at once making sense of the places they find themselves in, and making their mark upon them.


Though the Bluestones there are more famous, the moving of the 25-ton blocks of sarsen stone which dominate Stonehenge from their source 18 miles to the north, and the effort involved in shaping them, is a particularly vivid reminder of the danger and sheer brute physical effort that is integral to humanity’s relationship with the rocks. Every great stone building has had to have its site cleared, foundations dug, and blocks of stone laboriously shaped.


The arrangement of Neolithic early monuments displays an intimate sense of the lie of the land. Henges often sit in broad valleys, near to the heads of rivers; long barrows in locations where they sit on the skyline when approached from certain angles. These are open-air architectures, enhancing and enriching the landscape, whether to create a setting for ritual or to help forge relationships with unseen forces: the ancestors, the gods, the elements, the skies. From Orkney to Bodmin Moor, Neolithic and early Bronze Age people reconfigured entire landscapes.


The metal ages


Towards the end of this period, as the term ‘Bronze Age’ implies, people make another ‘Earth-shattering’ discovery. Again originating in the Middle East, this is the revelation that certain oddly coloured rocks with a distinctive consistency, when subjected to extraordinary heat, will melt; and that they can then be shaped, and as they cool will become hard, retaining their new form.


Copper was found first, but copper and tin ore smelted together and became metal at a lower temperature than copper alone – one that was also harder, and less prone to corrosion: bronze. Tools made of such materials were more effective than those made of stone; they had a lustre that could compete even with quartz.


It is hard to overstate the practical and cultural implications of the discovery of metal. From this point until written records begin we mark time by its key stages: the Bronze (from c.2600 BC) and Iron (from c.800 BC) ages. Trade in ore becomes a generator of wealth and social change. Sources of ore, which in the Bronze Age included the English southwest, North Wales, Ireland and the Rhineland, became important new industrial sites.


As the metal becomes increasingly significant, achievements in stone take a back seat. It’s not that its potential is forgotten: though long mounds are replaced by smaller (mostly) circular cairns and barrows made of earth, each usually containing an individual burial, stones might be placed decoratively or symbolically around them, or the body placed in a small stone coffin-like chamber known as a cist. Stones were still used for tools and hearths; hard, rough-textured ones were selected for the querns needed to grind grain, an important stone tool since the Palaeolithic era.


But the technological cutting edge was bronze, and to make it, ores of copper and tin had to be brought together, as well as the sandstones, clays and limestones that could protect furnace sites from heat or help regulate their temperature. The supply lines required have been credited with driving the notable cosmopolitanism of Bronze Age society, including the major migration into Britain that brought with it the ‘Beaker’ culture, known for its distinctive and impressive clay pots. These people may have brought with them the Celtic languages, descendants of which are still spoken. They may have been attracted by the ores of Britain: Cornwall has some of the richest deposits of tin in Europe.


Unlike bronze, iron was ubiquitous (if varied in quality and accessibility), and society initially became more insular when, in the Iron Age, this metal started to dominate. The workmanship of some of the resulting objects is extraordinary.


This is also the era of the hillfort: deep-banked earthen (and sometimes mounded stone) enclosures on prominent hills, especially in southern Britain; there is one at Brentor. These were major monuments in the landscape, and emphatic statements of political power, often capable of being used defensively. Their dramatic, highly visible hilltop sites are a premier example of what Nicholas Crane, a geographer and explorer, calls ‘stone thrones’, a coining I have adopted in this book. Promontory forts, their function obscure, cut off the tips of headlands. Mounded stones were used to build crannogs, artificial islands, in lochs and other watery sites, especially in the far north. In some areas whole drystone villages of roundhouses were created. And towards the end of the period we see signs of new architectural ambition.


These include structures in which some stones have been shaped and corbelled (in the underground fogous of the far south-west, for example); and proto-towns, ringed by earthworks, known as oppida. These are most common in the south-east, a region where we also see metal used to make coins – an innovation that came from the Roman world.


Drystone architecture is particularly impressive in the far north, where there are ‘duns’ – circular drystone fortifications, often on hilltops; and, centered around Caithness and Orkney, a true stone architecture: the ‘broch’, a tower-like defensive building – that at Mousa, Shetland, is still over 13m/43ft high. These unique and ambitious works suggest all kinds of future architectural possibilities, but were to be rapidly upstaged by something new.


One only has to glance at a broch to see that drystone architecture can be powerful and impressive. Yet ultimately, the technique had limits and was to become a second-best, a way of building restricted to low-grade structures and boundary walls. It’s thus easy to underestimate: yet in those parts of rural Britain where smallish pieces of stone are easy to source (which usually means uplands), the landscape is still largely divided, often on a heroic scale, by drystone walls. They stand alongside cairns and standing stones as one of the most longstanding of building-types: prehistoric techniques that are still with us. There are said to be 12,000 miles of them in the United Kingdom, and though most date to the early modern Enclosure movement, a few – such as those on West Penwith, Cornwall – are truly ancient.


Roman lithophilia


The downgrading of drystone building techniques begins with a culture which, once again, brings innovations with it that originated in the Middle East. The use of metal tools to carve stone to a fine level of detail had begun there; also came the use of dried clay to make bricks, and the knowledge that a kind of stone glue could be made by mixing rubble or sand with a binder (often quicklime, made by burning limestone).


The Romans also brought with them the use of concrete, effectively a stone-hard mortar; the firing of clay to make strong, waterproof bricks; and the use of the arch to span wide spaces. Buildings that used these techniques could be stronger and more elaborate than anything before. Such structures will now dominate our architectural story; it is a story that matters, because stone architecture is the glue between geology and history, people and landscape.


The Roman invasion began in AD 43. It was probably partly driven by a desire for the island’s metal ores. With it come our first written accounts of events, bringing prehistory to an end, and creating a much more refined calibration of time: centuries, years, decades, even individual days. We see other step-changes, too.


The Romans founded our first true cities and towns; settlements which were laid out to the same rules across the Empire. Roman cities were less responsive to the specifics of place and geology than earlier monuments had been. They were a new kind of place, configured in grids and lines; in Britain, no culture since has been as relentlessly orthogonal in its planning.


Even the blocks of stone from which the better buildings are made are shaped into perfect, regular cubes and oblongs. An idea arguably nascent at Stonehenge now becomes a whole craft: masonry. A sophisticated language of delicately carved forms helps give these buildings their expressive power. Stone art works, from mosaics to sculptures, develop: statues turn the standing stone into a vividly realised image of a human; stone inscriptions make words permanent. A whole range of new or previously barely existent occupations – masons, architects, quarry workers – develop. Construction of the Roman road network alone might have consumed almost 40 million tons of aggregate, which is crucial to road construction.


The Romans, then, were the source of many aspects of the man-made landscape that remain familiar. Though standing Roman structures are quite rare (no single building survives complete, unless one includes high, battered stretches of town wall) substantial Roman ruins must have been very visible in earlier times, and the Roman achievement shapes the modern landscape in all kinds of ways. This is less marked in the far west, but only completely absent in the northern two-thirds of Scotland – indeed, in the far north hillforts, abandoned in the south, remained in use well into the medieval era – and it reaches a peak on the lowlands that dominate the south-east third of our island. Here a whole series of surviving routes and settlements, from London to the A1, have Roman origins.


Other historical patterns will recur over the centuries to come: a major concentration of wealth in the south-east; cultural differences between highland and lowland; the emergence of important boundaries in the west and north, often coinciding with deep-seated geological divides. Hadrian’s Wall, the Scottish border and the ancient and profound geological join known as the Iapetus Suture lie remarkably close together.


The Romans also imported some particularly exotic man-made erratics: marble from Italy and elsewhere, porphyry (for mosaics) from Egypt; querns of Rhineland lava. Equally remarkable was their systematic identification of native resources. Roman surveyors scoured the landscape, finding – or hugely increasing the exploitation of – materials such as salt, lead, iron, copper, silver and gold. They identified almost every decent carvable stone south of the Scottish Highlands. They must have had an amazing rough-and-ready grasp of what we would call geology.


Post-Roman changes


Roman achievements go into a period of occlusion from the fourth century AD, when Britain is abandoned to its fate, settlements fall into ruin, and tribal groups from northern Europe colonise the lowland parts of the island. For a few hundred years, stone quarrying and mineral extraction cease. These Anglo-Saxon immigrants carve out a series of kingdoms whose boundaries can be very geo-sensitive: East Anglia occupies a great hip of young land in the far east; Mercia, in the Midlands, is largely on Permian-Triassic rocks.


The indigenous Britons hung on, albeit increasingly pushed to upland areas, where their Romanised culture survived. Throughout the island, kingdoms competed and coalesced. The Irish Sea was – not for the first time, as something similar happened in the Neolithic – a central cultural circulation point, competing for significance as a focus with the gentler country of the far south-east, where European ideas have generally found their entrepôts. In the north, people from Ireland established a kingdom which played a fundamental role in the development of the Scottish nation; they brought with them the Gaelic language, even as English was emerging further south.


The achievements of this ‘early medieval’ period are considerable. In the sixth and seventh centuries, Christianity, left behind by the Romans, became visible in major monuments and structures, stimulated in Briton-dominated upland areas by missions from Ireland, especially to the north; and in the Anglo-Saxon lowlands, starting with Kent, by missions from Rome. As these developments spread, the cultural traditions of British and Anglo-Saxon areas cross-fertilised and an ‘insular’ culture developed, politically loyal to local kings, but – after a period of adjustment – spiritually loyal to Rome.


The landscapes created by Christian culture were profoundly influenced by European example. In the wake of the Roman mission (596–7), the Anglo-Saxons rediscovered stone architecture and the idea of the town, locating their first churches in former Roman settlements and building them with stone ‘quarried’ from Roman ruins. Metals were recycled from Iron Age, Roman and imported objects; the artefacts that result are exquisite. The garnets on the sixth/seventh-century Sutton Hoo helmet, product of the then-pagan East Angles, had originally come from somewhere in Asia.


Though surviving buildings of the Anglo-Saxon era are rare, there are churches with Anglo-Saxon elements in most counties, and a handful survive almost complete. As a shaper of the landscape we inhabit, this period is hugely significant. As urban life and stone architecture were reborn in earnest, the site – and often the detailed footprint – of the centre of many of our cities, towns and villages, as well as the boundaries that define parishes and counties, was defined. All this was given a distinctive twist in eastern England and northern and western Scotland, where there were major Viking colonies (parts of Scotland remained under Norse control until the fifteenth century). The cultural variety of this period is most obvious in place names, for most of these were coined at this period, too.


The landscape is constantly describing itself to us. It mostly does so in Anglo-Saxon/old English, old British/Brythonic, old Norse/Norn, or Gaelic, with a few, usually younger, French, Latin and modern English additions. Gaelic alone has at least ten different words for hill-shapes; including types of slope and ridge, and twenty-eight have been identified in Anglo-Saxon. Sometimes they have a stratigraphy of their own: Pendle Hill in Lancashire means ‘hill hill hill’ if you deconstruct its layers of Brythonic, Norse and Old English.


Britain at this time developed a unique art form of carved standing stones: the ‘Celtic crosses’. Once everywhere, these are particularly well preserved and artistically impressive in the northern part of the island. The cross is of course an anthropomorphic symbol, representing as it does the crucified Christ (and often erected as a monument to the dead); an image also often evoked in the plans of churches. As demand for buildable and carvable stone increases, we see (from the seventh century) the first post-Roman stone-quarrying, ultimately leading not only to the rediscovery of many high-quality stone sources, but also to the identification for the first time of carvable stones in Highland Scotland. Sources of metal ore were also rediscovered: mostly iron, but by the Norman Conquest lead, too.


In the course of this period, Britain gradually became a Christian island. Other gradual changes were equally significant: pushed by Anglo-Saxon migration into the less fertile western uplands, settlement in areas inhabited by Britons remained largely non-urban and scattered, with small, isolated churches and strongholds, and many visible prehistoric sites. These characteristics have many causes, not least the simple fact that this is mostly tough geology to turn into productive land; its rocks are often difficult to shape, but can easily be found littering hillsides and shores in usable pieces.


Picture a tiny church, far from any village and sitting close to the ocean edge, overlooked by a rocky hill draped in prehistoric remains. It’s a scene one might find anywhere from the isle of Lewis to Penwith: a landscape we quickly think of as ‘Celtic’. The power of such places may be an accident of geology-as-history, but that does not dim their impact: it is a power that has done much to shape the distinctive ethnic identities of western and northern Britain.


Medieval lithophilia


As we move past the Norman conquest of 1066 and enter the medieval period, Wales is a patchwork of kingdoms, while both Scotland and England are united under single kings. England is the largest, wealthiest and most powerful of these entities. People everywhere are building ambitious stone structures (especially churches) and their culture is intimately connected both to Ireland and to the European mainland. London, former capital of Roman Britannia, in Britain’s south-east is well on its way to becoming the capital of England, and the largest settlement on the island.


By this time, too, an elaborate network of extractive industries has developed. In areas with reasonable building stone, every village has a small local quarry. Building stone and metal ore were sourced mainly on escarpments and valley-sides with access to navigable waterways, a rule that holds true until the advent of powered transport. Such sites were good places to look for resources, as changes in slope often signal changes in the underlying rocks. They were also of little use for farming, and their angled sides made them relatively easy to dig in to.


The cost of moving stone could be significantly greater than that of excavating it (the Salcombe stone used at fourteenth-century Exeter cathedral cost 2d a ton to quarry and 14d a ton to transport). The use of high-quality stones far from their source became an indicator of wealth. Buildings whose walls are made of imported limestone, for example, have a conspicuous grandeur in areas such as East Anglia, where the local building stone is mostly rough flint. Brick – lost since the Roman era – reappears in the twelfth century; by the end of the medieval period it has become a serious alternative to cut stone. Roof- and floor-tiles are known from this era, too, the latter often covered in decorative designs. As for metal, by about 1300, 1,000 tons of iron ore were being extracted annually in England, and more imported; though England’s chief ‘industry’ was wool production: a product dependent on the grazing potential of its heaths and grasslands, which often relate to calcareous, limestone geologies.


All this is a context for the remarkable lithophiliac achievements of the period, which reaches its apogee in religious monuments. Thousands of churches survive. An astonishing rebuilding of the greater cathedrals and monasteries took place in the forty–fifty years after the Norman Conquest, which at Winchester included a cathedral that was also one of the largest buildings on the planet. Within a century, as an ‘Anglo-Norman’ culture developed, smaller churches – including that at Brentor – and monastic houses were being built and rebuilt in their thousands, as architecture morphed from round-arched Romanesque into gravity-defying Gothic, and then continued a process of ceaseless, restless stylistic change over the centuries to come. Almost all this was done in mortared cut stone, aided and abetted by quantities of strengthening iron and illuminating glass, both dependent on the materials of the earth.


High-status secular buildings were impressive, too; castles, which survive in their hundreds, were partly designed for defence, but also to impress and visually embody the chivalric values of the day. Many stone-built houses also once existed, though most were constructed of timber – vast quantities of which were also used in the construction of the stone buildings. Again, many survive, especially from towards the end of the period. There is a geological dimension to this material: woodland was thickest in areas that had little agricultural use, whether because the soils were dominated by heavy clay, or were too sandy to retain moisture well.


Medieval people built on Classical achievements by theorising about stone. For the first time – though there are hints in the cults of ancient Rome, and much educated guesswork around Neolithic ideas – we can say detailed, locally specific things about the resulting ‘noosphere’ (Teilhard to Chardin) or ‘mythosphere’ (David Miles). This refers to the ideas, myths and reactions to the landscape that we carry around in our heads. I often imagine it as an invisible stratigraphic layer, lying on top of the rocks and earth.


Rocks were deemed to be alive and, like all Creation, riven with messages from God. The cathedrals are partly inspired by Biblical descriptions of Heaven as a city built of shining, precious jewels (Revelation, 19:1–21), creating a new demand for carvable stones that looked precious, such as the polishable limestones of the Isle of Purbeck, Dorset. Alabaster, with its lustrous, flesh-like quality, became popular for monuments to the dead. Gems – blood-red ruby, blue sapphire – from India and Burma made their way into prized items of gold or silver, prized both for their lustre and their symbolic colouring. The colour of sapphires symbolised heaven; rubies were associated with passion, protection, and love. The white and rose-pink stones conspicuous in the east end of Canterbury cathedral, it has been argued, are intended to evoke the symbolic red blood and white brains spilled at the martyrdom of St Thomas Becket.


Locally, the mythosphere filled with stories about the landscape. Often these intimately reflect, and seek to explain, the qualities of stones and landforms. These are hard to date, but are dominated by medieval figures such as Arthur, Robin Hood, and the saints, making it likely that many took form in this period.


In the fifteenth, sixteenth and seventeenth centuries, culture was recognisably heading somewhere new: more questioning, more entrepreneurial; we are passing from the ‘late medieval’ to the early modern periods. Metal was in ever-increasing demand: lead, for example, was needed for everything from bullets to printing presses. Much of the wealth of church and aristocracy alike remained derived from the control of such mineral resources. Architecturally, Gothic was replaced by a series of Renaissance-inspired styles – Jacobethan, Palladian, Baroque – and with these came a demand for crisp, white stones: marble from Italy, limestone from Portland, Dorset.


In religion, upheaval known as the Reformation led to the rejection of papal authority in England and Wales in 1534, and Scotland in 1560; the island became officially Protestant and Catholics were often persecuted. The English dissolution of the monasteries, from 1536, left in its wake a wave of monumental ruins second only to that left behind by the Romans; the resulting redistribution of wealth from the Church to the aristocracy stimulated the construction of newly ambitious country houses.


In Scotland the monasteries died more gradually, but from 1688 cathedrals joined them as an institution that was no longer required, and many of both types of church fell into ruin. Surviving medieval churches were more completely remodelled or replaced to suit new forms of worship than in England.


In both nations, building stone and lead were robbed from abandoned churches and used in new buildings. There is nothing new about this recycling of stone; another sense in which architecture is like geology. Buildings can be made of other buildings, just as stones can be made of other stones.


From now on, secular buildings rather than religious ones are the main focus of architectural effort and innovation. But changes in religious architecture continued to be significant. Nonconformist chapels proliferated, especially in the nineteenth century, when as a result of Catholic emancipation they were belatedly joined by new Catholic churches. New places of worship were also built, and old ones rebuilt, by the established Protestant churches; especially in Scotland, where the split known as the Great Disruption (1843) was a major event. Synagogues, and more recently mosques, temples and gurdwaras, are architectural embodiment of the waves of inward migration of the industrial and modern eras.


Industrial-era lithophilia


The eighteenth and nineteenth centuries outdo even the Neolithic and Roman eras as the greatest turning point in the story of humanity and the stones in Britain. Indeed – though structures such as Stonehenge are justifiably world-famous – this is when the events on this island would be an indispensable element to any history of humanity, thanks to the industrial revolution, which reconfigured the landscape.


At this time, factories, textile mills and mines proliferated, their location intimately tied to sources of power – especially coal – and metal ore, and thus to geology. Coal became so important that areas of industrial production far from its deposits – the textile mills of the Cotswolds, the ironworks of the Weald – withered on the vine.


Large tracts of the landscape – especially in Lancashire and Yorkshire, South Wales and the Black Country, central Scotland and Cornwall – developed a near-apocalyptic appearance as people extracted the innards of the Earth, with little regard for either her well-being or that of the environment. Deep mines developed: artificial caves on a scale previously unimaginable, their vertical shafts dependent on mechanically assisted drainage, ventilation and extraction. In the eighteenth century, the coal pit at Whitehaven in Cumbria extended around 300m down; a century later, three mines, over 1,000m deep, were among the 1,000-plus known to have existed around Wigan, Lancashire. Though we have been tunnelling in pursuit of rocks since the Neolithic, we humans had now truly become a burrowing species.


By one estimate, over 25 billion tons of British coal has been removed from the Earth since 1760; by another, that’s enough of the material to cover our island to a depth of 4.25m (I’ve not converted tons to tonnes in this book as the ratio is almost 1:1). Almost all this comes from rocks of the Carboniferous period, which are also host to many metal ores, giving that period a particularly powerful geohistorical story.


The ease with which coal and other heavy materials could be transported was also transformed. The Earth was further excavated and reshaped in the form of tunnels and embankments. The resulting turnpike roads, canals and railways carved a new series of linear networks across the island. From the eighteenth century, 4,000 miles of canals were built; having flowed almost entirely along natural routes (freshwater conduits and river straightenings were the main exceptions), water was artificially redirected in the interests of the economy. In the first flush of railway-building, between 1834 and 1841, 54 million cubic metres of earth and rock were excavated. The economic impact was staggering: a single horse-drawn barge could pull ten times the weight of coal that could be hauled by road, reducing its price by half.


At the same time, people migrated in vast numbers from the countryside to rapidly expanding towns and cities – in 1750, only 15 per cent of people lived in urban environments; 150 years later this had grown to 85 per cent. Cities were built that were unlike any that had gone before, again guided by proximity to coal and other resources. Glasgow, Manchester and Birmingham replaced Bristol, Norwich and York as the major urban areas outside London. New architectures – railway stations, factories, mills – proliferated in these places.


New building materials included ambitious structures of iron and later, concrete and steel, which were dependent on new technologies, from modern ‘hydraulic’ concrete (from the 1820s) to mass-produced steel (from mid-century). This alloy of iron and carbon can take compressive pressure in a way that iron alone cannot, opening up vast new architectural possibilities. Industrial-era buildings became cathedral-like in ambition. By the nineteenth century a variety of architectural styles was being employed to decorate such buildings.


Housing, too was transformed. Serried rows of terraced houses dominated the new settlements. A forest of chimneys rose from their roofs. Once, a chimney had been a marker of wealth, now it became an essential way to lift coal smoke away from human beings. No home or industrial site was complete without one. In mid-nineteenth-century Glasgow, the chimneys of the St Rollox and J. Townsend chemical works were, at 133m and 138m high respectively, the tallest in the world. The owners of such businesses used their profits to build new country houses. Of the ten richest nineteenth-century aristocrats, four derived much of their wealth from minerals.


A substantial amount of human misery accompanied these developments, and not only in the mines, factories and mills. The near-free labour provided by slavery created much of the wealth that funded early industry. In Liverpool, as the Rev. William Bagshaw Stevens put it in 1797, ‘every Brick is cemented to its fellow Brick by the blood and sweat of Negroes [the then-normal term for Black people]’; he could have been talking about Bristol, or Glasgow, or many other places. British emigrants seeking a better life included miners and masons, whose skills left their traces in quarries, mines and buildings everywhere from Australia to Argentina. The British Empire became the largest political entity on Earth. Meanwhile, the nations of Britain – Wales as early as 1283, Scotland from 1702, Ireland (or most of it) until 1922 – coalesced under one Crown, based in Westminster.


Movements of people were echoed by those of stone, resulting in a new and bewildering range of man-made erratics. Some of this flowed inwards: the table-tops of Chatsworth House, Derbyshire, are a veritable museum of the world’s prettier rocks. But this is dwarfed by the volume of subterranean Britain that ended up in other parts of the world. By 1900, 85 per cent of the coal consumed on the planet came from Britain, which dominated the market for other earth materials, too. British coal fuelled the rail networks which carved up continents, and which in turn facilitated the exploitation of earth resources in other parts of the planet.


An agricultural revolution took place alongside this. New fertilisers were developed, often dependent on earth materials such as lime. Some of these developments had originated several centuries earlier, but took on a new urgency. In much of lowland England, fields previously held in common were enclosed and divided into farms; in Scotland, entire communities were swept away, their land given over to game and sheepwalk, in the Clearances – a process that could be traumatic and violent. The landscape of that nation was also changed by a wave of foundations of towns or burghs, which peaked in the fifteenth to seventeenth centuries.


The key technological developments of the period often have a geohistorical dimension: the use of coke to smelt iron (by 1709–10) and the commercial steam engine (1712) both ultimately depended on coal as their source of energy. The first machine-dominated textile mills (1720s), were dependent on swift-running water – itself a result of the lie of the land – but ultimately moved to steam, too. The first commercial applications of electricity came in the mid-nineteenth century – generation depended on coal, transmission on copper and other metals. From the 1840s, we see the development of the chemical and oil industries, with the discovery of Benzine and shale-oil; a decade or so later, the transformation of steel-making using the Bessemer and Siemens techniques, from 1856 and 1861 respectively. The (oil-fuelled) car was born with the invention of the four-stroke engine in 1879; by the twentieth century, oil was becoming the fuel of choice, and its sources – then chiefly in America and Iran – were transforming global politics.


Underlying this whole story is a spiralling demand for the materials of the earth: the more steam required to power machines, the more the demand for coal increased; the more metal used to make them, the more ore was mined. Much the same goes for oil. From the later seventeenth century certain building stones became nationally and international important. ‘Superstar stones’, I have called them. These include Jurassic limestone, especially from around Bath and the Isle of Portland; and various Carboniferous sandstones, in northern Britain; joined during the nineteenth century by brick-clays, especially from Jurassic Bedfordshire; and by more ancient Scottish granite and Welsh and Scottish slate.


There are manifold ramifications to all this. Oil and coal were used to make the rubber tyres and road surfaces on which transport increasingly depended. The manganese mined at Brentor was one of many minerals whose usefulness was discovered or developed. Major chemical industries, driven by such discoveries, had a particular focus in north Cheshire and south Lancashire, with their proximity to the limestone, salt and coal used in many new processes. All in all, this is a new lithophiliac age (though there is a sense in which the ‘stone age’ has never finished; it is merely that the full potential of the rocks is being revealed).


The places where such stones were extracted became quarries of jaw-dropping scale; the materials they produced came to drape the island in a kind of architectural monoculture. The character of British buildings no longer moved in step with the warp and weft of local geology. A typical Victorian terraced house in the south might be made of bricks of Bedfordshire clay, topped with slates from Gwynedd. The ability of a given stone to resist the impact of pollution began to affect fashions in building materials, such as terracotta and artificial stone for example.


This period also sees an underlying philosophical or cultural change. Science, for all its manifest power as an intellectual discipline, reduced nature from something created, perhaps potentially alive, to something dead, a happenstance of physical laws, waiting to be enslaved and exploited without concern for the consequences. It is hard to resist the conclusion that the treating of people as objects or possessions is a related condition.


The industrial-era mythosphere also includes new kinds of aesthetic response to the landscape, and these had a physical manifestation in everything from paintings to gardens. The folly-filled Picturesque-designed landscapes of the eighteenth century are one expression of this; the Romantic-era discovery that wild, high places can be thrilling as well as terrifying is another. People began to explore Britain, and to write about what they saw with a fresh-eyed eloquence; some such reports, from Leland in the sixteenth century to Cobbett in the nineteenth, are quoted in this book. Art and literature alike, from John Constable to Thomas Hardy, became intensely responsive to the particularities of place. Many other aspects of our culture that we take for granted, from universal suffrage to religious Nonconformism, are products of a broadly defined industrial era.


Geology itself is a creation of this period, not least because the sinking of mines, the building of canals and the construction of railways revealed more of what lay below the ground than ever before – and here, once again, Britain was in the vanguard. Like art and literature, this is largely a development of the mythosphere, and like them, it affects our reactions to the rocks; just as we explore Wessex or the Lakes with Hardy and Wordsworth in our heads, so we look at granite afresh when we know it originated as magma that has cooled slowly deep underground.


On occasion, geology delivers a ‘feedback loop’ into the landscape itself, affecting its appearance through the design of monuments, as at Rochdale cemetery (1855), which contains a display of twenty-seven rock-types, a miniature history of the Earth as it was then understood.


These developments are fascinating, and two founding figures stand out. One, the Scot James Hutton, made the fundamental theoretical deduction that unimaginable gulfs of time must separate different phases of rock. The other, Englishman William Smith, made the more practical discovery that specific fossils recurred in comparable layers across the country, and used this insight both to create the science of stratigraphy and to make the first proper map of the rocks of an entire country. Many of the rock names still being used were coined by him, sometimes from local usages.


Fittingly, Hutton’s contribution to the landscape includes some of the more abstract ‘sacred places’ of geological science. The junction of Silurian and Devonian rocks at Siccar Point in Berwickshire was used by him to demonstrate that the cycle of rock-creation had ‘no vestige of a beginning, – no prospect of an end’. But it is Smith who left physical monuments behind, whether they be the traces of the canals and quarries whose sites he helped determine (and in some cases invested in himself), or Scarborough’s Rotunda Museum, built to his design, to display his geological collections.


The new profession of geology developed rapidly: the Geological Society was founded in 1807; the British Geological Survey, the first such in the world, was set up in 1835. Such organisations helped bring science to bear on working out where useful materials might be found, and finding new uses for them. Today professional geologists are involved in everything from military strategy, to the management of water, to the finding of fuel.


The modern world


We can only sketch out the developments of the last century or so. The collapse of British mining and heavy industry in the second half of the twentieth century has traumatised the communities that depended on it, with huge implications for domestic politics. Yet the global picture is one of expansion; the period since the end of the Second World War is called the ‘Great Acceleration’ for its near-exponential increases in the consumption of the Earth’s resources.


Building techniques such as the ability to make enormous pieces of plate glass and huge structures of steel and reinforced concrete have made for entirely new architectures, stimulating new kinds of style: Modernism and its successors.


Many of the gargantuan distribution sheds on which the modern economy depends are enriched with superstar stones that have a global reach: polished Scandinavian granite gives an upmarket sheen to financial buildings and shopping centres alike. Sandstone from Agra, India, is used on the Bradford Grand Mosque, reflecting the Asian origin of many worshippers. Our energy needs continue to sit at the heart of our relationship with Earth materials, only now oil has replaced coal, and Britain is only one player in a story that distorts global politics. Our use of fossil fuels (and their derivative, plastic) is transforming the environment to an extent that may make it difficult for us to survive in it, even as new sources of energy, such as uranium, have been developed.


Ultimately, the planet itself will shrug off such challenges; it is life that will suffer. Meanwhile, rare earths such as lithium are fundamental to the digital devices we carry in our pockets and on which we increasingly depend, and the internet is an enormous consumer of fossil fuels. As the major sources of such materials are overseas, the impact of this on the landscape is often hidden to us.


We are increasingly distanced from the simple fact that nothing solid exists on this planet that does not ultimately originate in its geology. Yet in 2014, 68.6 million tons of limestone and chalk were extracted from Britain (for use in cement, in the chemical, iron and steel industries, and in agriculture); 37.1 million tons of igneous rock, most of it for roadstone; and 11.2 million tons of coal (with over 40 million more tons imported); quarrying of sandstone, salt and clay was also significant.


At the same time, our digital technologies are reconfiguring our relationship with Place itself: everything from maps, because of our dependence on GPS; to film locations (think of CGI); to gaming (Minecraft) involves new ways of visioning our environment. This is a new kind of mythosphere, at once rendered more visible – because we can all explore it, and create it, online – and less dependent on attention to the actual landscape. Pseudo-geology has joined pseudo-science as a growth area: online crystal shops make all kinds of claims for the qualities of the rocks.


Yet the arts have seen a rebirth of interest in place, and in geology in particular, as intense as any that has gone before: the art of figures such as Antony Gormley and Andy Goldsworthy are among the better-known signs that a new and inspiring kind of lithophilia has developed.


As one indicator of the significance of current changes, a new term, the Anthropocene, has been coined to reflect the way human activity has impacted on the geological record. I will use the term for those landscapes in which the human aspect drowns out all others. We will visit some particularly vivid landscapes of this ‘cultural Anthropocene’ – but my entire theme is the extent to which people have reacted to the rocks, shaping the landscape as a result. Sometime the resulting places are very special indeed: in particular those where many phases of human history are visible at once, and all are shaped by the underlying geology. Such ‘dense places’ can have the power to transform lives. As this Anthropocene boy discovered on Brentor.









PART TWO
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Chapter 4





The ancient Precambrian


4,600 million–541 million years ago


Human history sits relatively thinly on the landscape of north-west Scotland: but the geology is raw in tooth and claw. Look north from the spiny ridge of Stac Pollaidh – and one of the great views in the world stretches out.


A plateau extends from the base of this mountain, filled with innumerable small, rocky hills. The gaps between them are filled with dark pools, making for a labyrinthine and alluring sequence of tiny placelets. This country hummocks its way north for fully 6 miles until, quite suddenly, Suilven rises up. This is one of Scotland’s great peaks: a 2,398ft-high beast, hunkered on its haunches. Other such isolated mountains are visible. Some, in the right light, have glistening, crystalline peaks. Over to the left, the ocean shines: one can pick out a complex coastline, punctuated by tiny islets.


This landscape is comprised of three elements: hillock-studded plateau; sudden, isolated mountain; and distant sea. Within this underlying pattern, each mountain, each hillock, each island is different. Nature allows a basic template to work its way into an infinite variety of variants: a statement true of everything from a pebble to a planet, an insect to a human being.


But this landscape is particularly special. Its constituent parts have names: the plateau is cnoc-and-lochan (Gaelic: ‘hillock-and-lakelet’); the isolated mountain, an inselberg (German: ‘island-mountain’).


Signs of human intervention are barely visible from up here. But it is people that cleared the landscape of trees; scattered crofts can be made out lining the coast; and there are small settlements further inland, too. The deserted cnoc-and-lochan in front of us once supported two farms and a hamlet-sized township: their disappearance is a historical event in its own right.


The most obvious signs of human intervention today are the footpaths and cairns on Stac Pollaidh itself: the whole ambitious footprint of humanity-and-the-rocks – paths and mounds, roads and buildings, routes and shelters – boiled down to a primeval essence. It is pure natural form, then that makes this landscape as compelling as a work of art: a quality profoundly enriched by what we know about its geology.


Mythospheric mountains


This landscape may be relatively empty of ambitious buildings: but its mythosphere is a full one. Artists and writers have been inspired by it. (‘Who possesses this landscape? – / The man who bought it or / I who am possessed by it?’ the poet Norman MacCaig asked of Assynt). Many local place-names are Gaelic and Norse evocations of geology and landform: Suilven is Sula Bheinn (‘pillar mountain’); lochside Stac Pollaidh perhaps ‘the pinnacle by the pool’ (I will be giving local as well as English names at first use in areas where the majority language is Gaelic or Welsh). But its geological story is what makes the landscape crackle with significance; a creation myth supplied by science, only elucidated from the late nineteenth century onwards.


To explore this geology is to encounter one extraordinary quality after another – and at the same time, to discover the essential building blocks of geology itself. It is odd to talk about this landscape as the product of a single ‘period’, given that – and here is the first extraordinary thing – it bears the traces of more time than has passed since.


The rocks that dominate this view are Precambrian in date, but that is a catch-all rather like ‘prehistoric’. Precambrian rocks lack fossils – life was either non-existent or (later on), too soft-bodied to leave many traces. It is a vast period of time, covering 88 per cent of the age of the Earth – a period over which many lost landscapes came and went.


This was a world of surpassing strangeness. There was no complex life: no plants, no animals. Continents themselves were young, and more dynamic than they are now. Remnants of the era are rarely visible on the surface today. When they do appear, they are a glimpse into the ‘basement’ of old, hard rocks which lies below everything in this book, like a kind of geological unconscious.


Landscapes underlain by Precambrian rocks are rare in Britain. Like the most respected of elders, their presence is at once appealing and daunting. Outside Scotland, none would take more than a day to walk across, and all date from relatively late in the period.


The area around Stac Pollaidh is different. It is part of a long, narrow strip of territory with a unique geological history; a strip that runs a full 170-or-so miles north to south, along Scotland’s north-western coast: from Durness in the far north to Iona, off Mull – while being at its widest barely 15 miles across east to west. This entire coastal strip has a unique geological history – but its spiritual epicentre is here, in an area centred on the large parish of Assynt.


It was very wet when I was last in Assynt; in spite of that, I wanted to get more intimate with the rocks. I chose a spot where a short hike across cnoc-and-lochan led to where an inselberg reared up. The plateau was surprisingly slow going: the hills a peaty sponge, the gaps between them brackish pools. There were grey boulders everywhere. Then, quite suddenly, the flanks of the mountain rose up so vertically that I could almost stand on the plateau and touch their sides. The rocks here had a ribbed, almost corrugated texture, and were brown in shade.


These are two different rock-types: one hard and grey, the other textured and reddish. Both were once elements of a hazily understood supercontinent called Rodinia by geologists, which sat, mostly in the southern hemisphere, about a billion years ago. And they represent the first two of the three great groups into which all the rocks on the planet can be divided: metamorphic, sedimentary, igneous. The differing qualities of these rocks are the key to the thrilling contrast between the cnoc-and-lochan and the inselbergs of Assynt.


For Assynt is a ‘mixed landscape’: a place where contrasting rock-types sit in close proximity. Though here the contrast is especially thrilling, such places often lead to sudden changes in landform – and also in the resources, from metals to soils, which influence human activity. This can make mixed landscapes both visually arresting and historically rich. And here in Assnyt, they also form a lesson in geology.


A metamorphic plateau


The rocks of the cnoc-and-lochan plateau are indomitably hard, impervious and acidic. Few things will grow on them, water gathers in their dips and plant material is slow to break down, hence the peat and the pools. They are a variety of the first of the first of our rock-types: metamorphic.


Metamorphic rocks have, in effect, been cooked. They started out as one type of rock, and were transformed at some later period by a powerful combination of pressure, heat and other forces. Their character owes much to both the qualities of the originating rock and the specific balance of the forces they have been put through. This makes them very varied, but in Britain, almost all form hard, infertile country. The process of cooking can cause chemical reactions, creating deposits of minerals and metals. As a result, from Redruth to Tyndrum, metamorphic landscapes have been useful to human beings as a source of everything from copper to gold.


The metamorphic rocks of our north-west strip originated as magma, which then hardened into granite – and later metamorphosed into a rock-type known as gneiss: very hard, and often densely banded with melted blacks and greys, and even soft oranges. It was formed – and here is another extraordinary thing – from rocks already ancient, 2,800 Ma, and 20–30 miles below the Earth’s surface, at temperatures of up to 1,000 degrees centigrade; and they were transformed again at a later period and at slightly less extreme depths.


These ‘Lewisian gneisses’ are among the oldest rocks in the world. Though there are other gneisses in Britain, none is present on a landscape-forming scale, nor are any other rocks remotely this old. This makes them a dense concatenation of strangenesses: material from the deep underworld of the planet, created over profound amounts of time, subjected to extraordinary pressures at extreme depths – and then exposed on the surface for us to see.


1,800 million years separate these rocks from those of the inselbergs. That is considerably more time than is covered by the whole of the rest of this book. What geographies came and went in this time we barely know. We are in the presence of an enormous ‘unconformity’, a place where rocks of one age sit upon rocks of quite another. And yet the rocks of the inselbergs are still older than almost any other rocks we will encounter. And they introduce our second type of rock: sedimentary.


Sedimentary peaks


About 1,040 million years ago, a long-vanished Rodinian mountain-range stood somewhere to the west of Assynt. Great wide rivers, their path unimpeded by soil or plants, flowed off these heights, wearing them down, and carrying fragments of them across a Lewisian plain. As the waters flowed, the sediments of the mountains drifted to the river floor. Eventually the gneiss was covered by no less than 2–3 miles of sandy sediment. Under ever-increasing pressure, the silica in the sand glued these grains together – a process known as cementation – and sandstone was formed.


These sediments are thus tiny fragments of lost mountains. They remind us that every mote of dust we breath has been recycled from some previous environment, passed no doubt through other bodies, scuffed from some forgotten wall or washed from some mountaintop. Some dust motes may be tiny, visible only with a microscope; others will be quite substantial. Grain size is one way sedimentary rocks are distinguished from each other: another is material-of-origin.


Sandstone is one of the two main types of sedimentary rock (the other is limestone). It has finer-grained siblings in the form of mudstone, siltstone, shale and clay. The sandstone of the inselbergs is called Torridonian, after a part of the north-west strip about 35 miles to the south of Stac Pollaidh, where it dominates the landscape almost to the exclusion of the Lewisian beneath.


Sedimentary rocks are like metamorphic rocks in that the material from which they were made was originally something else. But in this case the conditions that created them were comparatively benign, and what that something else was is evident in their current form. Through them we get a glimpse of a distant past.
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