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For Sarita


My most precious rock, who grounded me and 
gave me hope for the light that came.
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FIGURE 1: Simplified international chronostratigraphic chart (Adapted from Cohen and others, 2013, updated). The full geological timescale with Eons, Eras, Periods, Epochs and Stages is available at www.stratigraphy.org.
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FIGURE 2: The sixteen principal tectonic plates showing movements at plate margins.


[image: This diagram shows how the Earth is a dynamic system where all its parts are connected to each and how different kinds of rocks are formed.]


FIGURE 3: The Rock Cycle. The diagram shows how the Earth is a dynamic system where all its parts are connected to each. As the processes interact, they produce change resulting in a continuous cycle throughout geological time.









Reinterpretation and Representation of Indigenous Stories and Traditional Knowledge


I would like to start with a statement of positionality: I am not a member of an Indigenous minority. I am a scholar of Indian descent who has lived and worked in two countries (the United Kingdom and the United States of America) from where the impacts of colonialism and British Imperialism were felt across the world. As a non-Indigenous scholar, I am an outsider to Indigenous writings and oral histories, so when I read the texts or listen to stories, I am positioned differently from audiences whose ancestry and experiences align them with the worldviews and values of such knowledge.


Writing the stories of Indigenous people and heritage is an honour and a privilege that carries immense responsibilities. These histories and experiences are born from cultural perspectives and traditions other than my own, and it is important to recognise that we must treat them with care and consideration to limit further damage and harm to communities across the world who continue to recover from the ravages of colonialism.


To this end, the stories I have retold in my book are ones that Indigenous communities have generously shared with non-Indigenous people in publicly accessible spaces. I have done my best to understand cultural beliefs and values through consulting with Indigenous people first-hand through professional interactions; consulted digital media and documents written by individuals, clans, nations and tribes; and sought the advice of scholars working in the fields of anthropology, history, sociology and Indigenous studies. I acknowledge my privilege in being able to retell their stories here, and in doing so I hope that my work reflects their truth.









Extract from ‘Kinship is the Basic Principle of Philosophy’




… For hundreds of years


certainly for thousands


Our Native elders


have taught us


‘All My Relations’


means all living things


and the entire Universe


‘All Our Relations’


they have said


time and time again …


Do you doubt still?


a rock alive? You say


it is hard!


it doesn’t move of its own accord!


it has no eyes!


it doesn’t think!


but rocks do move


put one in a fire


it will get hot won’t it?


That means


won’t you agree?


that its insides are moving


ever more rapidly? …


So don’t kid me my friend,


rocks change


rocks move


rocks flow


rocks combine


rocks are powerful friends


I have many


big and small


their processes, at our temperatures,


are very slow


but very deep!


I understand because, you see,


I am part rock!


I eat rocks


rocks are part of me


I couldn’t exist without


the rock in me


We are all related!


No, it’s alive I tell you,


just like the old ones say


they’ve been there


you know


they’ve crossed the boundaries


not with computers


but with their


very own beings!


JACK D. FORBES (1934–2011)


Of the Powhatan, Delaware and Rappahannock Nations












Preface


As I walk along the path, there is a satisfying crunch beneath my feet. The small, palm-sized chunks of pink and grey flecked rocks sparkle in the sunlight as my shoes gently disturb their resting places. I crouch down for a closer look and my family pauses to wait for me, their faces resigned to this curious passion. My eyes rake over the fragments of granite as I decide which one to take home. For over twenty years, I have lived in the beautiful rural county of Dorset in south-west England, a place I was drawn to because of the world-famous rocks of the Jurassic Coast World Heritage Site that are exposed along its coastline. Leaving the vast salt lake deserts of Utah and an academic career behind me, at the age of twenty-nine I chose a new pathway in life: to become a teller of the stories of rocks. I became a time traveller, journeying to ancient lands and seas filled with extraordinary creatures. These lost worlds of the Jurassic Period tumble onto the beaches of Dorset, where the waves pick out glimpses of the past in the form of fossils. As I told each story, I felt the magic of deep time seep into my bones.


On discovering this foundling piece of granite, I feel that familiar thrill that allows me to hear the whispers of rock. This rock was born deep within the fires of the earth – a subterranean realm known as the mantle. In this world of immense heat and pressure, rock exists in a semi-molten state called magma that moves in rhythm to the currents coursing through it. In some areas, the magma rises as an elegant plume to greet the crust, where there is an intimate exchange of heat which melts the overlying rock. As the two entities mingle, minerals from the crustal rock mix with the magma plume, creating a unique chemical cocktail that defines the type of rock it will eventually become. As the plume makes its way through the crust towards the earth’s surface, it may encounter obstacles and diversions. Should it become trapped in a cavity between other rock layers or collect in a magma chamber, the magma can wait in this space for millions of years. Instead of gloriously breaking through the crust as lava in a dramatic volcanic eruption, the passing of millions of years allows the magma to gradually cool. As it does so, it evolves into a crystalline rock that shimmers with the colours of nature’s rich geological palette.


My love for rock began as a child when I walked over solidified lava flows in south-east Kenya. Back then, I did not understand the nature of the landscape or how the rock had come to be there; I only knew that I wanted to learn more about its story. This touchpoint experience sparked a fire deep inside me and I set out to teach myself how to listen to the whispers of rocks. Through pattern, colour and form, they told me of ancient worlds where mountains were born and volcanoes had erupted, where raging rivers flowed and the gentle wind had moved a sand grain. They whispered to me to look at how all this work had laid the foundations for the world around us. For life itself.


The more I listened, the more I felt a connection with these storykeepers of time. This is what sets me apart from other nature lovers because, as a rock whisperer, these entities speak to me in a way that no other part of the natural world does. Each rock I meet teaches me about myself. Some speak to me about resilience and fortitude – how I have the power to stand in my own space and meet the challenges that life throws at me. Others speak of empathy and humility so that I might behave in a way that treats nature as my own kin. Whatever the whispers of rock might reveal to me, I am enriched by their knowledge and wisdom.


My rise from an enthusiastic teenager to becoming a professional earth scientist was fraught with difficulty. My passion for the geological world meant that I became an amusing oddity within my traditional Indian community. While my cousins chose sensible careers, I was the odd girl who studied rocks. At family events, I could always guarantee at least one awkward conversation or look of bemusement from a relative who made the unfortunate mistake of talking to me. ‘What are you studying at university?’ they would ask. ‘Earth science,’ I would reply and then go on to talk excitedly about some fascinating aspect of geology. Hurriedly, they would offer a hasty invitation to tea and, with a rustle of their sari, they were gone. The situation was not much different at home. I was proud of my expanding rock collection, which covered the windowsill in my bedroom. My mother would wring her hands in despair, ‘When will you give up this fascination for rock?’ she asked, her face pained as she eyed the cobwebs and dust on them. My response was always the same. These rocks that I had collected on family holidays and field trips were important to me, and I loved them like an eclectic group of old friends who always had a story to tell me.


I was also an outlier in the professional spaces where I existed. Decades of being the only brown body in the room took an immense toll on me. Like flowing water wearing away the rough edges of a boulder, I found myself moulded into a different person by the whiteness of the environments I worked in. My cultural heritage and spirituality tied to my Hindu upbringing became a secondary and lesser identity to my scientific self – a sacrifice I made to survive and succeed in my pursuit of becoming a rock whisperer. Assimilation had brought me status in the groups I moved between, but it also left me with a heavy burden of personal discomfort, unease and loneliness.


Lost and confused, I went in desperate search of my dharti – a Hindi word which describes the grounding of oneself through soil, rock and land. ‘Did you find it?’ enquires the piece of granite nestled in my hand, its angular edges reflecting the sharpness of its question. I feel its own sense of displacement in this landscape – brought from a quarry far away and placed in a land with a different story. I sought solace in rocks, and they brought forth new relationships with other kindred souls that began to revive my damaged spirit. Through embracing a sense of humility and empathy for the natural world, I could harmonise my scientific and spiritual selves into one true being. ‘All of nature is governed by cycles of creation and destruction. Progression is what drives our lives and indeed your own,’ these rocks seemed to urge; ‘in time your spirit will evolve and be renewed just as we are.’ Gradually, this wisdom seeped into the fractures that had broken my soul, slowly crystallising in my heart and mind the changes I needed to make. ‘What did you become?’ whispers the granite, sparkling with curiosity in my hand. I look up at my family waiting in the distance, a blend of the choices that now represent my life. I achieved what you could not, I reply. I broke through the barriers that held me back and became what I was destined to be.
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Perhaps you are wondering how you too can reconnect with the geological world just as I have.


How can you go on the same journey to hear the whispers of rock with me as your guide? Through exploring a dazzling array of stories, you will discover how rock has shaped not only our world but also our lives. Beginning in the deep past, you will learn about the origins of our planet and how this awareness has manifested through a unifying wisdom and reverence for our planet. By blending scientific understanding and spiritualities, I will help you to explore how the importance of forces which create and destroy all rock on Earth is mirrored in both realms of knowing. As we journey deep into the origins of igneous, sedimentary and metamorphic rocks, I will show you how they have shaped landscapes, cultures and beliefs about our own existence. In each chapter, my role as a storyteller pauses for a moment so each rock has a chance to whisper its own story to you. The rocks are unique, each with its own personality that has been guided by the different ways of knowing. Their voices are powerful and lyrical, drawing you into a magical world that for too long has remained silent and unseen.


As you examine and reflect on the different ways of knowing about rock, this wisdom will, I hope, transform the way you think and feel about the geological world. Science offers one portal through which you can listen to the whispers of rock. However, this approach, which relies on objectively observing, describing and measuring natural geological phenomena, can create distance between yourself and nature. To bridge this gap, appreciating and understanding spiritual approaches towards nature (even if you are not spiritual yourself) can provide a guiding sense of purpose, meaning and responsibility.


For some, this alliance of science and spiritualities will cause a sense of discomfort and consternation – a feeling that I understand and relate to. I was once asked after a talk whether my spirituality conflicted with my position as a scientist. I paused momentarily, unsure how to respond, conscious of the expectant silence that waited for my answer. I answered first as a scientist: that I am driven to search for factually based evidence that helps me answer questions that I ask about the world around me. Like so many of the scientists I interviewed for this book, I too find comfort in spaces where I can logically order, measure and evaluate how rock has come to exist. But I am also human, craving a deeper, more visceral connection beyond the science, which builds on my sense of empathy and love for the natural world. After the talk, a member of the audience came up to me, thanking me for my courage in expressing my positionality. The word ‘courage’ made me thoughtful as I think many in my field are fearful of their scientific credibility becoming eroded if they begin to accommodate other approaches, especially those that view the world through a more cultural or spiritual lens.


I think it is possible to coexist in this space of duality. If we look towards other seminal movements in scientific thought, such as the Gaia hypothesis developed by James Lovelock, it transformed the way we think of life on Earth. The Gaia hypothesis proposed that not only did species compete, they also cooperated to create the most favourable conditions for life to create a self-regulating system. Inspired by the spirituality of the environmental movement, Lovelock called his theory Gaia after the mythical Greek goddess who personified the Earth. In a similar vein, through embracing different ways of knowing the world, we stand to gain a more ethical and empathetic viewpoint on our relationship with rock. The profound shift from engaging with rock not just as an economic resource or as the backdrop to our existence, but as a keeper of our stories, memories and experiences, can guide our lives just as it has done for people across the world.


Through embracing our role as custodians rather than ‘owners and observers’, our relationship with the natural world transitions towards one of equity, consideration and – above all – love. From this position, with empathy and humility, we open ourselves to understand and value that different sources of knowledge have the power to entirely reframe our relationship with rock, and indeed nature itself. For to touch a rock and hear its whispers is to feel the privilege of a time and space that now only exists in our heart and mind.









1


The Rock Whisperer


As I walk along a footpath on Salisbury Plain, the early morning sky is a beautiful ombre that grades from a soft orange into a bright baby blue. The fields around me are shrouded in an ethereal mist, adding an air of mystic wonder to this special place. I weave my way carefully through crowds of people who are singing and dancing towards the ancient knowledge keepers of Stonehenge that have stood on this ground for thousands of years. Through a lens of geology though, these rocks are even older, whispering of realms that once existed on our planet hundreds of millions of years ago.


Stonehenge reflects a time when ancient people sought connection with land and the cosmos. The monument is comprised of circular arrangements of huge standing stones that were dragged great distances from across the British Isles and set out to align with the summer and winter solstices. In the outer and inner circles, where some of the stones have been arranged as trilithons (two upright stones that support a horizontal stone, or lintel), are the grey sarsen stones. With their mottled lichen and moss-covered surfaces, these tall slabs speak of a gentle history, reflecting a time of warmer, sedate landscapes when silica-rich waters filtered through beds of loose sand, cementing the grains together. In between the inner and outer circles of the sarsens are the rarer bluestones which speak of more fiery origins such as ancient volcanic eruptions and magma intrusions. In the centre of the monument is the Altar Stone that lies partially buried beneath two other stones that have fallen on top of it. Each mineral and grain of this stone was once a majestic mountain that had formed from rock during the infant years of our earth. As these mountains were gradually worn down by rivers, these sediments silently accumulated on the bottom of a lake to form the Old Red Sandstone.


As each great being looks down upon the heaving crowd, they urge me to remember the human stories imprinted upon their own geological ones. ‘See here,’ whispers Stone 56, the tallest of the sarsens at Stonehenge, ‘Can you sense the invisible traces of hands that once cleaved at rock? Can you feel the strained muscles of bodies that erected us upon this land? Hark! Here is the sunrise upon my surface, warming me as it has done for thousands of years. Let us greet it together.’ I watch as its grey, mottled surface is slowly bathed in a warm orange light. Turning around, my eyes are dazzled by the rising summer solstice sun which peeks through the gaps of the outer stone circle beyond. In this moment, I understand what it means to seek meaning and spirit in rock.


[image: ]


Stonehenge has experienced much in its long history. Archaeological evidence has shown that, although the monument has been rearranged at various times, its role as a living embodiment of the connection between our planet and the celestial sphere has endured until today. The stones were brought to the site about 4,500 years ago, where they became a centrepiece within a ceremonial landscape to welcome the winter and summer solstices.1 On these days, the usually restricted modern site is fully opened so that people may stand among the stones to witness the alignment of the sun. This sense of awe and wonder is heightened for many by being physically close to the stones. Although the rules say the stones are not to be touched, on this summer solstice no one appears to be following them. Some rest their foreheads on the rocks, eyes closed in deep contemplation. Others, with arms outstretched, press their bodies up against standing monoliths, embracing them like a long-lost love.


[image: A large moss-covered sarsen stone with the light striking its side © Anjana Khatwa]


The morning sun on the summer solstice strikes Stonehenge’s Stone 56, the tallest sarsen stone at this ancient monument.


I find myself standing behind two sisters called Rose and Kellie who have been here all night. They tell me how the energy of the stones has brought them to Stonehenge together with thousands of others. When I ask Rose how she feels about rock, she replies: ‘For me, rock is a massive part of nature. Just like the trees. People who don’t value trees can’t see their roots and so they don’t know just how old they are. How long it’s taken them to grow to that size. Their value is in their roots, sometimes they aren’t as pretty as the leaves, but they matter.’ For scientists like me, the value of rock is often locked deep inside its structures, minerals and grains. Just as we might sense an artist’s energy and vision in the brushstrokes of a painting, so the structures, patterns and minerals in a rock reveal a life once lived in a time that no longer exists.


As the two women reminisce about their night spent celebrating the solstice, I suddenly pick up on an exchange which reflects my own thoughts. ‘Kellie was saying last night about how the stones might be feeling and thinking? You know, in comparison to what it normally feels like for them in such a peaceful place. Suddenly everybody is here. Some people are sitting on them, standing on them and hugging them. Some have left little treasures behind for them, as I have done in the past. I wonder if they are thinking hurry up and go home or just wow, I’m feeling so much love!’ Kellie squeezes my hand in silent agreement that the stones must be able to feel the joy and love in the air – that everybody is here for them and to celebrate their existence. But my scientific instinct pricks sharply at the soft sentimentality that envelops me, reminding me such feelings cannot literally exist in what is essentially an assemblage of minerals. ‘I wonder if they feel that relief after everyone’s gone,’ Rose says thoughtfully, ‘whether they actually thrive off that, or whether it does actually make them feel tired. Like how we feel when we have a house full of people and then they go home. I feel like they love everybody around them but just like us, I’m not sure they want it every day of the week.’ These wonderful thoughts lift me and, although I cannot accept that they are literally true, Rose’s insights into the nature of rock nestle comfortably against my rational scientific self. As our conversation ends, I wonder at the mysterious forces that have brought the three of us together. Although we come from different viewpoints, from the spiritual to the scientific, we have aligned ourselves like the stones at the sunrise. Our passion and joy for rock lights up our souls like the morning sunlight which strikes Stone 56, serenely gazing down upon us as it has done for other revellers in centuries past.
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With the sun now fully risen, the crowds disperse within the inner circle giving me space to find my own moment with the stones. I rest my hand against the cool surface of Stone 56. This sarsen stone, which is the only remaining standing stone of the Great Trilithon, is a grand example of a sedimentary rock that formed between 65 and 23 million years ago during the Paleocene to the Miocene Period. During this time, southern England was covered in a warm shallow tropical sea where blooms of plankton called coccolithophores would eventually settle on the seabed, compressing over time to form a bright white rock called chalk. Across the sea were sandy islands, home to a range of plants that thrived in these warmer climates. Mineral-rich groundwater that was drawn upwards by these plants evaporated to leave behind crystals of silica that cemented the sand grains together. As sea levels fell, rivers coursed across the land, washing away areas of weaker sandstone that had not benefitted from this strengthening process. The remaining cemented beds of sandstone known as silcrete formed hardened patches, which eventually broke up to form fields of sarsen stones scattered across Wiltshire. Most of the Stonehenge sarsens have been geochemically traced to the West Woods on the Marlborough Downs, an area about 25 kilometres north of Stonehenge. As the tallest sarsen, Stone 56 was once part of a trilithon through which the winter solstice sun could have been viewed. Its smooth surface was fashioned by hands wielding sarsen and flint hammerstones that have been found in the fields to the north of Stonehenge.2


Outside the inner circle of sarsen stones lies an arrangement of smaller bluestones. They are comprised of two igneous rocks called spotted dolerite and rhyolite, which are not native to the Wiltshire landscape. These rocks date back to the Ordovician Period about 470 million years ago, when two continents separated by a body of water known to geologists as the Iapetus Ocean began to move towards each other. As the two continents eventually collided, the crust under the ocean was forced (or subducted) under one of the continents and deep into the mantle, causing it to melt and rise as plumes of magma. The dolerites formed from magma intruding into pre-existing horizontal rock layers where it became trapped, eventually cooling and crystallising to form a mottled, dark bluish-grey rock. Its spotted nature comes from minerals such as quartz and white feldspar that grew when the rocks were later subject to heat and pressure during a period of mountain building. When cut and polished, the spotted dolerite resembles a starry night sky, a quality that may have inspired its position at Stonehenge to reflect the celestial sphere.


Elsewhere, magma which had broken through the earth’s crust formed chains of volcanoes that ejected great clouds of ash and lava across the land. As these fiery hot materials spread across the landscape, they cooled to form a light grey rock called rhyolite. In 2015, a team of archaeologists and geologists traced the source of both these rock types to two quarries in the Preseli Hills in south-west Wales, about 140 miles from Salisbury Plain. Radiocarbon dating of burnt hazelnuts and charcoal from ancient campfires around the quarries at Craig Rhos-y-felin (rhyolite) and Carn Goedog (spotted dolerite) have dated megalithic quarrying to about 3400 to 3200 BCE.


What I find most striking about Stonehenge is the way in which geological processes aided human endeavour to connect with the natural world. The natural winnowing out of the tough sarsens from the poorly cemented sandstone layers over millions of years provided a ready-made supply of broken-up blocks. Even the waste rock created from shaping the sarsens was valued, being reused as tools to smooth and dress them. The bluestones also silently played an integral role in their repurposing as standing stones. Microscopic whispers from the rhyolite reveal foliated, planar minerals that became aligned under stress and pressure during a later phase of mountain building. This means that, at Craig Rhos-y-felin, the outcrop of rhyolite naturally breaks into tall vertical pillars, perfect for creating standing stone structures. It is thought that megalithic quarry workers exploited the naturally occurring vertical fissures through hammering in wooden wedges which they left in situ to soak up rainwater. The expansion of the wooden wedges eventually widened the natural fissures, helping the workers to ease out tall blocks of rock which could then be worked and dressed.3, 4


Recent research into the provenance of the Altar Stone has presented a new mystery for archaeologists to solve. It was previously thought that the origins of this stone lay somewhere near Preseli, from where the bluestones have been traced. But geologists have always questioned the validity of this claim due to its inconsistent geochemical match to other sandstones in this region. Through examining a broken fragment of the stone, scientists retrieved several detrital zircon grains that indicated they were formed an astonishing 1–1.79 billion years ago. It is claimed that the most likely source for these ancient zircon grains is crystalline rocks that date back to tectonic activity during the Proterozoic Eon – rocks to be found in north-east Scotland. During this time, the magma oceans had begun to stabilise, cooling to form primitive continents that were composed of granitic rocks containing zircon minerals. As these continents shifted and collided, the rocks were faulted and uplifted and then subject to erosion. Carried by flowing rivers, they took their ancient story with them, coming to rest in a floodplain that eventually became inundated by a body of water known as Lake Orcadie. Buried beneath layers of sand and mud, they eventually became part of a rock known as the Old Red Sandstone. The new revelation that the Altar Stone, weighing in at 6 tonnes, travelled to Salisbury Plain from north-east Scotland has stunned the world. At the time of writing, there is a great deal of discussion as to how and why the Altar Stone was transported over such vast distances. But one thing remains clear: these stones are a testament to how these ancient people not only understood the physical properties of rock and its place within a landscape, but also its resonance for the human spirit.5
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Do we still feel this sense of reverence and connection with rock today? When the standing stones at Stonehenge were sprayed with orange-dyed cornflour by Just Stop Oil in June 2024, it inadvertently showcased the disconnection that some people felt between rock and its value in the natural and cultural world. In a statement released on the day of the event, the group said ‘It’s time for us to think about what our civilization will leave behind – what is our legacy? Standing inert for generations works well for stones – not climate policy.’6 The term inert not only denigrates the natural and cultural heritage value of Stonehenge, but also belittles the spiritual and scientific importance of rock for millions of people across the world. From the Acasta Gneiss, a rock in northern Canada which records 4 billion years of Earth’s history, to Uluṟu in Australia which has been a sacred site for Aṉangu for 30,000 years, rock has played a critical role in recording change in our world on a planetary and human scale. This reductionist approach of viewing rock simply as a silent bystander in our natural and human worlds only serves to support those who wish to mercilessly exploit it.


When viewed through a lens of human endeavour and spirituality, rock is given life and meaning. But what of its deeper whispers – those from the perspective of science which speak of how they have literally been formed? This way of knowing shows us that rocks are omnipresent on earth – shaping every environment on our planet through providing shelter, nourishment and natural resources so life may prosper and evolve. As remarkable as these stories are, they are often too complex and abstract to emotionally engage people – as cold as the sarsen stone which rests against my hand. In my three decades working as an earth scientist, I have observed with frustration how the geological world is almost continuously excluded from conversations which discuss the meaning and value of nature in our lives.


Part of the issue is that rock (in a scientific sense) is not a living organism like an animal or a plant for which we feel a more natural empathy should they be threatened or destroyed. Rock is also a constant in our lives, seemingly unchanging on such vast timescales that we can be easily confounded and even intimidated in its presence. With all these barriers, it is unsurprising that many people struggle to form an emotional bond with rock, which they might do with a tree or a bird that comes to feed in their garden each day. But what if we taught ourselves how to see rock in a new way, one which not only revealed the rich diversity of its origin stories but was told in a way that allowed us to feel its spirit alongside our own? As I embrace the coolness of the sarsen stone rock with the warmth of my body and soul, I feel a growing awareness in me that knows how this can be done.


If we open ourselves to the beautiful interplay between material knowledge and spiritual awareness that exists within rock, we have the power to connect ourselves with the natural world in the most extraordinary ways. Sometimes those stories are fraught with trauma and difficulty, especially where people have sought to claim sovereignty over rock through violence and oppression. In other cases, the dynamic natural processes that create and destroy rock have wreaked disaster, impacting on human lives in unimaginable ways. But alongside these painful narratives, there is an underlying message of hope, resilience and survival guided by a spiritual empathy and love for Mother Earth. As science, mythology, folklore and spirituality blend together, the whispers of rock gradually reveal themselves. Once heard, they are never forgotten.
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Whether that is in the city or out in the wilderness, the whispers of rock are always with you. Their rich diversity brings a unique identity to the places where they exist or have been used, reflecting the character of the environment and its rich stories. One of my favourite places to experience their whispers is walking along the eastern promontory of the Jurassic Coast in Dorset. The vertiginous cliff path that overlooks Studland Bay takes you directly to the dazzling white, freestanding chalk stacks known as Old Harry Rocks. The clifftop has been dramatically shaped by the sea to form coves, caves and arches that will one day become standing pillars of rock themselves. Viewing them by boat, you can experience the full majesty of the rock that stretches along this part of the coast. The purity of the luminous white chalk, formed from the demise of trillions of ancient coccolithophores, is marked by curious bands of black rock that played a vital role in the development of early humans. Known as flint, this biogenic rock so beloved of Stone Age toolmakers tells a story that goes hand in hand with that of chalk.


Flint is a microcrystalline rock composed of silica which forms from the organic remains of sponges and diatoms. As these organisms draw silica from the seawater to form their skeletons, their remains eventually end up on the seabed, mixing with carbonate-rich muds. As this organic matter decays, the bacteria release hydrogen sulphide which reacts with dissolved oxygen in the water to create acidic conditions at the seabed. The carbonates begin to dissolve grain by grain and a siliceous ooze is left in its place. Initially, this slimy material hardens into a crystalline opal, but as it becomes buried over time it transforms into flint. Its nodular appearance occurs because the burrows made by marine organisms under the seabed provide the perfect conditions in which this chemical reaction can occur. The outer layer of flint oxidises into a thin white layer, concealing a stunning glossy dark grey or black interior. Along with other silica-rich microcrystalline rocks such as obsidian and agate, flint breaks with a conchoidal fracture that results in a smooth surface resembling the inside of a seashell. When the edges of the rock are carefully chipped or knapped by another rock, they can be crafted into incredibly sharp tools or weapons.7


[image: Two pieces of flint from the Chilterns National Landscape, England. © Rob Coombe]


Nodular flint from the Chilterns National Landscape, England.


Research has found that, as our ancestors learnt how different types of rock could be struck to create sharper and more effective hunting tools, there was also an acceleration of evolutionary brain growth. A comparison of stone tools discovered at Lomekwi 3 in West Turkana, Kenya (3.3 million years old), Oldowan tools from Olduvai Gorge, Tanzania (1.7 million years old) and Acheulian tools (1.6 million years old) from Santa Ana Cave, Spain, show how new knapping techniques began to influence the creation of more sophisticated, sharper-edged tools.8 An early example of rock selectivity that dates to 2.5–2.6 million years ago has been found at stone tool sites in Gona, Afar, in Ethiopia. Stone tools collected from across archaeological sites in this region have shown that hominins preferred microcrystalline or glassy volcanic rocks as opposed to the basalt rocks. At other sites, the durability of the rock was more important. The Oldowan tools were predominantly crafted from quartzite, a resistant type of sedimentary rock that fractures with sharp faces and angles in comparison to basalt, which takes on a more organic and rounded form as it weathers. This preference for rock that could be crafted and used with more dexterity and accuracy, especially when hunting and preparing food for consumption, began to influence anatomical and behavioural changes in our ancestors. From about 2 million years ago, hominin teeth began to shrink as meat and plant matter could be cut and tenderised into smaller fragments. The crafting of smaller and sharper tools to remove animal tissue and sinew meant that chewing became much easier. Together with an increase in brain size, the development of smaller teeth and a shorter jaw allowed our ancestors to shape sounds with their tongues, which facilitated language development.9, 10


Many of the major early hominin sites are located along the eastern branch of the East African Rift System south of Ethiopia, a place that has been experiencing intense volcanism for about 30 million years. Ethiopia is in the upper part of the East African Rift System where the Arabian Plate has been pulling apart from the African (Nubian) Plate over the course of 30 million years. As the crust stretched and ruptured during this rifting process, eruptions of basaltic lava spread across the land, cooling to form a range of volcanic rocks like basalt and obsidian. As these rocks were eroded, seasonal flooding would carry cobbles of obsidian and basalt across the valleys of Ethiopia, Kenya and Tanzania. Examination of obsidian and lithic artefacts at the Simbiro III site in the Upper Awash, Ethiopia, revealed that small obsidian pebbles, dated to about 2 million years ago, were carefully picked from local riverbed deposits and crafted to make small, pointed flake tools. Later tools, crafted at around 1.2 million years ago, show how the knowledge and skill required to create these delicate implements were then applied to produce larger obsidian tools such as hand axes. This remarkable spatial relationship between regional geology and the development of our ancestors shows us how the whispers of rock were understood even before the formation of language itself.11, 12
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The connection between rock and human culture is also embedded into the places that house, shelter and nurture our bodies and spirit. The volcanic rocks of Ethiopia which guided the evolution of our ancestors would become a canvas for architectural and spiritual expression millions of years later. In the medieval settlement of Lalibela, 645 kilometres north of Addis Ababa in Ethiopia, there are eleven beautifully carved rock-hewn churches that date back to the twelfth and thirteenth centuries. Cut and carved from a massive basalt hill by the Zagwe people during the reign of King Gebre Meskel Lalibela, the churches were created as sacred places of worship for the Ethiopian Orthodox Church.


The form and placement of the churches within the landscape are largely influenced by the topography of the hill, which trends from east to west, and the nature of the volcanic rock. Due to its low silica content, basaltic lava flows like gloopy honey allowing a cocktail of gases such as hydrogen sulphide and sulphur dioxide to expand and escape with relative ease. This process changes the texture of the rock so that it becomes riddled with holes known as vesicles. As the plates continued to separate, the thick sequences of flood basalts eventually lay on the outer edges of the rift valley, uplifting into steep flat plateaux that define the topography of Ethiopia and Somalia today.


The isolated location of the churches indicates that they were built for ascetic and secluded worship. In addition, the roofs of the churches follow the topography of the land, so in times of war and invasion they would have remained undetected from a distance. With its spectacular Greek-cross form, the isolated church of Bete Giorgis (Church of St George) is the most well known of all the rock-hewn churches. The building has been excavated in a square cut trench with stunning windows and rooms where worship is still continued today. The nature of the volcanic rock not only enabled the creation of this spectacular monument but has also played a part in its deterioration. Overlying the flood basalt deposits is a rock known as a ‘red tuff’, formed from crumbly, vesicular basalt that erupted from more explosive volcanic eruptions. As these air-fall volcanic deposits collected, they eventually formed a thick sequence of basalt characterised by a bubbly texture which weathered over time to take on a reddish-brown colour. Known as a scoriaceous basalt, the rock has a porous nature that allows water to freely flow through it, a property that has caused the site to degrade over time.


[image: The pinkish-yellow rock hewn churches of Lalibela in Ethiopia carved directly from a hill composed of basalt. © Estella on Pexels]


The rock-hewn churches of Lalibela in Ethiopia are carved directly from a hill composed of basalt.


The Lalibela churches were carved into the downslope of the basalt hill, meaning that all surface runoff from the surrounding hillsides flows into the complex. To counter any flooding, the ancient artisans designed an intricate system of trenches and canals which drain the water away, thereby keeping the churches dry and habitable. However, in recent years, this ingenious system has been affected by infilling from natural and human debris, preventing runoff from draining away, and keeping the rock permanently moist. In the heat of the day, this moisture evaporates to leave behind salt crystals that weaken and degrade the rock, causing it to crumble, threatening the integrity of the buildings. In addition, the surfaces of the churches, especially at Bete Giorgis, are ravaged by lichen that release chemicals which begin to dissolve and break down the minerals in the rock. To preserve the integrity of the structures, roofs have been erected to protect the rock from rain and the growth of lichen. In addition, the drainage and trench structures must be regularly cleaned and maintained to allow runoff to escape as the original artisans of the site intended.13


The Lalibela churches are an incredible example of how stone can be crafted in situ; but when taken from its natural setting, rock can also be shaped and carved into new forms, where it highlights a different type of beauty. The UNESCO World Heritage City of Salamanca in Spain gained its name ‘The Golden City’ due to the hue of its richly coloured sandstone, which weathers over time. Its history goes back to the third century, when it was first occupied by the Carthaginians, and then successively conquered by the Romans and the Spanish Arabs, until the eleventh century. During the twelfth century, construction began in earnest to transform Salamanca into a thriving university town using the local Villamayor sandstone. Over the centuries, as the city grew, the buildings expressed the changing architectural styles of the time, so today they are a remarkable exhibition of Gothic, Renaissance and Baroque styles. The exquisite intricacy of the stone carving and the golden hue of the university buildings owe their beauty to the nature of the rock.


The Villamayor sandstone formed during the Eocene Period about 47 million years ago. At this time, large braided river systems flowed over the land in a north-easterly direction, bringing with them large volumes of sediments eroded from granitic and metamorphic rock exposures in the south-west. As these channels criss-crossed over the landscape, particles of sediments were bounced and rolled along the riverbed, eventually settling, and building up as ripples which overlapped each other. Over time, these features became buried and preserved as rock along with the burrows of creatures that lived in the sand. Displayed in the building stone throughout the historic city, you can see the movements of these sand grains forever captured in beautiful arcuate lines known as cross-bedding. Whenever I place my hand on these wondrous structures, I marvel at how such a transient moment has been caught for all time in something so solid and strong as rock.


At a microscopic scale, we can see the final resting places of these ancient sand grains. Much like the Ethiopian ‘red tuff’, the Villamayor sandstone is extremely porous and exposure to water makes the rock easy to carve and shape into complex and beautiful forms. On the vertical faces of the buildings where water can freely drain away, the sandstone has taken on a beautiful golden patina. This is due to naturally occurring iron and manganese minerals in the rock which rise to the surface of the stone as it is exposed to cycles of wetting and drying. But, like the Lalibela churches, the highly porous nature of the rock has also played a part in its downfall. In areas of the city where it has been used in poorly drained or shaded areas, the rock has succumbed to degradation due to being permanently moist so that the protective patina cannot form. To maintain the integrity of the buildings, only Villamayor sandstone can be used. Fortunately, it is still quarried using traditional methods in the local village of Villamayor de la Armuña, a few kilometres from the city of Salamanca. Now recognised by the International Commission on Geoheritage as an internationally important building stone, this protection ensures that a ready supply of rock will always maintain the golden city of Salamanca.14
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Alongside its use as a building stone, rock has played a critical role in our economic and technological development. One such example is lead – a soft, blue-grey metal that can be found in geological deposits all over the world. In an interview with National Public Radio, journalist Frank Morris spoke to Joseph Heppert, a professor of chemistry at the University of Kansas. Heppert describes lead as ‘the plastic of the ancient world’. Unlike iron, lead has a low melting point, which makes it incredibly malleable and useful in all sorts of ways. Heppert says, ‘Once you form it into sheets you can do things that people had never really been able to do before with a metal. You can roll it into tubes, for example.’ During Roman times, lead became an extremely popular material since it could be fashioned into pipes that carried water into baths, and sheets that lined the canals of aqueducts.15


One of the largest and richest lead mines in British history is Snailbeach Mine, which is nestled in the Shropshire Hills National Landscape. About 450 million years ago, as sea levels started to rise, swathes of fine silt and mudstones were deposited on the seabed, forming a thick sequence of rock known locally as the Mytton Flags. These mudstones were then subject to major earth movements. The beds were tilted so that they were almost vertical, like a pile of books leaning against each other on a shelf. At some later stage, around 400 million years ago, superheated fluids carrying a range of minerals coursed through the faults in the uplifted mudstone. Over time, lead sulphide (also known as galena), barite and calcite precipitated out of the fluid forming a steeply dipping mineralised vein.


During the Industrial Revolution, the demand for lead increased as society moved from an organic to a mineral economy where it was used predominantly in the manufacturing of steam engines and machinery. Lead also became extremely popular in domestic settings, especially in glazed ceramics where it reduced the melting point of the glaze particles so they could fuse to the pottery. It became the material of choice for food preparation and consumption, with lead and pewter replacing wooden vessels and implements. In wealthier households, such as Penrhyn Castle near Bangor in North Wales, lead was used to line the deep butler-style sinks so that expensive crockery would not chip when being cleaned. The demand for lead across all sectors of society made Snailbeach Mine one of the most important sources of lead in England, with an estimated 2,000 tons of lead ore extracted and processed every year.16


On a midsummer visit to Snailbeach Mine, I am greeted by trees in full foliage and meadows brimming with wildflowers, butterflies and birdsong. As I walk around the surviving buildings, it’s hard to imagine that this was a place of heavy industry. Andrew, a retired chemical engineer and now board member for the Shropshire Mining Trust, explains to me that in its heyday the sky would have been dark with soot and dust, the deafening noise of air compressors, water pumps and crushing machines drowning out any sounds of nature. He explains that, during the late nineteenth century when the mine was in full production, there were some 500 men employed on site. Their days were spent in deep, narrow mine shafts that intersected the mineral vein along its length to depths of up to 450 metres below ground. To get a glimpse of what this experience might have been like, I don a hard hat complete with a miner’s headlamp and follow the guide past the ‘Danger, Keep Out’ sign into the ‘day-level’ mineshaft.


The drop in temperature makes me shiver as I bend my back to walk along the rail tracks where rock was hauled out on carriages. My headlamp lights up the blocks of mudstone that line the tunnel, the glistening white stalactites formed of calcite slowly dripping water in the gloom. The tunnel opens into a large cavern housing a mineshaft where the miners would have been lowered down into the ground below. Looking around me, I can now fully appreciate the raw nature of the rock whose dramatic angles are blanketed by the softness of trees and plants outside the mine. The mudstone gleams with a dark purple colour and I place my hand on its smooth surface to feel its whispers. It exudes such power and strength; I wonder if the miners took comfort from its solidity as they committed themselves to its temporary keeping. Perhaps some of them would have found this quality deeply frustrating as they hammered into the rock to create openings for inserting gunpowder to blow the ore out. The shattered rock was loaded onto carts and then pulled out of the mine along the trackways, to be smelted into lead pigs (or bars).


Our guide gives me a raw piece of galena, also known as lead sulphide, to hold, and I am struck by how heavy and dense it feels. Turning it over, it gleams in the lamplight with a bluish-purple tinge that transfixes me. But its beauty belies the deadly nature of the effort needed to acquire it. For the miners, danger began at the point when they were lowered into the pitch-black darkness of the shaft. On 6 March 1895, a group of seven miners were killed when the winding rope supporting their cage broke, plunging them into the depths of the shaft. An inquest held on 13 March 1895, found that the accident occurred because, at the time, the custom was to leave the cages in a fixed position within the shaft at the close of business each day. The same area of winding rope which stretched over the sheave wheels was left exposed to the elements for many years. Over time and unbeknownst to the operators, although the outside of the rope remained sound, the internal core had corroded away causing the cable to break. Alongside horrific mining accidents, the miners also constantly breathed in the rock dust causing silicosis (a type of lung disease) and, of course, lead poisoning.


Maladies linked to the usage of lead were also widespread in the population, especially among children. With the rise in pewter and lead implements and the use of lead-glazed pottery, many people suffered from ‘Potter’s rot’. This is a form of lead poisoning in which the individual experiences stomach pain, constipation, paralysis of the hands and sometimes death. Today, the use of lead in some products such as ceramics, insecticides and cosmetics including hair dye is banned due to the detrimental health effects on people, especially children.17 As lead became replaced with safer alternatives, Snailbeach Mine eventually closed in 1955 and fell into disrepair until it was rescued and restored by Shropshire County Council and the Shropshire Mines Trust. In a reversal of fortunes, lead is now making a comeback as it is being used in batteries for electric vehicles. Along with other minerals, such as lithium, that are needed for latest technologies, rock will play a new and critical role in how we ensure a greener future for nature and humanity.
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All these stories give us a broad understanding of how rock has played an integral part in shaping our world. We can see that the value of rock lies in its material use but how can this nurture a more meaningful and spiritual connection with the natural world? How can we begin to embody the love and respect that our ancestors once felt for rock, like at Stonehenge? To fully embrace the whispers of rock requires us to accept other ways of knowing about their origins and purpose. Thus, we can discover compelling multilayered stories which draw not only from scientific observation but also from human experience.


One country where all these different ways of knowing have led to a deep understanding and reverence for rock is Japan, an archipelago of islands located on the convergence of multiple tectonic plates known as the Ring of Fire. In the offshore margins along the eastern seaboard of Japan are deep oceanic trenches formed as the weaker and denser oceanic crust collides with and sinks beneath the larger, more buoyant continental crust. This process, known as subduction, creates submarine earthquakes that send shockwaves through the ocean to cause tsunamis that have wreaked disaster for communities living along the coast. As these crustal rocks sink deep into the mantle, they begin to fragment and melt, releasing semi-molten material and fluids which rise towards the overlying continental crust. These plumes of magma melt and mingle with minerals in the host rock, either to become trapped in subterranean chambers, cooling to form large bodies of granite (known as batholiths) or rising to break through the crust, erupting as dramatic volcanoes. As a result of this crustal collision, mountains occupy over 80 per cent of Japan’s land mass, and dotted among them are some 111 active volcanoes. One of the deadliest volcanic eruptions was in 1792, when the dome of Mount Unzen on the Shimabara Peninsula swelled and collapsed generating massive landslides and a tsunami that killed an estimated 15,000 people.18


In a country which has experienced great adversity through natural disasters, the guiding principles of Shintō, the Indigenous religion of Japan, have helped the Japanese people to become spiritually and emotionally resilient. Central to this belief system is that all aspects of nature – which includes mountains, rocks and rivers – house the divine, or a spirit known as kami. Their stories are retold in the Kojiki, Japan’s oldest historical record, written in 712 BCE. This text provides rich detail about how the landscape and rock became imbued with these spiritual beings.19


A key part of the Kojiki tells the legend of Izanami (meaning ‘She-Who-Invites’) and her brother Izanagi (meaning ‘He-Who-Invites’). Tasked by the elder kami to create a series of islands that would later become Japan, the couple went to the ame-no-ukihashi (the Floating Bridge of Heaven) with a jewelled spear and churned a mass of water to create land. Their first island was created from a drop of water that fell from the spear, and they used this as their first home, where they married and created a further eight islands. Through their union, many hundreds – to perhaps millions – of kami were born, which manifested on the earth through all manner of natural forms. But as Izanami gave birth to her final child, Kagutsuchi – the god of volcanic fire – she was fatally injured and lay dying with a distraught Izanagi by her side. Angered by the loss of his beloved wife, Izanagi took his sword and killed his son, cutting his body into eight pieces. As Kagutsuchi’s body was scattered, eight volcanoes were created, and as his blood dripped upon the land and rock, three kami were created to represent rock: Ipa-saku, Ne-Saku and Ipa-tutu-nö-wo.


Where Stonehenge was an expression of how prehistoric people related to land and the cosmos, so the Kojiki was written with similar intent. During the Nara period in Japan (710–794 BCE), Shintō was widespread throughout the country, especially in rural communities whose experiences and understanding of natural hazards had been passed down through stories and legend. The Kojiki chronicled these oral traditions, giving us a rare insight into early Japanese society and their animist beliefs in nature, and especially their relationship with rock. In his translation of the Kojiki into the English language, Donald L. Philippi helps us to understand this interpretation through observations made by the Japanese writer Nakajima Etsuji: ‘When the heavenly god Izanagi kills with a sword the fire-god (probably a volcanic fire god), gods connected with rocks, gods connected with fire, thunder-gods and water-gods are born from his blood. Is this not because volcanic explosions were regarded as the fearsome manifestation of a god tempering a sword?’ The explosion of Izanagi’s emotions – depicted through sword flashes, splashes of blood and slashing the body – are all thought to represent the nature of a volcanic eruption. Philippi quotes Matsumura, a Japanese scholar who likens these actions to ‘the destruction of the mountain and the bursting forth of molten rock but also, frequently, thunder and lightning, rainstorms and floods’. Iwakura represents the spiritual nature of rocks and their capability to attract and retain kami. The most famous pair of Iwakura are Meoto Iwa (Married Couple Rocks), a pair of coastal stacks which can be seen from the town of Ise in the Mie Prefecture. The two rocks, representing the union of Izagani and Izanami, have been worshipped since the seventeenth century and are ceremonially joined together by a heavy rope of rice straw.


Since there is no clear distinction between kami, nature and humans, the belief is that natural events such as earthquakes occur because nature is expressing itself. Through regarding nature as an equal, rather than as subordinate to human control, a relationship based on respect and value emerges. If you have ever walked through a forest and felt the dappled sunlight on your face or spent time listening to a river flowing over rock, you are embodying an element of Shintōism – a reverence for nature in your life. Azumi Uchitani, founder of the Japanese Salon, which promotes Japanese culture in Europe, believes that through taking time to show our gratitude to nature, our bodies begin to synchronise with and draw energy from nature. She provides the example of Shinrinyoku (forest bathing) to connect with the seasonal changes in the world, which ensures that our energy does not stagnate.20


In a similar vein, the Japanese art of suiseki allows us to release ourselves from the pressures of life through the beauty, strength and character of rock. The value of a suiseki stone lies in its ability to evoke emotion in the viewer; enabling them to sense that there is something in nature far greater than the stone itself. The most valued suiseki stones suggest to the viewer a natural atmosphere of remote mountains and valleys, or they give a sense of the mystery about the natural world. Mounted on daiza (handcrafted wooden trays), the suiseki are oriented and displayed to heighten the emotion and connection you feel with the rock.


Speaking to the magazine Highlighting Japan, Kobayashi Kunio, chairman of the Nippon Suiseki Association, says, ‘Just like there are Shintō shrines that enshrine stones as objects of worship, the Japanese have strongly sensed divinity in stones since ancient times. That kind of sensibility is tightly condensed in suiseki.’21 Suiseki are utterly captivating. There are jagged black rocks shot through with veins of quartz that give you the sense of a waterfall rushing down a mountain. Other suiseki, especially those which rest on beds of sand, look like wind-sculpted monuments isolated in a desert.
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Suiseki from the Bonsaigers’ Selection, hunted and manufactured by Felice Colombari and Franco Mauri.


The experience of viewing galleries of suiseki online makes me wander over to my own collection of rocks, haphazardly displayed on a bookshelf. I choose a sample of finely laminated siltstone that I collected in Boscastle, Cornwall, and rest it on the palm of my hand. The silvery-grey rock is angular and composed of paper-thin layers. It could be a sea stack, its vertical cliffs eroded by the constant motion of waves crashing against it. Through spending time appreciating the siltstone in my hand, I have transformed it into a miniature version of the many pinnacles of rock that are dotted along the Cornish coastline. It is imbued with the memory and emotion of how it felt to walk along those exposed clifftops. I can still hear the roar of the waves which crashed on the jagged rocks below as the wind whipped through my hair. Uchitani muses that, to embody a connection to nature guided by Shintō, you only need to have a flower or a plant near to you so you can benefit from its rejuvenating properties. By including a special rock in this experience, you can also take the opportunity to see the world in your hand.
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Laminated siltstone from Boscastle, Cornwall.


The ancient belief systems that have guided a loving and reciprocal relationship with nature in places such as Japan are gradually entering the mindset of the Western world. Ancient practices such as yoga and forest bathing are now commonplace. Research has shown that such exposure and affinity to nature has the power to improve cognitive function, reduce blood pressure and improve mental health.22 As a result, activities associated with building a connection to nature for health and wellbeing through wild swimming, walking, birdwatching and gardening are on the rise. In March 2022, the People and Nature Survey led by Natural England found that during the pandemic there were 33 per cent more visitors to green and natural spaces, and 40 per cent of respondents stated that this engagement was important for their wellbeing.23 But very rarely does our geological world factor in these engagements; in fact, for the most part it is simply not even seen or recognised.


Dr Amanda Chadburn, a professional archaeologist and historic environment adviser, spent twenty years caring for Stonehenge when she worked for English Heritage. Chadburn explains that her research into archaeoastronomy, which examines the importance of the night sky in prehistory, shows that the stars suffer from the same fate: ‘I think for most people, rocks are like the stars – out of sight, out of mind. If people haven’t ever seen a truly dark sky with all the stars, and most people won’t have done because they live in urban environments, then they’re disconnected from it. And it’s sort of similar with rock. Most people won’t really think about the pavement, even if it happens to be York flagstone or something like that. They won’t really think about what they’re walking on.’ She explains that the Industrial Revolution in Britain happened very early on and, as a result, people transitioned from working in an agricultural (organic) economy to an industrial (mineral) one much earlier than in other countries. As society transitioned from the rural to the urban, Chadburn thinks that this might have laid the foundations for our distancing from the natural world – and indeed, rock. The oral histories which had once preserved folklore, customs and stories about the natural world began to fade away, and our experience of rock changed. Chadburn says, ‘Emotionally rocks don’t resonate with most people. I think other aspects of nature are easier to connect with because some people have gardens, they go to parks, they can see things like trees. But they don’t have dark skies, they don’t see the stars. They walk on modified rock and they live in buildings made of modified rock. Simply put, people just don’t think about rock because they don’t sense it any more.’


[image: ]


Awakening yourself to the whispers of rock can transform the way you connect with and understand the world around you. Their scientific origin stories reveal how our planet has evolved, and when this knowledge is intertwined with our human experience, they take on a new richness and significance in our lives. When I meet a rock, my first instinct as a scientist is to review its colour, texture and form to establish what it might be and how it could have formed. Then, as my thoughts turn to where the rock has come from (its provenance), its physical and cultural setting and the circumstances in which it was found or seen, I find that all manner of memories and stories become imprinted upon its scientific one. The process of blending scientific and human experience together allows me to fully understand and appreciate the whispers of rock and it is one that I present and advocate throughout this book. I believe that geological, social and anthropological approaches don’t undermine each other; rather, when combined, they enrich our understanding and appreciation of rock. If we were just to focus on the scientific aspects of geology and disassociate the cultural dimension, we would miss a critical viewpoint which allows us to give rock additional meaning and resonance in our lives. For example, the rocks at Stonehenge have greater significance in addition to their geological origins because humankind has given them purpose. The same can be said of a pebble you picked up on a beach while on holiday; its geological origins could whisper of mountains being born or the rush of a river across a sandy plain, but your memory of the day it caught your eye and the emotions that evokes are equally as powerful. As we journey across the world in search of the whispers of rock, you will learn of the interplay between earth science and the human experience, and how rock has played a significant role in the development of humankind – not just through economic or scientific contributions, but also through spiritual connection.


Some may find this approach challenging, especially when they consider my background as a scientist. But I believe that this is a vital way through which we can reconnect ourselves with the science of geology and its importance for humankind. The meanings we apply to the world around us – be that in trees, rivers, mountains or rock – should be a legitimate part of the conversations we have about science and nature. The urgency to synthesise both science and the human experience is needed so we can listen to the whispers of rock now more than ever. Despite their robust and resilient nature, rocks don’t last forever. Our rapid rate of consumption over the course of hundreds of years far exceeds the rate of geological formation, which spans hundreds of millions of years. Rocks are finite resources like every other natural resource and phenomenon on this planet. No longer can we afford to be bystanders and watch as our world is pushed out of balance through an endless devastation of the rocks which are the root of our origins. We must listen to these whispers, for they will teach us how to connect with and value our world and guide us in restoring it back to balance.
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