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For Caterina,
and the world’s children –
the mountains wait for you.
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STARTING AT THE BASE


You could say mountains are living things – not just the flora and fauna on them, but the mountains themselves! You see, they grow and change all the time while our Earth spins on its axis and zips around the sun – moving land masses, causing oceans to go missing and mountains to sprout. We don’t see it because the change takes place over millions of years!


But why are mountains important? Aren’t they just huge masses of mud and stones? Think again!


The water we drink every day comes mostly from the water towers of the world – the mountains. Mountains give rise to rivers that sustain all living things. Humans depend largely on mountains for their essential supply of freshwater, hydroelectricity, timber and food. Mountains affect the climate around the world by letting through or blocking monsoon winds. Mountains are homes to many species that can live only in these mountain ecosystems. Rich in biodiversity, these landforms provide food, water and shelter to a special set of wild plants and animals. They are also home to many people and several distinctive communities.


Since ancient times, kings have seen mountaintops as safe places to build stunning forts. Philosophical travellers assumed that mountain peaks were ‘closest to heaven’ and hence built houses of worship there. In modern times, mountain peaks are the most preferred spots to construct astronomical observatories. Mountains also attract adventure lovers like trekkers, rock climbers, paragliders and river rafters. The unique air, water and vegetation on the mountains give rise to forests rich in fauna and flora. With so much of wildlife, adventure, scenic beauty and natural science on the mountains, it’s no wonder that they make excellent holiday spots. If you’ve been a tourist on a mountain, it is to be hoped you haven’t flung a plastic bottle along the way – mountains are ours to enjoy, but they are also ours to take care of and preserve for future generations. And that is why the Constitution of India says in Article 51A(g) that it is the fundamental duty of every citizen of India to protect and improve the natural environment, including forests, lakes, rivers and wildlife, and to have compassion for living creatures.
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Want to Be a Mountain Scientist?


The scientific study of the physical structure of Earth is called geology. Geologists study how Earth has changed, what causes it to change, and also record the entire history of the planet. They study the materials Earth is made up of, like rocks, minerals and oil, and phenomena like volcanoes, landslides and earthquakes.


The scientific study of mountains is called orology. (With all the o’s in the word, it would have been such an apt word to describe the study of oceans! But, no!) A person who studies orology is called an orologist and the formation of a mountain is called orogeny. And people who like mountains are called orophiles. You seem to be one, for sure!
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Mountains cover roughly 27 per cent of the land on our planet. In a planet inhabited by 7.9 billion people (in 2022), at least 1.1 billion people live in the mountains. Human beings too have discovered just how special the soil and conditions at varying altitudes and in different mountains are. No wonder six of the world’s most consumed crops grow best on mountains – potatoes, apples, tomatoes, barley, sorghum, and maize!


In India, we have mountains that house different kinds of forests that support thousands of animals and plants. Even if you don’t live on a mountain or anywhere near one, your well-being is linked to the health of mountains and forests. You’ll see why as you trek through this book!




MOUNTAINS IN INDIAN MYTHOLOGY


Where is the centre of the Universe? According to many Hindus, Jains and Buddhists, Mount Meru, a mythological golden, five-peaked mountain is the centre of the Universe and researchers say Mount Meru could be a representation of a part of the Pamir Mountains in Central Asia!


Legend also has it that the Universe revolves around an imaginary spot or line called 'axis mundi' that connects Earth to Heaven. Some people believe that Mount Kailash in Tibet could be this mythical axis mundi, or spine of the world. Another legend is about Mount Mandara and how it was used to churn the Ocean of Milk to bring out fabulous gems, and the Elixir of Life (or 'amrit') for the gods and demons.


The Panchatantra has a story about a mouse who was turned into a girl, and who finally learnt that even the mighty mountain is not a match for a mouse that can bore holes through it.


Fantastic stories abound about our mythological characters. You may have seen tourist guides pointing to a depression on a rock and say, 'See, this is the footprint left by Bheema!' Whether you believe them all or not, surely you must appreciate the might and height of mountains to inspire such tales!





On 11 December 2001, officials sitting in the United Nations office in New York decided to observe 2002 as the International Year of Mountains. Towards the end of 2002, the UN felt that a year was just not enough and thought: why not highlight the importance of sustainable mountain development every year? And that is how 11 December came to be observed as International Mountain Day, with people across the world organizing events to create and increase awareness on the importance of mountains for a healthy Earth and for the well-being of its people.


What would you and your friends like to do to mark this day?
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THE MOUNTAINS OF INDIA


If we listed every mountain range of India and wrote about them all, you would have a mountain of a book, too difficult to negotiate! Mountains are almost always formed as an entire series, not as just a single peak. That’s why we study about groups of mountains – called a range – rather than individual mountains. We will explore some of the major mountain ranges in India, all of which have peaks that rise at least 1,000 m above sea level. Here’s where you will be going:


[image: img]


[image: img]


[image: img]


[image: img]


But before we start climbing up the mountains of India, let’s get into our time machine and go back a few billion years to see how mountains came up on Earth.


HOW ARE MOUNTAINS FORMED?


Ever wondered, like me, how mountains don’t just fall off when the Earth twirls on its axis? Yes, yes, we know about gravitational pull and all that of course, but still, how fascinating is our planet and the formation of our mountains! To read about that, sit down somewhere safe first.


Consider this: we’re sitting on a ball of terribly hot, liquid rock – molten rock! Yes, the Earth’s centre, or core as geologists would call it, is a hot ball of solid iron mostly, surrounded by a layer of liquid hot metals! They spurt and spit and churn like gravy in a pan on the stove. But we do not feel it because the hot core is covered by a 100-km to 2,900-km-thick layer, called the mantle. Even at the thinnest point of the mantle, it would be like sitting atop a stack of 1,370 Taj Mahals! Around the mantle is another layer called crust, which is roughly 5–70 km thick. The outer layer of the planet, where we live, is called the lithosphere, which includes the crust and a bit of mantle. Pieces of lithosphere that behave like large moving pieces of land mass are called plates.


Earth’s hot interior keeps the planet geologically active, which means that there is always a volcano erupting somewhere, or an earthquake happening somewhere – the Earth’s interior just won’t stay still! The movement of plates, called plate tectonics, has been happening from perhaps 3,000 million years ago, and continues to happen today. Surprisingly, Earth is the only known planet to have plate tectonics! And tectonics is what made mountains, and continues to make mountains. Mountains are formed when the plates collide, or when one plate goes beneath (subducts) another, or when two plates brush past one another.


OUR MOUNTAINS - WHOSE FAULT WAS IT ANYWAY?


German meteorologist Alfred Wegener suggested in 1912 that from about 550 million years ago until 180 million years ago, all the present-day continents were clumped together into one land mass. He called it Pangaea. He said that its two main components – Laurasia and Gondwanaland – started drifting apart 215 to 175 million years ago.


The theory, which no one believed initially, was called Continental Drift. He relied on the work of Austrian geologist Eduard Suess who was the first to suggest in 1885 that the three continental masses of India, Africa and South America were probably connected to form a single continent. He called it Gondwanaland after Gondwana (‘Forest of the Gonds’) in Central India, where the Gond people lived. He had learnt from other researchers by then that some rocks in the Gondwana region were similar to the ancient rocks in many other countries in the southern hemisphere, like Madagascar and Africa. And there were similar plant fossils too! (Alfred Wegener added to his theory by saying Australia and Antarctica were also part of Gondwanaland.)


So, yes, India was attached to the icy cold continent of Antarctica at the South Pole! As the Earth spun, and whirled and hurtled on its way, and entire continents drifted like pieces of jigsaw puzzles, the Indian Plate broke off from Antarctica and Australia about 130 million years ago. Some of the mountains were formed in separate geological episodes before this break-up (like the Aravalli mountains and the Eastern Ghats), some were formed later when Madagascar broke off from the Indian Plate (like the Western Ghats), and some were formed when the Indian Plate collided and continued to go under the Eurasian Plate (like the Himalayan Range).


What happened to Pangea?
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WHAT TO CALL WHICH ONE


Plates move in three different ways: convergent, when they move towards each other; divergent, when they move away from one another; and transform, when they brush against each other sideways.


Convergent tectonics is at play when two plates collide, causing the land mass to move upwards, forming fold mountains. Sometimes, one plate dives under another, avoiding a head-on collision. This pile-up of plates then becomes a fold mountain. The Himalayas, just 50 million years old, are our youngest fold mountains and the ancient Aravalli Range, at least 1,700 million years old, is made up of the oldest fold mountains of India. The Aravalli mountains are also called ‘relict’ mountains or eroded stubs, because they have been eroded over many million years.
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Sometimes, plates break up owing to faults. Sometimes the plate gets pulled like a roti or pizza dough, getting thinner when stretched, and breaking. The fracture causes the plate to break into many chunks or blocks. The blocks move up or down resulting in the formation of fault-block mountains. A horst is a block of Earth’s crust that has either moved up or stayed stationary while the two blocks on either side, called graben, have subsided, or dropped, along two faults. (Imagine a horst as a piano key which is stuck while graben are the keys on either side that are pressed down.) The Western Ghats are fault-block mountains.


When a huge, fiery volcano rises up, but stops just before reaching the crust (much like how you feel when you’re going to let out a horribly forceful sneeze, and it suddenly subsides!) dome mountains are formed. The many layers of rocks are pushed up by the volcano, causing a dome-like shape. Habo and Dudai Domes, in the Kachchh region of Gujarat, are the closest examples of dome mountains in India.


When the molten rock, called magma, breaks out of the Earth’s surface, the volcano erupts. The erupted molten rock, now called lava, oozes out along with rocks, ash and gases, and settles down to form volcanic mountains. The Andaman and Nicobar Islands are the tips of volcanic mountains that rise from the bottom of the Indian Ocean.


Finally, there are plateau mountains that are formed not from activity below, but by rivers and wind eroding a large chunk of land high on a mountain. Mountains are formed under the sea too. The Mid-Ocean Ridge is made up of many connected mid-ocean mountain ranges. It is the longest chain of mountains that extends to 65,000 km from the Arctic to the Atlantic Ocean, around Africa, Asia and Australia and under the Pacific Ocean to the west coast of North America.


The size and shape of mountains change over the years. Natural forces such as the sun and rain try to bring all land masses to the same height. When sunlight beats down on rocks, they tend to expand, with the minerals in them behaving in different ways. This causes the rocks to disintegrate. Gravity pulls down the pieces to different levels. Wind and rain move them. Vegetation holds the pieces together. Over millions and millions of years, mountains get eroded, and some of the rocks and soil are carried to the seas and oceans. While this transformation takes millions of years, it is sad that human beings are able to break down mountains and also cause them to erode through deforestation and other activities in just a few decades!


ON THE PLATE, READY, STEADY!


Now let’s do some visualization. Imagine yourself standing on the floating Indian Plate, with one arm outstretched (and this book in the other, of course). You are facing the humungous Himalayas that make up the north to north-east border. At the southern end of the peninsula (behind you) is Anamudi Peak, the tallest mountain of the Western Ghats with its hundreds of elephants!
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50 years, yes, just 50 years – the time taken for the loss of 25 per cent of the Aravalli Range due to illegal mining and other human activities.





Are you feeling a bit dizzy?


Now imagine this plate moving. Feeling dizzier? Yes, the Indian Plate with all its mountains and all its elephants is moving northwards at a slow pace of 3–5 cm per year (roughly the same rate as the growth of human fingernails!). So, you really don’t need to worry. It will be a million years before the push causes the Himalayas to become just a little higher!


Now, imagine the ancient, worn-down range of hills in the west, the Aravalli Range, trying to balance the plate. Feeling a bit relieved? The Satpura Range across the centre of the peninsula, the Eastern Ghats guarding the east coast, and small hill ranges dotting the subcontinent make India one of the most geographically unique countries in the world.
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Are Hills and Mountains the Same?


Till the mid-1900s, most countries defined hills as raised natural landforms that had a height of less than 1,000 ft (304.8 m) and mountains as those that were taller than that. Now, that definition has been abandoned. Generally, hills are smaller than mountains. Erosion causes mountains to become hills, like the ones in the Aravalli Range. Sometimes, eroded matter from the surroundings gets piled on hills, making them ‘grow’ to become mountains, like the Himalayas! Oh, and are ‘peak’ and ‘summit’ the same? Imagine you’re carrying five ice-cream cones in your hands for your friends, each with a cherry on top. Each of the cherries is a peak, but the summit? That’s the cherry on the cone highest in your hand! Got it?
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It may be that nowhere else in the world will you find a country that simultaneously has a Precambrian range (over 541 million years old), an icy range with some of the world’s highest peaks, a UNESCO biodiversity hotspot, a limestone range and a range of extinct volcanoes.


Look at the map of the world and consider this: out of all the countries in the world, among all the huge land masses and mighty rivers that you can see, most of the world’s highest land mountain range is in India! You’re standing on a plate that has all of this.


If your language teacher asked you to write a pictorial project of what you just imagined, would you be able to do it? Easy-peasy, right? Tap away on the laptop, download a few images of mountains and maps, bung it all together, do a spellcheck, and before one can say Kangchenjunga, the project is ready. But can you imagine how difficult it would have been for people who wrote the first books on geography?


In circa 515 BCE (that’s at least 2,535 years ago!) a Greek sea captain called Scylax had been sent by the Persian King, Darius I, to explore the course of the Indus. It may have taken many years, many frostbites and many leg cramps before Scylax could write his wonderful book full of fantastic tales. It became the most important reference book on the geography of the Asian mountains, including the Himalayas, for Greek scholars such as Herodotus and Aristotle.


THE FIGHT ABOUT AND FOR MOUNTAINS


From the time geology was recognized as a new and scientific field of study in the late eighteenth century, there have been many theories regarding the formation of mountains. There is a constant academic fight about these theories, and they keep getting challenged or approved. What you’ll read in this book is information that is largely accepted as true. The book is an attempt to show the magnificence and importance of our mountains, not the rigidity of numbers. Countries fight over territory. The political maps of a country change, sometimes changing the very nationality of a mountain. As more advances happen in earth sciences, and humans continue to affect mountains for good or bad, the statistics are sure to change.


IN THE HOTSPOT, WITH MOUNTAINS OF DATA


We now have mountains of information – about our mountains. We know that they are sources of life-giving rivers, food and building material. There are also many biodiversity hotspots in and around mountains. But what is a biodiversity hotspot? It is a Very Important Place where many kinds of living things exist together, dependent on each other. To qualify as a biodiversity hotspot, a region must have two things: one, it has to have at least 1,500 species of vascular plants (meaning plants that have conducting tissues) that are endemic (meaning that they are native and restricted to that place). Two, it must have lost at least 70 per cent of its original habitat. The region has to have what is called an Outstanding Universal Value, meaning it must be of importance to most of the world.




MOUNTAIN ILLUSIONS


Want to see a spectre? Head for the mountains, and if you are in luck, you may see it sometime. A rainbow in the sky is fascinating enough. Now imagine seeing a nearly circular rainbow around a mysterious, ghostly figure! If the sun is behind you and your shadow falls on the mist or cloud in front of you, you'll see a colourful halo around your enormous shadow.


Don't jump in horror or surprise or fascination for you may tumble through the mist down the hill!


The phenomenon is called a Brocken Spectre, having been named after the German mountain where a natural scientist first saw and described it in 1780! Mountains have many such astonishing experiences for you.





Scientists have identified 36 regions in the world as biodiversity hotspots. Four of these include parts of India – the Himalayas (includes the whole Indian Himalayan Region), Indo-Burma (includes the entire north-east of India except Assam, and the Andaman group of islands), Sundaland (includes Nicobar group of islands) and the Western Ghats. All these four regions are made up of mountains. When we tamper with forests and other ecosystems on mountains by cutting trees and killing animals, we shake viruses loose from their natural hosts. When they are forced to live in new hosts – like us! – they sometimes become dangerous. Now, do you realize why conservationists advise us to touch as little as possible when we go on a trek and why we need stop destroying mountains?


If we continue to treat Earth with respect, scientists predict that in 250 million years, we’ll have a new configuration of continents called Pangaea Proxima, which will have a new mountain range with the world’s highest mountains!


Till then, let’s read about some of our existing mountains. Ready? Strap on your mountaineering boots, slip on your high-altitude sunglasses and don’t forget to breathe in deep and breathe out long for, as you may know, the oxygen supply does get lower as you ascend a mountain!
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THE THIRD POLE: YES, ONE CAN CLIMB UP IT!


The North Pole and the South Pole are the coldest regions in the world. The third coldest place on Earth is, no prizes for guessing, the Himalayas, or to put it more accurately, the Hindu Kush-Karakoram Himalayas. This region is sometimes called the Third Pole because it has the largest reserves of ice outside the North and South Poles. The world’s 14 peaks higher than 8,000 m are all in this region. For this reason, it is also called the ‘Roof of the World’. It has the largest glaciers outside the North and South Poles.


Actually, this roof is made up of a very complex expanse of mountains that includes many long mountain systems that start roughly around a single area of jagged mountains called the Pamir Knot, in present-day Tajikistan, north of India. The mountain system spreading west from the Pamir Knot is the Hindu Kush, present mostly in Afghanistan. Tian Shan spreads northwards through five countries in Central Asia, Kunlun to the east across China, and Karakoram runs south-east through Pakistan and the Ladakh region of India.
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