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It is to be hoped that one day, a clever geologist with a literary bent will write a pleasing, accessible book about the history of the Rhine. It would contain much that is surprising.

Onze Groote Rivieren (Our Great Rivers, 1938), Jacobus Thijsse

The Rhine was always there.

Kim Cohen, palaeogeographer
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Preface

It was Thursday 13 September, 2018, and on the Mediterranean islet of Vis, long tables had been laid overlooking the sea. Garlands with lanterns hung between the pine trees. The sun had set, there was an afterglow in the west.

My daughter was getting married and I was sitting opposite her. Ed, the man on my left, had just sat down after making a speech to the bridal couple. Besides being the British stepfather of my daughter, Ed is also a geologist. Glass in hand, he had begun with the observation that we were on an island in the Adriatic Sea about which lots of interesting geological things could be said, but that he would refrain, because that wasn’t what we’d all come for. “Tonight, it’s about the bride and groom,” he reassured the guests.

What followed was an appropriately teasing speech leading up to the confession that, though he’d never said it in so many words, he loved my daughter and wished her every happiness in the world. “Not too bad,” I said when he’d sat down again, in a lame attempt at British understatement. He grinned. Twenty years earlier he had married my ex-wife. Because of his work, he took her and my daughter over the sea to Scotland, and now we were sitting here. I’d made my speech to her earlier and people cried. When he spoke, people laughed.

“Say, speaking of geology . . .” I said, trying to get the conversation back on track, “I’m writing a book about the Rhine. And now that we’re talking about life events” – I nodded at the bridal couple – “suppose the river were a person . . .”

I was briefly distracted by my daughter, who had interpreted my nod as a greeting and was greeting me back, holding her wine glass aloft. As one man, Ed and I seized our glasses and raised them ceremoniously in her direction. She laughed, we laughed too.

“Supposing the river were a person,” I continued, when my daughter’s attention was diverted elsewhere, “then it would also be born and die.” Ed nodded, put down his glass and looked at his plate.

“If the Rhine were a child, it would be a child of the Alps – because that’s where its source is. But the Alps weren’t always there. Tell me how they came into being. You know all about that kind of thing. Suppose we’d been able to witness it.”

He looked up, his face earnest. It struck me how grey his hair had gone. I too was growing old, I knew, and the thought occurred to me that we were both guests of the next generation, that things come and go without you being able to stop them.

“Suppose time isn’t an issue,” I went on. “The Alps aren’t there yet, we’re standing on Europe’s southern coast, we set a hypothetical clock – each minute is a million years – and we watch what’s happening. What will we see? Do we see Italy sailing towards us till it crashes into the coast, and the mountains suddenly rise up under our feet?”

Ed shook his head, slid his plate aside and grabbed a napkin, which he smoothed flat on the table. “If it were just up to gravity,” he said, “then we’d be living on a billiard ball.”

I nodded, but he could see I didn’t understand.

“The earth would tug at everything that stuck up, until its surface was totally flat,” he explained.

I pictured land that was as level as the sea, water running off shin-high coasts as if from a saucer in the rain.

Meanwhile, Ed had positioned his hands on either side of his napkin. “Gravity isn’t alone, though, there’s another force at play,” he said, “and that’s continental drift. In the Eocene, Africa was on a collision course with Europe. And that’s not over yet. Africa is still heading our way, and in the end it will shunt the Mediterranean out of existence. But back then, mini continents went ahead of the main landmass. Italy being one of them. A tiny chunk of Africa pushed out in advance of the troops.”

I watched as his hands gradually moved towards each other. Because they were holding the edges of the napkin flat, the fabric in the middle began to bulge up.

“Look,” he said, nodding at his right hand, “that’s Italy . . .” and then at his left . . . “And this is Europe. That’s how they drifted together. The seabed is heavy and sank downwards, so one continent began to slide over the other. That’s how the Alps were pushed up, you see?”

He was looking anxiously at the napkin, at the ridge that was gradually rising up in the middle, centimetre by centimetre. It went well for a while, but then began to slump. Ed tried to shore up the collapsing mountain ridge, but without success. He seemed about to say more, but then gave up the attempt.

“It’s a bit more complicated than that,” he concluded.

He smoothed the napkin flat again and spread it over his lap. I looked past the bridal couple out to sea.

“But before Italy had even appeared on the horizon, what would you have noticed first?“ I persisted. “What would have been the very first sign of things to come?”

Ed shrugged. “Earthquakes, I reckon,” he said.

“Tsunamis?” I asked.

“Very likely.”

Then the meal was served.

*

Two days after the wedding, early in the morning, I took the ferry back to the mainland of Croatia. Halfway across, it grew light. The sky turned orange above the craggy mountain range on the horizon, rising up like a slowly advancing wall of surf a thousand metres long.

Fishing boats bobbed about, occasionally a dolphin’s dorsal fin broke the surface. It was dead calm, the water as smooth as glass. Until a ripple passed across the entire expanse of the sea, no more than a foot or so high. After a while I realised that it was gradually moving from north-east to south-west.

Consulting my earthquake app, I saw there had been a tremor just off the coastal town of Šibenik, slightly northeast of Vis. There the sea was strewn with islets that stuck out of the water like miniature mountain peaks. The tremor hadn’t registered more than 4.2 on the Richter scale: just enough to cause a ripple on the sea and a few scattered reports of creaking floors and a glass tumbling from a table’s edge.




Birth


I dreamed that I was living slowly,

More slowly than an ancient stone –

A nightmare: above me, around me, below me

All shook, twitched, sprouted. I alone was still.

From Time, M. Vasalis



Of course there was a one last day when nothing had yet happened. When the south of Europe was densely forested and the land, under its canopy of leaves, sloped down to the coast of a calm, nameless sea. There was no language, no-one to give things names. That happened only tens of millions of years later, when the distant descendants of the squirrel-like mammal Plesiadapis – still clambering around those European forests at the beginning of this story – had evolved into geologists. They learned that the continents, seemingly fixed in place, were actually loose floes floating around sluggishly – slower than a nail takes to grow – on deep vortices of molten rock.

The vanished sea that had lapped the southern coast of Europe was retroactively named the Valais Ocean. Banana-shaped, it was connected to the Atlantic Ocean in the west by a broad strait. To the east, its bed gradually shelved upwards to create a paradise of scattered coral islands in clear, shallow water. Yet further east lay the Tethys Ocean which, widening like a funnel, branched into the Panthalassa, a melancholy, desolate superocean that encircled all the continents.

Though the name suggests otherwise, the Valais Ocean was an inland sea. That was not apparent on Europe’s southern coast, of course, except for the fact that week-old storms, bouncing off distant, encircling coasts, could suddenly return like ghosts in the form of waves coming out of nowhere during spells of calm weather. But it typically resembled a sea coast: water stretching to the horizon and a line of surf rolling back and forth. The slight tide refreshed the water in the rock pools, where birds and other predators hunted gobies, sea urchins, crabs and shrimps.

When it rained on the forests, filling the rivers, the deltas would spew sand that spread out in the sea like cloudy fans, extending for hundreds of kilometres. And sometimes, if the rain poured down with such force that the rivers burst their banks, engulfing parts of the forest, they didn’t just sweep sand to the sea, but pebbles and uprooted trees as well. Days later, the tree trunks would wash onto the beach. Sometimes entire shoals of fish would be buried under avalanches of river-borne sand. They died, and were gradually buried deeper and deeper under the river’s sediment.

In calm weather, the sea was crystal clear and warm; close to the shore, large shoals of fish washed calmly back and forth with the movement of the waves. The sea stretched to the horizon, though on clear days you might have spotted clouds gathering on the skyline, as if over distant, sun-warmed land. Land that, at the end of a hot day, chased the sea breeze so high into the sky that it condensed into thunderclouds. During the pitch-black nights there would be flashes of lightning, but too far off to result in thunder.

This was in the middle of the Eocene, more than forty million years ago, and the summer was endless. Where Stuttgart now stands, there were whispering treetops and surf. Where Switzerland is, was only sea.

Dinosaurs had vanished twenty million years earlier – except for the birds, that is, who had recovered well from the impact of the big meteorite. They swarmed above the treetops as evening fell, or foraged along the shoreline. It wasn’t clear from their shape whether the predatory mammals they flew away from would develop into cats, wolves, martens or bears.

*

You could claim that these were the first signs: the clouds on the horizon that, like heralds kitted out with lightning bolts, announced the arrival of something bigger. But it’s more likely that one day, the ground emitted a deep, protracted groan. That the earth trembled, the trees in the forest swept back and forth, and that the sea suddenly retreated from the land. Birds flocked to the mud flats, where surprised fish lay stranded, flapping their tails and gasping. The feast was short-lived, because at the horizon the sea turned, rushed up the sharply shelving ocean floor and poured onto the land. It knocked down trees, pushed water back into the rivers, hurled shoals of fish onto the forest floor and spread out, only retreating days later. The tsunami had left havoc in its wake. It would take years for the forest to recover. But that didn’t matter – there were years aplenty.

Recalling what had happened, the survivors avoided the tideline for a while, then produced young that did not comprehend their fear. Soon, everything was as before. Until the next earthquake.

There was something going on at sea, or rather: there was something going on under the sea. But nothing that an unwitting coastal resident would notice. For a bird, an islet off the coast is a place to land; for a tree, a place to take root. The fact that the islet wasn’t there a few thousand years ago, and that it’s grown a few hectares in size in the last thousand years, represents a change too gradual to affect mere mortals. In the intervals between earthquakes, the animals of the Eocene couldn’t know that they lived in turbulent times. Because the Earth’s heartbeat is infinitely slower than that of her lodgers.


The Mediterranean’s a pigsty.

Douwe van Hinsbergen



Mountains are like waves with an abundance of time. They rise out of the earth, climb to their highest point and then sink down again. Their rolling stones are like water droplets, their avalanches like foam.

Suppose we’re standing on the coast and time speeds up. The sun goes round and round like a sock in a spin dryer, faster and faster, until there isn’t a sock anymore, just a streak. Day and night merge into the twilight of an overcast afternoon, the winds from every compass point cancel each other out. Changes in the weather, changes in season disappear. Everything you would normally seek shelter from falls away, and we’re standing in a becalmed, soundless world in which the Earth, rather than the sea, seems to have become liquid.

We look out to sea, a cloudy mirror radiating muted light. It’s not clear where the light is coming from.

A man joins us in this thought experiment. His name is Douwe van Hinsbergen. Like me, he comes from the east of the country. From Eibergen, to be precise, which, though this translates as “egg mountains”, is as flat as a pancake. He left his hometown in search of mountains and became professor of geology at Utrecht University. And now we’re standing here, looking southwards. Tens of thousands of years fly past, but still there’s nothing to be seen.

“The Mediterranean’s a pigsty,” he says. “You can’t see it because it’s covered by water. But underneath, everything’s shifting around, all higgledy-piggledy. It’s a right old mess.”

For Van Hinsbergen, a sea isn’t water but the crust that lies beneath the surface. As he sees it, Europe doesn’t stop at the beach. She carries on as the seabed, stretching far southwards, to where a piece that’s broken off the African continent is heading towards her like an advance messenger. A big chunk of the continental crust that will, in time, push up against Europe in the form of Italy. But for the moment it’s still on its way and Europe is stooping to receive it. Her stony bottom sinks, allowing it to mount her slowly, centimetre by centimetre. She lets herself be pushed down further by its weight, into the hot depths, the treacly mantle below, where she goes limp, bending, twisting and writhing. Italy forces itself onto her, scrapes over her, scouring the rock from her bent back, raising it to the surface, propelling it forwards.

For now, Italy remains submerged, while these scrapings of Europe rise up out of the sea. At first they look like islands. But gradually they morph into a long strip of land being shunted towards the coast.

Douwe points towards the horizon and indeed small dark tufts have risen out of the sea, as if the weather’s about to change. “Those are the Alps,” he says. “They’re still low, but they’re on their way.”

The ground beneath our feet has become restless, it billows slowly up and down, and here and there cracks appear in the surface. Europe’s bowels tremble, and open to what’s about to come.

To our right, on the distant horizon, the mountain ranges of the Vosges and the Black Forest rip apart and a trench opens up between them, growing deeper and deeper, until rubble and landslides hurtle down from the exposed cliff faces. Fire jets out of the rim of the trench, volcanoes pop up like molehills, spew lava, sputter and collapse back into the earth.

They’re hell-raisers with short lives.

“Keep watching,” says Van Hinsbergen. I look south again. In the few minutes that I’ve been distracted, the dark tufts on the horizon have swelled into a tsunami more than a thousand metres high, blotting out the horizon from west to east. The ground under our feet is buffeted this way and that, splitting apart in places as rocks shoot up out of the soil.

It’s strange how this all happens in silence, except for a deep hum coming from beneath the earth, a tremor we feel rather than hear. The sea between us and the advancing mountains has grown narrow, a strange tension grips the land, as if Italy is hurrying now and Europe is bracing herself. The earth shakes and landslides crash into the sea to re-emerge as islets. Then, as if something has been consummated, a noise comes from deep under the ground – it sounds like a long sigh – and everything relaxes.

“Europe has broken off,” Van Hinsbergen says. “Italy pushed her down so far that in the depths, the southernmost tip of the tectonic plate has snapped off. Now she can surface, just you watch . . .”

We’re gradually lifted up, it’s as if Europe is wrestling herself free from Italy and rising, centimetre by centimetre. What remained of the sea at our feet disappears, the seabed comes up, as slowly as a cork through treacle. The water runs off, evaporates. We’re no longer standing on the coast, but at the foot of the mountains.

We gaze up at the rocks that have been boiled, flattened and folded under the sea, and then thrust upwards in a jumbled mass, looming into the sky.

“I told you,” says Van Hinsbergen. “It’s a pigsty.”

Clouds have gathered above us, their route to the south cut off by the new barrier of stone. The world around us has grown colder, the tops of the mountains turn white and the ground becomes sodden. All the water that used to fall here and flow south into the sea now has to detour northwards, first collecting in an evaporating inland sea, then seeking its way across the plains, en route to a delta.

*

When the Alps were bulldozed into Europe, water and rubble continued to rain down from their northern slopes for millions of years. The debris cascaded into a sea arm, blocking off its western passage to the open sea. Its bed rose centimetre by centimetre, the water grew brackish, islands crept upwards and eventually there was nothing left along the northern foot of the Alps but scattered lakes, connected by a river: the Danube. In the thirty million years that followed, the Alpine Rhine flowed into this river, then headed for the Black Sea. But when barriers arose – the land was in constant flux – it left the Danube and sought a path westwards to the Rhône and the Mediterranean. It wasn’t until around three million years ago that it found its current route northwards, joining a rain-fed river between the Rhenish Massif and the North Sea: the Proto-Rhine. Its course was more or less where the middle and lower reaches of the Rhine are today. Hungry for water, it had been busy extending its basin southwards for some time.

No-one knows exactly when the Alpine Rhine left the Rhône. But a day came when water from the Alps first found its way northwards. It joined the Proto-Rhine, causing it to swell unstoppably. The water level around the Lorelei rose and the current quickened, ripping off bushes, flooding pebble islands, uprooting trees that had grown on sandbanks for centuries and sending them floating northwards. There, in the flat region between mountains and sea, the Rhine burst its banks, cut off bends and overran the Roerslenk plain. Extending ever further beyond its bed – now far too narrow – it sought a way to the North Sea.

With redoubled strength, the water forced its way right into the delta. Whereas the gentle Proto-Rhine had carried only small particles of clay this far downstream, depositing them on the banks over the centuries, the violent, swollen Rhine swept millions of cubic metres of coarse sand and pebbles along with it. Traces of this sudden switch from clay to sand can still clearly be seen in the quarry pits of the Roerslenk, the Rhine’s old course. The mineral composition of deep boreholes in the old river valleys show, too, that the Alpine grit reached our regions almost from one day to the next.

*

Back then, Europe was just entering an era of alternating ice ages and warmer periods. During the latter, forests shot up. The trees held the soil together, copious rain filled the Rhine with clear water, and – as the sea level rose and the coast shifted – the river carved out a bed for itself far inland. Because there was so little sediment in the water, the river hardly silted up. The rain over the Alps soaked loose unstable minerals like hornblende and epidote, fine grains of which were scattered on the banks downstream.

But when the ice ages arrived, the forests thinned out. Trees died and made way for steppe landscape. Glaciers cracked paths through the young mountains: the Alps, the High Vosges and the southern Black Forest. Valleys were carved out, rocks split off, and the water, milky white with sand and clay, raised its banks. The river created immense plains in its delta. The sea level sank and the Rhine strayed further and further north, flowing through its own sediment and over the exposed seabed.
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