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Levelling the seas 

The human history of the world’s sea levels 

 

Fragment p. 16: 

What is the cause of the rising sea levels around the world, and how do we know it is happening? 

And what exactly will happen to different kinds of coast if the sea level rises or falls? How have 

people responded to these changes in the past? And what can we learn from them for the future? 
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Chapter 6 Katwijk on the Thrine 

 

And then, suddenly, deep in the last ice age, Katwijk no longer lies on the coast, but far inland. 

The Oude Rijn again follows the old course it long ago abandoned. And the Rhine flows on, further to 

the west, as far as the eye can see, where it fades to become part of the polar desert that was once 

the North Sea. And if you follow it further downstream, you will discover that, in the middle of the 

dry seabed, it turns to the south and joins another great river flowing from the west – the Thames. 

Together, they continue as the Thrine. In the literature, it is known as the Channel River, but I prefer 

to call it the Thrine, a combination of Thames and Rhine. The Channel, too, is dry – the Thrine does 

not flow out into the Atlantic Ocean until it is level with the Bay of Biscay. 

 

 

The dry North Sea and the 

River Thrine 

 

Thrine 

Maas 

Rhine 

Thames 

North Sea (dry) 

 

 

The southern North Sea has disappeared, dried up. It was only 40 metres deep. Where the seals used 

to swim, mammoths, sabre-tooth tigers and woolly rhinoceroses walk through the tundra. And if you 

look to the north from Katwijk, you might – if the weather is very clear – see the glistening of the ice 

cap. The Neanderthals can now finally cross by foot and take a look at England; during the Eemian 

period, of course, that was impossible because of the high sea level. We know very little of what their 

dwellings were like, as they were all inundated by the sea after the ice age, but fishermen sometimes 

find their tools and even remains of their bones in their nets. 

 

The appearance of the Earth has changed unrecognizably. Everywhere, seas are drying up 

and land-bridges are appearing where there used to be water. Not only has the North Sea 

disappeared, but also the Adriatic Sea, the Persian Gulf, and half of Indonesia. Alaska and Siberia are 

joined together, as are India and Sri Lanka, and the Falkland Islands are once more part of Argentina. 
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The world has 20 million square kilometres of new land, as much as a whole continent. After 

the warm Eemian period, the sea level started to fall slowly. From a highest level of +6 

metres in the Eemian, it took 100,000 years to reach the deepest point of more than -120 

metres, an average speed of around thirteen centimetres per century. Why did it go so 

slowly? That was because of the slow growth of the great ice caps in Scandinavia and North 

America. 

 

Flint tools fished up from the North 

Sea during the Maasvlakte 2 

reclamation project. Future Land, 

Rotterdam.  

 

 

 

 

 

 

 

 

Annual layers in the Greenland ice cap. 

 

 

 

 

An ice cap begins to form if the climate has cooled off sufficiently for the snow that falls in northern 

Norway and northern Canada in the winter does not melt in the summer. The snow of the following 

winter then falls on that of the previous year. In this way, the blanket of snow becomes bigger and 

deeper every year, and finally changes into glacial ice. The ice caps have therefore been built up layer 

by layer, and these annual layers can often be clearly seen in core samples taken from the ice. The 

falling sea level is therefore closely linked to the quantity of snow that falls on the ice caps every year 

and stays where it is, rather than returning to the sea as meltwater. 

The sea level did not, however, fall in one flowing line. There were many short 

periods of rapid cooling and warming up, too small to be called full-scale ice ages or 

interglacial periods. They are therefore referred to as stadials and interstadials. Examples are 
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the cold MIS 4 stadial around 75,000 years ago and the warmer MIS 3 interstadial about 40,000 years 

ago. And within those periods, there are also smaller fluctuations, that also cause changes in sea 

level. The sea level can sometimes fall much more quickly than average, up to more one metre a 

century. We need to bear these figures in mind as we later talk about rising sea levels, because we 

have experienced it ourselves. 
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Above: The sea level curve for the Black Sea since the Eemian period derived from data from a 

dripstone cave in northern Turkey. The shaded grey peaks show when the Black See was connected to 

the Mediterranean Sea. At other times it was a freshwater lake. Below is the climate curve derived 

from the oxygen isotopes in deep-sea core LR04, from MIS6 to now. 

 

One of the most dramatic changes that worldwide falling sea levels brought with them was 

the fate of the Black Sea. The Black Sea was practically closed off from the world’s seas, being 

connected to the Mediterranean Sea only by the Bosporus, which is at present 38 metres at its 

deepest. But the sea level fell further than that, and the Black Sea was cut off from the 

Mediterranean relatively soon after the end of the Eemian period and became a freshwater lake fed 

only by the major rivers Don, Dniester, Dnieper and Danube. At the same time, the water level in the 
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Black Sea fell radically, because more water evaporated from its surface than flowed into it 

from the major rivers. 

The change from a saltwater sea to a freshwater lake had far-reaching consequences 

for life in the Black Sea. Saltwater and brackish water shells and plankton disappeared and 

were replaced by freshwater species. The people who lived on the shores of the sea had to 

move or find new source of livelihood. Here, too, it is difficult to investigate their dwellings 

as, like many other settlements from the ice age, they lie underwater. 

The Black Sea has a small ‘annexe’ in the north, the Sea of Azov, to which it is 

connected by the narrow Kerch Strait. There used to be a thin strip of land across the strait, 

connecting Crimea and the Caucasus, known as the Tuzla Spit, but it was breached by a storm 

in the early twentieth century. Because the spit continually moved, there were regular 

conflicts between Russia and Ukraine about the exact course of the border between the two 

countries. Since the annexation of Crimea, Russia has been trying to build a bridge over the 

Kerch Strait. 

It is 2007. I am travelling with a group of Russian, Ukrainian and other foreign 

geologists along the north coast of the Black Sea. We are trying to reconstruct sea level 

changes from sediments deposited on both sides of the Kerch Strait, first on the Russian side 

and then, after a night voyage in the belly of a ferry, on the Ukrainian side, in Crimea. Our 

guide, Jakub Izmailov of the International Innovative University in Sochi, has been conducting 

research here for 30 years. He takes us to a cliff on the Ukrainian side near the village of 

Eltigen. There, a magnificent three-kilometre-long Eemian reef has been exposed. It is not 

made of coral but of tube worms. Over that, there is a layer of shells. Altogether, the reef is 

about five meters above sea level. There is a similar deposit on the Russian side, near Cape 

Karangat. The oldest shells here have been dated at 125,000 years: a clear indication that 

here, too, the sea level was around five metres higher in the Eemian period than now and 

that, since then, the land has not risen or subsided substantially. 

 

 

 

 

Tuzla Spit in the Kerch Strait, the 

narrow passage between the Black 

Sea (left) and the Sea of Azov 

(right), seen from the Russian side.  
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From bottom to top: Eemian tube-

worm reef (1), shell layer, dated at 

around 125,000 years (2) and loess 

(3). Eltigen, Kerch Strait, Crimea, 

Ukraine. 

 

 

The very first consequence of the falling sea level in the Black Sea after the Eemian period was that 

the Sea of Azov dried up. The large river, the Don, which had until then deposited its sediment in the 

Sea of Azov, extended its course across the dry seabed, forced its way through the tube-worm reef 

and flowed out directly into the Black Sea. Because the submerged slope near the estuary was steep, 

the river cut out deep canyons, which are now underwater. Core samples from the sediment in Kerch 

Strait found freshwater shells up to 62 metres deep in the filled-in canyon of the Don. 

There is a deep controversy about what happened in the Black Sea when the link to the 

Mediterranean Sea was restored at the end of the last ice age. According to American geologists 

William Ryan and Walter Pitman, a gigantic waterfall some hundred metres high refilled the Black 

Sea in a short time until it reached the level of the oceans: they call it ‘Noah’s flood’, as they claim 

that it was the source of the Biblical legend of the Flood, and resulted in large-scale migration to all 

parts of Europe. It is a fantastic story that caused a tidal wave of publicity and made Ryan and Pitman 

overnight celebrities, but a few modest researchers – like Canadian pollen expert Peta Mudie, who 

has analysed single-cell organisms from many core samples in detail – have proved that the whole 

story is infeasible: the process was much more gradual and the difference in level was not that great. 

Modest scientists who mainly ask questions get little publicity, which is why Ryan and Pitman’s story 

lives on. 

There is another factor of importance in this account: the Caspian Sea, where I myself have 

conducted research for more than 20 years. The Caspian Sea, which lies further to the east, is an 

isolated water basin that has no connection at all to the world’s oceans and currently lies at 27 

metres below sea level. By contrast, in the ice age, the level of the water in the Caspian Sea was high, 

so high in fact that water flowed from it to the Black Sea, exactly at the spot where the Don flowed 
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into the dried up Sea of Azov. And that is what one-armed Moldovan-Russian geologist 

Andrey Chepalyga calls Noah’s flood. Certain molluscs endemic to the Caspian Sea 

consequently ended up in the Black Sea. This is one of the themes of a large EU Marie Curie 

project called PRIDE (which stands for Pontocaspian Biodiversity Rise and Demise), led by 

mollusc specialist Frank Wesselingh of Naturalis, the natural history museum in Leiden. The 

consequences of the Caspian connection with the Black Sea for the sea level in the latter are 

now being investigated. So far, they support the gradual scenario. 

 

 

 

 

 

The freshwater Black Sea, the dry Sea of Azov and 

influx of water from the Caspian Sea in the  

Late Pleistocene age. 

 

 

The largest area in the world that dried up when the sea level fell is Sundaland, in 

Indonesia. In 1845, explorer and hydrographer George Windsor Earle (1813-1865) published 

a map showing the sea around Sumatra, Java and Borneo as a shallow sandbank around 50 

metres deep, separated from another shallow bank around Australia and New Guinea by a 

deep channel. He called them the Great Asiatic Bank and the Great Australian Bank, 

respectively. He wrote: ‘These banks of soundings which extend from the continents of Asia 

and Australia, form very remarkable features in the geography of this part of the world, and, 

as such, are deserving of more attention than has hitherto been bestowed upon them, since 

it will be found that all the countries lying upon these banks partake of the character of the 

continents to which they are attached.’ 

Wise words as, when British naturalist and explorer Alfred Russel Wallace – 

contemporary, kindred spirit and honourable colleague of Charles Darwin – travelled to the 

region in 1856, he discovered that the dividing line also separated two biogeographical 

provinces. The fauna and flora on the western side had Asian characteristics, while those on 

the eastern side had Australasian features, including the incidence of marsupials. That divide 

is now referred to as the Wallace Line and runs through the deep Makassar Strait between 

Earle’s two shallow sandbanks, to which Wallace is decent enough to refer. 
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George Windsor Earle’s map 
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It was Delft professor Gustaaf Molengraaff (1860-1942) who first made the link with the ice age. He 

wrote in a 1919 article, co-authored by biologist Max Weber, that ‘…both the Sunda Sea and the 

Sahul Bank originated from the submersion of a low land by the rise of the sea-level in consequence 

of the melting of the great ice-caps of the pleistocene ice-age.’ According to Molengraaff’s 

biographer Frederik van Veen, he had taken this idea over from the American geologist Reginald 

Daly, already mentioned above, when they met at a conference in Canada in 1909. Molengraaff 

called the submerged land Sundaland, a peninsula covering 1.8 million square kilometres 
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encompassing the islands of Java, Sumatra and Borneo and joined to Indochina. Sundaland was 

allegedly a peneplain, a plain created by long-term erosion of the underlying rock while it was still 

above water. It is tectonically stable: there have been no significant surface shifts. Molengraaff 

proposed that Sundaland was drained by two major rivers, one to the Makassar Strait in the east and 

the other to the Chinese Sea in the north. They can clearly be seen on the seabed. The northern river, 

of which today’s rivers in Eastern Sumatra and the Kapuas on Borneo were tributaries, was later 

called the Molengraaff river in his honour. 

 

 

The rivers in Sundaland.  
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Sundaland is one of the most intensively studied submerged Pleistocene plateaus: 

that is because of its submerged tin deposits. There are a number of islands in the Sunda Sea 

(Billiton, Bangka, Singkep and the Karimata Archipelago) located approximately at the 

drainage divide of the two Pleistocene river systems. Tin ore has been mined on Bangka since 

as early as 1710, on Billiton since 1851 and on Singkep since 1860. The tin on the islands is 

found in veins in granite but, as a result of erosion, it is strongly concentrated on the slopes 

and in gravel in river valleys. That has created placers, known locally as kaksa, where the tin 

accumulates as a result of sedimentary processes. As it is much easier to mine the tin here 

than in hard rock, most is extracted from coarse-grained river deposits. 

The tin-bearing deposits in the river valleys are found not only on land, but continue 

underwater up to 1,500 metres from the shores of the tin islands. Placers have also been 
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found more than ten metres below the seabed. Molengraaff concluded that ‘the exploitation of the 

sea-tin might probably prove to be of great economical importance’. 

The Billiton Mining Company, set up in 1860 to mine tin on the island of that name, took that 

message to heart. From the 1930s, it started intensive exploration in search of submerged tin 

deposits. But, of course, there is little point in dredging all over the place in the hope of striking lucky. 

You first need to understand the structure of the seabed to know where you will find the underwater 

kaksa. So Billiton conducted seismic mapping, during which a ship sends out a shockwave through 

the water. The wave is reflected by the different layers on the seabed and recorded by one of more 

hydrophones towed behind the ship. The structure of the seabed can then be reconstructed from the 

reflected shockwaves. 

 

 

 

 

 

 

Continuation of tin deposits in  

submerged river valleys, Singkep 
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The seismic mapping produced an image of the submerged river valleys and their rich 

tin deposits. But it is still no easy task to interpret that image and link it up with data 

obtained from core samples. 

 

 

 

 

 

Seismic mapping of the seabed 

 

 

 

 

 

Sonogram of the seabed in Sundaland showing the carved-

out and filled-in submerged river valley. 

Karimata.  

 

 

Geologist Ewoud Bon, who searched for tin in Brazil and Indonesia for Billiton in the 

1960s and ‘70s, knows all there is to know about it, as can be seen from his recently 

published diaries. For several months, he sailed among the tin islands on the ships 

conducting the seismic mapping and the taking the core samples, and later on a dredger. He 

continually disagreed with his boss Gerard Aleva about how to interpret the data. According 

to Aleva, the kaksa is Tertiary, several million years old, while Bon believes that the 

submerged tin-rich deposits in the valleys date back to the last ice age. He even found 

fossilized wood in the samples, but Aleva refused to date it. Ultimately, Aleva published the 

excellent drawings of the origins of the tin deposits from Ewoud’s diary without 

acknowledging him as co-author or as a source, and of course with his own interpretation. 

Not very proper, but a significant reflection of the rigid hierarchic structure of the company 

in those days. 

Recent research has proved Bon right: German marine geologist Till Hanebuth of the 

University of Bremen and his team conducted new seismic mapping over submerged 

Sundaland, crossing the Molengraaff River. The average depth of Sundaland is 70 metres, but 

the canyon carved out by the Molengraaff River is 40 metres deeper. That means that, at 
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nearly 120 metres (a familiar figure!) the river flowed while the sea level was at its deepest during 

the last ice age. Deeper in the sediment, it can be seen that Sundaland ran dry in two earlier ice ages. 

It is all alluvial sediment, containing tin. Large quantities of tin, indispensable for the manufacture of 

smartphones, are still dredged up from here. 

 

How do we know now that the deepest level that the sea fell to was -120 metres? The maximum 

above the current sea level can easily be seen in marine terraces that are now above water, as long 

as the Earth’s crust has remained stable. But the traces of the minimum sea level lie, of course, deep 

under water. That is why we understandably know very little about that downward curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Submerged coral terraces in the Red 

Sea 
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As we have seen, initial calculations of minimum sea levels in the last ice age were 

based on the estimated volumes of the ice caps at the time: back in 1842, Maclaren came up 

with a fall in sea level of 800 feet (around 250 metres). Many others have since repeated his 

calculations, with widely varying results. American meteorologist William Jackson Humphreys 

came out at 67 metres in 1915, Norwegian polar explorer Fridtjof Nansen at 150 metres in 

1922, Finnish geologist Wilhelm Ramsay at 275 metres in 1930, American geologist Reginald 

Daly at 75 metres in 1934 and Dutch geologist Jan Umbgrove at 100 metres in 1942. 

As we have also seen, you can try to calculate the sea level using the oxygen isotopes 

of foraminifera in core samples from the deep sea. These samples provide a continuous 

record of the quantity of ice on the Earth, from which you can deduce the sea level in any 

specific period. That method produces a minimum level of -120 metres for 18,000 years ago, 

and can also be used to calculate the intermediate stadials and interstadials. Yet this method, 

too, has its limitations, as oxygen isotope ratios are also dependent on temperature, and the 

impact of quantities of ice and temperature on sea water cannot always be distinguished 

from each other. So you need independent confirmation of your calculations. That is possible 

– and using a surprising method: once again by studying marine terraces. 

One key to the puzzle can be found by returning to the Huon Peninsula in Papua New 

Guinea. As we have seen, the Eemian terrace there has been elevated to heights of 150 to 

440 metres, depending on the cross-section where you take your measurement. The 

elevation here thus occurred more quickly than the fall in the sea level, and the lowest 

terrace but one above the current sea level corresponds almost exactly with the minimum 

sea level. At various levels between the high Eemian terrace and the low terrace representing 

the minimum sea level, there are also coral terraces that bear witness to smaller peaks in the 

sea level. In the meantime, many coral terraces have been dated that have not been elevated 

as far and still lie under water, for example off the Caribbean island of Barbados, Hawaii and 

Western Australia, all of which come out at a minimum sea level of -120 to -130 metres. 

But where are the people? As the sea level fell, they saw their coastal strips 

becoming wider and wider. What did they do with this sudden expansion of their territory? 
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The press on Levelling the Sea: 

“A beautiful book on the sea level, the climate and the smallness of man.” – de Volkskrant 

 

The press on Why Hell Stinks of Sulphur: 

“Kroonenberg interleaves science, history and autobiography with a light touch, blending lively 

accounts of classical scholarship with superb descriptions of Earth’s interior and how geologists have 

come to know it. Virgil may no longer be available to accompany us through Hell, but Salomon 

Kroonenberg proves a witty and erudite guide for the twentyfirst century.” – Times Literary 

Supplement 

 

The press on The Human Scale: 

“An exceptionally well done, important book about the planet we inhabit.” – Natuurwetenschap en 

Techniek 

 

 

 

 

Salomon Kroonenberg (1947) is Professor Emeritus of Geology at 

Delft University of Technology. He has written The Human Scale, 

which was awarded the Eureka Prize for best book of non-fiction; 

Why Hell Stinks of Sulphur and The Babel’s Courtyard. 

Kroonenberg’s books have been translated into English, German, 

Turkish, Chinese and Azerbaijani. 
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