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To my grandfather Luigi,
a stoic who never knew
what stoicism was.





INTRODUCTION

In 2008, the Zambian government controlled an underground thermal coal mine that supplied a nearby power plant. Due to low production, the mining concession was transferred to a private Chinese company to improve the situation. In 2010, two Chinese supervisors shot eleven employees during a protest over low wages. The managers argued that the workers were “lazy”. Although the government decided not to press charges the following year to avoid damaging relations with China, it revoked the mine’s license in 2013 due to safety concerns.

Because of certain recurring problems, such as landslides, they decided to call in western technical consultants to solve them. One of those sent was my friend Alexander, who told me firsthand about the serious situation he encountered. They were accessing the mine crouching down, as the gallery was barely one metre high. At a certain point, their methane meter began to beep, signalling a dangerous buildup of toxic gases. They had only five minutes to get out of there or risk being poisoned. One of his colleagues had a panic attack and had to be dragged out by a group of workers. Upon closer inspection, Alexander found an almost total lack of supports in the mine walls, which explained the frequent cave-ins, and almost no ventilation in the shafts.

However, what shocked him the most was discovering a large cabin, deep in the mine, where workers slept on bunks surrounded by coal, without using any respirators. At the end of his assignment, my friend made it clear to his employer that the situation required drastic changes and complete reconstructions. These proved impossible, especially for a government looking for quick and cheap solutions. So, in 2015, and despite all that had happened, the mine was reopened by its Chinese owners.

This is not a fictional account, it is Collum’s story – just as this is a book about real mining, not bitcoin mining. What happened in Zambia is just one example of the many hidden realities behind the mining industry worldwide. While mining is a crucial driving force for economic and technological development, it is also marked by histories of exploitation, devastating environmental impact and social conflict. However, not all mining operations share the same dark backdrop. Throughout this book we will explore the complexity of mining, from its darker aspects to those that offer hope and progress. We will know artisanal mines that use little more than hammers and picks which coexist in the same sector alongside operations with 50-foot-tall Caterpillar excavators. We will discover how mining can be a vital source of employment that completely changes entire cities, and we will see how many environmental problems associated with mining have been solved.

The narrative of mining history is intertwined with the insatiable human desire: the constant search for materials to ensure our survival and improve our quality of life. This journey has been marked by a fascinating duality and has shown both our most remarkable virtues and our most disturbing contradictions. We live in an era where video calls allow us to transform our faces with cat-eye filters, while the metal in our smartphone batteries could have been mined by a child in the Congo or perhaps produced by an industrial plant funded by U.S. banks. Often, not even the manufacturer gets to know about it. Mining, in its very essence, is a representation of our own contradictions. We yearn to discover new lands and unearth treasures, but at the same time greed and unbridled ambition can lead to exploitation and abuse. It is impossible to separate human history from metals. Metals were already essential to even our most basic tools in prehistoric times. The bronze that defined the Bronze Age did not come out of nowhere; it was the result of the fusion of copper and tin, a tangible testimony to our dependence on riches buried deep in the earth.

Why is it necessary to read this book? Mining is about to regain crucial relevance on the global stage. The world is slowly heading towards de-globalization and an indirect conflict between the United States and China, with countries such as Russia and India seeking to play a relevant role in the new multipolar map. Additionally, humanity faces the elevated risk of climate change as it embarks on an energy transition that will require more metals than ever before. It is essential to review the pages of history to understand the critical importance that mines have played in the destiny of nations and how, until as recently as the Cold War, this sector was always closely watched by those in power. Furthermore, it is essential to understand how the sector works today, as it has undergone significant transformations in recent decades and is far from the stereotypical image that many uphold.

We have therefore divided the book into two parts. The first part takes a historical perspective and explores how early empires were intrinsically linked to mining activity. Behind every prosperous city, such as Athens or Rome, we find a mine somewhere. Metals were fundamental to keeping the economy alive; gold and silver symbolised wealth, and iron and copper forged the machinery of war. Gold mining is also behind the rise of the richest emperor in history, in the heart of Africa.

Then we jump to the 15th century, where the Germans laid the foundations of modern mining, thanks not only to technical advances driven by Renaissance geniuses, but also to visionary bankers. This boom happened during the Age of Discovery and the beginning of overseas empires, which made it possible to extract resources on the other side of the ocean. During the Spanish Empire, a merchant from Seville mined silver at an unprecedented rate. In South Africa, a young man who had suffered a heart attack created the seeds of the diamond monopoly and one of the largest gold mining companies in the world. Privately, King Leopold II of Belgium showed similar ambitions and found his opportunity in Congo. It was also a time of excess, like the gold rush in California, where everyone dreamed of finding the vein of their fortune. And how can I forget the role of my land, Galicia, in World War II, when a hard metal triggered a harsh response from Roosevelt and Churchill against Spain.

In the second part, we will analyse current mining from all angles. We will explore the grim reality of artisanal mining, starting with illegal gold in Latin America and the price at which drug traffickers sell gold. We will understand firsthand the value chain of legal Rwandan tin. We will also get a glimpse of the darker side of mining, as told by a Spanish journalist: the desperate search for coltan and the futile efforts of multinationals to purge their production chains. After crossing this thorny path, we will arrive at modern industrial mining. We will see the contemporary process of exploration and discovery of mineral deposits from the perspective of a Canadian prospector.

Within what I have labelled as “good mines”, we will explore several projects that I have personally witnessed or that I know closely: from the resurgent mines in bombed Bosnia to operations at 5,000 metres of altitude in Argentina to the jungles of the Democratic Republic of Congo amid warlords. We will also refer to the reopening of a millenary mine in Huelva, led by a Galician. However, we will not fail to mention some “troublesome mines”, where a former Peruvian military officer unleashes serious disturbances in Guatemala and a Chinese steel tycoon shakes up the nickel market.

We will not conclude this part without mentioning my commodity trader friends, intermediaries who connect all the players in this game. From how a toxic container ends up in Ivory Coast to how Iran becomes Israel’s oil supplier, these stories show that, in this market, everyone has something to offer and there is always someone willing to buy. We will also look at the unscrupulous practices of Canadian financial circles and how in the 1990s they orchestrated the biggest mining fraud ever.

We will then discuss hot topics in the industry, such as the production of an electric car battery starting in the driest place on earth to extract lithium. This will be followed by a detailed dissection of the industry’s reputation and to what extent it is deserved or not. From toxic spills in Colorado to the average salary of a truck driver in the Arctic. It is also necessary to talk about China and its role in the global economy, especially in mining. How the Asian giant monopolizes raw materials, controls niches such as rare earths, and has an impact on emerging countries where it does not hesitate to take advantage of its position.

Finally, we will discuss the importance of oil, its history, its present, and its future. We will take the opportunity to argue forcefully that resources are not running out globally and that we will never run out of oil. To wrap up this intellectual exercise, I will deliberate with an environmental scientist who is an expert in the energy transition on the renewed importance of global mining.

This book is more than a collection of stories – it is a guided tour through a sector unknown to most people. It is a place where friends tell accounts that have a great explanatory power and that otherwise no one would ever get to know. More than five mining projects and mines visited, twenty long interviews, dozens of books and papers studied, hundreds of managers met and consulted, and thousands of small daily conversations have resulted in what you are about to read and discover.

Welcome to the underworld.
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SILVER-PLATED ATHENS

Anyone who has had the opportunity to chat with a Greek citizen for more than half an hour can sense the deep relationship and veneration they have for their origins. However, many Greeks are unaware that democracy and philosophy flourished in Greece thanks to such a valuable resource as silver.

Laurion, an area some sixty kilometres from Athens, known since the time of the tyrant Pisistratus in 560 BC, but whose vast underground reserves of mineral wealth were not discovered until 483 BC, played a key role in the rise of Athens as the cradle of Western civilisation.

Until then, Athens was not a particularly wealthy city, nor did it have a large population or military power. In previous centuries, other city-states, such as Corinth or Thebes, had a greater influence. This can be seen in the field of philosophy, which flourished earlier in other places, as evidenced by some pre-Socratic philosophers, such as Thales of Miletus or Heraclitus of Ephesus. It was the plentiful supply of silver that provided sufficient resources to Athens to fund theatres, architecture, courts, mathematics, and music. Without silver, the Parthenon would not have been built. In fact, it might not have withstood the Persian invasions.

The Greco-Persian wars, initiated by Darius the Great, lasted for years. The first war ended with the defeat of the Persians at the hands of the Athenians in the famous battle of Marathon. It was during a period of relative calm in this contest that the Athenians discovered the unusual silver veins at Laurion. This finding, often overlooked in mining history, resulted in the annual production of 20 tons of silver in the following decades, mined by a labour force of 20,000 slaves. Athens understood that Laurion would change its destiny.

Greece was not then known for being rich in metals. Solon, one of the Seven Sages of Greece, mentioned the constant shortage of silver. Gold was found to the north, in Thrace, while the copper needed for the army was mined in Cyprus. This made Laurion’s discovery even more amazing and unique.

Hellenic mining techniques are well known to us from some primary sources. The Roman historian Diodorus of Sicily, who lived in the 1st century BC, collected the lost work of Agatharchus of Cnidus, a historian of the previous century. Although the splendour of Laurion took place in the 4th century BC, the processes did not evolve much in the region, and he himself travelled to Egypt where he was able to see firsthand how these mining methods were used. This is what he tells of an underground mine in the Egyptian Eastern Desert:


The gold-bearing earth, which is the hardest, is burned with fire, and when it cracks, they go on working it by hand; and the soft rock, which needs less effort, is crushed with a hammer by a bunch of unfortunate wretches [sic]. The whole operation is led by a skilled worker who can distinguish the rock and pinpoints the workers where to work. Among those who perform this unfortunate task, the strongest breaks the quartz rock with an iron hammer, applying no skill to the task, only force, to dig tunnels through the rock, not in a straight line but in any direction that the shining rock could point. These men, who work in the dark, and due to the curvature and tortuousness of the passages, carry lamps strapped to their foreheads. Since much of the time they change the position of their bodies to follow the particular character of the stone, they throw the blocks, as they cut them, to the ground; and in this task, they work incessantly under the severity and the blows of a foreman.



The picture was no different in Athens. Although the mining and processing techniques originating in Egypt, such as grinding to reduce the size of the rocks extracted by hand, were used, the Athenians also drew upon gravity and filtration. They built laundries with large water cisterns and small wooden nozzles that allowed large pieces of stone to be filtered. These had to be ground again to flow continuously through a series of channels that, in turn, flowed into settling tanks. There, and by gravity, silver – a heavy metal – sank to the bottom of the tank, where it was collected for smelting. This mechanism remains, in its basic structure, in modern mining.

The Athenians decided that the mines belonged to the city but opted for operating them through private concessions leased to prominent citizens. This generated a series of commercial transactions that were very profitable for those who managed the operations. Among them were some historical figures: Demosthenes, for example, considered to be Greece’s greatest orator, borrowed money to buy mining properties, and Xenophon, a Greek historian of the time, wrote the following:


As for the silver mines, I believe that, if a proper system of working were introduced, an enormous amount of money would be derived from them in addition to our other sources of income. I want to emphasise the possibilities of these mines to those who are not acquainted with them for, once they realize their potential, they will be in a better position to consider how they should be managed.



This famous historian was quite a mining promoter, and his considerations could appear in any corporate presentation of our time. Today’s managers often make similar claims to raise capital and revisit old projects on the grounds that they were mismanaged. He goes on to refer to the longevity of operations, but as evidence of the exploration potential:


Now, we all agree that the mines have been exploited for many generations. In any case, no one even attempts to date the beginning of the operations. And yet, although the excavation and extraction of silver ore have been going on for so long, we can notice how small the size of the dumps is in comparison with the virgin, silver-laden hills. We can see repeatedly that, far from diminishing, the production area is extending further and further. (…) We may ask ourselves, then, why less new mining is being done today. Simply because those interested in the mines are poorer. Because operations have recently resumed, and a man who makes a new cut [in the sense of a new gallery, a tunnel] incurs a serious risk. If he hits good material, he makes a fortune; but if he is disappointed, he loses the money he has spent. That’s why, nowadays, people are very cautious about taking risks.



Xenophon emphasizes the risk involved in this business, since the probability of failure is high. For his part, Plutarch tells us about the social role played by mining, which came to destroy the production system, since the sudden discovery of precious metals also entailed grave consequences. This fragment comes from his Moralia:


It is related that the wife of Pythias, who lived in the time of Xerxes, was a wise and courteous woman. Pythias, as it seems, found some gold mines, and falling greatly in love with the riches obtained from them, learned insatiably and without measure about them; and he forced the same upon the citizens, whom she compelled to dig, transport, or refine the gold, without doing anything else; many of them died in the work, and the rest were exhausted. Their wives laid their petition at the door [that they should let their husbands rest], addressing the wife of Pythias. She bade them all go and be of good cheer; but she also ordered to the goldsmiths whom she trusted most she bade attend to her, and confining them she bade them prepare golden bread, all kinds of rushes and summer fruits, and all kinds of fish and meats, likewise of gold. When Pythias arrived home (after a long journey) and asked for supper, his wife set him a table of gold and without any edible food, but all of them of gold. Pythias asked insistently for something to eat; when his wife brought him anything he asked for, she brought it to him in gold. Angrily, he cried out, “I am hungry.” She replied, “You have brought us no provisions; all skilful science and art being neglected, no man is growing crops anymore; but, neglecting sowing and planting, we dig and search for useless things, killing ourselves and our subjects.” These things touched Pythias, but not as far as to give up all his work in the mine; he commanded that one fifth of the citizens should devote themselves to that work, and the rest to the field and manufactures.



This phenomenon is called “Dutch disease” by today’s economists when analysing what happened after the discovery of natural gas fields in the 1960s. When natural resources are discovered, all productive efforts are devoted to their extraction, causing a crowding out effect on the other industries. This in turn generates a high dependence on the prices of raw materials and usually leads to inflation and currency appreciation due to the arrival of copious amounts of foreign capital, which further damages traditional manufacturing.

Back to Laurion, what did the Athenians devote their fortune to? As Plutarch narrates in his Parallel Lives, the influential politician Themistocles, who had held the highest magistracies, proposed to build with that treasure two hundred triremes (warships) to strengthen the naval superiority, not only as a military strategy, but also on trading. Another politician, Aristides, more populist, suggested distributing the fortune found among the population. The position of the former prevailed, in the face of the suspicion of a new offensive by Xerxes. The polis would build the fleet that, in 480 BC, in the famous battle of Salamis, rejected the Persian invasion for good. Xerxes lost more than two hundred ships in what is remembered as one of the most memorable and transcendental battles in European history. Themistocles’ intuition was thus confirmed. The war ended the following year, and in four years Athens emerged as a superpower.

This superiority and control in the Aegean were possible thanks to the drachmas minted with Laurion silver, which played a crucial role in the economic life of Athens. The coins were embraced by all citizens as a reference currency, as is the case today with the U.S. dollar ($). In addition, its large navy made it possible to protect trade routes, deter pirates and warn allies in case of need – a system like the gunboat diplomacy of the Western empires of the 19th century with battleships. The wealth and pomp culminated with the construction of the Parthenon between 447 BC and 438 BC by order of Pericles. This bonanza and prosperity generated a dynamic and effervescent intellectual climate that appealed the best men and women from all over Greece. This led to a significant advance in arts and sciences, with figures such as Hippocrates and Democritus, who excelled in medicine and philosophy. The great tragedies of Sophocles and Euripides, as well as the comedies of Aristophanes, enriched Greek culture and theatre.

To explain such an economic impact, one need only look at the amount of silver produced for such a small population. The total number of inhabitants was around 250,000, including more than 70,000 slaves, and each tetradrachm contained about 17.2 grams of silver. This could be equivalent to four days’ average wages for an artisan or a private soldier. With Laurion’s average yields they could afford to mint more than a million tetradrachms a year. Thus, excluding royalties and taxes, it could amount to almost a month’s salary for each free citizen of the city. This simple mental exercise allows us to understand the extent of the fortune that Athens had and explains all the works and constructions that Athenians were able to conduct.

However, this period of prosperity was not without its challenges. Rivalry with Sparta triggered the Peloponnesian War in 431 BC, which affected labour in the mines due to the demand for men for war and the flight of slaves. Finally, the capture of the fortress of Dekelia by Sparta in 413 BC put an end to the exploitation of the mines. Despite this, it is estimated that the Athenians extracted more than 3,000 tons of silver from Laurion or 100 million ounces, a milestone that even today many modern mining companies aim to match.

Ironically, Laurion would once again play a vital role in Greek history in the 19th century. After centuries under Ottoman rule, Greece regained its independence in 1859, and interest in the mines reignited. The Metal Works Company of Laurion was established to process the metals accumulated in the dumps and operated until 1917. Simultaneously, a French company, the Compagnie Francaise des Mines du Laurium, investigated the remaining deposits in the area and obtained a large yield. These mining activities left a legacy of more than 2,000 km of tunnels and galleries in the region.

In short, Laurion is one of the most important mines in the history of Western civilization, although it often does not receive the recognition it deserves. Its discovery led to the rise of Athens as a naval power, contributed to the defeat of the Persians, prompted the construction of immortal works such as the Parthenon and promoted trade, creating a revolutionary environment in which scientific and artistic ideas flourished. Laurion’s importance in history is undeniable, and his legacy endures to this day.
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HISPANIA, JEWEL OF THE REPUBLIC

The city of Rome stands as a myth that transcends the ages. However, the great magnificence of the Roman Empire and its resistance to the ephemeral nature of time would not have been possible without solid foundations and a wise management of resources. In the vast canvas of Roman history, no province played a more crucial role in this respect than Hispania, a land rich in minerals that enabled Rome not only to face the Carthaginians but to resist them vigorously during the Second Punic War. Strabo comments on the notes of Posidonius, another historian and politician who even provides fanciful stories:


Posidonius, praising the quantity and excellence of metals, does not dispense with his usual rhetoric, but possessed of poetic enthusiasm, indulges in exaggerations. Thus, he does not give as false the legend that the woods having once been set on fire, the earth being composed of silver and gold, it rose molten to the surface; for that the whole mountain and hill is like money accumulated there by a prodigal fortune.



The mineral wealth of Hispania was not a Roman discovery; these veins had been operated since prehistoric times by local populations. Its heyday came after the First Punic War, when Carthage, defeated in 241 BC, lost several trade routes. Just as Athens had a Themistocles, Carthage now had Hamilcar Barca. After quelling a mercenary revolt, he became the de facto leader of Carthage and wanted to expand his dominion to the south of the Iberian Peninsula. The region was already famous for its mineral wealth. They secured key areas and, when Hamilcar died, his son-in-law founded Carthage Nova, Cartagena, and his son Hannibal took over. This is the famous Hannibal who will cross the Alps with elephants and was about to subdue Rome after the battle of Cannas (one of the greatest defeats Rome will ever suffer). After being defeated by Fabius Maximus, and lacking support in his native Carthage, he lost the Hispanic colonies, and Rome strengthened its control in the region. Diodorus, in the following fragment, confirms these mines were known from ancient times:


Much later, the Iberians learned the advantages of silver and exploited important mines. By which they obtained excellent and, so to speak, very abundant silver, which produced splendid profits for them. The way in which the Iberians exploited the mines and worked the silver is more or less as follows: being their mines so remarkable in reserves of copper, gold and silver, those who work the copper mines extract, digging the earth, a quarter of this metal without any gain; of those who work the silver mines there are those who, being no professionals, extract in three days one talent of Euboea. For every battlement is full of condensed silver dust that emits sparkles. It is therefore to be admired the nature of the region and the industriousness of the men who work there. In the beginning, any individual, even if he was not an expert, devoted himself to the exploitation of the mines and obtained substantial riches, due to the excellent predisposition and abundance of the silver-rich soil.



As far as silver is concerned, the claim is very surprising since one Eubean or Attic talent equates to 27 kg of pure silver. That a single unskilled worker was able to extract almost 10 kg of silver per day is unheard of by ancient standards and we will not see anything like this again for centuries. The Iberians lacked advanced engineering, but the mineral endowment of the area was so abundant that it was possible to obtain enormous quantities without advanced knowledge or techniques. The territory was conquered by the Punics after the Hispanic mining potential has emerged. First the Carthaginians exploited it on a large scale and later the Romans. Here Diodorus continues referring in a derogatory way to the Punics:


Although there is more than one surprising matter surrounding the mine workings just discovered, one could not pass over without great admiration the fact that none of the mines is of recent exploitation; on the contrary, they were all opened by the greed of the Carthaginians at the time when they were masters of Iberia. On the basis of them [the mines] they increased their power, hired mercenaries of the greatest strength, and thanks to these they carried on many important wars.



The silver mines would help to fund the Second Punic War on both sides. Had it not been for them, Rome would not have had enough resources to halt the Punics. Let us not forget that – although superior in military terms – the Roman economy in this period, the Middle Republic, was not yet so developed; the Carthaginian economy, with a great commercial tradition, was superior. Here the denarius was born, in 211 BC, when they already controlled all the Hispanic mines. Until then they used copper coins, and from then on, a denarius (4.5 g of silver) could be exchanged for 10 ounces of bronze. It was the currency of reference until well into the imperial phase.

Pliny the Elder, who wrote his own version of Natural History, as well as Diodorus, tells us that Hannibal obtained more than 100 kg of silver daily from this area. A very remarkable fact since they would be producing twice as much as Laurion’s Athenians. Titus Livy, one of the greatest Roman historians, emphasizes the tremendous wealth taken over by the Roman generals; Cato the Elder, for example, returned triumphant from Hispania with tons of gold and silver after the war. More than benefiting from it, what really helped him was that the Carthaginians did not own it, so they were deprived of resources to hire mercenaries. The treasure that they accumulated later would be the one that allowed Carthage to be defeated definitively in the Third Punic War.

After the fall of Numantia in 133 BC, many citizens came from Italy to make their fortune during the following century. The Greek historian Polybius states that there were between 20,000 and 35,000 slaves working in the mines, which provided 25,000 drachmas of silver per day (assuming 3.5 g per drachma, the figures add up to 87 kg per day, as Pliny stated) or 30-35 tons of silver per year. After several centuries of production, always with difficulties, the result would have been an amount of silver in excess of 10,000 tons. A huge amount, several times the size of Laurion. Nothing like it will ever be seen again throughout the Middle Ages. Until the arrival of Europeans in the Americas, a thousand years later, the Hispanic mines will continue to hold the honour of being the richest silver mines ever known.

Although silver was the most relevant, Pliny also explains that the northwest area of Gallaecia and Lusitania produced 9 tons of gold per year, mainly in the regions of present-day Asturias, Galicia, and León. A study led by Spaniards L.C. Pérez García, F.J. Sánchez-Palencia and J. Torres-Ruiz1 calculated that a total of 190 tons of gold were extracted under Roman rule, during two hundred years. These results are striking because they imply an annual production level of 1 ton, much lower than the ancient figures but similar to that of Egypt, the great producer of the Antiquity. Although the total production is not comparable to the almost 2,000 tons of the Egyptians during the whole of Antiquity (more than 1500 years). The answer to this divergence can be found in a powerful method of the Romans, totally genuine, to obtain gold in massive quantities, as we will see below.

In respect of the mines of the northwest of the peninsula, it is interesting to note that Julius Caesar may well have seen them up close and appreciated their potential, since between 69 and 61 BC he was quaestor – a kind of judge and tax collector – in Lusitania and, if he kept the accounts, he may have collected mining taxes.

At the operational level, they imported the Hellenistic methods but added many changes and improvements. To begin with, they were the first “private” mines. The texts make it clear that metals belonged ultimately to the state, and later of the emperor; but now, unlike the rest of the ancient world, the Romans decided that it was better to focus on warfare and let private individuals run the mines at all levels. In Egypt, the pharaohs organized the expeditions, Laurion belonged to the state, and although some Greeks opened and exploited mines in exchange for royalties, the role of the state was predominant. Thus, the Romans left it in the hands of the publicani. For example, the Societas Sisaponensis controlled all the mining operations in Sierra Morena, in present-day Cordoba. Let us not forget that the vast majority of silver mines were in Hispania Citerior, which would correspond to present-day Andalusia and areas of Extremadura, Portugal, and Murcia. Like many of today’s companies, metal shipments during the 1st century AD carried the S.S. stamp.

These publicani were a kind of licensees: commercial companies founded by individuals – mostly from the equestrian class – to win public contracts. In many cases they partnered, and their shares could be bought and sold as modern corporations currently do. They were usually in charge of tax collection in provinces, provisions for the army, public works, etc. In his book Devil Take the Hindmost, Edward Chancellor states that for some time there was so much speculation on these positions and licenses to the publicani that it could even be considered the first financial bubble.

Likewise, the level of organization and regulation was very advanced, with written codes that regulated everything. In the south of Portugal, the so-called “Vipasca bronzes” were found, from the time of Emperor Hadrian, considered the most important legal texts of Roman Iberia. They not only show the legal organization but also reach a remarkably interesting level of detail for those who want to research. It states, for example, how the price of the license is fixed at the will of the emperor, that 4,600 sesterces must be paid to the public treasury as a tax, that if you do not work for ten consecutive days you could lose the license, and that you had to pay no less than 50% of the total value of the copper extracted to the Treasury before being smelted. These figures may seem high, but they are in line with today’s taxation between taxes, royalties, and direct ownership in the assets, as may be the case of oil in Norway or Nigeria.

Diodorus confirms everything: the massive arrival of Romans, the work of the companies and, above all, the difference compared to Greek mining:


When the Romans took ownership of Iberia, a great number of Italics filled the mines and obtained immense riches for their desire of profit. For by buying a vast number of slaves the put them in the hands of the foremen of the works in the mine. And these, opening mouths in many points and excavating the earth in depth, and working in biased galleries and forming varied bends, from the bowels of the earth they bring to the surface the ore, which provides them with profit. These mines are hugely different from those of Attica. For those who work those of Attica invest a substantial expense in their exploitation and from time to time they did not obtain what they expected to obtain and what they had they lost, so that it seems that they are unfortunate as if by enigma. While those who exploit those of Hispania obtain from their labour heaps of riches to the measure of their hopes.



Much earlier, Xenophon warned of the greater risk involved in Greek adventures. It can be assumed that it was due to better geological conditions and greater abundance of mineral deposits in Hispania compared to Ancient Greece, which – apart from Laurion – did not have significant deposits. Then Diodorus continues, as he did in Egypt, emphasizing how hard the conditions are, but with great profits:


Those who spend their lives engaged in the work of the mines make their owners tremendously rich, because the amount of their earnings exceeds belief; but they, underground, in the galleries day and night, are leaving their skin, and many die from the excessive hardship of such labour. For they have almost no respite in their labours, but the foremen, with blows, compel them to endure the rigor of their ills, and thus they throw away their lives cheaply in such miserable conditions; but there are those who by bodily vigour and fortitude of spirit endure their sufferings long.



These harsh conditions led Pliny to warn of dangers such as that of powdered quartzite, which could damage the lungs, and ironically, he asserts: “[silex or quartzite] is considered the hardest thing that exists, except greed for gold, which is the most stubborn of all.”

When the Romans reached a significant threshold in mining production, their ingenuity was deployed in improving processes and increasing productivity. In their quest to reach deeper levels, the need arose to master a resource as valuable as it was elusive: water, with its two faces.

Historically, water has been a key component in mining since it plays a crucial role in various stages of mineral processing. However, in excess, this vital liquid could become a curse. As the Romans ventured to excavate to unprecedented depths, they encountered a persistent technical challenge that still poses dilemmas for contemporary mining engineers. When breaking through the ground water table, it was common to face abundant water emergence or seepage through gallery walls. What might seem harmless, such as simple leaks, could quickly turn into flooded galleries. This problem did not affect Laurion, as the Greeks never explored at excessive depths.

Solving this challenge required ingenuity, and the Romans demonstrated exceptional creativity in their solutions. Early attempts used water mills and the ingenious Archimedes’ screw. The latter consisted of a helical cylinder that, when rotating, allowed objects to be lifted with relative ease. By taking advantage of this technology and using human labour – mostly slaves – who descended in circles, they were able to lift massive quantities of water to considerably greater heights. This clever approach not only solved the problem of water accumulation in the galleries but also highlighted the Romans’ ability to adapt and overcome obstacles. Diodorus tells the story:


Sometimes the miners come across rivers running deep underground, whose impetus they control by breaking the currents of their currents, for which they make use of the transversal galleries. Spurred on by their well-founded hopes of profit, they bring their particular enterprises to an end and – the most shocking of all – they make the drains using the so-called Egyptian screws, invented by Archimedes of Syracuse when he travelled to Egypt. Through these they make the water pass, one by one successively, up to the mouth of the mine, and thus dewater the mine site and make it properly conditioned for the performance of mining activities.



[image: Technical illustration in engraved style of an Archimedes' screw used for draining water from underground mines, consisting of a helical shaft encased in a cylindrical tube, with one end submerged in water and the other elevated to expel the liquid.]

Image 1. Example of Archimedes’ screw

The Romans did not stop after overcoming water challenges: they employed various infrastructures, including aqueducts, to carry the water they pumped from deep within the mine. But the Romans not only used water to evacuate underground galleries; they also used it to their advantage through the innovative practice known as hydraulic mining or “Ruina Montium”. By building dams and aqueducts, they collected copious quantities of water in reservoirs and dams. By releasing it all at once, they were able to erode the rock and expose the gold veins. Sometimes they dug galleries into the mountain, filled them with water and waited for the resulting pressure to break the walls. This spectacular technique was the origin of the famous Médulas in León, one of the largest gold mining operations of the 1st century AD.

This period coincided with the rise to power of Augustus as the first princeps and the establishment of the aureus, a new currency with 7.8 grams of gold thanks to the abundant Hispanic gold, as was previously done with the denarius. The Médulas were the main source of Hispanic gold. The legacy of these operations can be seen in more than 48 km of aqueducts built to carry such amount of water. Unlike the Egyptian high-grade veins, grades here were low, not exceeding 1 to 3 grams per ton. To compensate for this lower grade, the Romans implemented a large-scale method, the mentioned “Ruina Montium,” a forerunner to a modern technique called “bulk mining”. This method involves using large-scale machinery to achieve economies of scale, reduce the cost per ton and make low grade deposits profitable. In total, the Romans removed more than 90 million cubic metres of rock, equal to more than fifty football stadiums. This huge figure would not be repeated in Spain until the end of the 19th century, reaffirming once again the exceptional nature of Roman engineering in the mining field.

[image: Sequence of illustrations showing the steps of the 'Ruina Montium' hydraulic mining technique, from tunnel excavation in a mountain to the release of water pressure that collapses the rock, exposing gold-bearing material.]

Image 2. Steps of the “Ruina Montium” starting with the excavation of galleries and the subsequent water pumping

All this was possible thanks in part to a very advantageous geology. The Iberian Peninsula includes the so-called Pyritic Belt, an area that crosses from Setúbal to Seville, 250 km long and 50 km wide, known for its large accumulation of certain minerals with contain high sulphur, very dense, such as pyrite, chalcopyrite, galena or pyrrhotite. Some even say that it is the place with the largest accumulation of sulphide metals in the world. It is estimated that more than 200 million tons of ore have been extracted in the area and that there are still several hundred million more, making it one of the richest areas with the most ore on the planet. After the Romans, mining continued until today, with many mining companies from different countries that came to Spain and Portugal in search of fortune.

Finally, the western empire would finally collapse in 476 AD. Although the empire lived on in the East under the aegis of Byzantium, each era has given its own interpretation of what happened: from the moral and cultural explanations of Edward Gibbon to more economic works such as The Economic Decline of Empires, by Carlo M. Cipolla and other important historians. Most mines were abandoned for several centuries, along with the great shrinking of this sector in the Middle Ages.

The extraordinary geological nature of the Iberian Peninsula met Roman technical improvements that transformed the mining industry. Concepts such as “bulk mining,” which seeks economies of scale, remain fundamental in modern mining. In addition, we have seen a greater private intervention by the publicani, marking an increasing professionalization of the industry. The enduring appeal of the Roman period has led to significant investment in research, because of which it is one of the best documented periods prior to the Modern Age.



___________

1 Tertiary and Quaternary alluvial gold deposits of Northwest Spain and Roman mining (NW of Duero and Bierzo Basins).
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MANSA MUSA AND THE INFINITE GOLD

In a mysterious and evocative corner of West Africa – currently Senegal, Burkina Faso, Ghana, Ivory Coast, and Nigeria – a history played an essential role during the Middle Ages. This region was among the few and richest, the main supplier of gold and salt thanks to the shrewdness of Muslim traders, and a complex network of intermediaries and secret routes.
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