Introduction to Mine Engineering



Unit #4 – Origins of Mining


Prehistory

In the misty remoteness of ten thousand centuries ago, a scantily-clad caveman, scavenging for food, became the first human to set eyes upon the precious metal. Attracted by the bright glint of placer gold in an ancient streambed, the Stone Age prospector noted its unusual weight, admired its fine and lustrous color, and, possibly, polished it against his rough animal-skin garments. As the centuries passed, man learned to mould the soft metal into crude trinkets, then rough forms of jewelry, and eventually, into exquisite, finely crafted gold work. The beginning of mining lies far back in prehistoric times. Gold washed from gravels, copper was mined and reduced from its ores, and gems were used before recorded civilization.

Flint implements have found with the bones of Paleolithic man, who lived some 450,000 years ago. The first primitive mining was trenching or open-cut work. Later, man advanced to underground mining by sinking round pits up to 50 f. in depth and driving drifts out into the flint-bearing strata from the bottom of these shallow shafts. The tools used were picks made of the horns of the red deer, as well as hammers and wedges of flint. The underground mine workings of that period consisted of caves and shafts mined to considerable depths into the deposits, but, as distinquished from workings mined in later years, these shafts and caves were all driven within the sight of sunlight. These original miners were totally dependent on daylight for illumination.

Bronze Age Mining

An understanding of the techniques used by Bronze Age copper miners has been gained in the last few years following discoveries at various ancient copper mines. It is known that bronze age man valued copper and bronze as both artistic and practical objects. The ore was gained by using only simple stone and bone tools. 
It is thought that initially raw metallic copper found on the surface would have attracted the ancients to the uses of copper.  Before long they would have started to scratch away at the surface close to these raw metal findings with simple tools made of bone. At the Great Orme mine in Llandudno a number of bone scraping tools have been found. These would have been used to scrape away loose rock and stones from the ore vein.

The bone tools would have been of use in soft rock.  The rock at Mynydd Parys however is very hard and would have soon destroyed bone tools.  In this area significant numbers of large beach pebbles have been found.  

 
These hammer stones or mauls would have been used to pound against the rock to break it into smaller pieces. Most of these hammers would be hand held , however a few show "rills" which indicate where they may have been tied into a cleft stick to be used as a hammer. Where the rock was too hard to be broken up by the use of hammer stones the technique of fire setting would be used. For this wood would be piled against a rock face.  A fire would be lit and the rock heated. Water would then be poured over the rock face causing it to crack and make the job of recovering the ore a lot easier. 

Initially the ore would be recovered only from the surface. However later the ancients started to recover the ore from shallow open pits called bell pits.  At Mynydd Parys the base of some of these bell pits have been discovered up to 50 feet under ground. The type of copper ore recovered at Mynydd Parys contained the copper sulphur mineral called Chalcopyrite. Experiments have shown that if this is heated in an open fire some copper metal will be formed from the ore. However this is a poor and inefficient way of recovery the ore. 

The ancients discovered that the ore was best processed by rough sorting and then crushing of the best ore with simple a stone pestle and mortar.  The crushed mixture would then be washed with water to recover the ore. A simple clay kiln would then be built in which the crushed ore was smelted to recover the copper. To obtain a high enough temperature in the kiln it is likely that charcoal and a bellows would have been required.  The molten copper would be recovered from the smelter and after mixing with tin and further smelting would be cast as bronze objects. 

These ancient techniques worked well and the methods used out lasted the bronze age.  The Romans also used the same techniques at other copper mines and many European mines continued to use them through out the middle ages. 

Ancient Egyptians

The earliest mining on record seems to have been done by the Egyptians in the turquoise mines of the Sinai Peninsula, where sandstone Cliffs are inscribed with a pictorial representation of these expeditions. The date was about 3400 B.C. or some 1700 years before the Israelites left Egypt and wandered into Palestine. The expeditions were well organized and were composed of high officials, a few engineers and prospectors, and many laborers, totaling in some cases 2000 or 3000 men. In addition, they were provided with a military escort. Food was carried on the backs of hundreds of donkeys, and the expeditions were self-supporting.

However, it wasn't until about 6,000 years ago that gold became readily available to man. By the year 5,000 BC, working with gold became a highly skilled art. Some Egyptian inscriptions showing gold being mined and refined were probably made before 4,000 BC, and ancient gold mines discovered In Egypt are believed to be at least that old. Between 4,000-3000 BC, Sumerian sun worshippers, who had created a disciplined religious organization in the southern part of ancient Mesopotamia, constructed towers sheathed in tons of gold. Beautifully crafted vessels of gold, dating from circa 3,000-2,340 BC, have been uncovered at Ur in Mesopotamia (now Iraq). These fine examples of Sumerian craftsmanship vividly prove their skill with gold, silver and copper.

Gold in ancient times came largely from Nubia in southern Sudan, Africa. Placer operations covered large areas. Over 100 square miles were worked to an average depth of 7 ft. Shallow shafts were sunk, and the gravel was washed in flat wooden dishes. It is probable that placer mining was begun in this region some 4000 years ago. Later, placer mining gave way to vein mining. Tunnels were driven into the hillsides and later inclined shafts were sunk to a depth of 160 ft. The principal tool was a stone hammer, and the rock was loosened by building a fire against it and then throwing water on the heated rock.
By this time gold had become a highly prized commodity and out of reach of the common man. it became a symbol of supreme power, being reserved for the priesthood and rulers. It was used In temples and the tombs of kings, to equip massive armies, and to reward successful conquerors.
Silver was mentioned in an inscription on a granite obelisk discovered at Susa, the capital of Elam, which was captured by the Babylonians about 3500 B.C. The inscription is thought to have been written 4500 B.C., and the record proves that silver was used as a standard of money. In Egypt during the 18th Dynasty, 1650 to 1400 B.C., silver was valued more highly than gold. About 2600 B.C. copper was used as well as gold as a medium of exchange in a ratio of 200 to 1, practically the same ratio as obtained in the United States in 1894.
By supplying the material for commerce, for tools, for implements of war, and for jewelry and other ornaments, the products of the mines are prime factors in advancing the civilization of the ancient Egyptians. However valuable the products of the mines were to ancient kings, mining as an art could advance but slowly as long as mining was done by slaves, in many instances driven to death by cruel taskmasters.
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Although the Egyptians were not the first to discover gold, they were the first people to undertake an active, Intelligent and wide-ranging search for it. They were well organized and carefully controlled the production and use of the precious metal. They also amassed much gold through conquests. The Sumerians lost their gold to the conquering Egyptians, who desired it for their dying pharoahs so that they might appease their 2,000 gods and buy immortality for their souls.
The Egyptians created ornaments, vessels, idols, and jewelry with lavish decorations and great technical proficiency Egyptian goldwork. dating from the Middle Kingdom, including gold jewelry with inlaid gems, and gold objects recovered from the tomb of king Tutankhamen, are examples of the exquisite work done by Egypt’s goldsmiths. Tutankhamen's tomb which vias discovered intact in 1922, contained thousands of objects, including a gold, silver and jeweled throne, and gilded chariots. The mummy was enclosed in three nested coffins, an splendidly ornamented, and the innermost one of solid gold. The coffin, weighing 224 pounds of beaten gold, decorated inside and out, was for many years on display in Cairo and recently was exhibited throughout the U.S.
The Egyptians also knew how to hammer gold into leaves so thin that over 250,000 such leaves, placed one atop the other, would make a pile only one inch high!
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The first iron used was probably meteoric iron, which was considered more valuable than gold. Homer states that one of the prizes awarded at games played in honor of Patroclus was a mass of iron large enough to suffice its owner for all purposes for 5 years. Lead must have been known at an early date, for lumps of this metal were found in the deepest ruins of Troy, establishing a date of about 2500,B.C. Zinc is not known as a metal (native) but was reduced from its ores. Some relics containing zinc date back to the 6th century, B.C.

 JERUSALEM WATER TUNNEL
The very first publication of an outstanding achievement by hard-rock miners, as far as can be determined, is an inscription chiseled in rock by the miners them. selves in the year 699 BC, following the completion of a water tunnel they had driven through a mountain in twenty eight years of back-breaking toil. This tunnel supplied the water for the City of Jerusalem.

It was not until the year 1880 that this news item came to light. Some boys were exploring a water tunnel leading into the City of Jerusalem and came upon the inscription, which had been cut in solid rock in the side of the tunnel at a point where it was only three feet wide. The inscription translated by Wolfgang Paul in his book 'Mining Lore,' reads:

'This is the cut-through. And this is how it happened. While the hewers were swinging the tools, one man at one face and another man at the other face, and while three more cubits yet had to be chiseled off; behold! the voice of a man was heard, who called tc, his partner at the opposite face. For there was a crevice in the rock from the left side to the right side ... And on the day of the cut-through the hewers beetled, one man towards his partner, tools towards tools. And then the waters came flowing from the mouth of the pool . . . and the height of the rock above the head of the hewers was 100 cubits.'

Biblical writings, supported by philological evidence, confirm the belief that this tunnel was driven between the years 727BC and 699BC by slave miners recruited from King Hezekiah's gold and silver mines. Apparently, Hezekiah, the King of Judah, was in control of the City of Jerusalem at that time. He was at war with the King of Assyria and was forewarned that a possible siege of Jerusalem would create a severe water shortage, which would force his army to capitulate.

In order to avert this tragedy, King Hezekiah issued orders to extend the city's fortification walls around the pool of Siloah, which was the water reservoir, and to rush the construction of a water tunnel from the pool, eastward under the wall and through a height of land bordering the city to the Spring of Gihon, some 1750 feet distant. It was known that this Spring of Gihon ran steadily, even in times of drought, in its normal channel down into the Kidron Valley. When capped with rock and undercut by the proposed water tunnel to be diverted to the Pool of Siloah, the city's water supply would be ample for the forseeable future.

Thus it was that two crews of miners working from each end of the tunnel towards the middle with primitive hand tools completed the breakthrough in 28 years, an average advance of 31 feet per year in each face; a remarkable achievement through solid rock and a credit to the ingenuity and perseverance of underground slave miners of that era. This feat was ignored entirely by historians. It would have gone unnoticed had it not been for the inscription cut by the miners.

KEMANO WATER TUNNEL

In contrast, some 2700 years later in 1953. a modern water tunnel for hydro electric power purposes was driven through Mount du Bose from Lake Tahtsa to Kemano, British Columbia, a distance of ten miles in 2.2 years. The rate of advance in this tunnel, with the use of present day mining equipment and explosives, is four hundred times faster than the advance in the Jerusalem tunnel. That is, if King Hezekiah had been given modern mining facilities, he would have completed his water tunnel in 28 days instead of 28 years.
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Mine Labour

The Greek historian Diodorus describes the operation of the silver mines of Iberia, now Spain, by the Carthaginians, as follows:

"Those who work below the ground in the digging day and night are wasted in body, and many of them die in consequence of excessive ill treatment, for release or rest from their labours is not permitted; the blows of their masters compel them to endure their dreadful misfortune until miserably they yield their lives; some, on the other hand, through strength of body and vigor of soul endure this treatment and have a long lasting misery, for death is their preference rather than life, because of the greatness of their wretchness."

At the silver-lead mines of Laurium in Greece, slaves were brought for as little as $31.50 apiece, but one Nicias was brought in as an overseer at the price of a talent or about $1000. Thus the value of technical knowledge in mining was recognized at this early time. By the first century A.D., mining had developed into an important industry among the Romans. However, with the overthrow of the Roman Empire the industry suffered and gained but little headway for many centuries. Miners in Medieval Germany were. segregated into a class by themselves. In 1185 the Bishop of Trent granted a charter to miners. in his domain by which they were "given the right of tarrying, labouring and going and coming in the mountains, in the city, and wherever they might wish, freely and without hindrance'. They were given the right to a "measured plot of ground for pursuing the discovery of ore". This was a most important event in the mining industry, for it might be said to mark the beginning of mining engineering as a profession.

Several hundreds of years later the Bronze Age and Iron Age people, the Ancient Romans and the Medieval Christians discovered deposits of copper, tin, iron, and precious metals. At this time there was also an even greater demand for flint and salt due to the increased population growths. These deposits were still exploited from their much greater depths and with many more lateral workings to increase the production from each shaft. Here again the salt beds have provided well-preserved remains of the miners and their tools to show us how this was accomplished.

Illumination was provided for the miners, first by lighted pine chips and torches held by month, later by oil lamps, and still later by candles fastened to the miners' head-gear. Ventilation was provided by driving several interconnected openings on each deposit to promote air circulation. Underground mine workings were extended far out of sight of daylight by these means.

The miners' cutting tools, picks, hammers, and wedges were now made from alloys of copper. tin, and iron, property case-hardened. Fanned cowhide baskets were made for the miners to carry the broken rock and ores to the surface. Wooden ladder beams were installed for the miners to climb from level to level upwards to surface.

Ever increasing population growths during this period resulted in exorbitant demands on miners and mine production. Fire-setting followed by water douches resulted in quicker rock breakage, and much less oxygen in the underground workings. This, and the employment of too many miners in limited working areas, made mining a punishment instead of a profession. Miners quit or became too ill to work and were replaced-by slaves and political prisoners.

It is believed that these slaves, under the direction of experienced miners at first, later under brutal overseers, were worked underground for many hours a day under horrible conditions to receive only a bare minimum of food to keep them alive. The regulation of their food supplies enforced strict discipline and high production quotas. The death rate among slave miners due to sickness, rough handling and mine accidents eventually rose so high that the supply of slaves could not keep up with the demand. The landlords and ordinary, mine owners could no longer operate and virtually all of the producing mines were taken over by kings and war lords who had the power of armies to conscript prisoners from other nations for use in the mines. After many centuries of army management, the average mine production per man-shift got so low that the industry was forced to a standstill.

LAKE FUCINUS

An article in the Engineering and Mining Journal of August 1941, gives an account of one of the largest underground tunnels driven by Roman slave miners in the early days. It was driven by order of Emperor Claudius to control the overflow water from Lake Fucinus which normally flooded cities and farm lands during spring runoff periods. The tunnel was nine feet in width and averaged 19 feet in height over its three-mile length. It was completed in the year 52 AD after a working period of eleven years.
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GRANDUC MINE
Nineteen centuries later, a mine access tunnel was driven by modern-day contractors 10.3 miles beneath the glaciers of Leduc Mountain to connect a valuable copper ore body with the company millsite at Tide Lake, British Columbia. This tunnel drive set several world re cords for advance, such as: 115 feet in the best single day, 601 feet advance in the best week, and 2320 feet advance in the best month, all from a single heading. This tunnel averaged 15 feet in height and was driven with an arched back. If the Emperor Claudius had been given the sliding floor, the modem mining and ventilation equipment, and the mining crews used by the Granduc Company, he would have completed the three-mile drainage tunnel for Lake Fucinus in seven months time instead of eleven years,

FREE MINERS
Late in the 10th century some newly-discovered silver-lead mines in the Harz Mountains near Freiberg, Saxony, were were forced to close due to production difficulties with the use of slave miners at greater depths. In order to re-open these mines, the owners attracted skilled lessee-type mine operators with promises of great personal gains in the form of production bonuses. These lessee operators soon found that underground production could be increased in no uncertain fashion by promising the slave miners their freedom and by paying them a daily wage plus sufficient food supplies to keep them in good working condition. These free miners responded by employing all the tricks of their trade to produce much more ore of better quality than they had in the past. In addition, they and their families raised much of their own food in communes adjacent to the mines.

During the period 1201 to 1219 the landlords and mine owners developed this system further by granting free entry to their properties to miners in return for a direct interest in their production in the form of a Royalty amounting generally to about one-tenth of the value of ores and metals delivered to surface. By the year 1249 the mine owners instituted self- government within the mining towns on their properties. It was thus that mining gradually became a profession again. It was in this era also that old mining tools were improved, and new equipment was invented.

Broad shovels were hewn out of walnut logs. Bronze cutting edges for moils, picks, and shovels were introduced. Bronze-toothed saws were used to cut slots in rock faces using emery powder as the cutting medium. Holes were cut in solid rock using drilling tubes with fixed teeth with emery powder inserts. Wooden wedges were then driven into these slots and holes in the rock; after much soaking with water, the expansion of the wooden wedges would break out great slabs of rock to be broken further with heavy-setting mauls made from iron. Pick axes were fabricated from iron, 16 inches in length. with a hammer at one end and a sharp tempered point at the other.
Very little has been written about all these achievements or about the hardrock miner himself. Usually it has been a case of 'out of sight – out of mind' as far as the media are concerned. The very first publication of an outstanding achievement by hard-rock miners, as far as can be determined, is an inscription chiseled in rock by the miners them. selves in the year 699 BC, following the completion of a water tunnel they had driven through a mountain in twentyeight years of back-breaking toil. This tunnel supplied the water for the City of Jerusalem.

Georgius Agricola 

Georg Bauer, better known by the Latin version of his name Georgius Agricola, is considered the founder of geology as a discipline. His work paved the way for further systematic study of the Earth and of its rocks, minerals, and fossils. He made fundamental contributions to mining geology and metallurgy, mineralogy, structural geology, and paleontology. 

Born in Glauchau, in the province of Saxony in what is now Germany, Agricola studied classics at Leipzig University, taught Latin and Greek for a few years, and then in 1522 began to study medicine, first at Leipzig and then at Bologna and Padua in Italy. He took his degree in 1526 and became a practicing doctor; however, he never seems to have been terribly enthusiastic about his profession, devoting most of his energy to studies of mining and geology. He began practicing medicine at Joachimsthal in 1527. Joachimsthal was an important mining center of the time, in particular for silver mining. Agricola's geological writings reflect an immense amount of study and first-hand observation, not just of rocks and minerals, but of every aspect of mining technology and practice of the time. Agricola moved in 1536 to the city of Chemnitz, also an important center of the mining industry, and was elected Burgomaster there in 1546. He not only continued his medical practice and his geological studies there, but was appointed to several public and diplomatic posts by Duke Maurice of Saxony, to whom he dedicated his book De Natura Fossilium. He died in 1555, one year before the posthumous publication of De Re Metallica, his greatest work. De Re Metallica, literally translated, means "On the Nature of Metals," but the word metal had a wider meaning at the time, and meant any mineral. In this book, which remained the standard text on mining for two centuries, Agricola reviewed everything then known about mining, including equipment and machinery, means of finding ores -- he rejected the use of divining-rods and other such 
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magical means -- methods of surveying and digging, assaying ores, smelting, mine administration, and even occupational diseases of miners. The book also contains descriptions of ores and of strata. His book was profusely illustrated; one illustration, showing mine shafts, is shown at left (click on the small image to view an enlargement). Agricola noted that rocks were laid down in definite layers, or strata, and that these layers occurred in a consistent order and could be traced over a wide area. This observation of Agricola's was one of the first contributions to stratigraphic geology, and one that would become important in understanding the arrangement and origins of the rocks of the Earth. 

Agricola also wrote the first book on physical geology, De Ortu et Causis Subterraneorum (1546), notable for its descriptions of wind and water as powerful geological forces, and for its explanation of earthquakes and volcanic eruptions as produced by subterranean vapors and gases heated by the Earth's internal heat. However, his greatest contribution to paleontology was his book De Natura Fossilium (On the Nature of Fossils), also published in 1546. This book is not restricted to what we call fossils today: the Latin word fossilis meant anything dug out of the ground, and Agricola's book included descriptions of all kinds of minerals, gemstones, and even gallstones, in addition to what we would call fossils now. Agricola's work summed up what the ancient Greek and Roman authors had written about minerals, and included a list of a hundred ancient authors whose works Agricola had consulted -- but Agricola was not afraid to contradict the ancients' opinions if they did not fit with his own experience. His work represented a major advance over previous writings on rocks and minerals in that it classified them, not alphabetically or by their supposed mystical powers, but by simple physical properties: "Thus minerals have differences which we observe by color, taste, odor, place of origin, natural strength and weakness, shape, form, and size." Agricola gave standardized names to various minerals, and not only recorded their appearance but the localities where they could be found. He also noted how the same fossils might have different colors and appearances in different places. Although Agricola's work included no pictures, his descriptions of fossils are often instantly recognizable: 

