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A Little Big History of Amethyst Geodes 
 
This paper addresses a set of Essential Questions (McTighe and Wiggins, 2013): When, 
how, and from what materials (e.g., elements, minerals, magma), do amethyst geodes 
form? What, in other words, are the “Goldilocks Conditions” from which they (and their 
characteristic crystalline structures) form? This LBH of amethyst begins with the Big 
Bang, some 13.8 billion years ago, when the building blocks for all forms of future 
complexity were created (BHP, Unit: 1.2). Approximately 1 billion years later, as the 
stars began to run out of hydrogen fuel, ninety-two elements were produced through 
nuclear fusion, including iron, which gives amethyst its characteristic purple colored 
crystals (BHP, Unit: 3.0).  
 
The chemical formula for amethyst, a purple variety of quartz, is silicon dioxide (SiO2). 
Both silicon and oxygen, along with eight other chemical elements (hydrogen, helium, 
carbon, nitrogen, iron, magnesium, sulfur, and neon) were all created either during the 
big bang or within large stars. These ten elements represent all but 0.03% of the mass of 
the atomic matter in our part of the galaxy, while the remaining elements were created in 
supernovae: stellar explosions (Christian, 2011, p. 52). Billions of years later, in 1869, a 
decade after Charles Darwin published On the Origin of Species in England, the Russian 
chemist Dmitri Mendeleev arranged the 63 known elements into a Periodic Table based 
on atomic mass (BHP, Units: 3.2, 3.3). 
 
Geological evidence shows that our earth, like the other planets and moons of our solar 
system, is a byproduct of the creation of our sun. The planets of our solar system, 
including our own earth, were created at the same time as our sun, some 4.56 billion 
years ago (Christian, 2011, p. 57). The four inner planets, those closest to the Sun – 
Mercury, Venus, Earth, and Mars – are composed mainly of metals and rock-forming 
minerals such as silicates: compounds of silicon and oxygen, the two main minerals 
found in quartz crystals. Our earth is made up of oxygen (almost 50%) and smaller 
amounts of iron (19%), silicon (14%), magnesium (12.5%), and many other elements of 
the periodic table (Christian, 2011, p. 60). Under certain “Goldilocks Conditions,” these 
elements combine to form the rocky plants and minerals such as quartz (BHP, Unit: 4.1).  
 
Quartz is the second most abundant mineral in the earth’s continental crust, and it is the 
most common mineral found inside amethyst geodes. Over 90% of the earth’s crust is 
composed of silicate minerals, making silicon the second most abundant element in the 
earth’s crust (ca. 27%) after oxygen (ca. 46%), which, when combined with silicon, form 
amethyst, a purple variety of quartz (BHP, Unit: 4.2). 
 
Minerals: With a few notable exceptions (water, mercury, opal), minerals are solid, 
inorganic elements or elemental compounds. Each and every quartz crystal, whether 
crystallized in a sandstone vein, or in volcanic lava, possesses the same chemical and 
physical properties. All specimens of the same mineral will have a similar atomic 
structure. Common distinguishing characteristics include crystal systems (the geometrical 
shapes in which minerals crystallize), habit (the characteristic appearance of a crystal), 
color, streak, transparency, luster, and hardness (Pellant, 2002, pp. 16-29).  
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Mohs Scale of Mineral Hardness: A useful aid for identifying a mineral is the hardness 
test. The hardness of a mineral is its resistance to being scratched. In 1812 the German 
geologist and mineralogist Friedrich Mohs (1773-1839), professor of mineralogy at Graz, 
and later Vienna, Austria, devised the mineral scale of hardness, ranging from 1 (talc) to 
10 (diamond). Minerals with higher Mohs’ numbers will scratch those lower in the scale. 
Quartz comes in at number 7, making it slightly harder than glass (6) but not quite as hard 
at topaz (8).  
 
Mineral Formation: The earth’s surface, or crust, is made of rocks, which themselves 
are aggregates of minerals. Granite, for example, which is commonly used as countertops 
in high-end kitchens, is a rock composed essentially of three minerals: quartz, mica, and 
feldspar. Their crystals interlock as a result of crystallization during the cooling of molten 
(melted) magma (Pellant, 2002, p. 16). 
 
Mineral Composition: Minerals are free uncombined elements or elemental compounds. 
Among the more common household chemical elements are: Silver, Aluminum, Gold, 
Carbon, Copper, Iron, Mercury (used in thermometers), and Silicon (used in computers 
and found in crystals). Their compositions are given as chemical formulae. The formula 
for quartz is (SiO2). This indicates that silicon (Si) atoms have combined with oxygen 
(O). The subscripted number (2) shows that there are twice as many oxygen atoms as 
there are of silicon. Minerals are arranged into groups according to their chemical 
composition and their crystal structure (Pellant, 2002, pp. 18-22).  
 
Crystal Structures: Quartz, a mixture of silicon dioxide, forms into a “trigonal” crystal 
system, a subgroup within the hexagonal system (Francis, 1999). 
 

 
 
Crystals: Crystals grow as atoms arrange themselves, layer by layer, in a regular, three-
dimensional network (Symes and Harding, 1991, p. 20). Crystallization of minerals (such 
as silicon dioxide) is a slow process that occurs over millions of years. Below the earth’s 
surface, or crust, are molten masses of hot liquid magma. Rocks and minerals form 
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during the cooling of molten magma. Internal pressures deep within the earth force the 
magma through fissures and pipes, spewing hot lava from the bowels of volcanoes. When 
the magma reaches the surface it cools too rapidly for crystallization to occur. 
Crystallization occurs when the submerged magma is left trapped (and thereby slowly 
cooled) beneath the earth’s crust (Francis, 1999). Below is an image of amethyst in basalt 
with crystallization.  
 

 
 
Rock-Forming Minerals: Minerals develop in igneous (volcanic) rocks when molten 
magma solidifies. There are nearly 5,000 known minerals, including quartz, which is the 
second most abundant mineral in the Earth's continental crust, after feldspar. Quartz 
occurs commonly in igneous, metamorphic, and sedimentary rocks, and can be frequently 
found in mineral veins with metal ores.  
 
Igneous rocks form by the crystallization of once molten material. This molten rock is 
called magma and then lava once it reaches the surface. It is essentially a silicate melt and 
may contain, in addition to silicon and oxygen, other elements, including iron. These 
combine, as the magma crystallizes, to form silicate minerals, which in combination 
make up igneous rocks (Pellant, 2002, p. 180).  
 
How are Geodes Formed? Geodes can be found all over the world, but the largest 
concentrations occur in deserts or volcanic ash beds. The basic requirement for the 
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formation of a geode is the presence of a hole or cavity in the surrounding rock. This is 
most common in volcanic rock, where such holes often occur as gases are released from 
molten lava. As the lava hardens, the gas bubbles are preserved as empty cavities, i.e., 
geodes. Groundwater within the surrounding rock carries dissolved minerals, including 
silica, into the cavity. The geode begins to form when a layer of silica builds up on the 
inside wall of the cavity. This silica eventually turns into the chalcedony layer that 
protects the crystals inside. As more groundwater seeps into the cavity, it deposits layer 
upon layer of minerals that form the inward-growing crystals we see today. This process 
may take hundreds of millions of years. Crystal-lined geodes, or hollow cavities within 
rocks, are often found within basaltic lava flows. They are formed from mineral-rich 
fluids that filter through the rocks and crystallize in available cavities (Symes and 
Harding, 1991, p. 63). Most of my high-grade amethyst geodes are mined from Uruguay, 
located in South America, between Argentina and Brazil; crystal growth began to occur, 
ca. 130 million years ago, in the hollow cavity of an igneous rock. Amethyst geodes form 
from gas bubbles during the rising flow of molten or semi-molten magma, i.e., liquid 
rock. The cooling material hardens completely before filling in around the outcrop, 
creating a cavity or hollow space into which quarts crystals can grow. The cavities then 
fill up with a silica-rich liquid that contains trace amounts of iron. Over time, this liquid 
forms crystals – six-sided prisms ending in 6-sided pyramids (rhombohedrons) of 
amethyst. Amethyst is the purple variety of quartz, containing an impurity of iron, which 
gives the characteristic violet color to the mineral (Shaw and Jameson, 1993). 
 
Geodes and Gods:  
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The history of amethyst mining in Egypt dates back over 4,000 years: from the Eleventh 
Dynasty until the end of the Middle Kingdom, “during which time the use of amethysts in 
jewelry reached a peak of popularity” (Shaw and Jameson, 1993, p. 94). The Wadi el-
Hudi region (Figure 1) is situated in the southern section of the Arabo-Nubian massif, 
which stretches from north-eastern Sudan up through the Eastern Desert to the Gulf of 
Suez. Like many other parts of the Eastern Desert the Wadi el-Hudi region, covering an 
area of some 200 square miles in north-eastern Lower Nubia, includes rich deposits of 
auriferous (gold-bearing) quartz. The region has been exploited for its minerals 
(including gold and amethyst) since at least the early 2nd millennium BCE (Shaw, 2007, 
p. 141-142). In modern Egypt, however, the natural reserves of amethysts appear to have 
been virtually exhausted, and they now have to be imported from South America and 
other parts of the globe (Shaw and Jameson, 1993, p. 94). 
 
Whereas gold (think of the golden burial mask of Tutankhamun’s mummy) was almost 
certainly being mined and utilized for jewelry throughout the pharaonic and Greco-
Roman periods, the procurement and processing of amethysts particularly took place 
primarily during two specific phases: the Middle Kingdom (2055–1650 BCE) and the 
Greco-Roman period (333 BCE–CE 311). Amethysts were most often used for beads 
during both periods (Shaw, 2007, p. 146-147). The most important of the archaeological 
remains at Wadi el-Hudi are a series of amethyst mines of the pharaonic period, at which 
time the deposits of amethyst appear to have been “completely worked out” (Shaw and 
Jameson, 1993, p. 87). Archaeological evidence shows that the south-western end of the 
hilltop settlement is filled with small fragments of translucent white stones (some of 
which show fain traces of amethyst coloring, undoubtedly bleached from sunlight); it was 
evidently a sorting area in which the purple amethyst was separated from the worthless 
surrounding quarts. The remaining sherds suggest that the quartz pebble heap may simply 
reflect the fact that sorting would have been the last stage of the process to take place 
within the settlement, before the quarried amethyst began their journey across the Eastern 
Desert to the Nile Valley near el-Shellal, from which they could be shipped down the 
Nile (passed the Great Pyramid of Giza) en route to the Mediterranean (Ibid.). For 
millennia, “unparalleled ease of internal transport” gave Egyptian society its competitive 
edge: “Northeast trade winds that blow regularly across Egypt made it easy to sail south 
before the wind, and the gentle Nile current carried boats northward with similar ease and 
reliability” (McNeill and McNeill, 2003, pp. 52-3; cf. Christian, 2011, p. 295). A trans-
regional trade system between the Indian Ocean and the Mediterranean, linked by the 
Red Sea, connected cross-cultural civilizations in the Old World – and beyond (Bender, 
2006, p. 32).  
 
The mineral resources of the Eastern Desert were extensively exploited during the 
Ptolemaic and Roman periods “by myriads of unfortunate wretches,” wrote the Greek 
historian and geographer Agatharchides in the 2nd century BCE. The strongest among 
them, he wrote, breaks the quartz-rock into pieces with “iron hammers, applying no skill 
to the task, but only force, and cutting tunnels through the stone, not in a straight line but 
wherever the seam of gleaming rock may lead.” Men, women and children “are 
compelled by blows to persevere in their labours, until through ill-treatment they die in 
the midst of their tortures” (Diodorus of Sicily, translated by Oldfather, 1935, pp. 117-
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119). The principal amethyst mines of the Greco-Roman world, compared with those of 
the pharaonic period, appear to have been located farther afield, about 300 miles north-
east in the Safaga region, near the Red Sea. Like all agrarian civilizations of its time, 
Romans made use of slave labor to extract the mineral material from the earth (BHP, 
Unit: 7.2; Shaw and Jameson, 1993, p. 94). The Early Church Father Clement of 
Alexandria, a near contemporary of Ptolemy who wrote against the excessive fondness 
for jewels and gold ornaments, listed amethysts among the gemstones worn by women of 
the time in their necklaces. In 200 CE, he wrote: 
 

It is childish to admire excessively dark or green stones, and things cast out by the sea on 
foreign shores, particles of the earth. For to rush after stones that are pellucid and of 
peculiar colours, and stained glass, is only characteristic of silly people, who are attracted 
by things that have a striking show. Thus children, on seeing the fire, rush to it, attracted 
by its brightness; not understanding through senselessness the danger of touching it. Such 
is the case with the stones which silly women wear fastened to chains and set in 
necklaces, amethysts, ceraunites, jaspers, topaz, and the Milesian ‘Emerald, most 
precious ware’ (The Paedagogus II: Chapter XIII, translated by Roberts and Donaldson 
(eds.) 1885).  

Mine operations were subsequently placed in the hands of the Nobatae, who had been 
invited into the region from the Egyptian desert by the Roman Emperor Diocletian to 
help defeat the Blemmyes, the nomadic group in the Eastern Desert who appear to have 
gained control of the Egyptia emerald mines in the late Roman and early Byzantine 
period (Shaw, 2007, p. 148).  

 

Looking beyond Egyptian Pharaohs and Roman Emperors, both of whom appear to have 
had their tombstones adorned with a colorful array of precious and semiprecious 
gemstones, amethysts were one of the twelve jewels in the gem-encrusted breastplate 
worn by the High Priest of the Israelites, according to the Book of Exodus (28:15-19), 

Shown to the left is an intaglio-cut 
amethyst portrait of Diocletian’s 
successor, Constantine, who, in 324 
CE, moved the seat of the Roman 
Empire to Byzantium (renamed 
Constantinople and now called 
Istanbul) in Turkey; from there the 
Eastern Roman Empire became the 
Byzantine Empire, which lasted 
another thousand years until the 
Ottoman Turks sacked 
Constantinople in 1453 (BHP, Unit: 
7.2). 
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during Biblical times. In Europe, the emperors of Germany, the popes of Rome, and the 
kings and queens across Latin Christendom would all adorn themselves (and their 
crowns) with amethyst gemstones, e.g., the Imperial State Crown of the United Kingdom. 
In India, where the popularity of amethysts appears to have coincided with the spread of 
Buddhism, they are still used in devotional practices for a wide variety of East Asian 
Religions. In China, amethyst crystals help channel the positive energy of the universe: 
feng shui. For many New Age movements there and elsewhere across the globe, amethyst 
crystals provide healing powers. According to an Islamic summary of the practice of 
Zoroastrianism (an Indo-Iranian religious system dating back to the early 2nd century 
BCE) at the city of Baku in the former Iranian province of Arran, today known as the 
Republic of Azerbaijan, on the shore of the Caspian Sea, there was a temple in which the 
fire-worshippers surrounded themselves with gold, quicksilver, lead, silver, orpiment, and 
amethysts (http://www.cais-soas.com/CAIS/Architecture/various_fire_temples.htm). 
Further evidence of collective learning comes from early modern Europe, where the 
“famous” stone was “proved” to cure a number of physical ailments, including 
headaches, arthritis, “paines and swellings” (Maximinus, 1622).  
 

 
 
This LBH of amethyst, we can now see crystal clear, is at once both wide-ranging and 
far-reaching; it not only stretches across the globe (from the Americas to Afro-Eurasia), it 
also reaches across time and space (from the Big Bang to the present – from the ground-
level of the earth to the nebulae of the cosmos). Here in Michigan, amethysts are mined 
in the Lake Superior region (Thunder Bay). Closer to home, in my home office, I have a 
150 lb amethyst geode from South America; it formed during the Cretaceous period, ca. 
130 million years ago, when the dinosaurs walked the face of the earth. Dinosaurs first 
appeared during the Triassic period (250-210 million years ago) and flourished until the 
end of the Cretaceous period, ca. 65 million years ago, when they were “wiped out” by an 
asteroid (Christian, 2011, p. 124; BHP, Unit: 5.3). To take a closer look as some more of 
my amethyst specimens, visit my website: www.michiganrocksandminerals.com 
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