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PREFACE



This guide is aimed at everyone who is interested in learning enough about geology, topography, soil science, and rocks and minerals to put that knowledge to use. We’ll explore the many ways to turn common materials into resources in order to make improvements, survive the elements, or otherwise gain an edge. We’ll study the ancients and learn how they adapted and overcame the world around them to not just survive but thrive.


A trip outdoors is like exploring nature’s hardware store; the better you understand enough geology to be dangerous, the faster you can put that knowledge to work. For survivalists, campers, hikers, or primitive skills aficionados, geology can mean the difference between life and death. So we’ll start with the ways geology can augment survival skills in the search for water, shelter, and food. Then we’ll move on to the concept of homesteading and show how geology skills can make all the difference.


In this book, we’ll assume that you’re an interested newcomer to the language of geology and try to explain things as we go along. It may seem a bit bewildering at first, because geology borrows from chemistry, physics, math, chemistry, biology, and more to create its own language. Fortunately, many of the best metaphors come from cooking. In a sense, the Earth is like a big kitchen, constantly mixing and remixing ingredients, skimming some off, concentrating others, and recycling everything in a constant churn. We’ll end up using a lot of cooking metaphors and examples, trying to make the science as practical as possible.


Our ancestors faced enormous hurdles in getting enough to eat and overcoming the challenges of storing, preparing, hunting, and gathering food. Still, they had several advantages over their competitors: opposable thumbs to fashion tools; a powerful, curious brain to puzzle out complex situations; and a sense of community with powerful bonds forging strong personal relationships. In many ways, survivalists retrace those steps when they hone their skills. If you can learn to tap into the connection our ancestors had with the land around them, you’ll be comfortable searching out the best rocks for fashioning into tools and weapons. You’ll learn the best materials for building shelters, and you’ll draw on their knowledge for insights into what rocks will come in handy as you make improvements. If you can appreciate the skills required to survive advancing glaciers, continual drought cycles, daunting floods, and other geo-catastrophes, you can understand how early humans were the first practical geologists, and well worth studying.


There are many procedures and recipes sprinkled throughout this book, but there is no substitute for your own trial and error. Your mileage may vary on just about anything related to geology—your limestone may not be pure enough to convert to slaked lime, or your soil may have too much sand to turn into cob for housing. Your sand may be too round, or your water too full of calcium. The science is sound, but the ingredients you have at hand may require adjustments to the standard procedures, ratios, and recipes. Fortunately, there are even more resources available if you want to dive deep into a certain activity. There are countless YouTube videos, how-to books, detailed guides, academic studies, and more to use for additional research. This guide is meant to give you ideas, show you what’s possible, and inform you about how the ancients solved similar problems. Have fun, be patient, and keep at it—you never know when these skills may be absolutely vital once again.
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Good field test for agate—shine a flashlight under it. Jasper, chalcedony, quartzite, and plain quartz don’t blaze like this pleasing chunk.
















INTRODUCTION



Our ancient ancestors were rockhounds. They read the rocks around them and created tools, art supplies, weapons, fireplaces and hearths, housing, and homesteads. While practical geology was only one facet of their encyclopedic knowledge of the world around them, it was an important ingredient. They combined geology, chemistry, biology, botany, physics, and more to first survive, and then thrive.


That’s the model this book follows, starting with survival tips based on geology, then focusing on how civilizations rose from the Stone Age to where we are today. There’s a basic primer on geology to give you enough information to get started, but some of you may just skim that section, and that’s fine.


We’ll end up discussing how practical geology is guiding our growing space exploration efforts. As humans investigate the solar system, many of the same skills and instincts are coming back into play.


How It Started


In this book, you’ll learn how primitive cultures constantly took stock of the resources around them, and why they’re a good model to study for insights today. The ancients identified and exploited salt licks, ochre deposits, chunks of pyrite, and scattered obsidian beds with great efficiency. They explored caves, erected cairns along trails as navigation aids, and used rocks to grind seeds. They were the original practical geologists.


We’ll investigate advances from the Stone Age to the Copper Age, then the Bronze Age, and finally the Iron Age, with an eye on how ancient metallurgists progressed as furnaces, forges, smelters, and kilns grew in sophistication. We’ll look at ancient construction methods with adobe bricks, clay bricks, cob, rammed earth, and finally the perfected recipe for Portland cement. Many of the topics and discussion points will prove useful to survivalists, campers, and trekkers. In essence, this book can help convert a homestead into a hacienda by studying the geology and utilizing it fully.


For example, consider how primitive cultures used rock dams across small creeks to trap fish, which they could then scoop out of the water with bare hands, if necessary. That’s some practical geology for sure. A horseshoe-shaped rock fish trap works similarly in a larger river, as the fish seek refuge against the current and hide in the calm. Hunter-gatherers might move beyond bare hands and use gaffs, spears, nets, baskets, or other tools to complete the task. Those fishing tools would have required sharpening, shaping, cutting, smoothing, and other manipulation using stone tools such as knives, borers, scrapers, cutting edges, hammer stones, hand axes, and more. It really did usually come down to geology to survive and thrive.


Constant and Important Breaking News


These are exciting times for those studying ancient life. Discoveries are taking place at a dizzying pace, and thanks to the internet, we get the news quickly, and with context. Websites such as ScienceDaily, Jerusalem Post, Indianculture.gov, the Journal of Islamic Archaeology, and more are quickly peeling back the pages of time all over the world. It appears not a week goes by without some announcement of interest, from retreating glaciers in Europe revealing ancient artifacts to human fossil discoveries in Africa filling in the gaps of our family tree.


As just one example, right as this manuscript was in final markup, researchers writing in the journal Antiquity announced the discovery of 2,000-year-old cave art in Alabama. Giant glyphs carved into the mud surface of the cave ceiling, which depict human forms and animals, are some of the largest known cave images found in North America. Using a technique known as reflectance transformation imaging (RTI), which is similar to photogrammetry, 3D models revealed complete and complex images that might have gone unnoticed just a couple decades ago.


A key benefit is that long-held ideas about gender roles in ancient societies are getting a much-needed update. For example, the historians behind Lady Sapiens: The Woman in Prehistory, a documentary to be published in 2022, aim to debunk the simplistic division of ancient gender roles. Using advances in the study of bones, graves, art, and ethnography often ignored in the public sphere, these researchers want to banish the idea of women as helpless, frightened creatures, protected by overly powerful male hunters.


Excavating burial sites from 10,000 to 14,000 years ago in North America, researchers noted that skeletal evidence showed welldeveloped upper arms in women, and many were buried with weapons and tools. One Peruvian tomb of a young woman contained twenty-four stone artefacts, comprising a toolkit of everything needed to hunt and butcher big game: six projectile points, four scrapers, a knife, and several chipped flakes of stone.


Clearly, both ancient men and women were practical geologists. And currently, with technological barriers breaking down across scientific disciplines, and with humankind stretching beyond Earth for distant worlds, we must follow the science and see where it leads us. That’s what this book attempts to do—to make the science of geology more accessible and easier to understand, to show how it impacts us to this day, and perhaps, to see where it might lead us.
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Fine chunk of obsidian from Oregon’s famed Glass Butte, showing rare rainbow colors and a nice conchoidal fracture.
















CHAPTER 1 GETTING STARTED



On July 21, 1914, an intrepid survivalist named Joseph Knowles said goodbye to a group of journalists, stripped off all his clothes, and plunged naked into the Siskiyou Mountains of southern Oregon. He was starting a sixty-day “test” to prove that a modern man was still enough of a sturdy barbarian to survive on his wits alone, with no clothes, no tools, and no assistance. Knowles had conducted the same “experiment” a year earlier in the woods of Maine, with similar publicity.


In his Maine foray, Knowles was tapping into a rising fear in the early 1900s—that modern humans were becoming soft. While complex machinery pumped out an increasing amount of time-saving and laborreducing devices, assorted essayists and pundits fretted that we humans were losing our survival instincts. President Theodore Roosevelt, who had grown up as a sickly, pampered child but overcame that start by embracing the outdoors, wrote in 1899: “Unless we keep the barbarian virtues, gaining the civilized ones will be of little avail.”


From his primitive shelter in Maine, Knowles echoed that concern in a letter to President Woodrow Wilson in 1913, purportedly scrawled on birch bark using charcoal-tipped sticks. “My object is to demonstrate that modern man is not only the equal of primitive man in ability to maintain himself, but that civilization has so improved the human mind that he may add to primitive life accomplishments which our early ancestors never knew,” Knowles wrote.


After battling the New England elements to a draw, Knowles declared victory and returned to civilization. There was grumbling in the local press about some of the details, with suspicions about his getting assistance. For his Oregon adventure in an even more remote wilderness, he would repeat the “man vs. nature” ordeal, and this time leave no doubt.


Knowles soon ran into trouble—rampant poison oak reduced his feet to a blistered, infected mess, and the cold climate at higher elevations pushed him lower down, into the valleys. He lived on roots, berries, and nuts, augmenting that diet with fish, which he speared. He flaked agates into slicing tools for cutting bark and vines, which he wove into sandals and a loincloth. Eventually he came across the carcass of a deer and set about tanning the hide using a variety of stone tools, including a hammer stone and a scraper. He used a friction method to get a fire going and built a debris hut with stones, sticks, and moss for sleeping.


Within thirty days, he again cut things short and called the stunt a success, emerging from the wilderness fully clothed in tanned hides and sturdy footwear. But instead of the nationwide press and hordes of well-wishers he expected, events in Europe demanded all the headlines. Archduke Ferdinand had been assassinated in Sarajevo, precipitating World War I. Knowles paraded around the streets of Grants Pass, Oregon, in his handmade clothing, and a local brass band serenaded him, but the world’s attention was elsewhere. He would attempt one more foray, this time with a female counterpart dubbed “Dawn Woman,” in the Adirondacks, but the Broadway starlet they selected gave up after a week, covered in bug bites.


In the twenty-first century, we still worry about our supposed softness as life goes on. We fear the real possibility that all this modern convenience can be snatched away in an instant. From asteroid impacts to a zombie apocalypse, we know we might instantly face the same hardships as our ancestors—seeking food, needing a fire, and requiring a shelter in a hurry. Indeed, many successful television programs push the idea that survival may hinge on our wits and attitudes, if not our ingenuity and mental fortitude.


Naked and Afraid (Discovery) reprises the old “Dawn Woman” stunt dreamt up by Joseph Knowles with a modern twist. Contestants go into the wild with no clothes but can choose one tool, frequently bringing a machete or fire starter, and are often supplied with a cooking pot to boil water. The human drama is intense; personality clashes are a mainstay. Producers place the hapless humans in a wide variety of harsh environments, and frequently the smallest wildlife—gnats, ticks, mosquitoes, and bacteria—are the real winners.


Dual Survivor (Discovery) starred two survivalists, always male, from different viewpoints to battle the elements. Cody Lundeen, a primitive skills expert from the Arizona desert, was the perfect foil for the macho warrior creed of those he was often teamed up with. He highlighted his laid-back approach by walking barefoot, which he said forced him to slow down and pay more attention.


Cody was eventually replaced by Matt Graham, who also studied aboriginals and adopted their methods, but did wear sport footwear. In season 5, episode 1, “Into the Canyons,” Matt and Joe Teti (a former soldier) were put in the position of a mountain biker who got too far out in the Utah desert and broke down. Teti’s military training made him inclined to strip the bike of anything that might be a resource and haul the booty off, but Graham talked him out of it. He told Teti that they’d find everything they needed, that they didn’t have the time or energy to waste on tearing down and hauling out the machine parts.
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A rockhound would see agate here, but a survivalist sees resources for stone tools.








Graham turned out to be right. He guided them to a little green valley with running water where he fished with his hands and located a big chunk of what looked like seam agate, which he proceeded to break down into shards. Soon they had fashioned stone knives, started cutting and weaving cordage, built a friction fire, and begun to not just survive, but thrive. All with the resources they found around them, and starting with the most basic stone tools.


Man vs. Wild (Discovery) featured the intrepid Bear Grylls, a former British special forces warrior. With boundless energy and an iron-lined stomach, Grylls tackled deserts, snowfields, mountains, and forests with equal enthusiasm. He fashioned ropes from vines and other materials to scale cliffs and canyons; built shelters out of rocks, trees, bushes, and scavenged cordage; and was fearless exploring caves. He used clay-rich mud to protect against sunburn; fashioned water filters out of pebbles, sand, and charcoal; and once converted a dead seal carcass into an upper-body wet suit to protect his most vital organs for a brisk swim. He enjoyed a good hot springs soak in Iceland and inspected an abandoned mine in the Dakotas for resources. He expanded the show concept eventually to take athletes, movie stars, and other celebrities on overnight junkets, inviting them to share his diet of bugs, worms, snails, and whatever else he could forage.


Primal Survivor (National Geographic) features another survival expert attuned to the ancient ways. Wilderness guide and survival instructor Hazen Audel intensely studies aboriginal tribes and native skills experts and uses them in his show. He’s able to demonstrate ageold survival techniques, many of which rely on a practical knowledge of geology. On the show he harnessed fire to build a dugout canoe, used a blowgun with poison-tipped darts, wove baskets from leaves and reeds, fashioned arrowheads from local rocks, and demonstrated key survival knowledge handed down through countless generations.


In addition to the ideal of modern humans successfully reverting to their hunter-gatherer roots, there is also a growing homesteading movement viewable on TV. Another popular Discovery series, Homestead Rescue, features a family of successful Alaska homesteaders who visit failing or near-failing homesteads across North America and teach them tips, tricks, hacks, and shortcuts to turn things around. Patriarch Marty Rainey and his clever kids are masters of geology hacks—building temperature-controlled root cellars, fashioning goat pens out of caves, digging diversion canals to control floods, and using mud and straw “cob” to finish the exterior of a building made with old tires. They even showed homesteaders how to recover placer gold for a revenue source. Their use of practical geology skills dominates their homestead hacks.


In just about every scenario in these popular shows, a basic understanding of geology comes in handy. Whether creating hand tools on the fly, seeking out a cave for shelter, filtering water, restoring soil, or building simple structures, these shows illustrate how important it is to view our environment as a complete hardware store. Just having a basic understanding of rocks and minerals can mean the difference between drinking clean water and dying from amoebic dysentery.


So that’s where this book comes in. We’ll begin with basic survival scenarios and work our way through them. We’ll explore the way humans began taking advantage of natural resources long ago and carry that through to modern times. You’ll see how geology can shape a successful homestead as well as a weekend outing. We’ll cover some of the many hazards our restless Earth can throw at us, and what you can do to avoid them. And if you ever do find yourself in an emergency, many of the common-sense techniques discussed here will come in handy.
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Bear Grylls probably wouldn’t think twice about tying off a rope and checking out this old mine, but you should stay out.
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CHAPTER 2 UNDERSTANDING GEOLOGY



“Practical geology” can be described as the bits and pieces of a large body of earth sciences that actually apply to everyday life. You’ll benefit if you’re interested in collecting rocks and minerals, doing a little prospecting, having more fun camping, surviving in the wilderness, or starting or expanding a homestead. We will start with general earth processes, mostly to give you insights into where to go and what to look for.


Geology is a young science, dating back only to the early 1800s as a formal field of study. But the ancients knew how to use science to become better miners, studying economic ore deposits and developing theories about earth catastrophes. They used geology hacks for building structures, transporting water and waste, and improving agriculture. But before explaining the many ways humans have learned to adapt and thrive, it will be useful to go over some key concepts.


ALL ABOUT MINERALS


Minerals are the building blocks for rocks. You should understand some very basic concepts about chemistry in order to you help identify minerals, so they’re listed here. You can make an entire career out of chemical engineering and materials science, but for now, let’s cover the essentials and talk about the things you need to know as a rockhound to perform bush fixes and geology hacks later on.


Our Chemical Building Blocks


Chemists have worked out a simple method for organizing the elements, which are the foundations of every rock and mineral. Think of the hierarchy like this:








	The earth is composed of

	Core, mantle, and crust






	The crust is composed of

	Tectonic plates






	Plates are composed of

	Rocks






	Rocks are composed of

	Minerals






	Minerals are composed of

	Atoms, or elements









Every practical geologist should know a little about the elements in the periodic table, shown below.
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Periodic table listing all known elements ALEXLMX/GETTY IMAGES









The Periodic Table


Humans have long struggled to make sense of the rocks and minerals around them. In the fifth century BCE (before the Common Era, or the year 0), Leucippus and his pupil Democritus proposed that all matter was composed of small indivisible particles. They called these particles atoms, from the Greek atomon, for “uncuttable,” or “indivisible.” Democritus proposed that nature fundamentally behaves as a machine or a highly complex mechanism—an early expression of the Gaia concept.


Metal elements were a key early interest—gold and silver had applications in jewelry, while copper, bronze, and iron made successively harder tools and weapons. Copper is widely assumed to be the first metal humans mastered. The reason for this is simple: Native copper exists in elemental form as copper nuggets and lumps in Middle East nations such as Iran. Early metalsmiths soon learned that if you heated a metal, you could perform any number of useful actions on it. The scientific term is annealing—a process that softens and improves the ductility (and/or toughness) of copper and copper alloys. The process involves heating, holding (soaking), and cooling. Copper has a relatively low annealing point; at about 400°C (752°F) you can start to improve its qualities.
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Ancient metal workers learned how to smash a copper nugget like this one into tools before they figured out they could melt the metal and pour it into a mold.








A team of British, Serbian, and German archaeologists working under a grant through the University College London (UCL) showed that the most likely center of early metallurgy was in the highlands of modern-day Iran. In the 2008 paper New Insights into the Ancient Mining and Metallurgical Researches in Iran, the authors indicate that the earliest examples of crude copper metalsmithing, simple hammering and annealing, are reported from west of the Zagros Mountains in northeastern Iraq about the late tenth millennium BCE. In eastern Anatolia, simple copper tools date to the late ninth millennium BCE.


Once early workers began experimenting with copper nuggets, they probably soon figured out they would need to improve their fire pits and began building crude smelters to achieve higher temperatures. One key requirement to make a hotter fire is a bellows to move more air; another key necessity is plenty of charcoal. Archaeological excavations show that by 9000 BCE, copper working had reached highly technical levels in Iran, Mesopotamia, and Egypt.


Lead, another soft and easily smelted metal ore, was probably next. At the ancient Hittite city of Çatalhöyük (Catal Huyuk) in Turkey, beads of lead have been recovered that date back to about 6500 BCE. Gold, silver, iron, tin, mercury, and zinc soon followed, as metallurgists continued unraveling the various elements.
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This specimen of galena (left), from the Lead Belt of southeast Missouri, shows the characteristic square angles of good ore. Lead weights such as the one on the right, for balancing tires, are a common find on most US streets.










Table 1: Discovery of Elements in Rough Order








	Element

	Symbol

	Estimated Discovery

	Location










	Copper

	Cu

	9000 BCE

	Turkey, Iran, Iraq






	Lead

	Pb

	7000 BCE

	Africa






	Gold

	Au

	6000 BCE

	Israel






	Silver

	Ag

	5000 BCE

	Asia Minor






	Iron

	Fe

	5000 BCE

	Egypt






	Carbon

	C

	3750 BCE

	Egypt, Sumer






	Tin

	Sn

	3500 BCE

	Turkey






	Sulfur

	S

	2000 BCE

	Egypt






	Mercury

	Hg

	1500 BCE

	Egypt






	Zinc

	Zn

	1000 BCE

	India












Ancient chemists had discovered arsenic, bismuth, and antimony by 1000 BCE. Another fruitful round of discoveries began in 1669 with the discovery of phosphorous, recovered from urine by German alchemist Hennig Brand. Then, in 1735, a succession of elements emerged: cobalt, platinum, nickel, magnesium, hydrogen, and oxygen. By 1787, nine more new elements had been identified, marking thirty-three known elements. It was time to get the entire family documented in an easy table to sort them out.


The American Society for Biochemistry and Molecular Biology (asbmb.org) has a solid discussion about the origins of what we now call the periodic table. The paragraphs below are excerpted from that 2021 article by Deboleena M. Guharay.


In 1789, French chemist Antoine Lavoisier (1743–1794) attempted an early chart that grouped all known elements as either metals or nonmetals. Sometimes known as “The Father of Modern Chemistry,” Lavoisier was stymied by several obstacles. He couldn’t list the elements in order of increasing atomic number (the number of protons in the nucleus of an atom) because the idea of atoms being made up of protons, neutrons, and electrons was still unknown. He managed to sort elements into gases, nonmetals, metals, and earths.


In 1829, German physicist Johann Wolfgang Döbereiner (1780–1849) observed an interesting pattern among certain elements. He found that the properties of bromine, a liquid, were halfway between those of chlorine gas and the solid iodine. He identified comparable combinations and relationships in two other “triads”—calcium, strontium, and barium; and sulfur, selenium, and tellurium. The idea that chemists could anticipate “missing” elements soon caught on.


French chemist Jean Baptiste André Dumas (1800–1884) eventually perfected a method for measuring vapor densities and thereby determining atomic weights. In an 1826 paper, Dumas described measuring thirty of the elements. At an 1860 conference the attendees agreed that hydrogen would be assigned the atomic weight of 1 and the atomic weight of other elements would be decided by comparison with hydrogen.


By 1863, there were fifty-six known elements, with a new element being discovered at a rate of approximately one per year. British chemist John Newlands (1837–1898) arranged the elements into a periodic table with increasing order of atomic masses in 1865, when he showed that every eight elements had similar properties and called this the Law of Octaves.


Russian chemist Dmitri Mendeleev (1834–1907) developed the periodic table as we know it today in 1869. Mendeleev used the previous work of multiple contributors, but he made several breakthroughs. He placed the elements into columns, which he called groups, and into rows, which he called periods. He noted the blocks of elements with similar properties, such as whether they are a solid, liquid, or gas at room temperature and their ability to bond with other atoms. His work, while incomplete, still stands as an important scientific milestone.


Simple Crystals


You probably remember from your science classes that ions are atoms with an electrical charge, either positive or negative. Water, or dihydrogen monoxide, is two (di) hydrogen atoms and one (mono) oxygen atom—H2O. Individual atoms tend to have positive or negative charges, and since opposites attract, that’s how molecules are formed. The math is simple: A single oxygen ion typically has a strong, negative 2 (-2) electrical charge. Each hydrogen has positive 1 (+1) electrical charge. Molecules are only stable when the math balances out, so:


[2×(+1)]+[1×(−2)]=(+2)+(−2)=0

Salt, or sodium chloride, is even simpler: NaCl. One sodium (Na, for the Latin natrium) atom with a positive charge combines with one chlorine (Cl) atom with a negative charge to create what geologists refer to as halite, or common salt.
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Gold nuggets and flakes are rarely pure gold; they usually contain varying amounts of silver.








Gold, symbolized by the initials Au, for the Latin aurum, doesn’t react with many other atoms. You won’t find gold oxide or gold chloride; the best you’ll do is find gold with tellurium, forming a telluride, or locked up in an arsenic-rich pyrite called arsenopyrite. Gold is most often found as an element (with silver impurities); thus its chemical formula is just Au. If there is enough silver to color the gold a light gray, the ancients coined the term “electrum” for the result.


Some other elements that are found in their native form are silver (Ag, for the Latin argentum), platinum (from the Spanish platina, “little silver”) with the atomic symbol Pt, copper (Cu, for the Latin cuprum), and sulfur, shown as a simple S. Diamonds are pure carbon (C); noble gasses such as neon (Ne), argon (Ar), and Krypton (Kr) are also pure elements. However, these are all the exception—most elements happily react with another element, such as oxygen (to form oxides) or sulfur (to form sulfides), or oxygen and sulfur (to form sulfates). That’s where things get more complicated. First, let’s create a simple crystal from something you find easily in most well-stocked kitchens.


There are several simple crystal-growing experiments you can perform in the kitchen with your kids. Do an internet search for “creating salt crystals” or “creating alum crystals” and you’ll find all kinds of easy labs. You’ll find step-by-step instructions for how to grow crystals from sugar, salt, and alum. The basic idea is to supersaturate heated water with as much material as possible and then evaporate the water, leaving the crystals behind to begin building around a seed crystal.


The concept of a seed crystal is important. As the solution cools and loses energy, the molecules start looking for something to form around; but if everything nearby is molten, there is nothing to begin connecting to. In a vein or vug, where you have a small chamber full of chemicals in gas or liquid form, the seed crystals may form along the walls of the chamber.


Rockhounds only need to understand a few more basics about chemistry and how atoms combine. Those molecules can line up in repeating combinations that form a crystal lattice, and there are several common forms for crystal shapes, including cubic, as in the salt example, or hexagonal, as for quartz and beryl. These common shapes are called crystal habits, and there are a lot of them—needles, blades, plates, and many more. Consult the “References” section or find some books at your local library if you want to learn more; mineralogists and crystallographers can spend careers looking for new minerals or understanding old ones. Some of the terms are real tongue twisters, such as “botryoidal” (pronounced bah-TROY-dal). It refers to the round, bubbly structure you sometimes see with jade or malachite. Rockhounds usually just say the specimen has “bots” and move on.


We actually don’t see a lot of obvious minerals out in the field; we mostly see rocks with microscopic minerals, which we’ll talk more about next. The best places in the field to look for minerals are the tailings piles at mines and in quarries. Some of those places can be dangerous; road cuts and cliffs also require caution. Tailings piles, where miners piled up waste rock or marginal ores, offer the best opportunity, but always use caution around old mines.


The oxygen in our atmosphere starts to attack fresh minerals quickly and begins to oxidize them if possible. You’ve seen rust on fresh steel, so you know about oxidation. The science for creating rust, which is iron oxide (Fe2O3), is straightforward. Basically, you take four iron atoms (Fe), add three oxygen molecules (O2), and you get two iron oxide molecules.


Many economic ore deposits are associated with pyrite, or FeS2. Pyrite is the most common sulfide mineral, and is often a clue that there was something good occurring in a quartz vein. Pyrite is very susceptible to oxidation as water separates the iron from the sulfur, leaving red and yellow streaks. Prospectors grew to appreciate rusty staining in a quartz vein. Such staining told prospectors that there was probably some interesting mineralization if they could get a fresher sample from the vein, where water had not already started attacking. If gold or silver was present in an oxidized ore body, the ore had probably freed up the gold, making it easier to process. Many a boomtown in the western United States started as miners exploited the easy, oxidized zone near the surface. Once the fast riches were gone, a deposit might turn out to be marginal at best, and the town would fold as miners fanned out and searched for another boom.
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Quartz with rusty staining is a telltale clue for prospectors.








Mineral Identification


In this section we’ll discuss some of the basics for identifying minerals. You don’t often find pure minerals in the field, but when you do, there are certain easy tests you can apply to help narrow down your guesses. Over time, you’ll get an “eye” for what you see and won’t have to rely on these tips, but they’re important when starting out. We’ll begin by defining minerals and understanding their basic properties.


A mineral is a naturally occurring chemical compound. Kidney stones and clamshells don’t count. To be a mineral, with few exceptions there must be a repeatable crystalline form at room temperature, and there must be a specific chemical formula, expressed as the ratio of elements normally present, as we showed above. Minerals can have two names: a common name and a chemical formula name. For example, calcite can be referred to as calcium carbonate, although it rarely is. Calcite is defined as a calcium atom, a carbon atom, and three oxygen atoms: CaCO3. Its cousin dolomite has manganese substituting heavily for calcium, with the formula CaMg(CO3)2.


Impurities and substitutions make things interesting for so many minerals that we use terms such as “family” or “series.” For example, olivine is defined as a range: (Mg,Fe)2SiO4. It’s a silicate, indicated by the single silicon atom attracting four oxygen atoms. The amount of magnesium and iron can vary, from forsterite, which has two magnesium atoms and no iron and is represented as Mg2SiO4, to fayalite, represented with two iron atoms: Fe2SiO4. In the field you’ll just note the small olive green crystals, such as at the famed Green Sand Beach on the Big Island of Hawaii.
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Disintegrating olivine-rich basalt colors this beach in Hawaii a pleasing green.








There are many more examples of this substitution pattern in minerals. Plagioclase feldspars form a continuous series from albite, rich in sodium, to anorthite, rich in calcium. Intermediate minerals in between include oligoclase, andesine, labradorite, and bytownite. Again, it’s interesting to know of the series, but in the field you’ll just note that feldspars are present.


Mineral Families


To bring order to the thousands of minerals identified and named to date, scientists have their own hacks. There are six main mineral families, described in table 2.




Table 2: Six Major Mineral Families, Each with Iron as an Example








	Family

	Description

	Example










	Oxides

	Contain oxygen and one other element, but not silicon

	Hematite Fe2O3







	Sulfides

	Contain sulfur and one other element

	Pyrite FeS2







	Chlorides (Halides)

	Contain chlorine and one other element. Chlorine is most common, but fluorine, bromine, or iodine also work.

	Molysite FeCl3







	Carbonates

	Contain carbonate—CO3—and one or more metals

	Siderite FeCO3







	Sulfates

	Contain sulfate—SO4—and one or more metals and “n” water molecules

	Melanterite FeSO4*nH2O






	Silicates

	Contain silicon and oxygen (quartz) or one or more metals

	Fayalite Fe2SiO4













You can see that iron forms a mineral in each of the major classifications.


Mineral Properties


There are currently about 5,500 distinct minerals known, with around 5,312 approved by the International Mineralogical Association. Industrial minerals are important for commercial use, such as zeolites, used to help purify air, or fluorite, used as a flux to smelt metals. Ores are minerals with a high enough concentration of a single element (or elements) to be considered as a source for that element. For example, the zinc sulfide sphalerite is the most important ore mineral for zinc. Gems are minerals with value for jewelry because of their color, ease of use, rarity, or other characteristics. There are about thirty-five different gem minerals. Only about 150 minerals are considered important for collecting. There is, however, an entire field of “micromounts” where intrigued mineralogists search out thumbnail-sized specimens of unique and exotic specimens, which tend to be so small they are best appreciated under a microscope.


Eight elements account for over 98 percent of the Earth’s crust by weight: oxygen, silicon, aluminum, iron, magnesium, calcium, sodium, and potassium. Oxygen and silicon are by far the two most important—oxygen composes 47 percent of the crust by weight; silicon accounts for 28 percent. You’d expect that minerals with abundant oxygen, such as oxides, and minerals with abundant silica, or silicates, are all around us.




[image: chpt2_fig_007]



This tiny sliver of native silver in calcite from Kongsberg, Norway, looks great under a microscope. RICE MUSEUM OF ROCKS AND MINERALS








One key fact a practical geologist needs to understand is that an abundance of silica can be deadly. If you bang a hammer on too many silicates, you’re liable to breath in an unhealthy amount of silica dust. That can cause tiny cuts and scars on your lungs, leading to silicosis. If you conduct any activity that involves hammering, cutting, sanding, or scribing on rocks for long periods of time, always wear a mask.


Let’s talk about some of the important mineral characteristics next, to further refine the ability to identify and utilize them.


Luster


Luster refers to the way our eye interprets light interacting with the surface of a mineral (and some rocks). As you can imagine, luster is not easily defined, and there are no machines to measure it yet, although textile manufacturers are getting closer. It’s a qualitative category, with a combination of reflectance and transparency. There are also gradations, or mixes. You’ll want a specimen that is clean and untarnished, and you’ll need good light.


You can divide luster into two major groups: metallic, and nonmetallic. After that, it gets crazy.



Hardness


Minerals have a distinctive and measurable resistance to scratching that you can test with some common household items, or you can purchase an expensive hardness test that can pinpoint a measurement. German mineralogist Friedrich Mohs developed the scale in 1812, but the concept that you can rank minerals by what they can scratch (and what can scratch them) has been around since Theophrastus in 300 BCE and Pliny the Elder in 77 CE.


Other hardness scales, such as the Vickers hardness test developed by a British engineering conglomerate, measure how far a diamondtipped, pyramid-shaped penetrator can deform a surface. Variations include the Brinell and Rockwell procedures, but they all require expensive machinery in a laboratory setting. These scales are precise, but for rockhounds, simple tests are all you need.




Table 3: Mohs Hardness Scale








	Number

	Mineral (in bold)










	1

	Talc






	2

	Gypsum






	2.5

	Fingernail






	3

	Calcite






	3.5

	Copper penny






	4

	Fluorite






	5

	Apatite






	5.5

	Glass plate, common knife






	6

	Orthoclase feldspar






	6.5

	Steel nail, steel file






	7

	Quartz






	8

	Topaz






	8.5

	Masonry drill bit






	9

	Corundum






	10

	Diamond












You can put together your own hardness kit with very little expense. The entries written in italics in table 3 are commonly available and very helpful. The minerals, listed in bold, are the “official” test for that hardness number. (You can sometimes find mineral samples with impurities that don’t exactly work out to their official number.) Most rock shops have all the minerals you need to build your own kit. You don’t really need a diamond, by the way—it’s so hard, you can eliminate most minerals by scratching with a common ruby or topaz, both of which are less expensive than you might think.
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You can create your own hardness kit from specimens and household items. From lower left: glass, fluorite, apatite, feldspar, quartz, a nail, and a steel blade.








Most of the time, you’re going to be confused by minerals in the 4 to 7 range. If you have a nail, a steel file, a piece of glass, and a nice quartz crystal, you’ll be able to work your way to a reasonable hardness measurement easily.


Streak


The streak test is very easy to use. The basic idea is to reduce a mineral to a powder and identify the color. To create a powder, you can use a piece of rough porcelain, which has a hardness of 7. Any hardware store that sells porcelain tile will have samples or broken pieces you can probably have for free, or you can purchase a few of the smaller “fiddlesticks” for your kit. More than one rockhound has turned over the cover of their toilet tank and streaked on the rough underside.


The truth is that while a streak plate is small, economical, and easy to use, there are so few minerals that produce reliable streaks that you will eventually learn to recognize them anyway.


Habit


A mineral’s crystal habit refers to its tendency, or habit, of growing into a characteristic shape or form. Mineralogists refer to the crystal form as the outward appearance of its true geometry. However, in the field, you may find that the crystal habit is a general shape and takes into account irregularities. Usually, the atomic structure of the native crystal is the dominant force, but in some cases, the environment can play a factor.


Sometimes it seems as if there is a separate name for each mineral’s habit, but after some practice, the different habits can help identify a mineral, or at least narrow its identification. However, quartz can occur in many different habits, so you’ll need time to use appearance as your first clue. If you need more help, purchase a good mineral field guide, or look for more complete definitions with images online at sites such as dictionary.sensagent.com, geology.com, webmineral.com, and others.


Many white minerals look similar on first glance: Quartz, calcite, feldspar, and fluorite are all common at old mines. But quartz is hexagonal, calcite has characteristic rhombohedral shape; feldspar is also hexagonal but not has hard, and fluorite is typically cubic, like table salt.
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Notice how the calcite crystals aren’t perfectly square—they are rhombohedra, with distinctive angles.









Cleavage


Cleavage is the tendency for minerals to split reliably, along smooth planes. When minerals don’t cleave, they fracture. Table 4 shows some of the more common cleavages.




Table 4: Mineral Cleavage Examples








	Mineral

	Crystal Habit

	Cleavage










	Halite

	Cubic

	Three directions at 90° angles






	Calcite

	Rhombohedral

	Three directions, at 120° and 60° angles






	Gypsum

	Monoclinic

	Cleavage in one direction






	Muscovite

	Monoclinic

	Cleavage in one direction






	Feldspar

	Monoclinic or triclinic

	Cleavage in two or three directions
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This muscovite mica has extremely thin sheets that you can cleave off with a pocketknife.








Specific Gravity


When we say a mineral specimen is heavy, it has almost no meaning. To a strong man, the mineral may seem light as a feather. To an infant, the rock may be immovable. Rather than use relative terms such as “heavy,” “massive,” or “big,” we want to be able to compare everything against a standard. The universal standard is pure water, which weighs 1 gram per cubic centimeter.


Therefore, we need two measurements: the absolute weight of the sample, in grams, and how much space it occupies, in cubic centimeters. Then we just do a little math.


One problem is that in nature, density often varies. Field geologists learn to expect how heavy a hand sample should be. You can hold the sample in your hand and let your hand drop slightly, then bring it up slowly. You’ll feel gravity tug at the sample, and if it surprises you by being heavier or lighter than you expected, you’ve got a little more information. This is called the “heft” test. It’s a very practical test to learn: Look at a specimen, quickly determine how heavy you expect it to be, and perform the heft test to verify your guess. In fact, that’s the scientific method in a nutshell—observe, predict, experiment, and thus test your prediction.


Tenacity


The term “tenacity” applies to several characteristics. It refers to the way a mineral reacts to stress, such as crushing, bending, or breaking.




Table 5: Mineral Tenacity Examples








	Term

	Explanation

	Examples










	Brittle

	When hammered or crushed, creates a powder or small chunks

	Most minerals are brittle.






	Sectile

	Can be cut into sections with a knife, like wax

	Gold, talc, gypsum






	Ductile

	Can be stretched

	Most metals, but especially gold






	Flexible, but elastic

	Can be bent and springs back to original form

	Mica






	Flexible, but inelastic

	Can be bent but stays in the bent position

	Copper






	Malleable

	Can be flattened by pounding with a hammer

	Most metals, but gold, silver, and copper are notable.












One of the most tenacious minerals you’ll encounter in the field is nephrite jade. Mayan and Aztec warriors favored weapons using jade at the business end of a war club because it didn’t shatter when used. Sometimes you can’t even chip it with a well-struck hammer blow in the field. Compare that to obsidian, which when flaked to a very sharp edge, tends to break easily, if not outright shatter.



Color


You can use color to identify a few common minerals. Unfortunately, many minerals come in a variety of colors, so color isn’t a perfect identification tool. Quartz can be clear or milky white, for example. When colored purple, quartz is called amethyst. When black, it’s called smoky quartz. When colored with chlorite, quartz can turn green; colored with rutile, it can be golden yellow. Fortunately, it usually still has a hexagonal habit.


Exposure to air, heat, and sunlight can also darken, lighten, or fade a mineral. Iron can rust, and it can color a quartz crystal dull red or brown. Some metals, such as silver or copper, tarnish. If you leave an amethyst out in the sun, the purple can fade. The same goes for precious opal—exposing a good sample to sunlight can ruin it.


The challenge comes when minerals mix freely. Blue azurite and green malachite often mix in swirls, as do chrysoprase and variscite. Turquoise can occur as thin coatings.
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Interesting variscite specimen from Utah’s famed Clay Canyon RICE MUSEUM OF ROCKS AND MINERALS









Luminescence


There are several different types of luminescence in minerals, described in table 6.




Table 6: Mineral Luminescence Examples








	Category

	Explanation

	Examples










	Fluorescent

	When subjected to ultraviolet rays, either shortwave or longwave, some minerals absorb the energy and re-emit it at a lower wavelength.

	Calcite—red, pink, light green Halite—red Dolomite—red Opal—green Fluorite—purple Gypsum—blue
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