


[image: Cover]








Basic Rockhounding and Prospecting


[image: fig_ii_1.png]


A BEGINNER’S GUIDE

Second Edition


GARRET ROMAINE


[image: fig_ii_1.png]






To the grandkids:
Yamari, Osmani, and Yael, with love


[image: fig_ii_1.png]


An imprint of The Globe Pequot Publishing Group, Inc.


64 South Main Street


Essex, CT 06426


www.globepequot.com


Falcon and FalconGuides are registered trademarks and Make Adventure Your Story is a trademark of The Globe Pequot Publishing Group, Inc.


Distributed by NATIONAL BOOK NETWORK


Copyright © 2025 The Globe Pequot Publishing Group, Inc.


Photos by Garret Romaine unless otherwise noted


Scientific review by Julian C. Gray, Rice Northwest Museum of Rocks and Minerals


All rights reserved. No part of this book may be reproduced in any form or by any electronic or mechanical means, including information storage and retrieval systems, without written permission from the publisher, except by a reviewer who may quote passages in a review.


British Library Cataloguing-in-Publication Information available


Library of Congress Cataloging in Publication Data


Names: Romaine, Garret, author.


Title: Basic rockhounding and prospecting : a beginner’s guide / Garret Romaine.


Description: Second edition. | Essex, Connecticut : FalconGuides, [2025] | Includes bibliographical references and index.


Identifiers: LCCN 2024042474 (print) | LCCN 2024042475 (ebook) | ISBN 9781493084227 (paper ; alk. paper) | ISBN 9781493084234 (electronic)


Subjects: LCSH: Rocks—Collection and preservation—Handbooks, manuals, etc. | Minerals—


Collection and preservation—Handbooks, manuals, etc.


Classification: LCC QE433.6 .R65 2025 (print) | LCC QE433.6 (ebook) | DDC 552.0075—dc23/ eng/20241221


LC record available at https://lccn.loc.gov/2024042474


LC ebook record available at https://lccn.loc.gov/2024042475


Printed in India



The author and The Globe Pequot Publishing Group, Inc., assume no liability for accidents happening to, or injuries sustained by, readers who engage in the activities described in this book.










INTRODUCTION

The purpose of this guide is to help you get started identifying and collecting some of the many natural treasures you will come across in the field. If you’ve ever picked up a pebble at the beach and wondered what it was or how it was formed, this guide can help. If you have ever visited a natural history museum and wondered how you could build your own collection, you’re also in luck.


Soon you will be planning collecting trips and learning a lot more about the world around you. That’s also where this book will come in handy, because you’ll learn enough geology to be dangerous. Rock-hounding is just a small sideshow to geology, but the better you grasp some of the basic concepts, the more efficient you’ll be out there in the wilds.


Think of this book as a companion for some other books by FalconGuides—



	If you want to take the next step up in the hobby, there’s The Modern Rockhounding and Prospecting Handbook, which introduces readers to tools, software, and other resources.

	If you want to learn about rocks and minerals, there is an identification guide covering important examples, plus more specific guides for particular regions.
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You might also consider some of the many field guides FalconGuides publishes, such as the Gold Panning series, which covers several Western states, or the Rockhounding series, with guides to help you explore a specific state.



Many collectors start to specialize after they begin building a collection and eventually narrow down their searches for rocks, minerals, fossils, gold, or meteorites. However, when you’re first starting out, you should learn a little about each of these fields. That’s where this guide will help the most—to get you started. There are some simple kitchen labs you can perform to help visualize bigger geologic processes, and there is historical information about people, referred to as “Geology Giants,” who make this field so much easier to understand today. You’ll also get some pointers on “Bucket List” locations that you could someday plan a trip around.


All in all, you should learn about geology and the world around you, have some fun, and see some spectacular scenery and wildlife along the way. Enjoy the experiences, be safe, follow the rules, and enjoy!
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CHAPTER 1
GETTING STARTED

Welcome to the world of geology. This guide is aimed at everyone who is interested in learning the basics of collecting rocks and minerals, doing a little prospecting, or gaining a better understanding of the geological world around them. We will start with general earth processes, mostly to give you insights into where to go and what to look for.

In this book, we’ll assume that you’re a newcomer to the terms and definitions. It may seem a bit bewildering at first. After some time, it will all start to make sense. What seems to help is to use a lot of cooking metaphors, so many of the labs will start in the kitchen. Basically, cooking is a combination of math, chemistry, and physics, so if it works in the kitchen, the same rules should apply everywhere—even on other planets.


THE THREE ROCK TYPES

Fortunately, just about everyone knows the three main rock types: igneous, metamorphic, and sedimentary. For a refresher, you can think about how rocks form and how the Earth recycles them. Let’s start in the kitchen: Think of the sugar cookie dough you squeeze out of a tube or scoop with a spoon onto a greased baking sheet. The cookie dough is similar to an igneous rock that comes out of a volcano. Once you cook the dough, it changes somewhat, and it’s hard—like a metamorphic rock. Then, if you crumble up the cookies into crumbs, those are the same as sedimentary rocks. Now you have a metaphor for the rock cycle, straight from the kitchen. The ingredients are the same during each stage, but the chemistry changes with heat, and the amount of water vapor is the biggest variable.

Use any ingredient you like—you can start with baker’s chocolate, which, when hard, is similar to metamorphic rock. If you shave the chocolate bar with a cheese grater, you create sedimentary rock. If you melt the chocolate bar in a microwave, that turns it into melted chocolate, like hot lava. It’s always nearly the same basic chemical ingredients but in three different physical forms.

To recycle the sedimentary rock, imagine the great Ring of Fire consisting of hundreds of volcanoes surrounding the Pacific Ocean. At the edge of tectonic plates that slide around at the Earth’s crust, you often find one plate sliding underneath the other one. The rocks that slide underneath will eventually end up so far down that there is too much heat and pressure for them to remain solid. Some material may change into a metamorphic rock as the pressure and heat cook the rock, but doing so doesn’t melt it. Other times, the rocks melt into magma, and the magma wants to rise like a bubble, burning its way through the solid crust. As the plates continue to collide and more material is fed into the system, the magma “blob” can eventually swell up enough to break through the crust as a volcano. Alternatively, it may not break through, and instead, it “freezes” in place. Either way, now you have an igneous rock, and you start the cycle all over again.

Sedimentary rocks often result from erosion and other mechanical forces acting on igneous or metamorphic rocks. The relentless rain gathers and concentrates the broken rock pieces, sometimes by sorting them from big to little or from heavy to light. Sedimentary rocks can also form in a basin or lagoon when too much sediment or too many chemicals enter and eventually settle.

Metamorphic rocks start as either igneous or sedimentary rocks, but once they undergo heat and pressure deep within the crust, they change. That’s oversimplified, and there are all kinds of exceptions, but that’s the gist of it. Fresh lava, cooked rocks, and the crumbles as they’re beat up.


Table 1. Three major rock types




	
	Igneous
	Metamorphic
	Sedimentary






	Comes from…
	Volcanoes
	Deep in the Earth
	From other rocks



	Common references
	“lava”
	“changed”
	sand



	Main varieties
	Basalt Granite
	Schist Gneiss
	Sandstone Shale



	Percentage at surface of the Earth (land)
	20%
	5%
	75%



	Percentage of Earth’s crust overall (land plus oceanic crust)
	65%
	27%
	8%



	Percentage of oceanic crust (seafloor)
	99% basalt
	n/a
	n/a



	Percentage of continental crust
	99% granite
	n/a
	n/a








Most rocks at the surface of the earth started as igneous rocks. To figure out why, let’s look next at the inside of our planet and talk a little about what we think we know.




THE EARTH AND ITS CORE

We can only imagine what the planet Earth would look like if we cut out a slice, but we have a pretty good idea based on measuring how fast shock waves move through it.
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Start by imagining the Earth as a big marble, slowly spinning. The region at the center, called the inner core, is thought to be solid nickel-iron, about 1,300 km thick. Next is a molten outer core, about 2,200 km thick, and then a plastic mantle, with an upper and lower zone, about 2,800 km thick in all. On top of all that is the crust, the rocky skin, which is only about 100 km thick at the most. The crust under the ocean can be as thin as 5 km. We rarely see rocks from the mantle; they’re dark, heavy metamorphic rocks (such as gabbro and peridotite) that require some unique events before we can collect them.



Table 2. Thickness of the main shells of the Earth




	Section
	Percentage
	Thickness
	Composition






	Core
	15%
	3,500 km
	Heavy metals—iron and nickel



	Mantle
	84%
	2,800 km
	Peridotite



	Crust
	1%
	5–100 km
	Basalt, granite, sandstone







What’s interesting is that a tremendous amount of heat is generated from the core, and it has to go somewhere. We’ll talk about that later in this chapter.




GEOLOGIC TIME

The Earth is both young and old at the same time. It is young because the internal “furnace” is still active, and we have volcanos erupting and plates moving. However, the Earth is also incredibly old. Using radio-metric dating, which relies on the known decay rate of certain radioactive elements, scientists have determined that the Earth is about 4.54 billion years old.

When geology was still a young science, there was a lot of argument over the age of the Earth. Because the Christian Bible was taken literally, many thought the Earth was only about 5,500 years old, as they traced back the births and deaths mentioned. They believed that the landforms, mountain ranges, and river valleys they saw around them must have been formed during great catastrophes, such as floods, earthquakes, and worse. Their goal was to make what they saw around them sync up with events recorded in the Bible, and it was not always easy to make them match.

Geologists came to believe that many of the processes they could see with their own eyes must be similar to what happened long ago. Scottish geologist James Hutton argued that certain slow uniform processes work today just as they did in the past, such as erosion, mountain building, and the layering of sediments. He was the leading voice for “Uniformitarianism,” but he faced a lot of criticism for his views.

Eventually, more and more geologists signed on to Hutton’s ideas, and they did a better job of explaining what he meant. Using fossils to guide them, and mapping the relationships between rocks they understood, geologists eventually worked out the relative age of different rocks around the world. The table below shows only the ages of the major time periods.



GEOLOGY GIANT: JAMES HUTTON

James Hutton (1726–1797) was a Scottish geologist who came up with the fundamental principle of geology—“Uniformitarianism.” He is sometimes called the “father of modern geology.” He held that slow forces such as erosion and uplift cycles were at work constantly, over great periods of time, and were far more important than sudden earthquakes, volcanoes, and other calamities. Thus, the forces we see at work today must have been at work in the past, and, by extension, they must be physical laws that do not vary over time or throughout space.

Hutton first studied the classics and medicine and then turned to farming and geology. He completed a geologic tour of Scotland in 1764, and he was a joint founder of the Royal Society of Edinburgh in 1783. His book, Theory of the Earth, started circulating in 1788, and while his writing was obscure and hard to read, it was an important contribution. He opposed Neptunism, which held that all rocks precipitated from a single, gigantic flood. Instead, Hutton was dubbed a “Plutonist” for hypothesizing that the interior of the Earth must be hot. His concept of Earth as a “super-organism” bound by infinitely repeating cycles is now widely accepted.
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Table 3. Broad overview of geologic time periods




	Geologic Label
	Range of Years
	Important Events






	Cenozoic era
	66 million years ago-present
	Rise of mammals



	Mesozoic era
	252 million-66 million years ago
	Age of dinosaurs



	Paleozoic era
	541 million-252 million years ago
	Explosion of complex life forms



	Precambrian supereon
	4.54 billion-541 million years ago
	Formation of the Earth







The Cenozoic era is by far the shortest era and is still going. Sometimes it’s hard to understand just how little time humans have been on the Earth, so try the following lab to help you out.




LAB: GEOLOGIC TIME

One way to think of the Earth’s age, and how we relate to it, is to pull out a deck of playing cards, as shown in the following lab.


GEOLOGY LAB: AGE OF THE EARTH

STEP 1: Open up a deck of 52 playing cards.

STEP 2: Remove seven cards and set them aside. Each remaining card will represent 100 million years, or 4.5 billion years total.

STEP 3: Take 39 cards and pile them up—that represents the Precambrian supereon, which lasted almost 4 billion years. There was very little life at the time.

STEP 4: Put three cards in another pile. That represents the Paleozoic era, the time when complex life began, which ended with the rise of the dinosaurs.

STEP 5: Put two cards aside. That represents the Mesozoic era, which is when dinosaurs were common.

STEP 6: Hold up the remaining card. This single card represents the Cenozoic era, which began 66 million years ago. You’d have to split that remaining card into very thin sections to represent the roughly 4 million years humans have been around.
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We live in the Cenozoic era, and we know the most about it. If you wanted to put a piece of paper down for the period when recognizable humans were present, you would need something to represent about 4 million years—or1⁄ 25 of the thickness of a playing card.

Notice how a geology table starts with the oldest information at the bottom. You can think of the Earth’s crust as a layer cake, with someone adding new layers of frosting all the time. Geologists work out the layers and name them by drawing a “stratigraphic column” or a map of the rock strata that they see there. The layer on top will almost always be the youngest.




OUR RESTLESS EARTH

All you need to know right now is that the crust sits on top of the mantle, and it moves. Continental crust is less dense than oceanic crust, though it is considerably thicker; the continental crust is about 35 to 40 km thick, versus the average oceanic thickness of around 5 to 10 km. A continental crust covers about 40 percent of the Earth’s surface, but that number has changed a lot over the ages.

Here’s a good way to think about how continental crust and oceanic crust react when they meet. The denser oceanic crust, being thin but heavy, has no chance of riding over the thicker, lighter continental crust. Therefore, oceanic crust always goes under continental crust.

Another metaphor for the Earth’s crust is to think of it as a “skin” holding the liquid in, similar to tomato skin. During many periods of the Earth’s formation, there was only one large continent. About 335 million years ago, geologists believe all the continental crust was swept up into one big island as chunks combined with other masses to form the supercontinent Pangaea. The supercontinent of Pangaea probably started breaking up about 175 million years ago, based on fossil evidence and other studies.

You can imagine how a supercontinent would break up by performing the following lab.





LAB: PLATE TECTONICS

In this lab, you’ll use heavy cream and cocoa to show a way the continents could have broken up.


GEOLOGY LAB: COCOA CONTINENTS

STEP 1: Pour 1 quart of heavy cream into a medium cooking pot.

STEP 2: Sprinkle 1 cup of cocoa powder evenly across the top, making sure to reach all the edges. This represents the supercontinent of Pangaea.

STEP 3: Begin heating the cream slowly. DO NOT STIR! After a few minutes, you should start to see cracks forming in the cocoa. These are similar to the rifts we see in the Earth’s crust. STEP 4: Watch for other geologic pro cesses. Sometimes, you might see the equivalent of a lava fountain as the cream bubbles. You might see the last remaining cocoa island begin to bounce, which is similar to earthquakes.

STEP 5: Add sugar and cocoa to taste for a very rich glass of hot chocolate.
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You can work up all kinds of variations for this lab—use milk instead of heavy cream, make your original supercontinent quite a bit thicker, or try creating three to four unconnected islands of thick cocoa.

Now we know a little about the crust and plate tectonics. However, how does that all apply to rockhounding and prospecting? We’ll discuss that throughout this book, but here are some hints:


	Igneous rocks can provide seams of agate or jasper, and pegmatites can provide gem minerals in the corundum family.

	Igneous rocks often contain quartz veins that can carry precious metals or are just nice quartz crystals.

	Metamorphic rocks can provide garnets, staurolite, and other crystals, and we can tell how much heat and pressure was involved just by knowing the minerals in the rock.





GEOLOGY GIANT: ALFRED WEGENER

Alfred Lothar Wegener (1880–1930) was a German scientist best remembered for his theory of continental drift, later renamed plate tectonics. Many observers had already noted the similarities in coastlines between landmasses on an accurate global map, such as the way Africa and South America seem to fit together, but Wegener, in 1912, proposed that one giant landmass, named Pangaea, had broken apart to form the current continents. His theory was rejected in part because there was no understood mechanism to move such large masses of rock. In 1931, a British geologist named Arthur Holmes proposed that convection currents flowed through the Earth’s mantle and could be strong enough to move continents. In 1968, US geophysicist Jack Oliver used seismology reports from all over the world to describe seafloor spreading, and we now know there are thin oceanic plates and thicker continental plates. Wegener faced fierce criticism at the time he wrote up his theory, but he is now regarded as the founding father of plate tec-tonics, and there are institutes, craters on the moon, asteroids, and medals named for him. He died on a seismic mapping expedition in Greenland.
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ADDITIONAL READING: THE MAP THAT CHANGED THE WORLD

By Simon Winchester, HarperCollins, 2001.

In 1815, geology was still a minor scientific field, and the idea of creating a geology map for an entire country was thought to be crazy. English geologist William Smith was a man of humble origins; he was self-educated and even served a stint in debtor’s prison, but he had a vision. Smith had a keen eye for fossils, and he worked on several canals, quarries, and mines, which gave him the opportunity to build a large fossil collection, mostly the shells of sea creatures. By studying the changes of fossil shells in rocks he knew to be younger or older, he saw that animals changed over time and, generally, were more primitive in older rocks. He developed the Principle of Faunal Succession, which holds that older, simpler versions of organisms are succeeded in younger rocks by forms that are more complex. However, he is most famous by far for his geology map of England, a first at that scale. He used maps of different soils for his inspiration; the soil maps used colors to mark each type of soil, so he used color for different rock ages. He mapped outcrops by rock type and age and then traced lines to show how they connected. When done, he had produced a masterpiece. He was recognized for his contributions later in life as the “father of English geology,” and today a crater on Mars is named for him and the Geological Society of London hosts an annual lecture in his name.
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Sedimentary rocks are the dominant rock type at the surface, and they have their own special place for rockhounds. Some of your first rockhounding experiences may involve simply looking at a big gravel bed at a beach and searching for agates, jasper, and petrified wood. Better yet, sedimentary rocks sometimes contain fossils, which are an exciting world all their own that combines geology, biology, evolution, and other concepts. We’ll cover that later.



Gravel beds are a chance to play detective—what kinds of rocks are you seeing, and what can you assume once you recognize those rocks? A skilled rockhound can trace chunky agate in a streambed all the way back to the ledge where it’s crumbling from. Smart prospectors can pan their way up a river system and figure out the source for the gold they are finding. Neither activity requires a vast knowledge of geology.

It took many years, but eventually, a geologist in England figured out how to make a map of the rocks he was seeing and imagine what rocks he would see if no plants or soil got in the way. We take geology maps for granted now, but there was a time when such maps were revolutionary, allowing viewers to think of what the earth under our feet would look like in a 3-D drawing.











CHAPTER 2
ALL ABOUT MINERALS

In this chapter, we’ll learn more about chemistry in order to you help identify minerals. You can make an entire career out of chemistry and minerals, but for now, let’s cover the basics and talk about the things you need to know as a rockhound or prospector.


OUR CHEMICAL BUILDING BLOCKS

So far, we’ve only talked about our world in broad strokes, but eventually, you need to get down to the elements. Every rockhound should know a little about the periodic table, shown below.

Russian chemist Dmitri Mendeleev (1834–1907) developed the periodic table in 1869. He organized the elements into columns, which he called groups, and into rows, which he called periods. The elements also roughly divide into blocks that share similar properties, such as whether they are a solid, liquid, or gas at room temperature and their ability to bond with other atoms.
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Here’s how to read the periodic table. First, view it from the top left to the bottom right. All the elements are ordered by their atomic numbers, which increase from left to right and from top to bottom. The atomic number is how many protons the element’s atom possesses. In the case of hydrogen, it has just one proton, so it occupies the upper left. In some versions of the table, hydrogen is listed twice because it has features similar to two groups: alkali metals and halogens. Helium is next with two protons, and so on.

In addition to the element’s symbol and name, you’ll see a decimal number—the atomic mass. The atomic mass increases as you move across or down the table because we calculate the mass by adding up the protons and neutrons in each element’s nucleus.

Let’s talk about atomic building blocks next. Briefly, all atoms have protons, neutrons, and electrons. Electrons have practically no mass, but they do have a strong negative charge. Protons have a positive charge, and neutrons have no charge; neutrons are slightly heavier than protons. The protons and neutrons make up the nucleus, while the electrons spin around in orbitals.

The number of protons increases with each element, which means the weight goes up, as well. The reason for the decimal is that scientists take an average of all the different unstable variations, or isotopes, for the same element. You’ve probably heard of carbon 14, which is an isotope used for carbon dating, or uranium 235 and plutonium 239, which is used in atomic weapons. These are examples of some of the many variations.

Notice that each row is properly called a period. All the elements in a period have the same number of atomic orbitals, which is where their electrons go, but they fill that orbital in sequence. There are seven rows in the table, meaning there are seven periods. Technically, there could be a row 8, but scientists have never been able to create such an element in the lab.

You might wonder why hydrogen and helium aren’t next to each other—there is a large gap between them, and there are gaps in groups 2 and 3 as well. In the first electron orbit, called 1n, there is a maximum of two electrons. In orbit 2n, there is a maximum of eight electrons. Going from left to right, lithium has one electron in the second orbit, and neon has all eight. In orbit 3n, the same pattern repeats, from sodium with one electron to argon having all eight.

There are eighteen electrons in the 4n orbit, and that’s why you see all eighteen positions filled in period 4, from potassium, with one electron in that orbit, up to krypton, with all eighteen. From here on out, the table can repeat fully.

Things get weird after barium; the lanthanides consume atomic numbers 57 through 71, and most of these are pretty obscure. The lanthanides do occur in nature but rarely. The actinides consume atomic numbers 89 through 103, and outside of uranium and plutonium, most of the actinides are rare, obscure, and found only in an experimental nuclear reactor.

What is interesting for us is how some elements behave the same. Let’s look at group 11. Copper has an atomic number of 29. Below it is silver, which has an atomic number of 47. Directly below silver is gold, with an atomic number of 79. Now you can see how those precious metals are related, and it starts to make more sense that copper, silver, and gold are often found together. In fact, pure gold is rare—you almost always have a little silver with it, and sometimes, when the gold isn’t very pure, you can have as much as 45 percent silver. The term for a silver-rich gold sample is “electrum”. The Greeks and Egyptians knew that a little silver strengthened gold and was good for minting coins, but settling on the exact percentage was an economic problem as early as 3000 BC.

Alternatively, let’s look at platinum, with an atomic weight equal to 78. In nature, we rarely find pure platinum—it is almost always associated with the platinum-group elements (PGEs), or platinum-group metals (PGMs). Notice how close to platinum are the elements ruthenium, rhodium, palladium, platinum, iridium, and osmium. They’re all in groups 8, 9, and 10 and periods 5 and 6. You’d expect them to have somewhat similar size and chemistry, and they do.

Next, notice that there are blocks for the following:


	The alkali metals are in group 1, to the far left on the periodic table. They are soft, shiny, and highly reactive metals such as lithium, sodium, and potassium.

	The alkali earth metals are in group 2. They are soft, shiny, silvery-white, and somewhat reactive. They include magnesium and calcium.

	The transition metals are the thirty-eight metals that occupy groups 3 through 12. “Transition” refers to the outer electron moving, or transitioning, between shells. Common transition metals include iron, the platinum-group elements, the precious metals, and many others. The metals are shiny and have a luster. There are ninety-five metals, but the boundaries between metals, nonmetals, and metalloids are fuzzy and still lack accepted definitions. For our purposes, the nine metals in groups 13 through 16 include aluminum, gallium, lead, and others.


	
The nonmetals are in groups 14 through 16. The nonmetals have low densities and melting and boiling points, and they are brittle. Nonmetals include carbon, nitrogen, oxygen, phosphorus, sulfur, and selenium. Hydrogen also sits in this group in many versions of the periodic table.

	The metalloids are in groups 13 through 16, but the boundaries are also fuzzy. They occupy the area between metals and nonmetals. The six accepted metalloids are boron, silicon, germanium, arsenic, antimony, and tellurium.

	The halogens are in group 17 and are reactive nonmetallic elements that form strongly acidic compounds with hydrogen, from which simple salts can be made. These include fluorine, chlorine, bromine, and iodine.

	The noble gasses are in group 18, on the far right side of the table. They are inert—they don’t react very much with anything, and they are a gas at room temperature. These gasses include helium, neon, argon, krypton, xenon, and radon.

	The actinides and lanthanides are best left out of a beginner’s guide.



That’s probably way more science than you were expecting, but it’s important. You often find calcium and magnesium substituting for each other in the crystal lattice because they are chemically and physically similar. They are in the same group, so it’s logical. The same goes for potassium and sodium—they’re in the same group, and they substitute a lot. Some people who need to avoid sodium in their diets substitute potassium chloride for normal table salt.

If only a few atoms are substituting for one another in the crystal lattice, they’re a nuisance or an impurity. However, if enough substitution is happening, you get a recognizable and distinct mineral.

In addition, those impurities can be important for minerals such as beryl, and this is where information about atoms, ions, and the crystal lattice starts to pay off. Pure beryl (from the Greek “beryllos,” meaning color of the sea) with the chemical formula Be3Al2(SiO3)6 could be called a beryllium aluminum silicate. The crystal habit is a hexagonal prism, which is a six-sided crystal. Beryl often allows other ions, molecules, and atoms to sneak in. If enough of the invaders are iron ions with an extra charge, you can get a gem version of beryl known as aquamarine. Another recipe variation is to add a special iron ion, called an F3+ ion (an iron ion with a “plus three” charge), and the result is a golden-yellow color, called heliodor. If the extra ions are both F2+ and F3+, then the result is a darker blue aquamarine called maxixe.

Emerald is another variety of beryl created when nature adds trace amounts of chromium and vanadium into the crystal structure to produce a nice dark green color. Scientists have been able to create emeralds in the lab by using seed crystals, just as you can use them to create salt and alum crystals later in this chapter.

We’re not even done yet. If you add a few manganese ions here and there, your beryl becomes light-pink morganite. Add even more manganese, and you get a deep, striking-red beryl. Slight impurities in the same basic recipe can yield different gems.

On the other hand, consider sapphires, a form of corundum, which is simply aluminum and oxygen—Al2O3. Two aluminum atoms and three oxygen atoms combine as crystals and can grow to a large size. If there are trace amounts of iron, titanium, magnesium, or copper, that corundum may be called a sapphire. If there is a little bit of chromium around, you get rubies. All the same chemical composition, but the trace elements make for blue sapphires or red rubies.
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