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			Introduction


			Goal of This Guide


			The goal of this guide is to get you started from a casual observer to a competent rockhound, able to identify the most common rocks and minerals around you. In the ranking of this profession, there are many stages (left to right, increasing expertise):


		


		

			

				

					

							

							Casual Observer

						

							

							Pebble Pup

						

							

							Rockhound

						

							

							Prospector

						

							

							Field Geologist

						

							

							Mining Engineer

						

					


				

			


		


		

			With this book you could conceivably make Prospector rank, able to at least classify just about anything, and know enough to be on the lookout for the rare and unusual. You need a lot more book learnin’ to advance beyond capable prospector, able to direct the work of others. The vocabulary lesson alone that underpins geology is daunting. This book is intended as a gateway to collecting wonderful samples and improving your ability to identify what you see around you. But avoid the “get-rich-quick” attitude of a Yukon stampeder. Concentrate on building your own personal specimen cabinet, well stocked with samples you gather and augmented by what you have to buy for completeness. If you stumble upon a diamond mine or a ledge of emeralds, at least share the pictures. But don’t expect it. Have fun, be safe, and don’t quit your day job first.


		


			

			About Geology


			The term geology is a combination of two Greek words: Geo refers to the earth, and logos refers to the logic and language used to explain things. So think of geology as a way to organize and talk about the earth’s processes. There are many things we can only guess at, so we base our theories on lab experiments and inferences that take many detailed drawings to explain and a lifetime to understand. Fortunately the more you see, the better things fall into place.


			Geology is a young science, dating to 1815 if you start with William Smith’s first geology map. Ancient Greeks, such as Pliny the Elder, had described minerals and metals, and many early scholars documented the metal mines of the times. Some of the smartest and most educated scientists laid down the basics, such as Nicolas Steno (1638–56), who observed that most of the time, the rocks at the bottom of a cliff are older than the rocks at the top. He called that the Law of Superposition, and it helped explain how fossil seashells ended up on mountaintops. He also developed the Principle of Original Horizontality: Sedimentary rocks are usually deposited flat, although there can be local pinching, advancing, and other variations. James Hutton presented his Theory of the Earth in 1785, Smith published a geology map of England in 1815, and then in 1830 Sir Charles Lyell wrote Principles of Geology. Great thinkers argued over whether geology happened in slow, methodical processes or in short, catastrophic bursts. Once these learned philosophers learned to measure the astonishing age of the earth—4.6 billion years—they realized that both arguments were true.


			There are two key points to consider in geology: time and entropy.


			

				
Time. Earth is a very young planet and thus still very active. It’s also pretty old, so it’s all relative. Given enough time, a lot can happen on a young, geologically active planet. We have earthquakes, volcanoes, and moving continents, all stemming from the forces that boil up from the earth’s magnetic core. Some activities happen quickly, like tsunamis. Other forces take millions of years, leaving only subtle clues, like all the mica flakes lined up in a schist. Good field observers can identify the obvious signs of things that seemed to happen before and apply those signs to the present and future.


				
Entropy. Things fall apart all the time. Stuff happens. Storms rearrange coastlines and rework river channels. Earthquakes, volcanoes, storms, and floods all move mountains and leave scars that “heal.” A rock balanced precariously atop another rock will not remain there for long; eventually it will shake loose. Earth is very efficient at recycling all that surface mayhem, hiding many clues. Mountains rise then get ground down under glaciers and unrelenting rain. Tight chemical bonds that hold atoms together eventually weaken thanks to water, heat, pressure, and time. Oxygen in the air constantly rusts iron and dissolves minerals. Those forces are always at work and easy to predict but sometimes hard to imagine.


		
	

			Given enough time, almost anything can happen, and it usually does. We can only imagine what takes place at great depths. That’s where the logic comes in. There is a lot of math, chemistry, physics, biology, and general science involved in sorting out what’s going on in the field. But you’re mostly interested in what you can see and collect, so read on.


		


			

			Think in Series


			We don’t get a lot of absolutes in nature, so numbers, such as percentages of minerals present, help when thinking about crystal compositions. Just as there are probably no two snowflakes exactly alike, most granites differ in some way. You can’t exactly tell without expensive equipment, but you can learn to eyeball specimens and compare them with known samples. And usually it doesn’t really matter to that many decimals if you have a rough idea. You just want to collect the interesting forms, and you don’t need a Ph.D. in structural geology to hammer out a seam of agate.


			For another example, consider the series of variations between basalt and rhyolite. The range is completely understood but hard to identify:


		


		

			

				

					

							Basalt

						

							Andesite

						

							Rhyolite

						

					


					

							

							45%–55% Quartz Lots of iron, aluminum, magnesium, and calcium Not very much potassium and sodium


						

							

							55%–65% Quartz Intermediate accessories


						

							

							65%–75% Quartz Lots of potassium and sodium Not very much iron, magnesium, and calcium


						

					


				

			


		


		

			Minerals are definitely more straightforward than rocks, because they are more rigid in their chemistry. But even there, different concentrations of elements create a series; in some minerals the concentrations are referred to as impurities. Sodium chloride, known as halite or rock salt, is one sodium atom and one chlorine atom. There isn’t a lot of wiggle room there. You can get some potassium in the crystal lattice, substituting itself for sodium, but that’s an impurity. You can get a little boron once in a while where chlorine should be, and sometimes there is enough to haul out of the desert by mule team. Too many impurities and the result will more likely be a mineral with a different name.


			Sedimentary rocks may seem uniform at first glance, but they are often composed of different ratios of sand, silt, and clay. So think more in terms of trending to one end of the scale or the other and less in absolutes.


		


		

			Field Studies


			One big complication in identifying rocks and minerals is the tendency of the earth’s atmosphere to oxidize everything. That same oxygen we need to breathe also wreaks havoc on fresh material. Oxygen ions are always looking to hook up with another ion, preferably a metal. You’ve seen how a freshly sharpened knife blade starts to rust in the rain. That oxidation is also at work on cliff faces and boulders, aiding and abetting a tendency toward natural cracks, root action, freezing, and thawing. Many rocks get a reddish-brown surface in a short amount of time. First they turn color, and then they fall apart.


			When you’re trying to identify a mineral, you need to be able to see pure surfaces with visible crystal faces so that you can measure the angles and find patterns: cubic, hexagonal, or even rhombohedral. My personal favorite is the garnet, which has a dodecahedral crystal structure, meaning twelve-sided. You often need to break the rock to reveal fresh material and then look with a hand lens to see what the microcrystals can tell you. Every rockhound needs a hand lens!


			Even then you can’t always tell what you have. There are several traits to describe a rock or crystal, such as shape, size, streak, hardness, luster, color, and weight. I’ve provided a glossary at the end of this book to help you with many geological terms and expressions, and I’ve tried to keep the text as free as possible from the really daunting vocabulary.


			HARDNESS


			The hardness test is one of the most elementary ways to sort out samples. Developed by German mineralogist Frederich Mohs in 1812, it is still used today. It is not a linear scale. Try to keep a few of these common specimens on hand, and, if possible, memorize the ten standard listings. I included some of the “nonstandard” common test materials as well.
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