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  Help Us Keep This Guide Up to Date




  Every effort has been made by the author and editors to make this guide as accurate and useful as possible. However, many things can change after a guide is published.




  We would love to hear from you concerning your experiences with this guide and how you feel it could be improved and kept up to date. While we may not be able to respond to all comments and suggestions, we’ll take them to heart, and we’ll also make certain to share them with the author. Please send your comments and suggestions to the following email address: falconeditorial@rowman.com.




  Thanks for your input!
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Introduction





  About Geology




  The term “geology” is a combination of two Greek expressions: “Geo” refers to the Earth, and “logos” refers to the logic and language used to explain your observations. So think of geology as a way to organize and explain the Earth processes that we see all around us. There are two key points to consider when trying to understand geology: time and entropy.




 

	 Time. The Earth is a very young planet and thus still very active. But it’s also pretty old. Even though scientists have measured the Earth at 4.6 billion years old, that’s young in the context of a 20-billion-year-old universe. Given enough time, a lot can happen on a young, geologically active planet. We have earthquakes, volcanoes, and moving continents. The forces that boil up from the Earth’s magnetic core are a long way from burning out, and they are relentless. Some activities happen quickly, like tsunamis, and they’re captured on film. Other forces take millions of years, leaving 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, windstorms, and floods all move mountains and leave scars that “heal.” A rock balanced precariously atop another rock will not remain for long; eventually, it will shake loose. The 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 are easy to predict but hard to imagine sometimes. Try to picture the Mississippi River under flooding conditions that happen once every 100,000 years. That’s mayhem on a continental scale. Now imagine the resulting gravel bars as the river recedes from flood stage and think about the possibility of being the first rockhound to check those newly stirred gravels.







  Given enough time, almost anything can happen, and it usually does. We rarely see these processes at the surface, and 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 just 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 that are exactly alike, most granites differ in some way. Some basalts may have more iron and magnesium present, and some may have more feldspar. You can’t exactly tell without expensive equipment. 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 PhD in structural geology to dig out a seam of agate. You do need a hard hat, however.




  Minerals are usually more straightforward than rocks because they tend to be more rigid in their chemistry. Sodium chloride, known as halite or rock salt, has 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, sometimes enough to haul out of the desert by mule team. Too many impurities, and the result will more likely be a different halide. Sedimentary rocks may seem uniform at first glance, but they are often composed of different bands of sand, silt, and clay. So, think 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.




  Minerals take on distinct personalities. When you’re trying to identify a mineral, you need to be able to see pure surfaces with visible crystal faces so 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 it has twelve sides. You often need to break the rock and see fresh material, then look with a hand lens to see what the microcrystals can tell you.
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    Grand Canyon, from the North Rim
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  Even then, you can’t always tell what you have. There are several ways to key out a rock or crystal, such as the streak, the hardness, the luster, the color, and the 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. But in many cases, I had to go with what’s used by the experts.




  The Great Southwest




  For the purposes of this guide, the following states make up the Southwest:






	Texas (western)




	New Mexico




	Arizona




	Utah




	Nevada




	California
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    Sandstone buttes of Monument Valley, near the Arizona-Utah state line
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  Each of these states offers unique collecting opportunities, and there is a rockhounding title in the FalconGuide series for each one. Use this guide as a companion title to help identify what you find in the field.




  The topographic provinces for this region are easy enough to learn. The Great Plains that dominate the central region of North America intrude into eastern New Mexico, halted by the Rio Grande Rift that seems to be trying to cut New Mexico in half. The impressive Colorado Plateau dominates northwest New Mexico and eastern Arizona, while the Basin and Range Province begins in eastern Arizona and marches up through Southern California, parts of southern Utah, and most of Nevada. California stretches through several geologic zones, with deserts to the south, the famed Mother Lode country in the middle, and the tumultuous mélange of the western coastal region.




  Hardness




  The hardness test is one of the most elementary ways to sort out samples.







	Mohs #

	Material






	1

	Talc






	2

	Gypsum






	2½

	Fingernail






	3

	Calcite






	3½

	Copper penny






	4

	Fluorite






	5

	Apatite






	5½

	Knife blade, nail, or window glass






	6

	Orthoclase feldspar






	6½

	Pyrite; steel file






	7

	Quartz; agate, chert, chalcedony, and jasper; streak plate






	7½

	Garnet






	8

	Topaz






	9

	Corundum






	10

	Diamond











  Try to keep a few of these common specimens on hand, and if possible, memorize the ten standard listings. I included the “nonstandard” testing materials in italics.




  Be a Kind Collector




  Before going any further, let’s talk about safety and etiquette in the field. The biggest safety tip is to never push your car beyond its limits, and bring tools. Upgrade your tires and be religious about vehicle maintenance. Your expeditions can take you to the end of some very long and dangerous roads.




  Don’t treat private property like public lands; get all the permissions you need beforehand or give up and move on. Obey all signs, control your kids and dogs, pick up litter, and take only what you need when collecting. Consider bringing along an extra bucket to carry out litter you may encounter when searching road cuts.




  Additional Reference Materials




  This book can help you with much of the geology you’ll see in the field, because most of the visible rocks at the surface of the Earth are of common sedimentary origin. Igneous rocks are also extremely plentiful, and once you know the basic rules for those, you’ll be able to screen them out as you look for nicer specimens.




  National Audubon Society Field Guide to North American Rocks and Minerals is an 852-page treasure trove of 200+ color photographs. It’s sturdy, fits in a big pocket, and takes a beating in the field. I usually leave mine at home.




  For web-based research, I recommend Mindat, at mindat.org. It’s a noncommercial online database of almost 39,000 mineral names, more than 300,000 photos, and 125,000 localities, and it has GPS coordinates. I rely on Google Maps, Google Earth, and the US Geological Survey.




  I’m a huge fan of the Roadside Geology series because they give even the most amateur geologist a general idea about the rock exposures passing by your windshield.
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    Bryce Canyon, Utah
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  These state guidebooks, published by Falcon Guides, are referenced throughout.




  Rockhounding Arizona, by Gerry Blair, 232 pp. 2008.




  Rockhounding California, by Gail A. Butler, 240 pp. 2012.




  Rockhounding Nevada, William A. Kappele and Gary Warren, 264 pp. 2019.




  Rockhounding New Mexico, by Martin Freed and Ruta Vaskys, 272 pp. 2021.




  Rockhounding Texas, by Melinda Crow, 166 pp. 1998.




  Rockhounding Utah, by William A. Kappele and Gary Warren, 216 pp. 2020.




  I also recommend that every rockhound become familiar with geology maps, learn to use a GPS device, take great pictures, and share what you find via your favorite social networking site. See you out there!




  
State Designations





  It helps to know the rocks, minerals, fossils, and gems that are recognized as “official” for a state. Since it takes a lot of work and lobbying to get the state legislature to recognize something that important, you can imagine that the material is probably unique, interesting, highly sought, easy to find, or otherwise noteworthy. You wouldn’t want to be in a conversation with someone from out-of-state who drove through the area and found something you didn’t even know about. Here is a list for the southwestern states:


 




	State

	Rock

	Mineral

	Gemstone






	Texas

	Petrified palmwood

	Silver

	Texas blue topaz






	New Mexico

	None

	None

	Turquoise






	Arizona

	None

	Copper

	Turquoise






	Nevada

	Sandstone

	Silver

	Black fire opal






	Utah

	Coal

	Copper

	Topaz






	California

	Serpentine

	Gold

	Benitoite
















  



  PART 1




  ROCKS




  Igneous Rocks: Extrusive




  Use the matrix below as a starting point for understanding how igneous extrusive rocks are organized.




 




	Matrix of Extrusive Igneous Rocks






	Name

	Color

	Grain Size

	Composition

	Useful Characteristics






	Basalt

	Dark

	Fine or mixed

	Low silica lava

	Has no quartz






	Andesite

	Medium

	Fine or mixed

	Medium silica lava

	Plagioclase with pyroxenes






	Rhyolite

	Light to medium

	Fine or mixed

	Very high silica

	Quartz is common






	Felsite*


	Light

	Fine or mixed

	Medium to high silica

	Rich in quartz and feldspar






	Dacite

	Light

	Mixed

	Medium silica

	Plagioclase with hornblende






	Pumice

	Light

	Fine

	Sticky lava froth

	Small bubbles






	Obsidian

	Dark

	Fine

	High silica

	Glassy






	Scoria

	Dark

	Fine

	Runny lava froth

	Large bubbles






	Tuff

	Light

	Mixed

	Andesite, rhyolite, or basalt

	Ash fragments; sometimes welded






	Wonderstone

	Mixed

	Fine

	Rhyolite

	Colorful, takes a polish













  *not covered in this guide




  
Basalt
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    Fine-grained basalt is common in the Southwest.
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  Group: Igneous; Extrusive




  Mineralogy: Plagioclase feldspar, olivine, and pyroxene




  Key test(s): Fine-grained, often with microscopic crystals only; can form dramatic columns




  Likely locale(s): Volcanic regions




  Basalt is common in many parts of the Southwest. It appears gray or light black when fresh but quickly weathers to a tan, yellow, or brown surface. It can be difficult to identify because it tends to be fine grained, so look for clues in the deposit itself. Vesicles are common; these holes sometimes fill with agate, chalcedony, or opal, in small, round “blebs” that often weather out and are collectible. Basalt can also host zeolites, quartz veins, and calcite veins under the right conditions. Andesite and rhyolite are more noted as thick, viscous lava that builds up faster, while basalt is runny and can flow hundreds of miles. While still referred to as extrusive, basalt can form in large sills and cool slowly enough to create impressive hexagons, referred to as columnar jointing. These colonnades are collectible as impressive towers known as a “Devil’s Postpile” in parts of California and Nevada.




	  Basalt is present in every southwestern state. Utah’s Black Rock Desert contains basalt flows as recent as 660 years ago. Arizona’s San Francisco volcanic field, which includes Sunset Crater, contains more than 600 volcanoes and covers about 2,000 square miles. It is a major feature of the Colorado Plateau. Basalt flows are also common in the upper Grand Canyon and along the North Rim.




  
Andesite
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   Andesite is not as dark as basalt and has no flow lines..
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 Group: Igneous; Extrusive




  Mineralogy: Intermediate; feldspars, pyroxene, and/or hornblende




   Key test(s): Fine grained with pyroxene and plagioclase




  Likely locale(s): Volcanic mountain ranges




  Andesite is a common form of lava, usually lighter in color than basalt, and it dominates many volcanic mountain ranges, as its higher silica content causes it to pile up better, as opposed to flood basalts that flow for miles. This rock is named after the Andes Mountains, where it is a key component of those volcanoes. Andesite often exhibits a platy structure, appearing in outcrop as though it were stacked, but that isn’t a telltale clue. Andesite is the extrusive equivalent of diorite, matching that rock in chemical composition. This lava is typically fine grained, with small crystals of plagioclase feldspar (such as andesine), hornblende, pyroxene (such as augite or diopside), and biotite. It makes a fine decorative rock, weathering from its light-gray appearance when fresh to a dark-gray or black color.
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