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  To my son Nelson, may he keep finding what he’s looking for . . .




  




  




   



  
Acknowledgments





  Special thanks to the museums that assisted me with this book.




  Jim McReynolds, executive director of the Wallace Mining Museum in Wallace, Idaho, supplied several raw ore specimens from his excellent collection. His museum is a must-see when in Idaho’s famed Silver Valley.




  René Payne, image archivist at the Denver Museum of Nature and Science, patiently allowed me to browse her online image catalog and work through permission issues.




  Dr. Lara O’Dwyer-Brown, curator of the Rice Northwest Museum of Rocks and Minerals in Hillsboro, Oregon, was always willing to rummage through her collection for another obscure sample.




  Also, thanks to Rachel Houghton, veteran technical communicator and longtime friend from Portland, Oregon, who helped with photography, touch-up, editing, and encouragement, and to Martin Schippers, Frank Higgins, and Dirk Williams, who assisted in the field.




  [image: Rice Northwest Museum of Rocks and Minerals, ricenorthwestmuseum.org]


  

    Rice Northwest Museum of Rocks and Minerals, ricenorthwestmuseum.org









   



  
Overview





  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. For some of the strange shapes we see, an educated explanation would be great. Most of what we know is good guesswork, based 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. But geology actually begins much earlier. Long ago ancient Greeks such as Pliny the Elder described various rocks and minerals, and many other scholars documented the metal mines of the times. Later, some of the smartest and most educated scientists laid down the basics, such as Nicolas Steno (1638–86), 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, which states that sedimentary rocks are usually deposited flat, although there can be local pinching, advancing, and other variations. Later, James Hutton presented Theory of the Earth in 1785, and Sir Charles Lyell wrote Principles of Geology in 1830. Arguments soon arose over the question of whether geology happened in slow, methodical processes or in short, catastrophic bursts. Eventually these distinguished thinkers realized the answer was actually “both.”




  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 very old. Even though scientists have measured the earth at 4.54 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 we have the video. 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 Yellowstone 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 for Dryhead agate on 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.




  
[image: Rocky Mountain National Park, north-central Colorado PHOTO COURTESY OF BOB FANSHIER]



    Rocky Mountain National Park, north-central Colorado
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  Think in Series




  We don’t get many 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. Some may have more magnesium and some more iron. 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.




  In addition, rocks that start out as one thing can turn into several different rocks after billions of years. Consider the metamorphic progression below:




   [image: Increasing metamorphism Mudstone Shale Slate Phyllite Schist Gneiss]




 Each stage along the way represents a different setting for heat and pressure that altered the preexisting rock. The boundaries may even be fuzzy or under dispute. Memorizing the series isn’t the important thing—you just need to know it exists for right now.


 

Then there’s the series just for schist:




 [image: Increasing metamorphism Chlorite Biotite Garnet Staurolite Kyanite Sillimanite]




Again, there are specific temperatures and other conditions scientists measured in lab experiments. There are reaction series, ranges of sediment sizes, and other different ways to explain rocks, minerals, and earth processes.




  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.




  So the air might attack a fresh surface from the outside, while water flowing through cracks can alter the inside. Water is a great solvent—it tries to dissolve everything it meets. Then toss in the sandblasting effect of fierce winds carrying grit, plus roots breaking down cracks, spring floods, and extreme baking heat, and you can see that rocks at the surface will not last long. It can be hard to tell the difference between an old sandstone and a much younger basalt if they both weathered to the same rusty brown.




  The Rocky Mountain States




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




 

	Colorado




 	Wyoming




 	Idaho




 	Montana







  Each of these states offers unique collecting opportunities, and there is a rockhounding title in the FalconGuide series for each one. Use this book as a companion title to help identify what you find in the field or help you plan your next trip.
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  Artist’s Point, Yellowstone National Park (No collecting!)




  The topographic provinces for this region are easy enough to learn. The Rockies are the backbone of North America and stretch roughly north–south to dominate these four states. They contain ancient rocks dating to the Precambrian era and also host numerous granite batholiths. There are remnants of great inland seas to the east and west, with vast plains of sedimentary rocks, and signs of dramatic volcanic activity to the west, stretching across Idaho to the great Yellowstone caldera.




  With dramatic mountains, enticing old mining camps, forbidding deserts, ancient rocks, and recent volcanism, there is a lot of geology to enjoy.




  About This Guide




 This guide was organized with beginners in mind. The most common rocks start first, with a table to help you narrow down what you’re looking for, and pictures if you are still baffled. The thinking here was that if you don’t know the name, organizing the contents alphabetically won’t help much.




  Because the Rocky Mountain states are rich in fossils, many quite valuable or scientifically interesting, there is a section for various fossils. When possible, you’ll find information about fee-dig operations for certain specimens.




  For the minerals, there are sections for common minerals and metals. The common minerals form most of our rocks and are rarely important to miners. The minerals in the metals section are generally valuable, come from mining districts, and are usually either attractive or economically interesting. Most of the highly scientific jargon and measurements stayed out; the information you need, like streak, hardness, and color, stayed in.




  Finally, there are gemstones. These are the most valuable or highly sought rocks and minerals from the Rockies. You can try to get them on your own, using one of the FalconGuides books as a companion to this title, or you can haunt the shows and shops and online retailers. What you collect, and the order you collect in, is up to you.




  
Hardness





 A lot of the time, especially when you’re starting out, 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 daunting vocabulary.




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




  

    

      	

        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


      

    


  






  
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. Walking out is no fun.




  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 some of the trash you may encounter when searching road cuts. Bring a shovel and use it. Bury toilet paper.




  Additional Reference Materials




 This book can help you with about 99 percent of the geology you’ll see in the field, because most of the visible rocks at the surface of the earth are common sedimentary rocks. 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 glossy, fits in a big pocket, and it probably takes a beating in the field. I 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 is community editable. It has some GPS coordinates and can always use more.




  The USGS operates the Mineral Resources Data System (MRDS) at http://tin.er.usgs.gov/mrds with excellent information on professional papers and publications related to mining districts, fossil locales, and more. It has interactive maps and plenty of data. The US Geological Survey map site at geocommunicator.gov has topo maps for the United States.




  I highly recommend the Gator Girl website at gatorgirlrocks.com; there are resources there for every level of rockhound. Another excellent online resource is Wikipedia, which has entries for many rocks and minerals. I also strongly recommend Andrew Alden’s page at www.geology.about.com for a variety of general geologic information, including maps. Also, geology.com is a good site to skim around for info.




  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. 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.




  



  Land Use




 Some of the most lasting collectibles from the Rocky Mountain states come home via a camera rather than a rock bag. The vistas you’ll encounter in national parks are normally composed of common rocks in dramatic formations, and they are worth every penny you spend to get in. However, it is important to understand the public land policies specific to national parks:




 

	No collecting of any kind is allowed. No pebbles as souvenirs, no yard rocks, no samples




 	No camping except in designated areas




 	No hiking except on official trails, sometimes requiring proper paperwork, such as backcountry permits




 	No driving except on designated roads







  Public lands are held in trust for all citizens to enjoy. The US Forest Service and the Bureau of Land Management are the primary land stewards in the Rocky Mountain states, while other agencies such as state, county, and wildlife agencies also control minor lands. Obey their rules and enjoy the scenery! For more information about the National Park Service, check their website at www.nps.gov.




  




  State Designations




 It helps to know what fossils, rocks, minerals, and gems are recognized as “official” for a state. Some regions have recognized more material, but here’s a list so far for the Rocky Mountain states:




  

    

      	

        State


      



      	

        Fossil


      



      	

        Rock


      



      	

        Mineral


      



      	

        Gemstone


      

    




    

      	

        Colorado


      



      	

        Stegosaurus


      



      	

        Yule marble


      



      	

        Rhodochrosite


      



      	

        Aquamarine


      

    




    

      	

        Wyoming


      



      	

        Knightia fish


      



      	

      



      	

      



      	

        Nephrite jade


      

    




    

      	

        Idaho


      



      	

        Hagerman horse


      



      	

      



      	

      



      	

        Star garnet


      

    




    

      	

        Montana


      



      	

        Duck-billed dinosaur


      



      	

      



      	

      



      	

        Sapphire and agate


      

    


  






  Celebrating the Wonders




 The National Park System protects some of the most celebrated geological treasures in the Rocky Mountain States. The following venues belong on anyone’s to-do list while traveling in that region:




  Yellowstone National Park (Idaho, Montana, and Wyoming)




 The most dangerous active caldera in North America shows geothermal forces at work.




  Fossil Butte National Monument (Wyoming)




 Eocene-age fossil fish and insects, with fee-dig opportunities on nearby private land.




  Devil’s Tower National Monument (Wyoming)




 The first monument in the National Park System, designated in 1906. Columnar jointing on a massive scale.




  Glacier National Park (Montana)




 Stunning vistas of the northern Rockies.




  Colorado National Monument (Colorado)




 Sandstones, schists, and gneiss from the Colorado Plateau.




  Great Sand Dunes National Park and Preserve (Colorado)




 Stunning, 700-foot sand dunes are the tallest in North America.




  Dinosaur National Monument (Utah and Colorado)




 Dinosaur bone quarry hosts an impressive wall of bones in situ.




  Florissant Fossil Beds National Monument (Colorado)




  Awesome displays, and fee-dig opportunities for fossil insects.




  Rocky Mountain National Park (Colorado)




 Mountain terrain from the heart of the Rockies.




  Hagerman Fossil Beds National Monument (Idaho)




 Fossil mammals galore, including the famed Hagerman horse.




  Craters of the Moon National Monument (Idaho)




 Lava flows, cinders, vents, bombs, and more—an igneous petrologist’s dream world.
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