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PREFACE





  I remember my first trip to canyon country. I had driven over from Colorado with a group of friends to go backpacking. We arrived in the Needles district of Canyonlands National Park at about 11 p.m., pulled off the road, set up camp, and went to sleep. The next morning I awoke to the most astounding sight I had ever seen. The sun, which had just crept over the La Sal Mountains, lit the rocks so intensely it looked like the light was coming from within the rocks. Like many people who visit canyon country, I was immediately addicted to this region.




  Two years later I moved to Moab to work for a small educational nonprofit organization, Canyonlands Field Institute (CFI). My original plan was to stay for 3 months. I left 9 years later.




  I initially viewed the landscape with a geologist’s eyes. I concentrated on the rocks and learned about the waxing and waning of deserts and seas that once covered this area. The plants and animals of canyon country often suffer such a fate, for this place is truly a geologist’s paradise. Over time though, my focus began to change and I started to see the smaller parts of the landscape. Canyon country contains a diverse and fascinating range of flora and fauna.




  I was fortunate in working at CFI for several reasons. I got to spend most of my time out in the field attending educational workshops. The passion of the instructors opened up the natural world to me. I began to see the interactions between the plants, animals, and geology and discovered that I could not look at this landscape without wanting to know more about these relationships.




  I was also fortunate in working with some wonderful people at CFI. Their deep love for this landscape was a model for me. They encouraged and supported me in my efforts to learn more about the natural world.
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INTRODUCTION





  A Naturalist’s Guide to Canyon Country is a comprehensive guide to the geology, shrubs, trees, flowers, mammals, birds, fish, reptiles, amphibians, insects, and arachnids of the northern Colorado Plateau. It covers an elevation range roughly between 4,000 and 7,500 feet and is a handy guide to the plants and animals that you might typically encounter while exploring this region.




  Over the last two decades, the Colorado Plateau has experienced an unprecedented boom in visitation. Some claim the landscape is literally being loved to death. While this viewpoint may be extreme, human impacts on fragile desert ecosystems are becoming more commonplace. In this land of little rain, plant and animal communities do not quickly return to full health after they have been trampled, developed, or overused.




  One of my main goals in writing A Naturalist’s Guide to Canyon Country is to educate you about the desert’s fragility. This guide will also give you the keys to identifying the region’s plants and animals, and it describes the interrelationships between plants, animals, and their physical environments. As John Muir wrote: “When we try to pick out anything by itself, we find it hitched to everything else in the Universe.”




  A Naturalist’s Guide to Canyon Country focuses on understanding the natural history of the Colorado Plateau, a physiographic province that totals roughly 130,000 square miles with the densest concentration of national park units in the lower 48 states. Although the plateau covers a vast area, it is unified by both geology and ecology, thus making one single field guide applicable to the region.
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GEOLOGY





  The simplicity of its structure, the thoroughness of its drainage, which rarely permits detritus to accumulate in its valleys, its barrenness, and the wonderful natural sections exposed in its cañons, conspire to render it indeed “the paradise of the geologist.” There he can trace the slow lithological mutations of strata continuously visible for hundreds of miles; can examine, in visible contact, the strata of nearly the entire geological series, and detect every nonconformity, however slight, and can study the simpler initiatory phases of an embryo mountain system.




  —Grove Karl Gilbert, Report upon 
Geographical and Geological
Explorations and Surveys West of
the One Hundred Meridian, 1875




  Understanding the geology of canyon country requires understanding one of the basics of science: What goes up must come back down. Geology fundamentally involves a battle between uplift and erosion, making us cognizant of the power of gravity. Geologic evidence shows that the Colorado Plateau was last at sea level more than 65 million years ago. Since then it has been uplifted at least 6,500 feet, but erosion is now the dominant force, with several thousand feet of rock removed in the last 30 million years. The stunning layers of exposed canyon country rock records this slow battle of gravity.




  Visible changes between rock units (a contact zone) indicate that a change in depositional environment has occurred. Canyon country’s geology displays numerous contact zones, which reveal that sea levels rose and fell, how winds deposited sands, and where rivers ran.




  Learning the names and descriptions of most of the rock layers in this region is not difficult. At most locations only about five or six different layers are visible. The key is recognition of the dominant layers: Wingate Sandstone, Navajo Sandstone, and Entrada Sandstone. Although it is often hard to distinguish these large, cliff-forming layers from each other, if one recognizes the distinctive layers above and below each dominant layer, the problem of identification becomes easier to solve. The following chronological descriptions, and the stratigraphic column on pages 4-5, will help you understand and identify different layers.




  The information below addresses rocks found around Moab, Utah. I felt that focusing on one area would create a clearer picture of how a landscape forms. Many of the rocks around Moab occur across the geographic area covered by this book. More important, the broad outline of this story with its deserts, seas, and tidal flats, and the corresponding uplift, weathering, and erosion is quite similar to the story that could be told about any area covered by this book.




  Precambrian Era (4.6 Billion Years Ago [Bya]–541 Million Years Ago [Mya])




  Precambrian rocks are exposed in only a few places in canyon country. The closest areas to Moab to find these black, metamorphosed rocks are in Westwater and Ruby Canyons on the Colorado River, the first just west, and the second just east of the Utah-Colorado border. These hard gneisses (banded rocks) and schists (foliated rocks) hardened during deep burial by heat and pressure between






   

  Close-up




  The Enigma of the Colorado Plateau




  The red rocks record a great enigma: What caused the Colorado Plateau not only to rise but also to remain internally undeformed, especially compared to the adjacent Rocky Mountain and Basin and Range provinces? The unusual topography prompted Clarence Dutton in 1885 to write in his Mount Taylor and the Zuñi Plateau of “many short abrupt ranges, or ridges, looking upon the map like an army of caterpillars crawling northward. At length, about 150 miles north of the Mexican boundary, this army divides into two columns, one marching northwest, the other north-northeast.... This split in the main chain of cordilleras, forming the Basin range on the west and the Rockies on the east, leaves between them the vast area of the Plateau country.”




  In attempting to understand the region, geologists initially proposed that a river meandered across the region, and as uplift proceeded, the river cut down into the rocks to form the canyons. In other words, the uplift is younger than the river.




  More recently, geologists recognize the Colorado Plateau as “a place where the cutting is younger than the uplift,” says Joel Pederson of Utah State University. Geologic studies in the past decade or so show that the uplift began around 65 million years ago during what is known as the Laramide Orogeny. During this period, a tongue of one of the earth’s plates extended at a shallow angle from the west under the region to about what is now Colorado. Not only did the tongue, known as the Farallon Plate, help buoy up the plateau, but it also led to the greater uplift of the Rocky Mountains. Over time, as the Farallon changed position, it allowed for hot molten rock to ooze into the area under the plateau and drive an additional rise, dated around 30 million years ago.




  Further uplift in the plateau also came from what is known as isostatic rebound. Most often associated with the melting of glaciers, isostatic rebound involves a rise in the land due to the removal of a heavy mass that pushed down upon the land. With the weight gone, the land bounces back, or rebounds upward. On the Colorado Plateau, the erosion of 6,000 to 9,000 feet of sediments led to about 3,000 feet of uplift. Finally, canyon cutting began around 6 million years ago.




  This description provides one alternative to explain the rise of the Colorado Plateau. Although other geologists disagree, they do agree that the anomalous uplift will require further study to ferret out the full story.







  1.8 and 1.4 billion years ago. They were originally deposited as sediments on the newly forming North American continent. In some places, they melted beneath the surface and formed granitic rocks after they cooled. Precambrian rocks can also be found in the San Juan Mountains, on the Uncompahgre Plateau of Colorado, and in the bottom of Grand Canyon National Park.




  Cambrian through Mississippian Period (541–323 Mya)




  No rocks from these time periods exist at the surface in the Moab area. From subsurface cores and exposures in nearby national parks, however, geologists know that Utah was located near the equator, that an ocean lay to the west, and, as in modern equatorial regions, warm waters supported numerous marine organisms. Rocks from the Grand Canyon record the deposition of shallow marine and continental deposits, reflecting fluctuating sea levels. Oil drilling has revealed Cambrian, Devonian, and Mississippian rocks beneath both Canyonlands and Arches National Parks. Rocks from the Ordovician and Silurian periods are not present in this area. They may have been deposited during these two periods but later eroded.




  Pennsylvanian Period (323–299 Mya)




  The Utah region, with an ocean on its western border, still sat near the equator, but a dramatic change occurred when a large mountain chain, known as the Uncompahgre Uplift, began rising in eastern Utah and western Colorado. The Uncompahgre formed one arm of a series of mountain ranges known as the Ancestral Rockies and reached elevations that rivaled the modern-day Rockies. As the mountains pushed higher, the Paradox Basin, a northwest-southeast trending trough, formed and allowed water to flow into the area. The interplay between the erosion of the Uncompahgre Uplift and deposition in the Paradox Basin dominated the geologic picture for the next 100 million years.




  The basin deepened along earthquake faults on an intermittent basis. When the faults deepened, water flowed into the basin, forming a restricted sea protected by a sandbar or reef. In the hot equatorial environment, when the faults were quiet, water began to evaporate and minerals settled to the bottom of the basin. Carbonates (limestone and dolomite) sank to the bottom first, followed by gypsum, and eventually by rock salt (halite [NaCl] and sylvite [KCl]). With fault reactivation, the reef or sandbar lowered and fresh water rushed into the basin, initiating the process again. In the Paradox Basin, at least twenty-nine cycles occurred, leaving an estimated 5,000 to 6,000 feet of salt, with some individual beds as thick as 700 feet. The salt of the Paradox Formation, as it is now called, will become one of the principal players in the geologic story of canyon country.




  The salts of the Paradox Formation are not exposed at the surface. Groundwater dissolves them and carries them away down to the deep water table that currently prevails in the area. However, a cap rock composed of the less soluble residue of the Paradox is exposed along the margin of Moab Valley, in the middle of Salt Valley in Arches National Park, and in several other places around Moab. Salt reaches to within about 500 feet of the surface beneath the cap rock.




  The Pennsylvanian Period ended as a better connection opened between the ocean and the inland basin. Sea level continued to fluctuate, and the unrestricted sea deposited the fossiliferous limestones, marine sandstones, and siltstones of the Honaker Trail Formation. Fossils in this unit include crinoids, brachiopods, corals, and bryozoans.




  The sands and silts came from the eroding Uncompahgre: the first example of the battle between uplift and erosion. The limestones precipitated from the seawater. The best exposures of the 1,000-foot-thick Honaker Trail Formation occur at Goosenecks




  


[image: image]










  of the San Juan State Park and in Cataract Canyon in Canyonlands National Park. The grayish unit consists of interbedded sandstone, siltstone, and limestone ledges and slopes. It also outcrops along US 191, near the Arches National Park visitor center.




  As sediments from the mountains piled atop the Paradox Formation, an unusual geologic event started to occur—the underlying salt began to move and deform. Salt has two extraordinary properties: Under pressure it flows like wet putty, and because it is usually less dense than the surrounding material, it tends to rise upward, creating domes and ridges. Continued movement of the linear faults weakened the overlying rocks. In the Moab area, salt moved away from the mountains into these weaker zones. The linear belts of thickened salt are called diapirs. Salt movement continued for the next 100 million years and played a central role in the creation of the landscape we see today.




  Permian Period (299–252 Mya)




  The combination of fluctuating sea levels and the Uncompahgre’s shedding of sediments toward a sea that advanced and retreated from the west produced the region’s most confusing and most distinctive rock unit, the Cutler Group. All this activity created many environments and consequently many interbedded rock units, which exhibit great variation in color, thickness, and grain size on both a horizontal and vertical scale.
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  Cross-bedding




  Eroding mountains created a reddish feldspar-rich sediment, which streams deposited as a dark reddish-brown rock unit, known as the Undivided Cutler or Cutler Undifferentiated. These deposits form a giant wedge, thickest (up to 10,000 feet) near the mountains, and thinning (about 1,200 feet) toward the south and west. Continued movement of the underlying Paradox further altered the thickness of the Cutler. Deposition continued throughout the Permian period, and the present-day sediments form the Fisher Towers, 23 miles up the Colorado River from Moab, and the lower cliffs on the western side of US 191 starting about 1.5 miles north of the turnoff to Arches National Park.




  Southwest of Moab, the Cutler picture becomes confusing. Shallow waters from a sea to the west pushed into the area, producing a series of red-brown, shaly mudstones and fine-grained sandstones known as the Halgaito Shale. This unit has its best exposures near Mexican Hat, Utah.




  After a drop in sea level, winds from the northwest began pushing sands into canyon country. These winds deposited a white to pale reddish-brown cross-bedded unit, the Cedar Mesa Sandstone. Changing wind directions can create a complex set of beds as sand dunes move over one another, migrating across a landscape. The Cedar Mesa forms the canyons of the Maze District of Canyonlands National Park and the Cedar Mesa region of San Juan County.




  As the Cedar Mesa sands moved toward the Cutler sands, a great “push-of-war” of sedimentation occurred. First, the Cedar Mesa advanced toward the mountains, depositing great beds of white sand. Then, with changing environmental conditions, the Cutler moved back west, depositing beds of red sand. After a few hundred thousand or million years, the Cedar Mesa would push back, starting the process over again with each layer varying in thickness. This battle produced the spectacular red and white banding of the Needles District of Canyonlands National Park.




  Eventually the supply of white sediments tapered off, but red sediments from the Uncompahgre Uplift continued to reach the canyon country. These sediments settled in an environment dominated by tidal flats, floodplains, and streams. As tides and streams moved these fine-grained muds and silts, they left behind numerous layers of varying thickness of the purplish red Organ Rock Shale, a unit equivalent to the Grand Canyon’s Hermit Shale.




  The final Permian rock unit is the White Rim Sandstone. Coastal winds on the eastern margin of a sea deposited this cross-bedded unit. The marine equivalent of this unit to the west is the Kaibab Formation. The White Rim Sandstone, as its name suggests, forms a prominent white bench in the Island in the Sky District of Canyonlands National Park. This unit is thickest to the northwest and, except for a small exposure in Castle Valley (10 miles northeast of Moab), gradually thins eastward and terminates at the Colorado River. An extended episode of hyperaridity that produced wind-sculpted ridges brought this period to an end. Geologists estimate that at least 20 million years of time passed before deposition of the overlying Moenkopi Formation began.




  The interrelationship between the Organ Rock Shale and the overlying White Rim Sandstone provides an excellent example of the canyon-forming process. Erosion of the softer Organ Rock from underneath the White Rim forms alcoves. The alcoves eventually collapse, pushing the canyon farther back, and the process begins again. In some places, the White Rim Sandstone provides a protective cap rock for the shale, creating ephemeral mushroom-shaped towers. The process can be seen in the Monument Basin area below White Rim Road in Canyonlands National Park.




  Triassic Period (252–201 Mya)




  Northward movement of the North American continent moved Utah into a climate that was generally warm with monsoons and intermittent seasonally dry periods. The deeper ocean still lay to the west. The Triassic ended as continental conditions returned and streams removed sediments and plant debris from the Ancestral Rockies.




  Tides from a sea that covered an area to the west and north spread sediments across an extensive mud flat, producing the Moenkopi Formation. The chocolate-brown siltstones and sandstones display the Moenkopi’s characteristic ripple marks, worm burrows, and mud cracks. In some places the Moenkopi still looks wet. The Moenkopi varies in thickness across the region, averaging between 300 and 500 feet thick. Paradox salt continued to move at this time, and, like the Cutler, Moenkopi sediments thin over salt diapirs and thicken between them. Good exposures exist along the Colorado River at Big Bend and in Professor Valley along SR 128. Moenkopi rocks occur across the entire southern part of the state.




  After another brief period of erosion, the highly varied Chinle Formation was deposited. During Chinle deposition, sufficient moisture fell to create streams, lakes, and marshes; at times flooding occurred, depositing silts, muds, and fine sands. Early in the Chinle’s depositional history, thick soils developed on these sediments; today they have a mottled appearance of purple, white, yellow, and brown. Root casts and worm burrows are common in the lower part of the formation. Later a steady stream of red-brown fine sand was deposited over the land, punctuated by layers of volcanic ash that blew in from volcanoes active to the west. Chinle rocks form the soft slopes beneath the massive cliffs of the Wingate Sandstone and occur as far south as Petrified Forest National Park in Arizona.




  New research in the Chinle has revealed many interesting fossils. The sediments that washed out of the Uncompahgre highlands contained vast amounts of wood. The most common plant fossils are conifers, ferns, and horsetails. Vertebrate fossils include reptiles and amphibians. One unusual trace fossil discovery may represent the burrow of a lungfish, an animal that possessed both lungs and gills.




  Like the units laid down previously, the Chinle was affected by the underlying salt, but this marks the end of the major salt movement. Salt movement would not play an important role in the area’s geology for another 100 to 150 million years.




  The uranium stampede to canyon country began when Charlie Steen discovered uranium in the lowest part of the Chinle, the Moss Back Member. Sometime after Chinle deposition, uranium-rich ground water, possibly leached from the volcanic ashes, started to move through the porous sands. As it percolated through the rock, the water encountered organic material and precipitated uranium minerals, especially uraninite, a dull black, dense material also known as pitchblende.




  Jurassic Period (201–145 Mya)




  During the Jurassic, the Uncompahgres were finally reduced to inconsequential hills. New mountains, which began rising in the west and south during the Triassic, started to contribute significant amounts of sediments. Continued northerly drift pushed the continent into drier and drier climatic zones. Windblown (eolian) sand dunes dominated the landscape for the next 40 million years, producing over 1,000 feet of vertical cliffs. A few short interludes of wetter climates periodically broke up this sea of sand.




  The Wingate Sandstone preserves the first of these eolian dunes. The light brown to reddish brown, 300-foot-thick unit forms the sheer cliffs that dominate skylines for hundreds of miles in this region. Although the Wingate appears to be a formidable unit, the layers above and below it, the Chinle and Kayenta, are responsible for its appearance. Similar to the Organ Rock Shale–White Rim Sandstone contact, the erosion of the softer underlying Chinle undercuts the harder Wingate above until it collapses. This is one of the more prominent and easily recognizable geologic contacts in the area and one you should learn to identify first. Surprisingly, the overlying Kayenta, which does not form prominent cliffs but is more resistant to erosion, protects the Wingate. Without the Kayenta the Wingate would not be so formidable.




  A short interlude of increased precipitation created the fluvial (stream) deposits of the Kayenta Formation. This light-colored hard, ledgy layer represents the final episode in the battle between uplift and erosion in the Uncompahgre Uplift. After this period, it would be more correct to compare the Uncompahgres to the Adirondacks than to the Rockies. The transition between the Kayenta and the Navajo, which is well exposed along Potash Road (SR 279), displays windblown, fluvial, and lake deposits.




  More arid conditions returned, producing wind-deposited sand dunes that stretched from the middle of Wyoming to northern Arizona and west to Nevada. Curiously, all of this sand started life in the Appalachian Mountains and was carried west by continent-crossing river systems. This great area of sand (possibly the largest ever) is known as the Navajo Sandstone in our area, the Nugget Sandstone to the northeast, and the Aztec Sandstone in Nevada. The whitish to pale reddish, cross-bedded Navajo erodes into rounded domes and knolls. The vertical cliffs reach heights of 2,000 feet in Zion National Park, but are only 400 to 500 feet high near Moab. Around Moab, the Navajo forms the ups and downs of the Slickrock Trail and the “Petrified Dunes” section of Arches National Park.




  Recent research on dating of deposition of the Navajo Sandstone has revealed the Navajo, Wingate, and Kayenta to be more complex than geologists initially thought. As one of the researchers, Judith Totman Parrish, told me: “While it is true that, at any given location, the Kayenta sits atop the Wingate (or Moenave, in the west) and under the Navajo, none of these formations was deposited all at once. The Kayenta is apparently younger in all directions from the Moab area. This is what makes our dates so interesting. In the Moab area, those dates basically either (1) push the Wingate and Kayenta into the Triassic, or (2) mean the Wingate and Kayenta (and the Navajo below our dated beds) were deposited very, very quickly.”
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  Oases in the Desert




  The standard picture of the desert preserved by the Navajo Sandstone is of a sand sea stretching from horizon to horizon, with few animals or plants existing anywhere. During the rainy season, however, streams flowing off nearby mountains traveled under the sand, percolated to the surface in low points of the dune field, and created small seasonal lakes. Additional lakes also formed during multi-decadal periods of heavier-than-normal precipitation, which led to a rise in groundwater and subsequent lake or pond development.




  Like oases in modern deserts, these Navajo paleo-oases drew in animals, creating a sanctuary of life. Tracks, fossils, and petrified wood, preserved in the rock, provide tantalizing evidence for a diverse array of life.




  Dinosaurs often visited these lakes. Tracks range in size from a few inches to a foot or more and include three- and four-toed, bipedal, and quadrapedal dinosaurs. On one well-preserved slab, numerous tracks crisscross, possibly representing over a dozen different animals. Insects also thrived in the oases and left behind tracks and burrows.




  The water provided an area for plants to grow, too. Non-flowering plants included algae and a precursor of Equisetum, our modern-day horsetail or scouring rush. Horsetails still grow in Utah, only the modern ones are much smaller; Jurassic-age Equisetum relatives were 20 feet tall. Some of the petrified wood found in these ancient watery refuges is several feet long and more than a foot in diameter.




  The paleo-oases are preserved in the rock record as 1- to 4-foot-thick lenses of either reddish or gray, fine-grained carbonate material. These limestone layers are always harder and sharper (some geologists call this material “tearpants-limestone”) than the surrounding tannish to reddish sandstone.







  In the middle of the Jurassic period, Utah remained at low elevations. A sea intermittently encroached into central Utah, connecting with the open ocean to the north. The climate was semiarid. Eastern Utah, including the present-day canyon country, lay east of the sea but was greatly influenced by its presence. Rising sea levels created tidal flats or a similar kind of coastal environment. A receding sea returned the area to desert or steppe conditions.




  All of these units were deposited either just offshore or just onshore of a broad seaway, which occupied much of the western United States. The units west of the Green River represent offshore environments, and the eastern units represent onshore environments. Thus, the Carmel Formation is a marine unit that includes the Dewey Bridge Member, deposited on a muddy flat. Coastal dunes formed the Entrada Sandstone and its eastern facies, the Slick Rock Member. As the sea moved back into the area, it produced the marine Curtis Formation, which includes the coastal dunes of its Moab Tongue Member. A marginal marine mud flat resulted in deposition of the Summerville.




  The Carmel outcrops in a protean suite of limestone, sandstone, gypsum, and siltstone. Dewey Bridge rocks are red-brown, muddy, and irregular with locally contorted beds. Both always occur above the cross-bedded Navajo. The western Entrada weathers into smooth cliffs or unusual shapes, characterized by the plethora of shapes, referred to as “hoodoos” or “goblins,” found at Goblin Valley State Park.




  Smooth cliffs dominate east of the Green River as the Slick Rock Member, most commonly in Arches National Park. The Curtis Formation consists of greenish yellow sandstone, overlain by thin, muddy, greenish to red sandstone. To the east the Moab Tongue Member looks like a thin equivalent of the Navajo. The Summerville Formation, a brown, thin-to medium-bedded sandstone, normally forms steep slopes.




  These rock layers are found mostly north of Canyonlands National Park, along an east-west line that terminates at the Colorado River. The best exposures of the Carmel, Curtis, and Summerville Formations occur in the vicinity of the San Rafael Swell. The majority of the larger arches in Arches National Park have formed at the contacts between the separate members of the Entrada. These units make up the San Rafael Group.




  The Tidwell Member of the Morrison Formation, a thin-bedded red sandstone and shale interspersed with gray limestone ledges, formed in quiet lakes on a broad floodplain. It contains abundant white chert (cryptocrystalline quartz, sometimes referred to as chalcedony, flint, or jasper) nodules and boulders. The Tidwell forms a distinct red ribbon on the white Moab Tongue, especially along the trail to Delicate Arch.




  Relative calm returned to the region in the late Jurassic as mountains in the west started to lose the erosion-uplift battle and streams began to carry away the sediments. The first unit deposited by these streams, the Salt Wash Member of the Morrison Formation, has produced many of the finest dinosaur fossils in the world. The best-known quarries are in Dinosaur National Monument and at the Cleveland-Lloyd Quarry, south of Price, Utah. Uranium and vanadium (a steel-hardening metal) are also found in the Salt Wash concentrated in fossilized plant debris. This is a light gray or grayish-yellow sandstone with intermittent beds of green, muddy siltstone.




  Continued erosion in the west resulted in the next layer in the area, the Brushy Basin Member of the Morrison Formation. Large sluggish rivers, like the modern Mississippi, flowed out of the highlands carrying fine silts and sands. In low-lying areas, the river periodically pushed out into a floodplain commonly inundated and covered by lakes. Volcanic ash, spewed from western volcanoes, fell into this landscape of lakes and large, slow-moving rivers. The varicolored slopes of the Brushy Basin are bright green where the ash fell into the lakes and maroon in areas where the ash fell on the floodplains. The green color comes from iron in the ash that altered in the oxygen-free environment at the bottom of the lake. The best bright green layers occur at the Delicate Arch trailhead in Arches National Park.




  Cretaceous Period (145–66 Mya)




  Sediments continued to wash off the western mountains, and North America was still progressing north during the beginning of the Cretaceous. Toward the end of this period a great seaway split North America in half. The waters stretched from Alaska to






   

  Close-up




  Rock Varnish




  Beautiful streaks of rock varnish often coat the vertical walls of rocks in canyon country. Also known as desert varnish, this micro-thin patina (up to about 200 micrometers, or about the width of two strands of hair) covers the surface of many rocks. Although clay makes up 70 percent of the varnish, the color is influenced by manganese and iron oxides. It varies in color from reddish brown (iron-rich) to black (manganese-rich).




  Two theories exist to explain how desert varnish is formed. Both propose that the constituent materials are derived from external sources, either windblown dust or rain with trace amounts of iron and manganese. The controversy arises in how the materials are cemented to the rock surface.




  In the first scenario rainwater mixes with the clays on the rock surface. Water combines with the iron and manganese to create oxides, which bond to the surface. It is a purely chemical reaction. The second scenario proposes that bacteria are necessary for the creation of varnish. As the bacteria begin to grow on the wet, nutrient-poor rocks, they concentrate the iron and manganese and cement the oxides to the surface. It is likely that the process is a combination of the two scenarios, depending upon the environmental factors at the surface of the rock.




  Throughout the study of desert varnish, people have tried to use it as a tool. If the varnish developed in a consistent and predictable manner, some proposed a correlation between thickness and age. Researchers discovered, however, that varnish accumulation depended upon climatic conditions. For example, layers with 5 to 15 percent manganese oxides formed during dry periods, and those with 25 to 45 percent developed during wet periods. Those layers in between the extremes formed during periods of transition from very wet to very dry.




  This information has allowed some work on comparing the microscopic layers of varnish. In essence, rock varnish layers could be used like tree rings, proxies for wetter and dryer periods. Researchers have established a chart, correlating specific layers with specific time periods, so that if one can match sequences of layers, one can obtain a date when the varnish formed. There is still some controversy with this method.
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  Perhaps more exciting is that rock varnish could be used to help understand life on other planets. If microbes are definitely involved in the formation of varnish, then any varnish found on Mars, for example, would imply that there was life on Mars. A planned space mission to Mars in 2020 is supposed to contain equipment that can detect rock varnish.





  Mexico with deposition of several thousand feet of fine-grained materials in the Moab area. Uplift of the Rocky Mountains brought this period to an end.




  The younger layers of this period are hard to distinguish from each other. They form low, inconspicuous ledges and slopes found mostly north of Arches National Park. Cedar Mountain Formation sandstones out-crop as brownish-gray ledges with lavender and light green mudstones both above and below. They are the product of streams washing off mountains. Some sediments also settled in shallow lakes. East of the Colorado River, geologists call the Cedar Mountain the Burro Canyon Formation, a unit with larger sediments, indicating a closer proximity to the mountain source.




    

  Close-up




  Upheaval at Upheaval Dome




  Upheaval Dome in the Island in the Sky district of Canyonlands National Park is one of the most enigmatic geological features in canyon country. From above, it looks like a bull’s-eye target, with concentric rings of colored rock. Up close, it is even more striking, with gray and red upturned and crenulated beds of shale and sandstone.




  Geologists have proposed three modes of origin for Upheaval Dome: cryptovolcanic, salt tectonics, or meteor impact. The cryptovolcanic theory developed soon after Upheaval Dome’s discovery on Christmas Day 1925. In this theory the dome resulted from the “sudden liberation of pent-up volcanic gases” associated with a shallow intrusion of molten rock. Later studies found no igneous material under Upheaval.




  The salt tectonics theory postulates that a massive subterranean blister of salt bowed up the surrounding sediments, most of which have eroded away in the 100 million years since the salt stopped rising. A recent variation on this theme proposes a column of salt pushing up into surrounding sediments and eventually piercing the surface, where it flowed like an ice glacier, and then eroded away.




  The meteor-impact theory states that a ⅓-mile-wide meteor crashed into the earth 60 million years ago. Subsequent erosion of a mile of sediment has revealed how the meteor pushed deep into ground and how the rock rebounded in reaction. This is why the rocks in Upheaval Dome point up, as if some force was pushing from below.




  Over the last decade, the meteor crater theory has gained more traction with geologists. Proponents have found geologic features that form only under the intense pressure of an extraterrestrial collision. They have also conducted seismic studies, which show that underground faults and folds plunge and bend in accordance with faults and folds found at other known meteor craters.




  Both sides admit that their theory does not explain all the features found at Upheaval Dome. Neither has been able to find the knockout blow that allows them to conclusively reject the opposing theory. For the foreseeable future, Upheaval Dome will remain one of North America’s most unusual geologic features.









  The Dakota Sandstone was the last layer deposited prior to inundation by the midcontinental seaway. Streams slowly crossing a broad coastal plain laid down the Dakota’s yellowish-gray sands. In some areas, marine water inundation created lagoons, beaches, and other shoreline features, resulting in gray marine shale and local coal beds. This unit makes up the final hard ledge below the soft Mancos slopes.




  The midcontinental sea produced several thousand feet of gray to yellowish-gray fine-grained sediments. The Mancos Shale harbors numerous marine fossils, including oysters, shark teeth, and ammonites. It forms the badlands topography along US 191, north of the Moab Airport. Water-absorbing clays within this rock wreak havoc with roads by cracking pavement and turning dirt roads into impassable gumbo.




  As the sea retreated, other sediments continued to be deposited. These rocks do exist, but they occur north of canyon country in the Book Cliffs and Uinta Basin. Perhaps they were deposited around Moab but later eroded away. Therefore, the Mancos Shale brought to an end the 260-million-year record of deposition in this region.




  Paleogene and Neogene Periods (66–2.58 Mya)




  Author note: Recently, those genial folks in charge of naming geologic time periods have eliminated the well-known Tertiary, replacing it with the Paleogene and Neogene. You will still encounter the term Tertiary in many scientific and nonscientific publications.




  Extensive lakes covered large areas of the Colorado Plateau during the Paleogene. One of the most prominent produced the sediments of the Claron Formation, which makes up the orangish red hoodoos of Bryce Canyon National Park. The lakes did not, however, extend into southeastern Utah. A major period of igneous activity initiated 35 million years ago started the mountain forming process. Uplift of the plateau began about 30 million years ago and was followed by rapid downcutting of the Colorado and Green Rivers.




  Three mountain ranges rise high above canyon country: the La Sals, Henrys, and Abajos. These mountains, referred to as laccoliths, formed when magma cooled within the earth. As this magma reached a zone of weakness on its upward thrust, it spread laterally between sedimentary layers and, its energy still not diminished, continued to push upward, forming mushroom-like structures. Over time, softer sediments eroded away, leaving behind rounded mountains, which glaciers eventually carved into jagged peaks. Magma emplacement occurred during the following times: La Sal Mountains, 28 to 25 mya; Abajo Mountains, 32 to 22 mya; and Henry Mountains, 31 to 23 mya.




  Throughout most of geologic history (up until about 65 mya), the Colorado Plateau was near sea level. About 30 million years ago, though, the region began a new period of uplift. Not until 24 million years or so later did a river began to carve and entrench its path, forming the deep canyons of today. As erosion proceeded deep enough, groundwater leaked into the thick salt diapirs and the salt started to move again.




  Quaternary Period (2.58 Mya to Present)




  The Colorado Plateau continued to rise. The Colorado River and its tributaries still continued to erode. Salt Valley and Moab Valley formed as water continued to percolate down into and dissolve the salt, facilitating the collapse of the overlying rocks. Other features associated with salt movement include the sandstone fins of Arches National Park and the needles of Canyonlands National Park. Geologists estimate that erosion has removed up to 10,000 feet of sediments in the past few million years.
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