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Talk Outline

• Where and what is the Colorado Plateau?
• What is Geology and Why do I care?
• Geology 101 – a quick introduction to geologic terms and concepts
• What is so special about the Colorado Plateau?
• A quick (and dirty! Ha!) geologic history of rocks of the Colorado 

Plateau.
• Special treat for you!
• Questions?
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? - or - Why does the geology of an area matter to western boaters?)



Where is the 
Colorado 
Plateau?

Colorado Plateau volcanism.jpg –
Wikimedia Commons
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The Colorado Plateau is a physiographic region of the south-western United States that takes its name from the Colorado River. 
The province covers an area of about 135,000 mi2 (350,000 km2), equivalent to the size of Norway, within western Colorado, north-western New Mexico, southern and eastern Utah, and northern Arizona. The Colorado Plateau, with elevations ranging from about 2,500 to 12,600ft, is made up of largely flat-lying sedimentary rocks that are offset vertically by faults and folds. The rocks are exceptionally well exposed thanks to an arid climate and deep down-cutting by – first and foremost – the Colorado River itself, but also by its many tributaries. Characterized by deeply etched plateaus and tablelands that lie at an elevation above 5,000 feet, this diverse land is punctuated by volcanic peaks and igneous-cored mountains that rise as high as 14,000 feet above sea level. 
Mapmakers draw the boundaries of the Colorado Plateau on the south at the Mogollon Rim, on the west along major faults on the Basin and Range province, and to the east at the western edge of the Rocky Mountains of Colorado. The northern limits of the province are drawn east of the Wasatch Mountains and south of the Uinta Mountains. (https://www.peaksplateausandcanyons.org/colorado-plateau/)


Colorado Plateau Province,[1] is a physiographic and desert region of the Intermontane Plateaus, roughly centered on the Four Corners region of the southwestern United States. This province covers an area of 336,700 km2 (130,000 mi2) within western Colorado, northwestern New Mexico, southern and eastern Utah, northern Arizona, and a tiny fraction in the extreme southeast of Nevada. About 90% of the area is drained by the Colorado River and its main tributaries: the Green, San Juan, and Little Colorado. Most of the remainder of the plateau is drained by the Rio Grande and its tributaries.[2][3]:395 
The Colorado Plateau is largely made up of high desert, with scattered areas of forests. In the southwest corner of the Colorado Plateau lies the Grand Canyon of the Colorado River. Much of the Plateau's landscape is related, in both appearance and geologic history, to the Grand Canyon. The nickname "Red Rock Country" suggests the brightly colored rock left bare to the view by dryness and erosion. Domes, hoodoos, fins, reefs, river narrows, natural bridges, and slot canyons are only some of the additional features typical of the Plateau. 
The Colorado Plateau has the greatest concentration of U.S. National Park Service (NPS) units in the country outside the Washington, DC metropolitan area. Among its nine National Parks are Grand Canyon, Zion, Bryce Canyon, Capitol Reef, Canyonlands, Arches, Mesa Verde, and Petrified Forest. Among its 18 National Monuments are Bears Ears, Rainbow Bridge, Dinosaur, Hovenweep, Wupatki, Sunset Crater Volcano, Grand Staircase-Escalante, Natural Bridges, Canyons of the Ancients, Chaco Culture National Historical Park and the Colorado National Monument. 
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The Colorado Plateau is a physiographic region of the south-western United States that takes its name from the Colorado River. 
The province covers an area of about 135,000 mi2 (350,000 km2), equivalent to the size of Norway, within western Colorado, north-western New Mexico, southern and eastern Utah, and northern Arizona. The Colorado Plateau, with elevations ranging from about 2,500 to 12,600ft, is made up of largely flat-lying sedimentary rocks that are offset vertically by faults and folds. The rocks are exceptionally well exposed thanks to an arid climate and deep down-cutting by – first and foremost – the Colorado River itself, but also by its many tributaries. Characterized by deeply etched plateaus and tablelands that lie at an elevation above 5,000 feet, this diverse land is punctuated by volcanic peaks and igneous-cored mountains that rise as high as 14,000 feet above sea level. 
Mapmakers draw the boundaries of the Colorado Plateau on the south at the Mogollon Rim, on the west along major faults on the Basin and Range province, and to the east at the western edge of the Rocky Mountains of Colorado. The northern limits of the province are drawn east of the Wasatch Mountains and south of the Uinta Mountains. (https://www.peaksplateausandcanyons.org/colorado-plateau/)


Colorado Plateau Province,[1] is a physiographic and desert region of the Intermontane Plateaus, roughly centered on the Four Corners region of the southwestern United States. This province covers an area of 336,700 km2 (130,000 mi2) within western Colorado, northwestern New Mexico, southern and eastern Utah, northern Arizona, and a tiny fraction in the extreme southeast of Nevada. About 90% of the area is drained by the Colorado River and its main tributaries: the Green, San Juan, and Little Colorado. Most of the remainder of the plateau is drained by the Rio Grande and its tributaries.[2][3]:395 
The Colorado Plateau is largely made up of high desert, with scattered areas of forests. In the southwest corner of the Colorado Plateau lies the Grand Canyon of the Colorado River. Much of the Plateau's landscape is related, in both appearance and geologic history, to the Grand Canyon. The nickname "Red Rock Country" suggests the brightly colored rock left bare to the view by dryness and erosion. Domes, hoodoos, fins, reefs, river narrows, natural bridges, and slot canyons are only some of the additional features typical of the Plateau. 
The Colorado Plateau has the greatest concentration of U.S. National Park Service (NPS) units in the country outside the Washington, DC metropolitan area. Among its nine National Parks are Grand Canyon, Zion, Bryce Canyon, Capitol Reef, Canyonlands, Arches, Mesa Verde, and Petrified Forest. Among its 18 National Monuments are Bears Ears, Rainbow Bridge, Dinosaur, Hovenweep, Wupatki, Sunset Crater Volcano, Grand Staircase-Escalante, Natural Bridges, Canyons of the Ancients, Chaco Culture National Historical Park and the Colorado National Monument. 




What is the study of Geology

Image from Engineering Geology slideshare.net
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Geology is the science that deals with the history of the earth and its life, especially as recorded in rocks.

What does that matter to boaters in the west?  Many of the rivers that we love to boat - the Yampa, the Colorado (Ruby Horsethief, Westwater, Cataract, Grand Canyon), the Green (Gates of Lodore, Desolation and Gray Canyons, Labyrinth Canyon), Escalante River, Muddy Creek, Dirty Devil, the San Juan, and others - have very similar character and terrain. Why is that?
�

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.slideshare.net%2FRounakKapoor1%2Fengineering-geology-58192837&psig=AOvVaw1-OQ4dIress51LQmAbR_cH&ust=1644593828786000&source=images&cd=vfe&ved=2ahUKEwjLnf7Iu_X1AhWyqHIEHZX8C_4Qr4kDegQIARAj


Geology 101

Structural Geology

Paleontology

Plate Tectonics

Geomorphology

HydrologyEconomic Geology

Spaceengine.org
earthsurface.readthedocs.io

focusongeography.orgbigriveralaska.com

ring-team.org

npr.org
quora.com
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Geology specialties…
Plate tectonics
Stratigraphy
Structural Geology
Hydrology
Geomorphology
Mineralogy
Paleontology, 
Etc.
�Plate tectonic gif: https://forum.spaceengine.org/viewtopic.php?t=155
Structural geology gif: https://www.ring-team.org/19-news/about-research/138-benjamin-chauvin-s-ph-d-defense
Stratigraphy: https://www.quora.com/Why-is-stratigraphy-so-important
Paleontology: https://www.npr.org/2015/07/08/421137040/scientists-discover-one-of-the-oldest-horned-dinosaurs?utm_medium=RSS&utm_campaign=science
Geomorphology: https://earthsurface.readthedocs.io/en/latest/glacial.html
Hydrology: http://www.focusongeography.org/publications/articles/majuli_2/index.html
Gold: http://bigriveralaska.com/source/Gold.html




What is a rock?

What is a 
mineral?

Image by San Miguel Sheriff's Office

Image by Rob Lavinsky, iRocks.com

Nope!  Not a rock!

Tom Newman
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An aggregate of different minerals that are physically or chemically cemented together

Mineral: a naturally occurring, inorganic, crystalline solid
�



Types of rocks

• Sedimentary,
• Igneous,
• Metamorphic

It takes hard work and study 
to become a professional 
geologist…

From: geoexpro.com/articles/2017/03/ 
what-is-geology

From: quizizz.com/admin/quiz/607e2d8e1e266e001fe4d76b/rocks-
and-minerals-review

From: quizizz.com/admin/quiz/6156f25e9b37e0001d506e23/rocks-and-rock-cycle

https://quizizz.com/admin/quiz/6156f25e9b37e0001d506e23/rocks-and-rock-cycle


Types of rocks

Sedimentary
Blacktail Canyon, Grand Canyon (personal photo)

Matkatamiba Canyon, Grand Canyon
Personal photo
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Types of rocks
Sedimentary rock: rocks composed of fragments of pre-existing rock, deceased organisms (fossils), and/or chemical precipitates.
Types of sedimentary rocks
Sandstone
Siltstone
Shale
Conglomerate
Breccia
Limestone / dolomite
Sedimentary rocks tell us about their environment of deposition. Examples:
Sand dunes become sandstone with distinctive layering.
Shallow marine seas with reefs can become limestone with numerous fossils.
�



Types of Rocks
Igneous Rocks

Intrusive

Extrusive
http://www.quickmeme.com/meme/3ohoue

National Park Service Photo, Tina Kuhn 
https://www.nps.gov/subjects/geology/igneous.htm

nypost.com/2020/08/01/sharkcano-documentary-sheds-light-on-
sharks-that-live-in-volcanoes/
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Igneous Rocks form from melted rock material that has cooled and hardened.
Intrusive igneous rock - cools before it gets to the surface
Gabbro, diorite, granite (dark to light, least evolved to most evolved, low silica content to high silica content)
Extrusive - cools on the surface - “lava” rock
Basalt - andesite - rhyolite (dark to light, least evolved to most evolved, low silica content to high silica content)
�Image: Basic types of intrusions: 1. Laccolith 2. Small dike 3. Batholith 4. Dike 5. Sill 6. Volcanic neck, pipe 7. Lopolith Note: As a general rule, in contrast to the smoldering volcanic vent in the figure, these names refer to the fully cooled and usually millions-of-years-old rock formations, which are the result of the underground magmatic activity show



Types of rocks
Metamorphic

Schist with garnets

Phyllite

Lynne Carpenter

Lynne Carpenter

Lynne Carpenter
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Metamorphic rocks form from pre-existing rocks (sedimentary, igneous, or other metamorphic rocks) that have been changed by heat and/or pressure.
Think of it like baking a cake - the batter is chemically converted into different.
The minerals that are formed depend on the temperature and pressure
�



GeoSociety.org

Geological 
Society of 
America
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Geologic Time
We can tell that some rocks are younger, relatively speaking, than other rocks. For example, rocks at the bottom of a stratigraphic stack of rocks are older than rocks at the tops. Similarly, if an igneous rock cross-cuts a sedimentary rock, then the igneous rock is younger, since the sedimentary rock had to be there for the igneous rock to cut across it.
Geologists have broken up the age of the earth into discreet times, and given those times names (such as “Jurassic” or “Permian”).
Generally speaking, these times have been established by fossils. The absolute age-dating came later.


https://www.google.com/search?q=geologic+time+scale&tbm=isch&ved=2ahUKEwjP9_XGxNX1AhWnJ1kFHXaECvwQ2-cCegQIABAA&oq=geologic+time+scale&gs_lcp=CgNpbWcQAzIICAAQgAQQsQMyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQ6BwgjEO8DECc6CwgAEIAEELEDEIMBOggIABCxAxCDAToECAAQQ1C1CFjFG2DwHGgAcAB4AIABqQGIAbwYkgEEMC4yMJgBAKABAaoBC2d3cy13aXotaW1nwAEB&sclient=img&ei=mHP0Yc_LLafP5NoP9oiq4A8&bih=880&biw=1903&hl=en#imgrc=NeXzIyT3n2t8WM


Geologic Time Scale

Note that the three million 
year long Quaternary period, 
the time of recognizable 
humans, is too small to be 
visible at this scale.

1,750 my: Vishnu, Brahma, and Rama 
Schists, GC

650 my – 1,250 my: Grand Canyon 
Supergroup, GC

1,700 my: Zoroaster Granite, GC

1,700 my: Black Rocks Metamorphic 
Rocks, Westwater Cyn

All other rocks on the Colorado Plateau

Graphic from: Wikipedia.org.
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Presentation Notes
This clock representation shows some of the major units of geological time and definitive events of Earth history. The Hadean eon represents the time before fossil record of life on Earth; its upper boundary is now regarded as 4.0 Ga (billion years ago).[1] Other subdivisions reflect the evolution of life; the Archean and Proterozoic are both eons, the Palaeozoic, Mesozoic and Cenozoic are eras of the Phanerozoic eon. The three million year Quaternary period, the time of recognizable humans, is too small to be visible at this scale.

https://en.wikipedia.org/wiki/Geologic_time_scale#/media/File:Geologic_Clock_with_events_and_periods.svg


Stratigraphy

Stratigraphy - the description and classification of 
sedimentary rocks. The information is used to develop 
hypotheses of environments of deposition and how those 
environments change over time.

Image from Belknap guides Westwater Press

Photograph taken by Paul Harrison 
(Reading, UK) 
https://commons.wikimedia.org/w/index
.php?curid=714512

Stromatolites

“The Present is the Key to the Past”

Presenter
Presentation Notes
Stratigraphy - the description and classification of sedimentary rocks. The information is used to develop hypotheses of environments of deposition and how those environments change over time.

Sedimentary rocks are “laid down” over time.  Think of a pile of newspapers - if you put your newspaper down on the table every day, after a month, you’d have 30 newspapers. The oldest would be at the bottom; the youngest on the bottom.  Maybe every Sunday the newspaper is 3x thicker - that is analogous to the environment of deposition changing. You can look at the stack of newspapers and pick out the Sunday ones, since they are thicker. Maybe the newspapers are thicker nearer Christmas, then thinner in January.  If you had years of newspapers, with close observation you’d be able to pick out the Christmas layers, as well as the Sunday newspapers.�
The character of sedimentary rocks (and, by analogy, their depositional environment) change vertically - aka over time. Just like the newspapers.

Sedimentary rocks are grouped together for ease of discussion. These groupings are called “Formations.” Subunits are called “Members.” Groupings of Formations are called “Groups.”

“Stratigraphic columns” depict groups, formations, and sometimes members in a graphical representation. The graphic shows the thickness, name, age, and shows the general profile of the column of rock. They show unconformities with wavy lines.
�
�
��



Unconformities

Unconformities 
are often 
shown by wavy 
lines in strat
columns

From Stevenson and Wray 2009Lynne’s picture of the Great Unconformity in the Grand Canyon
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Places where there is a break in the depositional record are called unconformities. There are three types:
If the attitude of the rocks are not changed (the rocks are parallel above and below the break in the record) then it is a disconformity.
Angular unconformities. An angular unconformity (Figure ) is the contact that separates a younger, gently dipping rock unit from older underlying rocks that are tilted or deformed layered rock. The contact is more obvious than a disconformity because the rock units are not parallel and at first appear cross‐cutting. Angular unconformities generally represent a longer time hiatus than do disconformities because the underlying rock had usually been metamorphosed, uplifted, and eroded before the upper rock unit was deposited.
A nonconformity is the contact that separates a younger sedimentary rock unit from an igneous intrusive rock or metamorphic rock unit. A nonconformity suggests that a period of long‐term uplift, weathering, and erosion occurred to expose the older, deeper rock at the surface before it was finally buried by the younger rocks above it. A nonconformity is the old erosional surface on the underlying rock.
�



Structural Geology

Joints

Presenter
Presentation Notes
Structural features give geologists clues about geologic events that have occurred.

Structural features
Joints (cracks with no movement)
Faults (cracks with movement)
Normal (tensional)
Reverse (compressional)
Strike-slip (lateral)
Folds
Anticlines
Synclines
Monoclines
�



Structural Geology

North American Plate

Pacific Plate

Faults

https://www.nps.gov/articles
/faults-and-fractures.htm

Google Earth
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Structural features give geologists clues about geologic events that have occurred.

Structural features
Joints (cracks with no movement)
Faults (cracks with movement)
Normal (tensional)
Reverse (compressional)
Strike-slip (lateral)
Folds
Anticlines
Synclines
Monoclines
�



Structural Geology
Folds

http://www.lemkeclimbs.com/san-rafael-swell.html

http://geologylearn.blogspot.com/2015/08/geometric-description-of-folds.html
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Structural features give geologists clues about geologic events that have occurred.

Structural features
Joints (cracks with no movement)
Faults (cracks with movement)
Normal (tensional)
Reverse (compressional)
Strike-slip (lateral)
Folds
Anticlines
Synclines
Monoclines
�



Hydrology

egr.msu.edu/hydrology/
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Hydrologic terms:
Dicharge: (volume of water carried by a river or stream) (volume x cross sectional area)
Sediment load: material transported by te river.
Water velocity: speed of water. Higher velocity means can carry more sediment
River gradient: slope or steepness of the river. The steeper, the higher the water velocity the higher the sediment load, the higher the erosional capability
Side Canyons
�



Geomorphology

Grand Canyon National Park Facebook Page

zsylvester.github.io/research/

reddit.com/r/GeologySchool/comments/nybg4i/meandering_and_braided_patterns_for_fluvial/
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Geomorphology - the study of the morphology of the earth.
Processes
Weathering (chemical, physical)
Mass movements
Glacial activity
Rockslides
�



The Colorado Plateau

• Let’s take what we’ve learned and see why the Colorado Plateau looks 
like it does for such a large area



Where is the 
Colorado 
Plateau?

en.wikipedia.org/wiki/Colorado_Plateau

nps.gov/articles/coloradoplateaus.htm

Presenter
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The Colorado Plateau is a physiographic region of the south-western United States that takes its name from the Colorado River. 
The province covers an area of about 135,000 mi2 (350,000 km2), equivalent to the size of Norway, within western Colorado, north-western New Mexico, southern and eastern Utah, and northern Arizona. The Colorado Plateau, with elevations ranging from about 2,500 to 12,600ft, is made up of largely flat-lying sedimentary rocks that are offset vertically by faults and folds. The rocks are exceptionally well exposed thanks to an arid climate and deep down-cutting by – first and foremost – the Colorado River itself, but also by its many tributaries. Characterized by deeply etched plateaus and tablelands that lie at an elevation above 5,000 feet, this diverse land is punctuated by volcanic peaks and igneous-cored mountains that rise as high as 14,000 feet above sea level. 
Mapmakers draw the boundaries of the Colorado Plateau on the south at the Mogollon Rim, on the west along major faults on the Basin and Range province, and to the east at the western edge of the Rocky Mountains of Colorado. The northern limits of the province are drawn east of the Wasatch Mountains and south of the Uinta Mountains. (https://www.peaksplateausandcanyons.org/colorado-plateau/)


Colorado Plateau Province,[1] is a physiographic and desert region of the Intermontane Plateaus, roughly centered on the Four Corners region of the southwestern United States. This province covers an area of 336,700 km2 (130,000 mi2) within western Colorado, northwestern New Mexico, southern and eastern Utah, northern Arizona, and a tiny fraction in the extreme southeast of Nevada. About 90% of the area is drained by the Colorado River and its main tributaries: the Green, San Juan, and Little Colorado. Most of the remainder of the plateau is drained by the Rio Grande and its tributaries.[2][3]:395 
The Colorado Plateau is largely made up of high desert, with scattered areas of forests. In the southwest corner of the Colorado Plateau lies the Grand Canyon of the Colorado River. Much of the Plateau's landscape is related, in both appearance and geologic history, to the Grand Canyon. The nickname "Red Rock Country" suggests the brightly colored rock left bare to the view by dryness and erosion. Domes, hoodoos, fins, reefs, river narrows, natural bridges, and slot canyons are only some of the additional features typical of the Plateau. 
The Colorado Plateau has the greatest concentration of U.S. National Park Service (NPS) units in the country outside the Washington, DC metropolitan area. Among its nine National Parks are Grand Canyon, Zion, Bryce Canyon, Capitol Reef, Canyonlands, Arches, Mesa Verde, and Petrified Forest. Among its 18 National Monuments are Bears Ears, Rainbow Bridge, Dinosaur, Hovenweep, Wupatki, Sunset Crater Volcano, Grand Staircase-Escalante, Natural Bridges, Canyons of the Ancients, Chaco Culture National Historical Park and the Colorado National Monument. 




Structural Geology of the Colorado Plateau

Looking West

outdoorproject.com/articles/history-stone-basic-geology-colorado-plateau
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Few places can come close to approximating the appearance of the Colorado Plateau. However, they are not nearly as large, nor can they replicate the conditions of its formation (borrowed from Ranney, 2012):
Thick stack of stratified rock.
Varied and vivid color within the strata.
Widespread, gentle uplift such that the strata remain relatively flat-lying.
The presence of large rivers and their tributaries.
A modern arid climate. 

The Colorado Plateau is a stable block of North America that is set off by linear trends in the Earth’s crust. Its simple structural geology is contrasted by surrounding complex mountain chains that are heavily faulted and folded. Geologists appreciate the characteristic layer-cake patterns that have not been tilted or distorted by mountain building. In fact, the entire region seems to have been bypassed by the kind of mountain building that characterizes the nearby, but much younger, Rocky Mountains.

�



Stratigraphy / History of the Colorado Plateau
Looking East

Moenkopi
Kaibab
Coconino
Hermit
Supai
Redwall
Temple Butte
Muav
Bright Angel
Tapeats

Brian Head
Claron
Kaiparowits
Wahweap
Straight Cliffs
Morrison
Summerville
Entrada
Carmel
Temple Cap
Navajo
Kayenta
Moenave
Wingate
Chinle
Moenkopi

Grand Canyon Supergroup
https://geo.libretexts.org/Bookshelves
/Geology/Book%3A_An_Introduction_
to_Geology_(Johnson_Affolter_Inkenb
randt_and_Mosher)/07%3A_Geologic_
Time/7.04%3A_Correlation

Presenter
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The layered rocks of the Colorado Plateau form what is termed the Grand Staircase, which refers to a succession of cliffs rising northward from the bottom of the Grand Canyon of northern Arizona to the very top at Bryce Canyon in Utah. It is composed of resistant Paleozoic, Triassic, Jurassic, Cretaceous and Tertiary layers. In some places the uppermost step is a final, resistant lava cap. The layered steps are found, respectively, in the Grand Canyon multi-coloured cliffs (Paleozoic), the Chocolate and the Vermillion Cliffs (Triassic), the White Cliffs (Jurassic), the Grey Cliffs (Cretaceous) and the Pink Cliffs (Tertiary). Characterizing the Plateau region are the many colors of the rocks. We find red, pink, yellow, green, purple and white caused by minor constituents of iron oxides (reds, pinks and yellows) and unoxidized iron minerals (greens and purples). Manganese also plays a role (lavender). In addition we find contrasts of grey and black caused by granite and basalt. On top of that, the yellow and brown desert colors characterize certain regions, while vegetation, although sparse due to little precipitation, gives a striking green flavor, in particular in spring.


From Oldest to Youngest

Precambrian rocks, consisting of highly metamorphosed gneiss and schist, are exposed in the uplifts surrounding the Colorado Plateau. As a visitor to the Plateau it is best to see them in the deeply entrenched Grand Canyon, where these grey-colored rocks are in contrast to the rainbow colors of the sedimentary rocks above. They also exist in Westwater Canyon.




Stratigraphy / History of 
the Colorado Plateau

csmsgeologypost.blogspot.com/2012/04/moenkopi-formation.html

Presenter
Presentation Notes
The layered rocks of the Colorado Plateau form what is termed the Grand Staircase, which refers to a succession of cliffs rising northward from the bottom of the Grand Canyon of northern Arizona to the very top at Bryce Canyon in Utah. It is composed of resistant Paleozoic, Triassic, Jurassic, Cretaceous and Tertiary layers. In some places the uppermost step is a final, resistant lava cap. The layered steps are found, respectively, in the Grand Canyon multi-coloured cliffs (Paleozoic), the Chocolate and the Vermillion Cliffs (Triassic), the White Cliffs (Jurassic), the Grey Cliffs (Cretaceous) and the Pink Cliffs (Tertiary). Characterizing the Plateau region are the many colors of the rocks. We find red, pink, yellow, green, purple and white caused by minor constituents of iron oxides (reds, pinks and yellows) and unoxidized iron minerals (greens and purples). Manganese also plays a role (lavender). In addition we find contrasts of grey and black caused by granite and basalt. On top of that, the yellow and brown desert colors characterize certain regions, while vegetation, although sparse due to little precipitation, gives a striking green flavor, in particular in spring.


From Oldest to Youngest

Precambrian rocks, consisting of highly metamorphosed gneiss and schist, are exposed in the uplifts surrounding the Colorado Plateau. As a visitor to the Plateau it is best to see them in the deeply entrenched Grand Canyon, where these grey-colored rocks are in contrast to the rainbow colors of the sedimentary rocks above. They also exist in Westwater Canyon.




Graphic by Stephen B. Roberts - Geologic Assessment of Undiscovered Petroleum 
Resources in Wasatch-Green River Composite Total Petroleum System, 
Southwestern Wyoming, Colorado, and Utah, USGS Digital Data Series DDS-69-D, 
Public Domain, https://commons.wikimedia.org/w/index.php?curid=59499140

Units change laterally (east to west, 
north to south) as well as vertically.  
Stratigraphic columns can be drawn to 
display the changes in rock type and 
name.

This graphic is from a study of Mesozoic 
and Cenozoic geologic units within the 
Colorado Plateau of Rocky Mountains 
provinces.

Presenter
Presentation Notes
Stratigraphic columns can be written to show how the geologic units change laterally as well as vertically.



Evolution of the 
Colorado Plateau
The geologic history of 
the Colorado Plateau can 
be subdivided into six 
broad periods ranging 
from Precambrian to 
Recent.

Period 1: Two time 
periods – basement rocks  
from 1.7 to 2.0 billion 
years old and Grand 
Canyon Supergrjoup from 
1.25 to 0.74 billion years 
old.

researchgate.net/publication/340550094_Chapter_3_Stratigraphy_of_G
rand_Canyon_National_Park/figures

Presenter
Presentation Notes
The story that Grand Canyon tells is a spectacle of approximately two billion years of earth history (approximately one-half of the age of the earth) in its rock record, with an equally extensive paleontological component. There is no other place on Earth where the pages of Earth’s story can be read so easily by the observer to reveal such a long, rich, geologic history of events that are recorded in the layers. Dr. John Strong Newberry said it best in the mid-19th century: “the most splendid exposure of stratified rocks that there is in the world.“ (researchgate.net/publication/340550094_Chapter_3_Stratigraphy_of_Grand_Canyon_National_Park)

The geologic history of the Colorado Plateau can be subdivided into six broad periods ranging from Precambrian to Recent.  FOLLOW ALONG IN THE STRAT COLUMN. (From: https://utahgeology.com/intro-to-geologic-history-of-utah-and-the-colorado-plateau/#:~:text=Period%201%20includes%20the%20whole,River%20through%20the%20National%20Park.)


Precambrian Basement rocks
Rocks of Period 1 are exposed only in the cores of some of the uplifts which flank the Colorado Plateau, in the Basin and Ranges to the south, or as isolated exposures along the deeply entrenched Grand Canyon of the Colorado River through the National Park. Two broad ages of Precambrian rocks are recognized in this area. An older highly metamorphized series of schist and gneiss is exposed in the cores of some of the marginal uplifts and along the deep V-shaped inner gorge of Grand Canyon. 
Younger Precambrian rocks blanket the older sequence and are only locally preserved, in areas that have not been subjected to significant uplift prior to deposition of Cambrian rocks (see strat column)
Seen in Westwater, Grand Canyon
Metamorphic rock composed of metamorphosed igneous, sedimentary, and metamorphic rocks.
�
The Great Unconformity: Resting on crystalline basement, the oldest sedimentary rocks of the Colorado Plateau are Paleozoic; thereafter Mesozoic and Cenozoic rocks follow, making up an almost complete Phanerozoic record. 
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Evolution of the 
Colorado Plateau
Period 2 – Cambrian 
(525 million years) 
through Mississippian 
(325 million years) 
time. 
Includes the Tapeats
Sandstone, Bright Angel 
Shale, Muav Limestone, 
Temple Butte Fm., 
Redwall Limestone, and 
Surprise Canyon Fm.
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Presentation Notes
The geologic history of the Colorado Plateau can be subdivided into six broad periods ranging from Precambrian to Recent.  FOLLOW ALONG IN THE STRAT COLUMN.


Period 2
Period 2 extends from Cambrian through Mississippian time and is characterized over much of the Colorado Plateau by moderately thin sheetlike deposits of marine rocks. These thin rock units extend eastward from the miogeosyncline onto the western margin of the core of North America. Cambrian and Mississippian rocks occur extensively in the subsurface across the southern part of the Colorado Plateau, although they are only locally exposed where erosion has cut deeply through the Mesozoic cover. Cambrian and Mississippian rocks are well exposed in the Grand Canyon where the Redwall Limestone and the Tapeats Sandstone form prominent cliffs in the lower part of the canyon wall. Rocks of Period 2 are missing over many of the broad uplifts of the Colorado Plateau because these same uplifts functioned as sources for sediments during the later part of Paleozoic and early Mesozoic time.
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Evolution of the 
Colorado Plateau
Period 3: Permian (290 
million years) through 
Triassic (200 million 
years). Note that we 
skipped the 
Pennsylvanian period!
Includes the Supai, 
Hermit, Coconino. 
Toroweap, Kaibab, 
Moenkopi, and Chinle.
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Period 3
During Period 3 the geology of the region was dominated by northwest-trending basins and uplifts that affected much of the eastern rim and central part of the Colorado Plateau. For example, the broad Kaibab-Defiance-Zuni Uplift, in northeastern Arizona and west- central New Mexico, supplied erosional debris to the Paradox Basin that covered much of the immediate Four Corners area, northwestern New Mexico, and southwesternmost Colorado. The Uncompaghre Uplift, Emery Uplift, and Pedernal Uplift also shed debris into the sinking troughs that surrounded them. Much of the brightly colored shale, siltstone, and sandstone of the Colorado Plateaus is a result of accumulation of debris swept from the uplifts into the broad basins. These iron-bearing sediments generally are a bright red or green and have helped produce much of the distinctive scenery of the southern and eastern part of the Plateau. Initial sedimentary sequences are relatively coarse near the uplifts but the rocks become finer and finer grained in upper parts of the section where the ashy-appearing Chinle sequence buried or lapped high around the flanks of the old Colorado Mountain uplifts.
�



Evolution of the 
Colorado Plateau
Period 4: Jurassic (290 
million years) through 
Cretaceous (80 million 
years). 
Includes the Wingate, 
Kayenta, Navajo, 
Carmel, Entrada, Curtis, 
Summerville, Morrison, 
Dakota, Mancos, 
Mesaverde, and 
Kaiparowits formation.

http://geologyhappens.blogspot.com/2012/

Presenter
Presentation Notes

Period 4 extends from the Jurassic through the Cretaceous and was a time during which sediments were derived, in large part, first from the continent but then from major uplifts in the west. During Period 4 sediments were deposited in broad elongate marine troughs that extended roughly north-south across the present Colorado Plateau. This was also a period during which sand, from windblown deserts, blanketed much of the plateau province and resulted in accumulation of the several thick, cross-bedded, sandstones that are distinctive of the Colorado Plateau. Two major orogenies occurred west of the Colorado Plateau Province during Jurassic and Cretaceous time. The folds only indirectly affected the plateau area, however. The Nevadian orogeny, in the late Jurassic and earliest Cretaceous time, and the Sevier orogeny, in later Cretaceous time, supplied extensive quantities of elastic debris to the geosynclinal toughs. THis resulted in thick interfingering nonmarine and marine sequences over most of the plateau. The thick grey Mancos Shale, which is extensively exposed around the San Juan and Black Mesa Basins, is overlain by a series of eastward advancing sandy deltaic deposits. It is with these deltas that much of the coal of the plateau is associated. The early Tertiary Laramide orogeny or disturbance separated Periods 4 and 5. It was during the Laramide event that many of the folds and minor faults of the Colorado Plateau were produced. Uplift of the Grand Canyon section, refolding of the Zuni Uplift, the Defiance Uplift, and the Monument Valley Upwarp produced high plateaus but also isolated broad basins, like the Black Mesa Basin and the San Juan Basin, which continued to subside and receive sediments. The sediments were derived, in large part, from erosion of the uplifted Laramide blocks. The striking monoclines of the district are associated with this particular period of folding, which has affected all but the youngest rocks of the plateau.
�



Evolution of the 
Colorado Plateau
Period 5: Middle 
Tertiary (~40 million 
years) nearly until 
modern times.

Volcanism around 
periphery of Colorado 
Plateau and 
establishment of 
streams.

http://www.bobspixels.com/kaibab.org/geology/canform.htm
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Period 5
Period 5 extends from the middle Tertiary nearly until modern times and is dominated by volcanic activity around the periphery of the plateau. Volcanic activity of the San Francisco Peak field, Mt. Taylor and the Datil section, the San Juan Mountains, the Valles Caldera near Los Alamos, and the numerous small intrusions of the Navajo and Hopi Buttes fields are part of this phase of geologic history. Young lava flows in the Sunset Crater area and near Grants, New Mexico are typical of basaltic activity of the late phase of volcanic development of the region. Basin-and-Range-type block faulting has not materially affected the Colorado Plateau in most areas covered by the southern guidebook but such faulting has modified the eastern margin of the plateau across the guide route along the Rio Grande Depression. Here a major graben developed in late Tertiary and Quaternary time. The westernmost limit of the Grand Canyon section, beyond the guidebook routes, also has been affected by eastern block faults of the Basin and Range. The southern part of the plateau grades into the Sonoran section of Arizona and New Mexico where block faulting has also interrupted all but the youngest sediments and volcanic rocks in late Phase 5 development.
Broad uplift of the Colorado Plateau during the Laramide disturbance and later Tertiary regional uplift elevated rocks which were deposited in the sea or near sea level up to 10,000 to 15,000 feet above sea level. It was during and following these periods of uplift that major stream patterns became established and during which the scenery of the Colorado Plateau began to develop into what we know it now.
Approximately 5 million years ago the Colorado Plateau was uplifted some 1,000 to 1,500m. The uplift was facilitated by reactivation of pre-existing faults and accompanied by tilting of the plateau toward the north. This type of uplift which does not involve deformation is termed epeirogenic uplift.
Present-day streams established their courses at this time and because they were lifted high above base level (sea level) they began to rigorously cut into the sedimentary layer cake. This is exactly why the cliffs and the walls of numerous canyons can be read like a book by experienced geologists.
“The presence of a thick stack of sedimentary rocks, vivid and varied colors within these strata, the massive and widespread uplift, an arid climate and the presence of large rivers flowing through the region have acted in concert,” says Ranney, who is also an experienced rafter with numerous trips down the Colorado River. “If only one of these were to be removed from the landscape history, the plateau as we know it today would not exist,” Wayne Ranney, geologist, says.
�
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Evolution of the 
Colorado Plateau
Period 6: 
Modern times

Widespread 
erosion

jsjgeology.net/GeologyoftheNationalParks/Arches.htm
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Period 6
Phase 6 is the latest phase of history of the plateau and is characterized by erosion accompanying and postdating the prominent basin and range faulting and the uplift of the western part of North America. High peaks of the plateau were affected by Pleistocene glaciation but much of the lower part of the plateau has experienced only erosion following uplift of the region during middle and late Tertiary time.
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So why do our rivers look so similar across the 
Colorado Plateau?
• Similar environment and ecosystem – high desert with scattered areas of 

forest.
• Underlain by thick stack of stratified rock laid down from Paleozoic through 

Cenozoic time - hundreds of millions of years. 
• Similar rocks throughout the region because of very similar geologic history 

(Cretaceous seaway extended from Canada to Mexico and Nevada to Kansas).
• Vivid and varied color within the strata

• Relatively little structural geology over massive amounts of time – leading 
to similar structural geologic environment across vast expanses of land.

• Widespread, gentle uplift such that the strata remain relatively flat-lying.
• Presence of large rivers and tributaries (despite the arid climate)

UNIQUE!
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Presentation Notes
Thick stack of stratified rock.
Varied and vivid color within the strata.
Widespread, gentle uplift such that the strata remain relatively flat-lying.
The presence of large rivers and their tributaries.
A modern arid climate. 




A treat for you!
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Thick stack of stratified rock.
Varied and vivid color within the strata.
Widespread, gentle uplift such that the strata remain relatively flat-lying.
The presence of large rivers and their tributaries.
A modern arid climate. 
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