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Arizona 
physiography 

• Depends on plate 
tectonics through 
geologic history 

 
• Big environmental 
changes through 
geologic time 
 

• Seas in, seas out 
 
• Warm periods and 
ice ages 



Arizona Physiographic Provinces 

Colorado Plateau Province 

 canyons 

 horizontal sediments 

 broad warping 

Transition or Central 
Highlands Province 

 lots of faulting 

 mostly mountains 

 rugged terrain (high relief) 

Basin & Range Province 

 fault block mountains 

 broad alluvial valleys   

 sand, clay, salt & gravel - 
fill up to 10,000 feet thick 



Plate Tectonics 
Sea floor 
spreading and 
mid-ocean 
ridge 
volcanism 

Subduction, 
Volcanoes, 
Mountains 

Continent-
continent 
collision and 
very tall 
mountains 



Temp. & 
Geologic 

Time 
Scale 

4.6 Ga 



 
 
 
 
 

1.7 Ga Vishnu Schist & 1.4 Ga Zoroaster granite 



PreCambrian Arizona 

Mountain building episode in younger PreCambrian (older Proterozoic)  

• 1.7 billion years – Mazatzal Orogeny produced Rocky Mt.-style mountains 

• Metamorphism, folding, later intrusion of granitic rocks 

Inner Gorge  - 
metamorphic 

rocks 



Tapeats Ss. Overlying Vishnu Schist (1.7 Ga and Zoroaster Granite (1.4 Ga) 



Dikes and Veins of Zoroaster Granite intruding Vishnu Schist 







Meso-proterozoic (1.7 Ga) 



     
 
 
 
 

1.1 Ga Grand Canyon group 



Grand Canyon Group 

  1.1 billion years ago  -   Fault block mountains  (4,000’ offset)  

  about 10,000 ft thick 

  Eroded away to a nearly flat surface before the deposition of the Tapeats 
Sandstone 500 million years ago. 





Meso-proterozoic (1.1 Giga-annum [Ga]) 



Stromatolites  



Blue-green algae gave O2 

Photosynthesis by blue green algae 
(cyanobacteria) since 3.5 billion yrs ago 

Between 2.4 – 2.2 billion years ago, 
the greater numbers of cyanobacteria 
increased production of oxygen. 

By 1.8-1.6 Ga, O2 rose from 1% to 
15%. 

Stromatolites deposited layers of 
calcium carbonate in layers. 

When pigments developed in cells, 
they could absorb and process light.  

 

The products of this process were 
energy and oxygen. 

 

 



Grand Canyon, AZ 



Inner Gorge Grand Canyon, black Vishnu Schist, intruded by white 
Zoroaster Granite, Tapeats Sandstone deposited on unconformity 

 













Grand Canyon formations 



Cambrian – Early Ordovician 
543 - 470 million years ago (Ma) 



Tapeats Sandstone ledge at base, tan slope = Bright Angel Shale,  
Thin ledges & cliffs below Redwall cliff = Muav Limestone 



Cambrian Tonto Group  
Grand Canyon, AZ 

 
 
 
 
 
 



Cambrian (543-490 Ma) 



Worm burrows in Muav Ls 



trilobites 



Middle Ordovician – Early Devonian 
(~470-400 Ma) 



Ordovician (488-443 Ma) 



Late 
Ordovician 
environments 

(430 Ma) 



Ordovician 
life 



Silurian (443-417 Ma) 



Silurian - Devonian fossils 



Devonian – Mississippian 
416-359 – 318 Ma 



Mississippian Limestone 

Devonian Formation 

Cambrian Limestone 

09.04.c 

Devonian age Temple Butte Limestone in an erosion channel at the 
top of the Cambrian Muav and below the Redwall Limestone 

Disconformity 2 

Disconformity 1 



Devonian (416-359 Ma) 



Devonian 
environments 



Devonian 
fossils 



Devonian 
armored fish 



Devonian plants 







Mississippian 
Redwall Ls  

Grand Canyon, AZ 

 
 
 
 



Mississippian (359-318 Ma) 



Mississippian 
environments 



Red cliff at top = Redwall Limestone;  



Vertical cliff of the Redwall Limestone – red from the overlying Supai 







Grand Canyon, AZ 

 
 
 
  
 

















Crinoids 

Syringopora - coral 

Crinoids  

(echinoids related to starfish,  
but  called sea lilies) 





Pennsylvanian (318-299 Ma) –  

Permian (299-251 Ma) –  

Triassic (251-200 Ma) 



Grand Canyon section 

     

 

 

 



Pennsylvanian (318-299 Ma) 



Pennsylvanian 
environments 



Amphibian fossils 



Supai Group – Pennsylvanian age 



Pennsylvanian Coal Forest 



Pennsylvanian 
plants 



Cyclic coal beds (Cyclothems) 



Goosenecks of the San Juan 
Pennsylvanian Hermosa Formation 



Late Pennsylvanian (300 Ma) 



Permian Supai Group, Sedona 



Supai Group – top of the Esplanade Sandstone 



Supai mud 



Ripple marks 





Permian – Coconino, Toroweap, Kaibab 

 
  
   
    
 



Supai cliff, overlain by Hermit Shale slope, then by white Coconino 
Sandstone cliff, then by Toroweap Formation , then white cliff of Kaibab 
Limestone at top 



Cross bedded Coconino Sandstone 





Amphibian tracks (Laoporus) in Coconino Ss 







Permian (290-248 Ma) 



Permian 
environments 



Permian 
Ice Age 





Chert beds in Kaibab Limestone 





Permian formations: Red 
Hermit Shale, overlain by 
white Coconino 
Sandstone cliff, overlain 
by Toroweap Formation, 
with Kaibab Limestone 
cliff at the top 



White cliffs of Kaibab Limestone near the top of the Grand Canyon 



Productid brachiopods in the Kaibab Limestone 



Mammal-like Reptiles 



Kaibab Limestone and Toroweap Formation under Navajo 
Bridge 



Kaibab Limestone over Toroweap Formation 



Navajo Bridge on the Permian Kaibab Limestone, overlain 
by Mesozoic formations  









Grand Canyon 



Triassic formations at Lee’s Ferry 



Plate Tectonics 
Sea floor 
spreading and 
mid-ocean 
ridge 
volcanism 

Subduction, 
Volcanoes, 
Mountains 

Continent-
continent 
collision and 
very tall 
mountains 



Triassic (248-206 Ma) 



Triassic 
paleogeography 



Triassic plate tectonics 



Petrified Forest Fm. – late Triassic 



Petrified log, Pet. Forest 



Triassic Reptiles 



Pet. For. Labyrinthodont teeth 



Jurassic Vermilion Cliffs between Lee’s Ferry and Flagstaff 



Middle Jurassic 



Jurassic 
paleogeography 



Late Jurassic & Cretaceous 
200-65 Ma 



Navajo Sandstone – Jurassic age 



Jurassic tracks N.AZ 



Jurassic - Stegosaurus 



Echo Cliffs, Jurassic Ss 



Middle Cretaceous (~90 Ma) 



Late Cretaceous – volcanics, Mts. 



Early Tertiary 
paleogeography 



Tertiary (65-1.8 Ma) 



Basin and Range 
Valleys filled 

with sand, 
gravel, clay, 

gypsum, & salt 



Late Cenozoic 
volcanics 



La Brea tarpits, Los Angeles – Pleistocene 1 Ma 



San Francisco Peaks 
volcanism 5-0 Ma 



Lava flow into the Grand Canyon 



Columnar jointing in basalt flow into the Grand Canyon – Lava Falls 



Grand Canyon at Toroweap Valley, West of Visitor Center;   
Lava flow at Vulcan’s Throne into canyon 



Basalt lava flow created Lava Falls in the Grand Canyon 





Lava Falls 



Cinder cones and basalt lava flows at top of  Grand Canyon 



Sunset Crater 
1066 AD eruption 



Glaciation through 
Geologic time 

• Depends on plate 
tectonics through 
geologic history 

 
• Continental collisions = 
ice ages 

 
• Big environmental 
changes through geologic 
time 

 
• Warm periods vs. ice 
ages ~ every 250 million 
years 




