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Arizona Paleoclimate 
• Depends on plate 
position relative to 
equator through geologic 
history 

 
• Big climate changes 
through geologic time 
 

• Seas go out (regression)  
= continental assembly  
with faster plate 
tectonics & seafloor 
spreading 

• Mostly warm periods with ice ages ~ 
every 250 million years 
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Plummer et al., 2013 



01.03.a 

What Is Inside Earth? 

Thickest 
layer: 
mantle 

Upper layer is crust; two types: 
   continental          oceanic 

Lowest layer: iron-nickel core 
(molten outer core; solid inner 
core) 

Iron meteorite from Canyon 

Diablo (Meteor Crater), AZ 
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Scale: Humans on 
crust are insignificant 



Rising part of convection cell = 
rifting (mid-ocean ridge) 

Descending part of convection 
cell = subduction (deep sea 
trench) 

Source: U.S. Geological Survey 

 

Driving Force-Plate Tectonics 
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N. America = blue 



Wilson Cycle - opening/closing 

 of  ocean basin 

Source: http://csmres.jmu.edu/geollab/Fichter/Wilson/wilsonsimp.html 

https://en.wikipedia.org/wiki/Milky_Way#/media/File:Wide_
Field_Imager_view_of_a_Milky_Way_look-
alike_NGC_6744.jpg 

Period of rotation of sun 
around center of Milky 
Way galaxy is 225-250 
million terrestrial years 
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Slice through Core Sea floor 
spreading and 
mid-ocean ridge 
volcanism 
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From Stan Keith 



Plate Tectonics Effects on Arizona 
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Paleozoic  (540-252 
Ma [million years 
ago]) = West-
dipping subduction, 
volcanoes, 
mountains in 
Appalachian 
Mountains 

Mesozoic (252-65 Ma) -
Cenozoic (65-0 Ma) = 
East-dipping 
subduction, volcanoes, 
mountains in west coast 
of N. America 

Plummer et al., 2013 
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Temperature 
& Geologic 
Time Scale 

Continental 
Assembly 
Events & 
Glaciation 

Levin, 1994 
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Tempera-
ture & 

Geologic 
Time 
Scale 

4.6 Ga 

252 

541 

66 



Cambrian – Early Ordovician 
543 - 470 million years ago (Ma) 
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Grand Canyon formations 
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Photo by Jan Wilt Rasmussen 



Cambrian environments (541-485 Ma) 
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From Ron Blakey 
From Levin, 1994 
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Climate zones 520-485 Ma 

from www.scotese.com 



Middle Ordovician – 
Early Devonian 
(~470-400 Ma) 
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Continental assembly 
event = Taconic 
mountain building 

Arizona mostly land 
= erosion = no 
fossils 



Late 
Ordovician 
environments 
(460-440 Ma) 
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From Ron Blakey 

Prothero & Dott, 2004 



Devonian – Mississippian 
419-359 -- 323 Ma 
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Devonian 
environments 
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From Ron Blakey 

Levin 1994 
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Climate zones 420-390 Ma 

from www.scotese.com 



Devonian 
invertebrate 

fossils 
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Levin, 1994 



Devonian 
armored fish 
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Devonian plants 

Source: Time-Life, The World We Live In, 1955 
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Mississippian (359-323 Ma) 
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Vasey’s paradise in Grand Canyon 

Photo by Jan Rasmussen 



Mississippian Redwall Limestone 
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Photo by Jan Wilt Rasmussen 



Mississippian 
environments 
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From Ron Blakey 

Levin 1994 
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Climate zones (359-330 Ma) 

from www.scotese.com 

Levin, 1994 

Photo by Jan Wilt Rasmussen 



Lull - Mississippian Limestones 

Jan C. Rasmussen, Ph.D., R.G.  September 20, 2015  
 www.janrasmussen.com 

Escabrosa Limestone Redwall Limestone 

Clarkdale Cement plant 

Rillito Cement plant Sahuarita Marble Photos by Jan Rasmussen 

Photo by Jan Rasmussen 



Pennsylvanian (318-299 Ma) -  

Permian (299-251 Ma) –  

Triassic (251-200 Ma) 
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Photo by Jan Rasmussen 

From Levin, 1994 



Pennsylvanian 
environments 
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From Ron Blakey 

Levin 1994 



Pennsylvanian (323-307 Ma) 
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from www.scotese.com 



Pennsylvanian amphibians, plants 
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Cyclic coal beds (Cyclothems) 
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Levin, 1994 



Pennsylvanian-Permian Ice Age 
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Penn.-
Permian 
Earp Fm. 
SE of 
Tombston
e 

Tarbuck & Lutgens, 2005 

Photo by Jan Rasmussen 



Permian (299-252 Ma) 
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Supai Group, Sedona 

Photo by Jan Rasmussen 



Permian Grand Canyon section 
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Photo by Jan Rasmussen 



Permian 
environments 
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From Ron Blakey 

Levin 1994 
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Climate zones (299-272 Ma) 

from www.scotese.com 

from www.scotese.com 



Paleozoic – Arizona was 
on trailing edge of North 
American continent = 
calm seaways – like 
Bahamas 

Mesozoic – Arizona was on leading edge of 
N. American continent = mountain building, 
volcanoes, earthquakes, igneous intrusions 

Arizona’s position w.r.t. plate tectonics in Paleozoic vs. Mesozoic 
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Triassic Plate Tectonics 
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Appalachian Mts. 
before breakup 
of Pangea 

180 Ma 

252 Ma 

From Plummer et al., 2013 



Triassic paleo-
geography 

(252-201 Ma) 
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From Ron Blakey 
Levin 1994 
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Climate zones Triassic (252-201 Ma) 

from www.scotese.com 

from www.scotese.com 



Petrified Forest Fm. – late Triassic 
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Photo by Jan Rasmussen 

Photo by Jan Rasmussen 



Triassic Reptiles 
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Photo by Jan Rasmussen 



Late Jurassic & Cretaceous 
200-66 Ma 
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Zion National Park, Checkerboard Mesa Similar to current Namib desert 
Levin 1994 



Jurassic 
paleogeography 
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From Ron Blakey 

Levin 1994 
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Climate zones Jurassic (201-145 Ma) 

from www.scotese.com 



Echo Cliffs, Jurassic Sandstone 
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Photo by Jan Rasmussen 

Photo by Jan Rasmussen 



Jurassic volcanics Santa Rita Mts. 
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Santa Rita Mts., Mt. Wrightson, looking West from Sonoita 

Mustang Mts. (right side), looking East from Sonoita 

Photo by Jan Rasmussen 

Photo by Jan Rasmussen 



Middle Nevadan - Warren m.d. (Bisbee) 
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Lavender Pit, Bisbee 

Campbell shaft 

Sacramento Stock 
= 190 Ma – Cu-Au; 

Photo by Jan Rasmussen 

Photos by Jan Rasmussen 



Cretaceous (145-66 Ma) 

Jan C. Rasmussen, Ph.D., R.G.  September 20, 2015   www.janrasmussen.com 



Middle Cretaceous (100 Ma) 
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From Ron Blakey Levin, 1994 



Bisbee Grp., Mural Limestone 100 Ma 
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White Cliffs of Dover, England 

Photo by Jan Rasmussen 

http://en.wikipedia.org/wiki/Image:White_cliffs_of_dover_09_2004.jpg
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Climate zones (145-100 Ma) 

from www.scotese.com 



 

Coal swamps N. AZ - (89-85 Ma) 

N. Arizona – coal in Wepo 
Fm. at Black Mesa 

Photo from Peabody Coal (Freeport-McMoran) 
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Photo by Jan Rasmussen 



Late Cretaceous – volcanics, Mts. 
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From Ron Blakey 

Mt. Pinatubo, Philippines 1991, USGS photo 



Gates Pass, Tucson – 74 Ma rhyolite 
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Photo by Jan Rasmussen 

From Keith & 
Wilt, 1985 



Tombstone – early Laramide 
 (78-65 Ma – silver deposits) 
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Silver, Lucky Cuss m. 

Photos by Jan Rasmussen 



Tertiary – 66-0 Ma 
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Arizona Geological Survey, 2010 



Tertiary environments (66-0 Ma) 
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From Ron Blakey 

Levin 1994 



Laramide porphyry copper (65-55 Ma) 
Ray mine 

Ray mine shovel, haul truck  

Dave Briggs photos 
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Ray mine, ASARCO photo 

Photo by Jan Rasmussen 



Early Tertiary– (55-43 Ma) 

W. Santa Catalina Mts. From El Conquistador 

Wilderness granite 
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Flat subduction 

Photo by Jan Rasmussen 

Photo by Jan Rasmussen 
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Climate zones (56-34 Ma) 

from www.scotese.com 

from www.scotese.com 



Mid-Tertiary 
volcanics & 

deeper plutons 

Superstition Volcanics 

Cochise Stronghold 
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Photo by Jan Rasmussen 

Photo by Jan Rasmussen 



Basin and Range (10 Ma) - Valleys filled 
with sand, gravel, clay, gypsum, & salt 

Willcox Playa 
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Photo by Jan Rasmussen 



Industrial Minerals - Late Tertiary 

Sand & gravel 

Kalamazoo Clay - 1987 

Gypsum rose 
St. David 

Basin fill, gravel, sand, clay, gypsum 
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Photos by Jan Rasmussen 



Late Cenozoic 
volcanics 
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Lava Falls 

San Francisco Mountain, north of Flagstaff 

Photos by Jan Rasmussen 



La Brea tarpits, Los Angeles – Pleistocene 1 Ma 
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Pleistocene 
maximum 

glaciation – 
18,000 

years ago 
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Tarbuck & Lutgens, 2005 



2,000,000 
years of 

temperature 
change 

Glacial and 
Interglacial 
stages, last 2 
million years 
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100,000 years cold, 
20,000 years warm 

Prothero & Dott, 2004 



500,000 years - Pleistocene 
temperatures 
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Levin, 1994 



Climate Change, last 160,000 years 
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40,000 yrs temp change 
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Tarbuck & Lutgens, 2005 



Sea level 
curve – 

20,000 yrs 
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Tarbuck & Lutgens, 2005 



Milankovitch 
causes of 
glaciation 
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Tarbuck & Lutgens, 2005 



Milankovitch 
curves 
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Prothero & Dott, 2004 



Last 10,000 yrs temperature 
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From Prothero & Dott, 2004 



Temperature change,  
last 5,500 years 
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Stanley, 2009 



Pulsed Heat from the Deep 
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WARM WARM WARM 

Modified from  "PDO1000yr" by Giorgiogp2 - Own work. Licensed under CC BY-SA 3.0 via Commons - 
https://commons.wikimedia.org/wiki/File:PDO1000yr.svg#/media/File:PDO1000yr.svg 

COOL COOL? COOL COOL 
Dark Ages 

Black Death  

Renaissance  
Medieval Warm 
Period 

Reconstructed PDO Index (993-1996) – Using Tree Ring Proxies 

Industrial 
Revolution Little Ice Age 

From Stan Keith 



AZ Climate through 
Geologic Time 

• Depends on plate tectonics 
driven by heat from the core 

 
• Continental collisions = ice 
ages = every 250 million 
years 

 
• Big climate changes through 
geologic time 

 
• Mostly warm periods 
 

• Now in an ice age interglacial 
period 
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