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Archean Archean 
cratonscratons



Early Proterozoic (2.4Early Proterozoic (2.4--1.6 Ga)1.6 Ga)





Inner Gorge Grand Canyon: Tapeats on Vishnu Schist, Zoroaster GraniteInner Gorge Grand Canyon: Tapeats on Vishnu Schist, Zoroaster Granite



Vishnu Schist Vishnu Schist -- Grand CanyonGrand Canyon



Vishnu SchistVishnu Schist



Proterozoic Banded Iron FormationProterozoic Banded Iron Formation



Iron mines Iron mines –– Banded Iron Banded Iron 
Formations (BIF)Formations (BIF)



MesoMeso--proteroprotero--zoiczoic (1.7 (1.7 GaGa))

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


BIG Changes 1.8BIG Changes 1.8--1.6 bya1.6 bya
The reduced iron begins to be used up, The reduced iron begins to be used up, 
therefore the oxygen produced by therefore the oxygen produced by 
cyanobacteriacyanobacteria is released into the is released into the 

atmosphere. atmosphere. 
The amount of oxygen in the atmosphere The amount of oxygen in the atmosphere 
JUMPSJUMPS from about 1% of itfrom about 1% of it’’s current s current 

levels to about 15%!!!levels to about 15%!!!

At that time most organisms were At that time most organisms were 
anaerobic, making oxygen a poisonous anaerobic, making oxygen a poisonous 
gas. By nature oxygen is a violent gas. By nature oxygen is a violent 
element, attacking the chemical bonds of element, attacking the chemical bonds of 

organic molecules. organic molecules. 

Many microbial species became extinct.Many microbial species became extinct.
Only organisms that could adapt to the Only organisms that could adapt to the 
environment survived, thus leading to the environment survived, thus leading to the 

evolution evolution of more modern life of more modern life 



MesoproterozoicMesoproterozoic



MesoMeso--proterozoicproterozoic (1.1 (1.1 GaGa))

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


PreCambrianPreCambrian ArizonaArizona

Two mountain building episodes divide the PreCambrian of Arizona.Two mountain building episodes divide the PreCambrian of Arizona.
•• The older The older –– 1.7 billion years 1.7 billion years –– Mazatzal Orogeny produced Rocky Mt.Mazatzal Orogeny produced Rocky Mt.--style mountains, style mountains, 

that eroded away to a nearly flat surface (GREAT UNCONFORMITY)that eroded away to a nearly flat surface (GREAT UNCONFORMITY)

Inner Gorge  pC metamorphic rocks
of Grand Canyon

Younger pC sediments  (about 10,000 ‘ 
thick) of Grand Canyon

v The younger – 1 billion years – basin & range-style mountains  (4000’ offset) also 
eroded away to a nearly flat surface before the deposition of the Tapeats Sandstone 
540 (or so) million years ago.



BlueBlue--green algae gave O2green algae gave O2
Photosynthesis had taken place for about Photosynthesis had taken place for about 
1 billion years in an organism called 1 billion years in an organism called 
cyanobacteriacyanobacteria (since 3.5 (since 3.5 byabya).).

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

The The stromatolitesstromatolites deposited layers of deposited layers of 
calcium carbonate in layers.calcium carbonate in layers.

Photosynthesis probably evolved when Photosynthesis probably evolved when 
pigments developed in cells, allowing pigments developed in cells, allowing 
them to absorb and later process light. them to absorb and later process light. 
The products of this process were, The products of this process were, 
among other things, energy and among other things, energy and 
oxygenoxygen..



Stromatolites Stromatolites 



StromatolitesStromatolites



Grand Canyon stratigraphyGrand Canyon stratigraphy



Grand Canyon Grand Canyon 
GroupGroup



RodiniaRodinia



Glaciation Glaciation 
timestimes



The Mazatzal QuartziteThe Mazatzal Quartzite



Cratonic Cratonic 
sequencessequences

Unconformity bounded

Continental assembly

Erosion & uplift



Sauk sequenceSauk sequence
Cambrian – Early Ordovician



Great Unconformity in Inner Gorge, Grand Canyon: Tapeats SS on Vishnu SchistGreat Unconformity in Inner Gorge, Grand Canyon: Tapeats SS on Vishnu Schist



Grand Canyon sectionGrand Canyon section



Grand Canyon, AZGrand Canyon, AZ



trilobitestrilobites



Cambrian faunaCambrian fauna



Cambrian plate tectonicsCambrian plate tectonics



Cambrian (543Cambrian (543--490 Ma)490 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Tippecanoe sequenceTippecanoe sequence
Middle Ordovician – Early Devonian



Ordovician (490Ordovician (490--443 Ma)443 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Oolites Oolites –– current winnowedcurrent winnowed



Clean sandstoneClean sandstone



Ord Ord 
paleogeopaleogeo



Ordovician Plate TectonicsOrdovician Plate Tectonics



Early Paleozoic faunasEarly Paleozoic faunas



Ord lifeOrd life



Ord Ord 
lifelife



Late Ord Late Ord 
paleogeopaleogeo



Late Ord Late Ord 
faciesfacies



Late Ord Late Ord 
faunafauna



Ordovician Ordovician 
fossilsfossils



Silurian (443Silurian (443--417 Ma)417 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Silurian Silurian 
paleogeopaleogeo



Silurian Silurian -- Devonian fossilsDevonian fossils



Kaskaskia sequenceKaskaskia sequence
Devonian - Mississippian



Mid Paleozoic eventsMid Paleozoic events



Devonian Devonian 
paleogeopaleogeo--

graphygraphy



Devonian Devonian 
coralscorals



Devonian Devonian 
brachiopodsbrachiopods



Devonian Devonian 
fishfish



Devonian plantsDevonian plants



Devonian (417Devonian (417--354 Ma)354 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Grand Canyon sectionGrand Canyon section



Mississippian (354Mississippian (354--323 Ma)323 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Redwall Redwall 
LimestoneLimestone



Escabrosa LimestoneEscabrosa Limestone



Crinoidal Crinoidal 
LimestoneLimestone



SyringoporaSyringopora



Mississippian Mississippian 
paleogeopaleogeo--

graphygraphy



Absaroka sequenceAbsaroka sequence
Pennsylvanian – Permian – Triassic



Pennsylvanian (323Pennsylvanian (323--290 Ma)290 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Pennsylvanian Pennsylvanian 
paleogeographypaleogeography



Pennsylvanian paleogeography, Pennsylvanian paleogeography, 
Western U.S.Western U.S.



Amphibian fossilsAmphibian fossils



Appalachian Appalachian 
paleopaleo--

geography geography 
PermianPermian



CalamitesCalamites



Cyclothem Cyclothem 
rocksrocks



Typical Typical 
cyclothemcyclothem



Penn. Coal forestPenn. Coal forest



Paradox Paradox 
BasinBasin



Goosenecks of the San JuanGoosenecks of the San Juan



Government DrawGovernment Draw



Late Penn. 300 Ma Late Penn. 300 Ma 
paleogeographypaleogeography



SedonaSedona



Grand Canyon sectionGrand Canyon section



Grand CanyonGrand Canyon



Productid Productid 
brachiopodbrachiopod



Pennsylvanian Pennsylvanian 
paleogeograppaleogeograp

hy globeshy globes



Permian (290Permian (290--248 Ma)248 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


DimetrodonDimetrodon



MammalMammal--like reptilelike reptile



Permian Permian 
Ice AgeIce Age



Permian Permian 
paleogeographypaleogeography



Permian Permian 
paleogeograppaleogeograp

hy globeshy globes



extinctionsextinctions



Triassic (248Triassic (248--206 Ma)206 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Triassic plate tectonicsTriassic plate tectonics



Triassic Triassic 
basins, E. basins, E. 

U.S.U.S.



Petrified Petrified 
ForestForest



CoelophysisCoelophysis



Triassic Triassic 
reptilesreptiles



Pet. For. Labyrinthodont teethPet. For. Labyrinthodont teeth



phytosaurphytosaur



Petrified Forest Fm.Petrified Forest Fm.



Petrified ForestPetrified Forest



Pet. For. Pet. For. 
cycadscycads



Recreation Redbeds Recreation Redbeds –– Tuc MtsTuc Mts



Triassic Triassic 
paleogeographypaleogeography



Late TriassicLate Triassic

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Zuni Zuni 
sequencesequence



Jurassic (206Jurassic (206--144 Ma)144 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Jurassic Jurassic 
paleogeographypaleogeography



Jurassic salt Jurassic salt 



Navajo SandstoneNavajo Sandstone



Jurassic volcanics Santa Rita Mts.Jurassic volcanics Santa Rita Mts.



Middle Jurassic seawayMiddle Jurassic seaway



Jurassic tracks N.AZJurassic tracks N.AZ



Vermilion Cliffs, N AzVermilion Cliffs, N Az



Jurassic StegosaurusJurassic Stegosaurus



Rainbow BridgeRainbow Bridge



Middle JurassicMiddle Jurassic

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Brown Mtn. ASDMBrown Mtn. ASDM



Lavender pit BisbeeLavender pit Bisbee



Late JurassicLate Jurassic

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Early CretaceousEarly Cretaceous

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Middle Cretaceous (~90 Ma)Middle Cretaceous (~90 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Bisbee Gp. Mural LsBisbee Gp. Mural Ls



Sevier/ Laramide thrust faultsSevier/ Laramide thrust faults



Late CretaceousLate Cretaceous

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Tombstone Ag mineTombstone Ag mine



Gates Pass Gates Pass –– 74 Ma rhyolite74 Ma rhyolite



Tombstone assemblageTombstone assemblage



Cat Mtn. rhyoliteCat Mtn. rhyolite



Morenci assemblageMorenci assemblage



Morenci assemblageMorenci assemblage



Leatherwood QMPLeatherwood QMP



Cretaceous Cretaceous 
paleogeographypaleogeography



Laramide orogenyLaramide orogeny



Tejas Tejas 
sequencesequence



Tertiary (65Tertiary (65--1.8 Ma)1.8 Ma)

From Ron Blakey NAU website: http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html

http://jan.ucc.nau.edu/~rcb7/paleogeogwus.html


Laramide Laramide 
slab slab 

flatteningflattening



Texas CanyonTexas Canyon



Wilderness Wilderness –– 43 Ma43 Ma



Catalina Mts. forerangeCatalina Mts. forerange



Santa Catalina Mts. SW dipsSanta Catalina Mts. SW dips



Catalina Catalina --
Garnet Garnet 



Eocene Eocene 
erosion erosion 
surfacesurface



Mogollon Rim gravelsMogollon Rim gravels



Early Tertiary Early Tertiary 
paleogeographypaleogeography



Cenozoic Cenozoic 
basinsbasins



Paleogene eventsPaleogene events



Early Tertiary basins AZEarly Tertiary basins AZ



Pantano clay pitPantano clay pit



Basin fill overlying PantanoBasin fill overlying Pantano



Neogene eventsNeogene events



MidMid--Tertiary Tertiary 
volcanicsvolcanics



Safford PeakSafford Peak



MidMid--Tertiary volcanics (Galiuro)Tertiary volcanics (Galiuro)



MidMid--Tertiary Tertiary 
steepening steepening 

slabslab



Cochise Stronghold Cochise Stronghold -- DragoonsDragoons



Lincoln Ranch Thrust PC over TLincoln Ranch Thrust PC over T



Chiricahua MonumentChiricahua Monument



Organ Pipe monumentOrgan Pipe monument



Picacho PeakPicacho Peak



PHOENIXPHOENIX



SUPERSTITIONSSUPERSTITIONS



Superstition Volcanic FieldSuperstition Volcanic Field
33--5 separate 5 separate 

calderascalderas
VERY silicic, VERY silicic, 

explosive explosive 
volcanoesvolcanoes

2525--15 Ma15 Ma
up to 10,000 up to 10,000 

ft. of ash ft. of ash 
depositeddeposited

From Roadside Geology of Arizona



Camelback MountainCamelback Mountain

As the Colorado Plateau to the north uplifted, southward flowing streams As the Colorado Plateau to the north uplifted, southward flowing streams 
and landslides deposited sands and gravels atop what is now the and landslides deposited sands and gravels atop what is now the 
camel’s hump.  The mountain formed during the Basin & Range event, camel’s hump.  The mountain formed during the Basin & Range event, 
between 5 & 14 Ma.between 5 & 14 Ma.

Granite – 1.4 by
Conglomerates – 23 my



PapagoPapago ButtesButtes Van Buren.Van Buren.



TAFONI are holes produced by weathering, TAFONI are holes produced by weathering, 
predominately in arid climates.predominately in arid climates.



Phoenix MountainsPhoenix Mountains

From Geologic Field Guide to the Phoenix Mountains, Central Arizona by Julia Johnson & Stephen Reynolds; Guidebook for AGS Spring Field Trip 
4/20/2002

Piestewa Peak

nn Rocks are Rocks are 
Precambrian Precambrian 
igneous & igneous & 
metamorphic metamorphic 
AND Tertiary AND Tertiary 
sedimentary sedimentary 
rocksrocks

nn Tilting Tilting 
occurred occurred 
during during 
metamorphic metamorphic 
core complex core complex 
deformationdeformation

(tilted rocks (tilted rocks 
at Camelback at Camelback 
Mt also)Mt also)

nn Uplift of Uplift of 
Phoenix Phoenix 
Mountains Mountains 
during Basin & during Basin & 
Range Range 
DisturbanceDisturbance



Whipple Whipple 
structuresstructures



Whipple Whipple 
assemblageassemblage



Tumamoc Hill Tumamoc Hill –– from Southfrom South



Basin and Range Basin and Range 
AssemblageAssemblage



Luke Salt BodyLuke Salt Body

Evaporites of Miocene basinEvaporites of Miocene basin

•• wells have drilled through a wells have drilled through a 
maximum of 4258’ of halite, maximum of 4258’ of halite, 
but have not penetrated the but have not penetrated the 
base of the depositbase of the deposit

•• salt deposit is 8 miles long, 5 salt deposit is 8 miles long, 5 
miles wide, over 1 mile thick  miles wide, over 1 mile thick  
(15 mi(15 mi33))

•• salt may be 10,000 feet thick salt may be 10,000 feet thick 
(as the Luke Basin is 11,200 (as the Luke Basin is 11,200 
feet deep)feet deep)

•• may have moved upward 600’ may have moved upward 600’ 
(not a dome, but some flow)(not a dome, but some flow)



Late Late 
Cenozoic Cenozoic 
volcanicsvolcanics



DownDown--dropped basindropped basin



San Pedro Valley B&RSan Pedro Valley B&R



Sonoita Sonoita –– basin fillbasin fill



Basin fillBasin fill



Basin crossBasin cross--section detailsection detail



San Francisco PeaksSan Francisco Peaks



Sunset CraterSunset Crater



Grand Canyon at Toroweap Valley, West of Visitor Ctr. Note lava flow at Grand Canyon at Toroweap Valley, West of Visitor Ctr. Note lava flow at 
Vulcan’s ThroneVulcan’s Throne



Pleistocene Pleistocene 
maximum maximum 
glaciationglaciation



Pleistocene glaciationPleistocene glaciation



Pleistocene temperaturesPleistocene temperatures





Pluvial Pluvial –– lakes lakes 
in the Westin the West



Willcox PlayaWillcox Playa



Glaciation Glaciation 
through through 

Geologic timeGeologic time



Carbon dioxide, last 100,000,000 yearsCarbon dioxide, last 100,000,000 years



1,000,000 1,000,000 
years years 

temperature temperature 
changechange



Glacial and Glacial and 
Interglacial Interglacial 

stagesstages



Climate Change 160,000 yrsClimate Change 160,000 yrs



40,000 yrs temp change40,000 yrs temp change



Temperature Temperature 
curve curve ––

20,000 yrs20,000 yrs



Last 10,000 yrs temperatureLast 10,000 yrs temperature



Temperature change, 5500 yearsTemperature change, 5500 years



LaBrea LaBrea 
tarpits, tarpits, 

L.A.L.A.



Cratonic Cratonic 
sequencessequences

Unconformity bounded

Continental assembly

Erosion & uplift


