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NiacaNiaca Mine, Chihuahua, MexicoMine, Chihuahua, Mexico



Shallow-Focus Earthquakes(0-70 km)

www.iris.org



Deep-Focus Earthquakes (greater than 70 km)

www.iris.org





Isaacs, Oliver and Sykes, 1967 (IOS)Isaacs, Oliver and Sykes, 1967 (IOS)

What About Hot Spots?What About Hot Spots?



Diffuse Plate Boundaries / “Conventional” Plates











Subduction Zone, Northern Honshu JapanSubduction Zone, Northern Honshu Japan





Temperature, °C

Metamorphic Metamorphic FaciesFacies





Himalaya Crust and Mantle SectionHimalaya Crust and Mantle Section



3 Types of Volcanoes3 Types of Volcanoes

•• Basaltic, shields, ridges, all volcanic Basaltic, shields, ridges, all volcanic 
regionsregions

•• Intermediate, Intermediate, AndesiteAndesite StratVolcanoesStratVolcanoes, , 
Island arcs (Subduction)Island arcs (Subduction)

•• SilicicSilicic, Calderas, Continental melting, Calderas, Continental melting



Mona Loa, HawaiiMona Loa, Hawaii



Generalized Geologic Time FramesGeneralized Geologic Time Frames

•• Stage 1:  Stage 1:  PregeologicPregeologic 4.5 to 4.0 BY4.5 to 4.0 BY
•• Stage 2:  Stage 2:  ArcheanArchean 4.0 to 2.5 BY4.0 to 2.5 BY

»» Early Plate Tectonics, lifeEarly Plate Tectonics, life

•• Stage 3:  Stage 3:  ProterozoicProterozoic 2.5 to 0.6 BY2.5 to 0.6 BY
»» Plate Tectonics, life; Polar WanderingPlate Tectonics, life; Polar Wandering

•• Stage 4:  Early Stage 4:  Early PhanerozoicPhanerozoic 0.6 to .15 BY0.6 to .15 BY
»» Cambrian, hard shelled fossils Cambrian, hard shelled fossils 

•• Stage 5:  Late Stage 5:  Late PhanerozoicPhanerozoic .15 to 0 BY.15 to 0 BY
»» Ocean Magnetic AnomaliesOcean Magnetic Anomalies



Newberry, Volcano, Bend OregonNewberry, Volcano, Bend Oregon



Mt St Helens (pre 1980) andMt St Helens (pre 1980) and
Mt Rainier, WashingtonMt Rainier, Washington



Note Difference in Pattern in Oceans and on LandNote Difference in Pattern in Oceans and on Land













Taconic Taconic OrogenyOrogeny, New England, New England



Acadian Acadian OrogenyOrogeny, Northeast, Northeast
CaledonidesCaledonides in Scandinaviain Scandinavia



Appalachian Appalachian OrogenyOrogeny, Eastern NA, Eastern NA
HercynianHercynian in Europein Europe



Final Assembly Final Assembly 
of of PangeaPangea



Geologists Can Predict theGeologists Can Predict the
Future too!Future too!







US Gravity MapUS Gravity Map--Midcontinent Midcontinent ““RiftRift””

Hot Spot TracksHot Spot Tracks
1.0  BY1.0  BY
530 MY530 MY
<15 MY<15 MY



US Magnetic MapUS Magnetic Map
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»» Plate Tectonics, life; Polar WanderingPlate Tectonics, life; Polar Wandering

•• Stage 4:  Early Stage 4:  Early PhanerozoicPhanerozoic 0.6 to .15 BY0.6 to .15 BY
»» Cambrian, hard shelled fossils Cambrian, hard shelled fossils 

•• Stage 5:  Late Stage 5:  Late PhanerozoicPhanerozoic .15 to 0 BY.15 to 0 BY
»» Ocean Magnetic AnomaliesOcean Magnetic Anomalies



PilberaPilbera Pillow Basalts ~ 3,500 MYPillow Basalts ~ 3,500 MY



PilberaPilbera Block, NW Australia~ 3,000 MY old Block, NW Australia~ 3,000 MY old StromatolitesStromatolites
Life Saved the Earth?Life Saved the Earth?
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