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Geology of the Earth


Rocks are records of events that took place at the time they formed. They are books. They have a different vocabulary, a different alphabet, but you learn how to read them.”         


                                                                                                             -John McPhee





                                                                   I. Time Scales and General Age Ranges


A. The earth is approximately _______________old. Life on earth has been present for approximately ____________________





B. Relative Geologic time - There are four major geologic eras that divide the 4.5 billion year life of Earth; the Precambrian, Paleozoic, Mesozoic, and Cenozoic Eras.  The _________________is the largest Era (in terms of time), and covers from 4.5 bya to 543 million years ago. 





C. Eras are broken into periods, and periods are separated into epochs.





D. Mass extinctions often mark boundaries between _______________________________, and serve as a reminder of how much life on Earth has changed over 3.5 billion years.   


1.   Mass extinctions  - where 50% or more of all known living species go extinct in a “short” period of time – less than _________________________________________ It often takes additional millions of years for diversity of life to become re-established.


2. Many mass extinctions are caused by very rapid climate shifts, caused by changes in ocean currents or volcanic eruptions. 





E. Epochs are much shorter stretches of time  and the boundaries between epochs are defined by_________________________


___________________________________________________ such as emergence of a commonly found fossil or disappearance of a different fossilized organism.  Sedimentary rock is laid down primarily in aquatic ecosystems (sedimentation happens in aquatic environments, erosion in terrestrial).





F. In 2000, atmospheric scientist Paul Crutzen proposed that we are actually living in a new epoch, and he called it the __________________.


  


G. The International Union of Geological Sciences’  International Commission on Stratigraphy – the commission that decides the formal geologic time scale – has taken the issue up and is debating adding a new epoch.





H. Three things may show up prominently in sedimentary rock, leading to the idea for a new epoch.


1. _____________________ – Shows up as pollen grains in fossil record – massive amounts of corn, wheat, and soy pollen. In past fossil records, much more diverse types of pollen is seen.





2) _______________________________- Many changes in fossil record as species become extinct. Current extinction rate a thousand times higher than background rate over the last 500 million years.





3) ________________________________________ – Geologically the most significant issue.  Carbon dioxide causes an acidification of the ocean that could prevent the formation of many marine fossils.  This would dramatically alter the types of marine fossils found in sedimentary rock. Scientists estimate that sometime this century the ocean may become too acidified to allow corals to construct reefs, causing a “reef gap” in the geologic record.








II. Geologic Eras


1) Precambrian 4.5 billion years ago to 543 million years ago


Most important events in biological history took place –______________________________evolved and the atmosphere became enriched in oxygen. All organisms were marine and soft-bodied, so no _____________________________ of hard shelled organisms.  Scientists delineate the start of the Paleozoic Era (and specifically the Cambrian period) with the first hard-shelled fossils. Scientists estimate that the plates began to move in the middle of the Precambrian.  





2) Paleozoic Era – 543 to 248 million years ago


a. At the beginning of the Paleozoic, multicellular organisms underwent a dramatic explosion and almost all __________________________________________________appeared within a few million years. 





b. Paleozoic rocks – much of the limestone used for building and the __________________________of western Europe and the Eastern United States were formed. 





c. Coal is formed from plants in swamps during the Carboniferous Period, and oil is formed from ________________________ in the Devonian Period








d. The Paleozoic Era ends with the _________________________________, the largest mass extinction ever, wiping out 90% of species alive. Very hard on marine creatures.  Extinction believed linked to a Super Volcano explosion, the _____________________Three possibilities of mechanism involved:


Sulfur dioxide led to global cooling


Carbon dioxide led to global warming


Interactions with salt deposits led to release of methyl chloride, which fried the ozone layer





3) The Mesozoic Era – 248 to 65 Million Years Ago


a.  World fauna changed dramatic in the Mesozoic – Birds, Dinosaurs, mammals!  Flora changed too - modern gymnosperms, angiosperms.  Called the “_____________________________________.” 


b). K-T mass extinction wiped out Dinos, and 60% of all species alive at the time. Worst hit were marine organisms. Mass Extinction mechanisms: Chicxulub crater (Yucatan) from asteroid, or ________________________________________in India.  





4) Cenozoic Era – 65 million years ago to present


“Age of Mammals” - Explosion of mammals_____________________________________, and humans!














IV. Structure of the Earth


A. Crust – About 5km thick on ocean floor, 30 km on continents, and 100 km under large _________________________________. 


B. ____________________ – Crust plus very upper, solid part of mantle.  The lithosphere averages about 80km thick. Lithosphere makes up the moving plates of plate tectonics. 





C. __________________________– Relatively narrow, mobile zone in the mantle that is composed of hot, semi-solid material, which flows. The lithosphere is thought to float or move about on the slowly floating asthenosphere. 





D. Core – The outer core is 2,200 km thick and liquid, and the inner core is 1,250 km thick and solid.  As the earth rotates, the liquid outer core spins, creating the Earth’s _______________________________

















V. Plate Tectonics


A. The rock cycle, and the heat and pressure involved in transforming rocks, takes place within the broader context of the process of plate tectonics.  





B. The lithosphere of the earth is divided up into about __________________________________. These plates move slowly (2-15 cm per year) and “float” on the asthenosphere. 





C. Most of the US is on the _____________________________________but the Pacific Plate moves past the west cost in California, and the Juan de Fuca Plate subducts under the North American plate along the Oregon and Washington pacific coast. 





D. As the liquid part of the mantle heats radioactive decay in the Earth’s core and rises, then cools and sinks, convection currents are formed.  ___________________________________are the driving force behind plate movement. 





E.______________________________– Magma surging upward to the surface pushes two plates apart, creating new crust as it cools and spreads.  Ex. Mid-Atlantic ridge, or  African Rift Valley





F.__________________________________– When two plates collide.  Subduction occurs when one plate slides underneath another plate, which usually occurs when denser ocean crust slides underneath a lighter continental plate.  underneath a forming a trench.  The subducted crust heats to magma, and the magma may erupt as volcanoes near the plate boundary.   





G. Another type of convergent plate boundary occurs when neither plate subducts and the plates get pushed up into_________________________________________.  





H.__________________________– the boundary between two plates sliding past one another.  Ex. San Andreas Fault San Andreas Fault is the fault line that separates the __________________________and Pacific Plates.  





I. Plate tectonics is relevant to the study of environmental science because the location and size of the continents causes a change in ____________________________________, climates, and sea levels (via ocean basin size). 
































  





VI. Earthquakes, Tsunamis, and Volcanoes


A. An Earthquake is the sudden shaking of the ground where _______________________________broke along a fault and the plate “slips” a bit into a new position. 





B. The point of rock fracture is the__________________ of the earthquake – the focus is always underground.  The place on the surface directly above ground is the ________________________________. 





C. The strength of an earthquake is measured by a seismograph – an instrument that records the magnitude of the seismic waves via shaking of the earth. 


D. This strength is measured on the Richter Scale – ____________________________________. Each numeric value on the Richter Scale represents a corresponding energy release ten times greater.  (Ex:  a 5 is ten times stronger than a 4, and 100 times stronger than a 3) 





E. On the Richter scale, scientists rate earthquakes in the following way:


Richter Scale Value�
Seismologist Classification�
�
Less than 4.0�
�
�
4.0 – 4.9�
�
�
5.0 – 5.9�
�
�
6.0 – 6.9�
�
�
7.0 – 7.9�
�
�
8.0 and up�
�
�



F. Japan’s Honshu earthquake, on 3/11/11 was rated 9.0!





G. Some earthquakes are preceded by _____________________________, which occur seconds to weeks before a large earthquake. Honshu had some small foreshocks the day before the major earthquake.





H. Most earthquakes often release aftershocks as well, which can go on for months, with gradually ______________________


___________________________________________________





I. In the days following the main Japanese quake, there were 12 – 15 aftershocks per hour.  Over 30 aftershocks registered 6.0 or greater. 





J. A tsunami occurs after an earthquake or volcano displaces a ____________________________ – usually the oceanic crust is abruptly shoved up or down several meters.





K. Tsunamis travel hundreds of miles per hour at sea, but in deep water they have low crests.  When tsunamis approach the shore their ____________________ grow rapidly. 





L. Volcanoes – Two types, fissure/linear and ________________________________


Fissure/linear – lava oozes from cracks in the crust                       2)   Central – one-hole eruptions 





M._______________________________________– Volcanic eruptions spew aerosols (particles of less than 10 microns diameter) of sulfur dioxide into the air.  These aerosols provide surfaces for water to condense on, effectively “seeding” clouds.  This increase in cloud cover reflects more sunlight, cooling the temperature of the planet. 





N. Again, it is the volume of ____________________released by a volcano that will determine the degree of global cooling, not the actual amount of ash.





O. However, volcanoes also release massive amounts of carbon dioxide, which can cause global warming.  In general, the degree of global cooling is MUCH greater than the degree of global warming. 
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