
Geobiology 2013 
Introductions 
Rationale 

The interactive Earth system: biology in geologic, 
environmental and climate change throughout Earth history.   
 

Since life began it has continually shaped and re-shaped the 
atmosphere, hydrosphere, cryosphere and the solid earth. 
  
'Geobiology' introduces the concept of 'life as a geological 
agent' and examines the interaction between biology and the 
earth system during the roughly 3.5 billion years since life 
first appeared.  
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12.007 GEOBIOLOGY 
SPRING 2013  

Instructors: Roger Summons and Tanja Bosak  
Guest Lecturers: Julio Sepulveda  

 Lectures: Mon and Wed 11-12:30 

Course Description: 
Parallel evolution of life and the environment. Life processes are influenced by 

chemical and physical processes in the atmosphere, hydrosphere, cryosphere and the 
solid earth. In turn, life can influence chemical and physical processes on our planet. 
This course introduces the concept of life as a geological agent and examines the 
interaction between biology and the earth system during the roughly 4 billion years 
since life first appeared. 

Grading: 
25% Participation in class discussions 
15% Problem Sets/Assignments 
10% Weekly quizzes 
20% Final Blog Piece 
15% Midterm Exam 
15% Final Exam 
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Textbook: The Earth System, Lee R. Kump, James F. Kasting & Robert G. 
Crane. Earth System History, Steven M. Stanley. The following books will also 
be on reserve in Hayden Library:. Brock Biology of Microorganisms, Madigan, 
Martinko and Parker, F. M. M. Morel and J. Hering, Principles and Applications 
of Aquatic Chemistry 

Other Recommended Reading 
How to Build a Habitable Planet: The Story of Earth from the Big Bang to 
Humankind (Revised and Expanded Edition) 
CH Langmuir, W Broecker - 2012 - books.google.com 

The Spark of Life, Christopher Wills & Jeffrey Bada (Perseus, Cambridge, MA,  
2000).  
Planet Earth: Cosmology, Geology and the Evolution of Life and Environment,  
Cesare Emiliani, Cambridge University Press, 1992  
Additional readings provided for some lectures.  
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Week 1  
•	 Lecture Schedule 

•	 1. Wed 2/6 Overview of course; What is life? Can it be defined? Brief history 
of paleontology and geobiology; Life as a geological agent. Sedimentary 
environments and processes; Stratigraphy (William Smith); Isostasy; Plate 
tectonics; Water and life; Habitable zone; Radiative balance; Greenhouse 
gases. Faint Young Sun (Summons) 

•	 Stanley, Chap. 1 & 2 Kump 187-195 

•	 2. Mon 2/11: Time scales of major events in formation of Universe and 
Solar System; Abundance of elements. Geochronology; Introduction to 
geological processes, rocks and minerals. Planetary accretion and 
differentiation. Introduction to the geological timescale and major transitions 
in Earth history (Summons) 

•	 Stanley pp. 129-151, 177-197 
•	 problem set 

4



 

 
 

Weeks 1&2 Assignment  
Essay: What criteria do you think are 

important for assessing the habitability of 
a planetary body? Illustrate with 
reference to current or past missions in 
our solar system. 

OR: 
Essay: What is meant by the concept of 

Galactic Habitable Zone.  Illustrate with 
reference to a current mission that looks 
outside our solar system. 

4 pages incl. figures; due Feb 20th 
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 Courtesy NASA  
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Making a Habitable Planet 

• The right kind of star and a rocky planet  
• A benign cosmological environment 
• Matter, temperature where liquid water 
stable, energy 

• And many more see:  
Langmuir, Charles Herbert, and Wallace  
Smith Broecker. How to build a habitable
 
planet. Princeton University Press, 2012.  
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http://books.google.com/books?id=bdPqh7Xp7D0C&dq=wallace+broecker+building+a+habitable+planet&lr=
http://books.google.com/books?id=bdPqh7Xp7D0C&dq=wallace+broecker+building+a+habitable+planet&lr=


 

What is life?  
Life, from wikipedia 
 
“Life  is a characteristic that distinguishes objects  that have signaling 
and self-sustaining processes  from those that do not,[1][2]  either 
because such functions have ceased (death), or else because they lack 
such functions and are classified as inanimate."[3][4] 
 

Committee on the Limits of Organic Life in Planetary Systems. The 
Limits of Organic Life in Planetary Systems. National Academies Press, 
2007. 
"Dedicated to Non-Human-Like  Life Forms, Wherever They Are."  
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http://en.wikipedia.org/wiki/Life
http://en.wikipedia.org/wiki/Physical_body
http://en.wikipedia.org/wiki/Biological_process
http://en.wikipedia.org/wiki/Biological_process
http://en.wikipedia.org/wiki/Life#cite_note-Koshland-2
http://en.wikipedia.org/wiki/Life#cite_note-AHDLife-3
http://en.wikipedia.org/wiki/Death
http://en.wiktionary.org/wiki/inanimate
http://en.wikipedia.org/wiki/Life#cite_note-4
http://en.wikipedia.org/wiki/Life#cite_note-5
http://www.nap.edu/openbook.php?record_id=11919&page=1
http://www.nap.edu/openbook.php?record_id=11919&page=1
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Rhythm of Life 

Guinness "Rhythm of Life � Evolution 
http://www.youtube.com/watch?v�9OjkEOdZj3A  
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Cosmic Time Scales
 

Courtesy of Eric Fisk. Used with permission.

12-15 
b.y. 

4.6 b.y. 2.1 b.y. 

3.5 b.y. 
65 m.y. 

Avg. human life span=0.15 s 

21 s 
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http://en.wikipedia.org/wiki/File:Cosmic_Calendar.png


 

 

 
 

Earth's Geologic Clock  

Original illustration removed due 
to copyright restriction. 
Des Marais, David J. �When did 
photosynthesis emerge on 
Earth?.� Science (Washington) 

Image by Woudloper. 289, no. 5485 (2000): 1703-
1705. 
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http://en.wikipedia.org/wiki/File:Geologic_Clock_with_events_and_periods.svg
http://www.dx.doi.org/10.1126/science.289.5485.1703
http://www.dx.doi.org/10.1126/science.289.5485.1703
http://www.dx.doi.org/10.1126/science.289.5485.1703


           

  

 

 

The standard 
cosmological 
model of the 
formation of 
the universe: 

“The Big Bang” 
New NASA Speak: The  

theory of The Big Bang 

•From: The First Three 
Minutes, by Steven 
Weinberg 

Time T(K)  E        Density What’s Happening?
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© Rod Nave. All rights reserved. This content is excluded from our Creative Commons
license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

http://hyperphysics.phy-astr.gsu.edu/hbase/astro/hubble.html
http://ocw.mit.edu/help/faq-fair-use/


 

 
 

  
 

  

   
 

Evidence 
for the Big 
Bang #1: An 
Expanding 
Universe 

•The galaxies we see in all directions are moving away from the 
Earth, as evidenced by their red shifts (Hubble). 
•The fact that we see all stars moving away from us does not imply 
that we are the center of the universe! 
•All stars will see all other stars moving away from them in an 
expanding universe. 
•A rising loaf of raisin bread is a good visual model: each raisin 
will see all other raisins moving away from it as the loaf expands. 
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© Rod Nave. All rights reserved. This content is excluded from our Creative Commons
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Evidence for 
the Big Bang 
#2: The 3K 
Cosmic 

Microwave 
Background 

•Uniform background radiation in the microwave region of the spectrum is 
observed in all directions in the sky. 
•Has the wavelength dependence of a Blackbody radiator at ~3K. 
•Considered to be the remnant of the radiation emitted at the time the 
expanding universe became transparent (to radiation) at ~3000 K.  (Above 
that T matter exists as a plasma (ionized atoms) & is opaque to most 
radiation.) 
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Science Magazine: Breakthrough of the  
Year 2003  

•	 Wilkinson Microwave Anisotropy Probe 
(WMAP) produced data to indicate the 
abundances and sizes of hot and cold 
spots in the CMB. 

•	 Universe is very strange 
•	 Universe not just expanding but Courtesy NASA 

accelerating 
•	 Universe is 4% ordinary matter, 23% 

'exotic matter � dark matter' and 73% 
dark energy 

•	 Age is 13.7㼼 .2 b.y. and expanding 
•	 It's flat 
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Evidence for the Big Bang #3: H-He  
Abundance  

•Hydrogen (73%) and He (25%) account for nearly all the nuclear matter in the universe, 
with all other elements constituting < 2%. 

•High % of He argues strongly for the big bang model, since other models gave very low %. 


•Since no known process significantly changes this H/He ratio, it is taken to be the ratio 
which existed at the time when the deuteron became stable in the expansion of the universe. 
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In the hot, early universe,
protons and neutrons were 
equally numerous since the 
energy was high enough to 
exchange them freely back 
and forth. These temperatures plus the

known abundances provide a
test for the expansion rates
in cosmological models.

26% helium
by mass

Present universe
74% hydrogen

3x1010K 0.9x109K

Protons

Neutrons

Free neutrons begin to
decay at a faster rate 
than they are produced.

Deuterium becomes stable,
so neutrons quickly combine
to produce deuterium and
then helium, stopping the
neutron decay.

Image by MIT OpenCourseWare.



Nucleosynthesis 

Source: wikimedia user Cepheus. Image in the public domain. 
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http://en.wikipedia.org/wiki/File:Periodic_table.svg


 

 
 

 

 

 

 

Nucleosynthesis I: Fusion Reactions in Stars
 

Fusion 
Process Reaction Ignition T 

(106 K) 
Hydrogen 
Burning H-->He,Li,Be,B 50-100 

Helium Burning He-->C,O 200-300 

Carbon Burning C->O,Ne,Na,Mg 800-1000 

Neon, Oxygen 
Burning Ne,O-->Mg-S 2000 

Silicon Burning Si-->Fe 3000 

Produced in 

early universe 


3He=C, 4He=O 


Fe is the end of the 
line for E-producing 
fusion reactions... 
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Hydrogen to Iron 

•Elements above iron in the periodic table cannot be formed in the 
normal nuclear fusion processes in stars. 
•Up to iron, fusion yields energy and thus can proceed. 
•But since the "iron group" is at the peak of the binding energy 
curve, fusion of elements above iron dramatically absorbs energy. 
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Nuclear Binding Energy 
•Nuclei are made up of protons and neutrons, but the mass of a 
nucleus is always less than the sum of the individual masses of 
the protons and neutrons which constitute it. 
•The difference is a measure of the nuclear binding energy 
which holds the nucleus together. 
•This energy is released during fusion. 

•BE can be calculated from the relationship:  BE = �mc2 

•For a particle, �m= 0.0304 u, yielding BE=28.3 MeV 
**The mass of nuclei heavier than Fe is greater than the mass 
of the nuclei merged to form it.** 
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Alpha particle

Mass of parts Mass of alpha 4.00153 u

1 u = 1.66054 x 10-27kg = 931.494 MeV/c2

2 x 1.00728 u

2 x 1.00866 u

4.03188 u

Protons

Neutrons

+ +

N N N

N ++

Image by MIT OpenCourseWare.



 

 
 

 

 
 

 

 

Elements Heavier than Iron 

•To produce elements heavier than Fe, enormous amounts of 
energy are needed which is thought to derive solely from the 
cataclysmic explosions of supernovae. 

•In the supernova explosion, a large flux of energetic neutrons is 
produced and nuclei bombarded by these neutrons build up mass 
one unit at a time (neutron capture) producing heavy nuclei. 

•The layers containing the heavy elements can then be blown off 
be the explosion to provide the raw material of heavy elements in 
distant hydrogen clouds where new stars form. 

Courtesy NASA  
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Neutron 

Capture & 


Radioactive 

Decay 


•Neutron capture in 
supernova 
explosions produces 
some unstable 
nuclei. 

•These nuclei 
radioactively decay 
until a stable isotope 
is reached. 
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Nucleosynthesis by Neutron Capture

Construction of elements beyond iron involves the capture of a neutron to 
produce isophotes. Unstable isotopes decay into new elements

Atomic mass = Number of protons + Neutrons

Atomic number = Numbers of protons

Element name

Neutron capture

Stable isotope

Stable isotope

Stable isotope

Unstable isotope

Radioactive decay

110Cd
48

 + 1n
0
         111Cd

48

111Cd
48

 + 1n
0
         112Cd

48

112Cd
48

 + 1n
0
         113Cd

48

113Cd
48

 + 1n
0
         114Cd

48

114Cd
48

 + 1n
0
         115Cd

48

115Cd
48

         115 In
49

+ e- + ν

110Cd
48

Image by MIT OpenCourseWare.



 

    

 
 

 

 

 

Cosmic Abundance 
of the Elements 

•H (73%) & He (25%) account for 
98% of all nuclear matter in the 
universe. 
•Low abundances of Li, Be, B due 
to high combustibility in stars. 
•High abundance of nuclei w/ mass 
divisible by 4He: 
C,O,Ne,Mg,Si,S,Ar,Ca 
•High Fe abundance due to max 
binding energy. 
•Even heavy nuclides favored over 
odd due to lower “neutron-capture 
cross-section” (smaller target = 
higher abundance). 
•All nuclei with >209 particles 
(209Bi) are radioactive. 
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No stable isotopes of: 
Technetium (43) or Prometheum (59) 

Note that this is the inverse of the binding 
energy curve. 

Planet-building elements: 
O, Mg, Si, Fe 

Magic neutron #’s 
82 & 126 are 
unusually stable 

 

    

 
 

 

 

 
Image by MIT OpenCourseWare.



Basics of Geology 
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Mantle and Crust 
Lithosphere/Asthenosphere
       Outer 660 km divided into two layers based on mechanical properties

 Lithosphere 
Rigid outer layer including crust and upper mantle 
Averages 100 km thick; thicker under continents 

Asthenosphere 
Weak, ductile layer under lithosphere

              Lower boundary about 660 km (entirely within mantle) 
The Core 

Outer Core 
~2300 km thick 
Liquid Fe with Ni, S, O, and/or Si

              Magnetic field is evidence of flow 
Density ~ 11 g/cm3 

       Inner Core 
~1200 km thick 
Solid Fe with Ni, S, O, and/or Si 
Density ~13.5 g/cm3 

Earth’s Interior: How do we know its 
structure? 

Avg density of Earth (5.5 g/cm3) 
Denser than crust & mantle 
Composition of meteorites 
Seismic wave velocities 
Laboratory experiments 
Chemical stability 
Earth’s magnetic field 

Lithosphere & Asthenosphere 
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Earth’s Surface 

Principle Features of Earth’s Surface

 Continent 
              Shield--Nucleus of continent composed of Precambrian rocks
       Continent-Ocean Transition 


Continental shelf--extension of continent
 
Continental slope--transition to ocean basin


       Ocean basin--underlain by ocean crust
 
Why do oceans overlie basaltic crust?
 
Mid-ocean ridge 


Mountain belt encircling globe 
Ex: Mid-Atlantic Ridge, East Pacific Rise 

Deep-ocean trenches 

Elongate trough
 
Ex: Peru-Chile trench 
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Earth’s Crustal Evolution: 2 
3㼻Crust = Formed from slow, continuous distillation by volcanism on a 
geologically active planet (I.e., plate tectonics). 
•Results in highly differentiated magma distinct from basalt--the low-
density, light-colored granite. 
•Earth may be the only planet where this type of crust exists. 
•Unlike 1㼻 & 2㼻 crusts, which form in < 200 M.y., 3㼻 crusts evolve 
over billions of years. 
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High Temperature/Low Pressure
Subduction Regime

Accretion of Earth

Oldest Mineral Found on Earth
(Zircon In Younger Archean Sediments)

Oldest Rocks
(Acasta Gneiss)

Modern
Island-Arc Regime

0 1 2 3 4
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Major Episodes of Growth

Geologic Age (Billions of Years Before Present)

Crustal Growth has proceeded in episodic fashion for billions of years. An important growth spurt lasted 
from about 3.0 to 2.5 billion years ago, the transition between the Archean and Proterozoic eons. 
Widespread melting at this time formed the granite bodies that now constitute much of the upper layer of
the continental crust.
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Image by MIT OpenCourseWare. After Taylor, S. Ross, and Scott M. McLennan.
"The Evolution of Continental Crust." Scientific American 274 (1996): 76-81.



 

 

  
 
 
 

Igneous Rocks 

Basalt 
(2㼻 Crust; 
Oceanic 
crust) 

Granite 
(1㼻 Crust; 
Continental 
Crust) 

Photograph of basalt courtesy United States Geological Survey  
Photograph of rhyolite courtesy James St. John.  
Photograph of gabbro courtesy Mark A. Wilson.  
Photograph of granite courtesy James Bowe. 
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http://en.wikipedia.org/wiki/File:BasaltUSGOV.jpg
http://www.flickr.com/photos/jsjgeology/8456708386/
http://en.wikipedia.org/wiki/File:GabbroRockCreek1.jpg
http://www.flickr.com/photos/jamesrbowe/7084609879/


               
              
               

 

              
               
              
                

 

 

       
        
               
               

The Crust 
Ocean Crust 

3-15 km thick 
Basaltic rock 
Young (<180 Ma)

              Density ~ 3.0 g/cm3 
Continental Crust 

35 km average thickness 
Granitic rock 
Old (up to 3.8 Ga) 
Density ~ 2.7 g/cm3

       Crust "floating" on "weak" mantle 

The Crust 
& Mantle 

The Mantle 
       ~2900 km thick
       Comprises >82% of Earth’s volume 

Mg-Fe silicates (rock) 
Two main subdivisions: 

Upper mantle (upper 660 km) 
Lower mantle (660 to ~2900 km; "Mesosphere") 
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Structure of 

Earth 


Figure courtesy United States Geologic Society. 
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Why is Continental Crust “Elevated 

Relative to Oceanic Crust? 


•High-density Basalt sinks into mantle 
more than low-density Granite. 
•Volcanism continually produces highly 

differentiated continental crust on Earth.
 
•Venus surface appears to be all basalt.
 
•Plate tectonics & volcanism do not 
appear to be happening on Venus (or 
Mars, Moon). 
•So Earth may be unique in Solar 
System.  And plate tectonics & 
volcanism likely critical in determining 
habitability. 

Taylor & McLennan Sci. Am. (1996) 
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the earth (blue) and on Venus (gold). Most places on the 
earth stand near one of two prevailing levels. In contrast, 
a single height characterizes most of the surface of Venus, 
(Elevation on Venus is given with respect to the planet’s 
mean radius.)

Image by MIT OpenCourseWare. After Taylor, S. Ross, 
and Scott M. McLennan. "The evolution of continental 
crust." Scientific American 274 (1996): 76-81.



Courtesy US Geological Survey 

Lithospheric Plates 
•8 large plates (+ add’l. small ones) 

•Average speed:  5 cm/yr 

•3 types of motion result in 3 types of boundaries: sliding toward (subduction 

zones), sliding away (ridge axes), skiding along (transform faults) 
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Convection Drives Plate Movements 


Courtesy NASA 
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Tectonic Activity in the South Atlantic 
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Image by MIT OpenCourseWare.
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Rock 

Basics 


Igneous + metamorphic 
= Crystalline Rocks 
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Sedimentary rock

Sediment

MeltingWeathering
erosion

Magma

Cooling

Metamorphic rock

Sedimentary 

Pressure temperature

Igneous rock

Igneous Metamorphic

Image by MIT OpenCourseWare.



 

 

The Rock Cycle
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Image by MIT OpenCourseWare.



  
  

 

  

 

      
     

Igneous 
Rocks 
101 

•Felsic: Si-,Al-rich. Light-colored, low-density. Feldspar (pink) & 
quartz (SiO2)-rich. Most continental crust. Granite most abundant. 
•Mafic: Mg-, Fe-rich. Dark -colored, high-density. Most oceanic 
crust. Ultramafic rock (more dense) forms mantle below crust. 

•Extrusive: cools rapidly; small crystals 
•Intrusive: cools slowly; large crystals 

Granite 
(1㼻 Crust; 
Continental Crust) 

Basalt 
(2㼻㼻 Crust; 
Oceanic 
crust) 

Photograph of basalt courtesy United States Geological Survey. Photograph of gabbro courtesy Mark A. Wilson. 
Photograph of rhyolite courtesy James St. John. Photograph of granite courtesy James Bowe. 
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http://en.wikipedia.org/wiki/File:BasaltUSGOV.jpg
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• Slab of lithosphere is subducted, melted & 
incorporated into asthenosphere 

• Convection carries molten material upward where 
it emerges along a spreading zone as new 
lithosphere. 

Plate Tectonics 
& the Rock 

Cycle 

•Subducted sediment melts at a shallower depth where it contributes to magma 
emitted from an island arc volcano and a mountain chain volcano 
•Erosion of volcanic rock provides sediment to complete cycle 

Figure courtesy Jose F. Virgil, United States Geological Survey. 
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http://en.wikipedia.org/wiki/File:Tectonic_plate_boundaries.png


 
 

 
 

 
 

 

Sedimentary 

Rocks 


Represent 

Homogenous 

Mixture of 

Continental 


Crust 
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© Scientific American. All rights reserved. This content is excluded from our Creative
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Geologic Time 


A major difference between 
geologists and most other scientists 
is their attitude about time.  

A "long" time may not be important 
unless it is > 1 million years. 
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Bowring, S. A., and D. Condon. �Sequencing the Neoproterozoic: 
the importance of high-precision geochronology.� In Snowball 

Source: www.SnowballEarth.org  Earth 200  Conference, July, pp. 1 -21. 200 . 
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http:www.SnowballEarth.org
http://www.snowballearth.org/geochron.html
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Absolute Calibration: Geochronology 


• Add numbers to the stratigraphic 
column based on fossils. 

• Based on the regular radioactive 
decay of some chemical 
elements. 
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Radioactive 

Decay of 


Rubidium to 

Strontium
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Image by MIT OpenCourseWare.



 

Parent Atoms 
Remaining as a Function of Time 
Proportion of 
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Isotopic dating 

• Radioactive elements (parents) decay to 

nonradioactive (stable) elements 
(daughters). 

• The rate at which this decay occurs is 
constant and knowable. 

• Therefore, if we know the rate of decay 
and the amount present of parent and 
daughter, we can calculate how long this 
reaction has been proceeding. 
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ISOTOPES

PARENT DAUGHTER

HALF-LI FE
OF PARENT 
(YEARS)

EFFECTIVE 
DATING 
RANGE (YEARS)

MINERALS AND OTHER 
MATERIALS  THAT 
CAN BE DATED

Uranium-238 Lead-206 4.5 billion 10 million-
4.6 billion Uraninite

Zircon

Argon-40Potassium-40 1.3 billion 50,000 - 
4.6 billion

Muscovite
Biotite
Hornblende
Whole volcanic rock

Carbon-14

Strontium-87

Nitrogen-14

Rubidium-87 47 billion 10 million - 
4.6 billion

100 -70,000

Muscovite
Biotite
Potassium feldspar
Whole metamorphic or igneous rock
Wood, charcoal, peat
Bone and tissue
Shell and other calcium carbonate
Groundwater, ocean water, 
and glacier ice containing dissolved
carbon dioxide

5730

Major Radioactive Elements Used 

in Isotopic Dating
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Image by MIT OpenCourseWare.



 

Parent Daughter Half-life (years) 

Geologically Useful Decay Schemes
 

235U 207Pb 
 0.71 x 109
 

238U 206Pb 
 4.5 x 109 


40K 40Ar 1.25 x 109 


87Rb 87Sr 47 x 109 


14N 573014C
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From dendrochronology to  
geochronology  

• Tree rings can be dated 
with 14C to calibrate them 

• For rocks and older 
material, we need other 
methods: e.g. 
uranium/lead Photograph courtesy of Henri D. Grissino-Mayer. 

Used with permission. 

• Radiocarbon can only be 
used to date organic 
material (plant or animal) 
younger than ~ 60,000 yrs 
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http://web.utk.edu/~grissino/


Two ways to date geologic 

events 


1) relative dating (fossils,structure) 

2) absolute dating (isotopic, tree    

rings, etc.) 
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Amount of Time 

Required for 


Some Geologic 

Processes and 


Events
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Some geologic processes can be 

documented using historical records
 

The present pattern of erosion 
is shown on the map on the 
right. Red shows shoreline 
undergoing wave erosion; 
green shows shoreline 
undergoing deposition. 

About  ,000 years ago, before extensive wave  
erosion of the glacial deposits had occurred, glacial  
Cape Cod probably resembled the green area as  
shown on the left map.  

Maps courtesy U.S. Geological Survey. 
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http://commons.wikimedia.org/wiki/File:Cape_Cod_Glacial_Erosion_and_Deposition.jpg


   

Ammonite Fossils Petrified Wood 


Photographs courtesy Smabs Sputzer and Candie N  
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http://www.flickr.com/photos/10413717@N08/5971080667/
http://www.flickr.com/photos/scjn/2428089047/


 

  

Steno's Laws
 

Nicolaus Steno (1669) 
• Principle of Superposition 

• Principle of Original Horizontality 


• Principle of Lateral Continuity 

Laws apply to both sedimentary & volcanic rocks. 
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 Principle of Superposition
 

In a sequence of undisturbed layered 
rocks, the oldest rocks are on the 
bottom. 
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Principle of Superposition
 

Oldest rocks 

Youngest rocks 

Photograph courtesy Mark A. Wilson 
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http://en.wikipedia.org/wiki/File:IsfjordenSuperposition.jpg


 

 

Principle of Original Horizontality
 

Layered strata are deposited 

horizontal or nearly horizontal or 

nearly parallel to the Earth’s surface.
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Principles of original 


horizontality and superposition
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Sedimentation in 
lake or sea Younger

Older

Image by MIT OpenCourseWare.



 

 

Principle of Lateral Continuity
 

Layered rocks are deposited in 
continuous contact.
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 Using Fossils to Correlate Rocks
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Image by MIT OpenCourseWare.



 

   

William (Strata) Smith 
•	 The Principle of Faunal 

Succession, first geological 
map ever ( UK) 

 Portrait of William Smith by Hugues Fourau
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http://en.wikipedia.org/wiki/Principle_of_faunal_succession
http://en.wikipedia.org/wiki/Principle_of_faunal_succession
http://en.wikipedia.org/wiki/File:William_Smith_%28geologist%29.jpg


 
Disconformity and 


Unconformity
 

A buried surface of erosion  
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Formation of a Disconformity
 

Image by MIT OpenCourseWare. 
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Rocks Exposed in the Grand Canyon
 

Photography courtesy Grand Canyon National Park.  
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http://www.flickr.com/photos/grand_canyon_nps/8537281481/


  

 

Generalized
 
Stratigraphic
 

Section of Rocks 

Exposed in the 

Grand Canyon
 

Figure courtesy National Park Service. 
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http://en.wikipedia.org/wiki/File:Stratigraphy_of_the_Grand_Canyon.png


 

  

 

Some of the Geologic Units 

Exposed in the Grand Canyon
 

Photograph of the Grand Canyon removed due to copyright restriction.

Annotated photograph of the Grand Canyon 
with labeled rock formations. 
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South Rim of the Grand Canyon
 

250 million years old 

50 million years old 

1.7 billion years old 
Precambrian 

Photography courtesy Grand Canyon National Park.  
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http://www.flickr.com/photos/grand_canyon_nps/8537281481/


 
 

South rim of the Grand Canyon 


The nonconformity of the Grand Canyon is 
outlined. 
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Photograph of the Grand Canyon removed due to copyright restriction.



 

The Great Unconformity of the Grand Canyon 

Photograph courtesy Chris M. Morris 
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http://www.flickr.com/photos/79666107@N00/8315970528/


 

 

Angular Unconformity at Siccar Point 

Photograph courtesy Lysippos. 
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http://commons.wikimedia.org/wiki/File:Hutton%27s_unconformity_siccar_point.JPG


 

 

Sedimentation of Beds A-D
 
Beneath the Sea
 

Image by MIT OpenCourseWare 
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Deformation and Erosion During
Mountain Building

Image by MIT OpenCourseWare.
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— James Hutton 
http://en.wikipedia.org/wiki/James_Hutton 

His theories of geology and geologic time, also called 
deep time  came to be included in theories which 
were called plutonism and uniformitarianism. 

He is also credited as the first scientist to publicly 
express the Earth was alive and should be 
considered a superorganism. 

Hutton reasoned that there must have been innumerable cycles, each involving 
deposition on the seabed, uplift with tilting and erosion then undersea again for further 
layers to be deposited. On the belief that this was due to the same geological forces 
operating in the past as the very slow geological forces seen operating at the present 
day, the thicknesses of exposed rock layers implied to him enormous stretches of time 
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Uniformitarianism 

http://en.wikipedia.org/wiki/James_Hutton
http://en.wikipedia.org/wiki/Geologic_time_scale
http://en.wikipedia.org/wiki/Deep_time
http://en.wikipedia.org/wiki/Plutonism
http://en.wikipedia.org/wiki/Uniformitarianism_(science)
http://en.wikipedia.org/wiki/Gaia_Hypothesis
http://en.wikipedia.org/wiki/Superorganism
http://en.wikipedia.org/wiki/Deposition_(sediment)
http://en.wikipedia.org/wiki/Seabed
http://en.wikipedia.org/wiki/Erosion


Many methods have been used to  
determine the age of the Earth  

1) Bible: In 1664, Archbishop Usher of 
Dublin used chronology of the Book of 
Genesis to calculate that the world began 
on Oct. 26, 4004 B.C. 

2) Salt in the Ocean: ( ca. 1899) Assuming
the oceans began as fresh water, the rate 
at which rivers are transporting salts to the
oceans would lead to present salinity in 
~100 m.y. 
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Many methods have been used to  
determine the age of the Earth  

3) Sediment Thickness:  Assuming the rate of 
deposition is the same today as in the past, 
the thickest sedimentary sequences (e.g., 
Grand Canyon) would have been deposited in 
~ 100 m.y. 

4) Kelvin’s Calculation: (1870): Lord Kelvin 
calculated that the present geothermal 
gradient of ~30㼻C/km would result in an
initially molten earth cooled for 30 – 100 m.y. 
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Oldest rocks on Earth  
Slave Province, Northern Canada 
•	 Zircons in a metamorphosed granite dated 

at 4.03 Ga by the U-Pb method 
Yilgarn block, Western Australia 
•	 Detrital zircons in a sandstone dated at 4.4 

Ga by U-Pb method. 
Several other regions dated at 3.8 Ga by 

various methods including Minnesota, 
Wyoming, Greenland, South Africa, and
Antarctica. 
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The geologic timescale  
and absolute ages  

Isotopic dating of intebedded
volcanic rocks allows assignment
of an absolute age for fossil
transitions 
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The big assumption  

The half-lives of radioactive 

isotopes are the same as they 


were billions of years ago. 
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Test of the assumption 


Meteorites and Moon rocks (that are 
thought to have had a very simple 
history since they formed), have been 
dated by up to 10 independent isotopic 
systems all of which have given the 
same answer. However, scientists 
continue to critically evaluate this data. 
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parent daughter half life (years)  

  

Frequently used decay schemes
 
have half-lives which vary by  


a factor of > 100 

238U 20 Pb 4.5 x 109  

0.71 x 109 235U 207Pb  
40K 40Ar 1.25 x 109  

87Rb 87Sr 47 x 109  

147Sm 144Nd 10 x 109  
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Minerals with no initial daughter 

• 40K decays to 40Ar (a gas) 

• Zircon: ZrSiO4

 ion radius (Å) 
Zr4+ 0.92

 U 4+ 1.08 

Pb2+ 1.37 
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World's Oldest Rock: Acasta Gneiss  

Photograph courtesy Ellenm1. 
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http://www.flickr.com/photos/ellenm1/4260263257/


 

Acasta Zircon (Ages in My)  

Photograph of Acasta Zircon removed due to 
copyright restriction. 

-300 Im zircon crystal, SAB94-134, Grain 1,  
with ages of 403 , 4029, 384 , 2998, 4014,  
3971, 4028, 3984 (ages in millions of years).  
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Figure of North American craton removed due 
to copyright restriction. 

See Figure 1 in Hoffman, Paul. "United plates 
of America, the birth of a craton: Early 
Proterozoic Assembly and Growth of 
Laurentia." Annual Reviews of Earth and 
Planetary Sciences 1 , 1998. 
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http://www.dx.doi.org/10.1146/annurev.ea.16.050188.002551
http://www.dx.doi.org/10.1146/annurev.ea.16.050188.002551
http://www.dx.doi.org/10.1146/annurev.ea.16.050188.002551
http://www.dx.doi.org/10.1146/annurev.ea.16.050188.002551


 Image courtesy R. Clucas. 
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http://en.wikipedia.org/wiki/File:MtRedoubtedit1.jpg


Zircons: Nature's Time Capsules  

Microscope photograph of 
zircons removed due to 
copyright restrictions. 
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The Geologic time scale 

 
Figure courtesy Geological Society of America. Used with permission.
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http://www.geosociety.org/science/timescale/


The Eras of the Phanerozoic 


© 2005. Reprinted by permission from 
Macmillan Publishers Ltd: Nature. Also see: Phillips, John. 
Source: Rohde, Robert A., and Richard 

Life on the earth: its A. Muller. "Cycles in Fossil Diversity." 
Nature 434, no. 7030 (2005): 208-10. origin and succession. 

18 0. 
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http://www.dx.doi.org/10.1038/nature03339
http://books.google.com/books/about/Life_on_the_Earth.html?id=ckMDAAAAQAAJ
http://books.google.com/books/about/Life_on_the_Earth.html?id=ckMDAAAAQAAJ
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 Figure courtesy Sam Bowring. 
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Fossil

 

Paleontology  
The study of life in the past based on 

fossilized plants and animals. 

: Evidence of past life 

Fossils preserved in sedimentary rocks are 
used to determine: 
1) Relative age 
2) Environment of deposition 
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Trilobites (Cambrian) 

 Photograph courtesy Kevin Walsh. 
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http://www.flickr.com/photos/86624586@N00/513424023/


Fossil Fern (Pennsylvanian) 

  Photograph courtesy Black Country Museums. 
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http://www.flickr.com/photos/blackcountrymuseums/4388936799/


 

 

Fossil Sycamore-like Leaf (Eocene) 

Photograph courtesy Daderot. 
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http://commons.wikimedia.org/wiki/File:Acer_leaf,_Late_Early_Eocene,_Lost_Cabin_Age,_Green_River_Formation,_South_Bonanza,_Unitah_County,_Utah,_USA_-_Houston_Museum_of_Natural_Science_-_DSC01942.JPG


 
 

 

•	 Tree rings can be counted and dated with 
14C to calibrate them 

• For rocks and older material, we need other 
methods: e.g. uranium/lead 

Photograph courtesy of Henri D. Grissino-Mayer. 
Used with permission. 

Isotopic Dating  

•	 Radioactive elements (parents) decay to 
nonradioactive (stable) elements 

The rate at which this decay occurs is 
constant and knowable. 

Therefore, if we know the rate of decay 
and the amount present of parent and 
daughter, we can calculate how long this 
reaction has been proceeding. 
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• Radiocarbon can only be used to date 
organic material (plant or animal) younger 
than ~ 60,000 yrs 
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