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The Earth Now: 
  The Oceans 
  The Atmosphere 
  The Surface/Crust 
  The Biosphere 
  Biogeochemical Cycles 

How the Earth Evolved: 
 Temperature 
 Oxygen 
 Habitability: Life on Earth 
 The Goldilocks Problem 
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is determined, in part, by: 

(1)  The Hydrological Cycle 
(2)  Biology 
(3)  Local Albedo 
(4)  Surface Interactions 
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http://oceansjsu.com/images/exp5_interior_earth.gif   
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http://nzphoto.tripod.com/volcano/
PacificPlate.gif 
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http://www.cas.muohio.edu/limpermuseum/InvestigateConceptsInGeology/_images/Forces%20that%20Cause%20PT.jpg 
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Plate tectonics drives a long term (60-100 MY) cycle of carbon  
through the biosphere.  This regulates climate changes. 

http://dilu.bol.ucla.edu/ 
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Much of the impact of climate upon 
animals and humans is through its role 
in regulating the condition and 
geographical distribution of forests, 
grasslands, tundra, and deserts; all 
elements of the terrestrial biosphere. 

Biomes are geographical regions with 
climates that favor distinctive combinations  
of plant and animal species. 

For example, tundra is the dominant form of 
vegetation in regions in which the mean  
temperature of the warmest month < 10oC. 

Sparse desert vegetation prevails in regions  
in which potential evaporation (proportional 
to the quantity of solar radiation reaching the 
ground) exceeds precipitation.  
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Conceptual framework for understanding how the preferred types of land 
vegetation over various parts of the globe depend on the annual-mean 
temperature and precipitation. 
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The “ground truth” for assigning and understanding biomes is  
the observed distribution of land cover. 
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http://www.rpdc.tas.gov.au/soer/image/267/water%20quantity/o-ilw_hydrological_cycle-m.jpg 

Life on Earth is critically dependent on the cycling of water between the various 
Reservoirs, which are collectively known as the hydrological cycle. 
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The Hydrologic Cycle and Water Balance 

The unending circulation of Earth’s water supply is called the hydrologic cycle  (or 
water cycle). The cycle illustrates the continuous movement of water from  the oceans to 
the atmosphere, from the atmosphere to the land, and from the land back to the sea. 
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http://www.extremescience.com/wettest.htm 

Location: In the Indian state of Meghalaya. 

Cherrapunji, 1290 meters above sea 
level, receives an annual rainfall of 1270 cm (~500 inches)  
It once rained 2290 cm in one season! 

Cause: Monsoons 
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The Atacama desert is nestled along the  
coast of Chile, South America - right next  
to the Pacific Ocean - the biggest body of  
water in the world.  

Much of the desert extends up into the Andes  
mountains and is very high in elevation.  

Unlike more familiar deserts, like the Sahara  
desert in Africa and the Mojave in California,  
the Atacama is actually a pretty cold place,  
with average daily temperatures ranging  
between 0°C and 25°C.  

There has been only 2 inches of rain during  
the past 59 years. 

Cause: Shadow Desert 

http://www.extremescience.com/DriestPlace.htm 

Rainfall: 0.03 inches/year 
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Reservoirs are characterized 
by two key parameters:  

 Size (or equivalently Mass) 
 Residence Time 

Generally, the larger the  
reservoir, the longer it takes 
for water to cycle through 
the reservoir. 
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1963 historic low  
1987 historic high 
During this time the lake level rose 6.65m, the area increased by a factor of 3.5, 
and the volume increased by a factor of 4.  Although the precipitation (blue) 
showed large year to year variations, the level evolved smoothly. 
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Carbon chemical transformations 

Methane oxidation: 
CH4 + 2O2  CO2 + H2O 

Photosynthesis: 
CO2 + H2O  CH2O + O2 

Respiration: 
CH2O + O2  CO2 + H2O 

Carbon in the Atmosphere 
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Carbon inventories are usually expressed in gigatons (Gt = 109 ton). 
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Most of the exchanges between reservoirs in the hydrological cycle involve phase  
changes and the transport of a single chemical species, H2O. 

In contrast, the cycling of carbon between reservoirs involves chemical transformations. 
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Carbon dioxide dissolved in water  
produces carbonic acid: 

CO2 + H2O  H2CO3 

Weathering of calcium-silicate rocks  
produces bicarbonate ions: 

CaSiO3 + H2CO3  Ca2+ + 2 HCO3
-  

                                  + SiO2 + H2O 

Marine organisms incorporate bicarbonate  
ions into their shells forming calcium  
carbonate: 

Ca2+ + 2 HCO3
-  CaCO3 + H2CO3 

The reverse of this reaction occurs when the shells fall to the deep ocean 
and dissolve.  That which does not dissolve produces limestone 
deposits in the ocean sediments. 

The Biological Pump 
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Isotopic Signatures of C 
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S = sedimentation 
M = metamorphism 
W = weathering 
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http://tonydude.net/NaturalScience100/chapters/chapter31/images31/ch31_percentage.gif 
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The Earth Now: 
 The Oceans 
 The Atmosphere 
 The Surface/Crust 
 The Biosphere 
 Biogeochemical Cycles 

How the Earth Evolved: 
 Temperature 
 Oxygen 
 Habitability: Life on Earth 
 The Goldilocks Problem 
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Formation Process 
              + 
Geological Evolution 
              + 
Chemical Evolution 
              + 
Biological Evolution 
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Eagle Nebula 

Planets form as a by-
product of star formation, 
thus in the same regions 
of space. 
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1) Grains form from condensation 

2) Grains accrete into planetesimals 

3) Planetesimals grow into planets 

4) Giant planets accrete gas 

5) Giant planets scatter remaining  
        planetesimals 
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Before oceans, 
Before oxygen, 
Before photosynthesis, 
There was chemosynthesis….. 

Methanogenesis:    
CO2 + 4 H2  CH4 + 2 H2O 

http://www.agen.ufl.edu/~chyn/age4660/lect/lect_08x/lect_08.htm 

Sulfur Reducing Bacteria:       
S + H2  H2S 
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http://www.globalchange.umich.edu/globalchange1/current/lectures/samson/evolution_atm/O2Photolysis.jpg 

(1) Chemical: Photochemical breakup of water vapor 

(2) Biological: Photosynthesis 

6H2O + 6CO2  C6H12O6+ 6O2 

(3) Respiration: the reverse of photosynthesis 
(4) Oxidation of exposed rocks 

Sinks 

Sources 
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http://www.prism.gatech.edu/~gh19/b1510/f202a.jpg  
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Two Sources: 
External (comets & meteorites):  
Volatiles such as H2O, CO2, CH4, H2 
Internal (out-gassing): CO2, H2O 

Deuterium in the ocean is characterized by 
SMOW (Standard Mean Ocean Water) = 150 ppmv. 

Comets D/N = 2 x SMOW 
Carbonaceous Chondrites (CC) ~ 0.8 SMOW 
(H & O bound to mineral grains) 

CC’s are presumably the remnants of 
the collisions of planetesimals in the 
asteroid belt, ~2-3 AU from the Sun. 

Evidently the oceans formed form the impact of both comets and 
meteorites from outside the orbit of Mars, i.e., beyond the “iceline.” 
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http://www.ux1.eiu.edu/~cfjps/1400/oootwo.gif  
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http://www-eps.harvard.edu/people/faculty/hoffman/Snowball-fig9.jpg 

Banded Iron Formations (BIFs) appear at about 3.5 BY ago, and disappear  
by 2BY ago.  They are made of alternating layers of highly oxidized iron and 
layers of chert.  BIFs seem to indicate that the Earth’s oceans went through 
alternating periods of high and low oxygen content, probably as a result of 
large scale “algae blooms” that were oxygen and nutrient limited. 
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Banded Iron Formations (BIFs) are made of alternating layers of highly  
oxidized iron and layers of chert.   
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e 

http://hsc.csu.edu.au/earth_environmental/core/time/9_3_1/Image2.gif   
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http://www.exobio.cnrs.fr/IMG/jpg/Image1-14.jpg  
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http://www.gannon.edu/resource/dept/enviro/EnvGeo/projects2003/atmosphere/page%204_files/image002.gif 
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Carbon dioxide weathering will 
influence the chemical composition  
of soils.  Upon lithification, these 
paleosols can provide information 
on the carbon dioxide abundance 
of the atmosphere at their time 
of formation. 

High abundances of atmospheric 
carbon dioxide was needed to 
provide a strong greenhouse 
effect for the earth Earth. 

Overall, the record of atmospheric 
carbon dioxide is one of gradual 
decreasing abundances. 
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http://zebu.uoregon.edu/2002/ph123/snowball.gif 

http://www.gustavus.edu/oncampus/academics/geology/nobel_display/snowball_time.jpg 

Evidence suggest that the Earth 
has gone through at least one 
global glaciation. 
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Paleoclimate records suggest that 
the Earth’s surface temperature over 
the past few hundred thousand years 
has undergone numerous and rapid 
changes.   

The mean variation is of order 4-10oC. 

Periods of low temperature are generally 
referred to as Ice Ages. 

Periods of warm temperatures are called 
interglacials.  We are currently in an 
“interglacial.” 
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CH4 

CO2 

Temperature 

Characteristics of Ice Ages 
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Variations in Earth’s orbital parameters such as obliquity, eccentricity and  
precession lead to changes in the annual average solar radiation incident  
upon the Earth.   

Climate “forcing” from such changes are referred to as Milankovitch cycles.  

But this is only one of probably many types of climate forcing. 
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Milankovitch cycles of orbital parameters cause changes in Earth’s climate.  

Ice Volume vs. time 
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Ice Cores 
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Using oxygen isotope analysis (18O/16O ratios), scientists can use the ratio 
found in the shells of microorganisms in sediments, and layers of ice and 
snow, to detect past temperatures.   
The H/D and 18O/16O in water (H2O) is an indicator of temperature at the 
time the snow was deposited. 
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Ice Cores Yield Information on Temperature,  
CO2, CH4, SO2, dust, pollen, etc. 
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http://www.agen.ufl.edu/~chyn/age2062/lect/lect_29/40_16.GIF 
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         
The Younger Dryas 
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Climate History from 
Tree Ring Chronologies 

Characteristics of each tree ring, 
such as size and density, reflect the 
environment (especially climate) 
that prevailed during the year the 
ring formed. 



12/14/09 61 



12/14/09 62 

Since one of the goals of dendroclimatology 
is to reconstruct climate for as long of a 
period as possible, the oldest trees that can be 
found are sampled.  

Old trees are not always the biggest trees, but 
are commonly characterized by heavy, 
gnarled limbs, spiked tops, and in the case of 
ancient bristlecone pine, "strip bark" stems 
with only a narrow ribbon of living bark 
(cambium).  

Bristlecone pine of the Great Basin region of 
western North America are the oldest known 
living trees, up to 5,000 years old.  
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The Last 10,000 years 
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http://muller.lbl.gov/TRessays/MedievalGlobalWarming_files/image003.gif  
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http://www.koshland-science-museum.org/exhibitgcc/images/causes02.jpg 

http://www.agu.org/eos_elec/99148efig1.gif 
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Sources and Sinks 
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  Venus Earth Mars 

Too hot Too cold 
Just right! 

The two primary factors appear to be: 
(1) Distance from the Sun 
(2) Size & Mass 
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The Earth clearly stands out in terms of its low relative abundance of 
carbon dioxide. 
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