Midterm Exam - History of Earth Systems

October 20, 2005
Name__________________________________________

Write one or two sentences to explain the following questions (3 pts each)

1. All living organisms on Earth are composed of 6 major elements.  

What are they?  

Which one is least abundant on the surface of the planet?  

Which one does normally undergo redox reactions? 
2. What is the major characteristic of oxidation/reduction reactions?

Draw a hypothetical oxidation/reduction coupled reaction, identify the oxidized and reduced species.

3. The Redfield ratio for N and P is 16/1 in marine organisms.  What molecule(s) contains the vast majority of N and what molecule(s) contains the vast majority of P.







4. Draw a schematic representation of the nitrogen cycle and identify whether the reaction is oxidizing or reducing. 







5. Which would have a larger effect on surface temperature of Earth – an increase in solar radiation at the top of the atmosphere by 2 watts/m2 or a decrease in planetary albedo by 0.10?
6.  What major factor (s) determine mean global wind velocity?
7.  What are the three major "Empires" or "Kingdoms" of life?  What molecule was use to distinguish among these group?
8.   Based on the "serial endosymbiosis theory", what is the origin of mitochondria?  Of a chloroplast? 
9.  Where do we think most of Earth’s water came from?  How do we come to that conclusion?

10.    What is the "greenhouse" effect and what are the primary gases which influence it on Earth?
11.    Assuming that mantle carbon has an isotopic value of  - 5%o  and over a period of 10 million years the corresponding isotopic value for carbonates rose from 

+ 1 %o  to +3 %o ,  how much did the fraction of organic carbon buried change?
12.   What critical processes are responsible for maintaining the balance of CO2 in the atmosphere on geological time scales?
13.  Approximately when did the “big oxidation” event occur on Earth?   What is one piece of evidence for this event?

14.   What is a codon?  Why is genetic information said to be "degenerate"?

15.  What key biological process is responsible for the isotopic fractionation of oxygen in Earth’s atmosphere?   What key biological process is responsible for the isotopic fractionation of carbon in organic matter?
16.   What is the "faint young sun paradox" and how is it reconciled with atmospheric gas composition early Earth history?

17.    What is key factor(s) might have delayed the oxidation of Earth after the first appearance of oxygenic photosynthetic organisms?

18.   How did the oxidation of Earth influence the distribution of iron in the oceans?

19. What major factor controls the formation of deep waters at high latitudes in the modern ocean?  

20.  How might we determine if the concentration of CO2 has declined, stayed the same or risen on geological time scales from knowledge of carbon isotopes in organic matter and carbonates?

Essay questions:  Choose two of the following and discuss   (20 pts each)  

      Limit the discussion to no more than 2 paragraphs.

EIa.  There are several hypotheses on the origins of life. Choose two, describe their core concepts, and explain both strengths and weaknesses of each.

EIb.   Explain how the stable isotopic composition of calcium carbonate can be used to reconstruct paleotemperatures as well as provide clues about paleoproductivity or CO2 concentrations in the ocean/atmosphere system on geological time scales.

EIc.  In the process of oxygenation of Earth’s atmosphere, many (bio)geochemical cycles changed  simultaneously.   Choose two cycles that were affected by the net production of oxygen, describe how each changed and explain how the change influenced (i.e., the feedback on) oxygen production.

ECId.   There is a lot of controversy about the origins of microbes on Earth.  One approach to examining the origins is based on “molecular fossils,” in which specific molecules are analyzed from a stratigraphic sequence.  Explain the basic concept of this approach and how it has been used to obtain evidence for the origin of oxygenic photosynthesis.   What are the potential weaknesses of this approach?

----

Bonus question (4 pts):

What key metal(s) is (are) involved in each of the following reactions:

1.   O2 evolution

2.  N2 fixation

