SPU-14  “How to Build a Habitable Planet”  Midterm I
188 Points Total

NAME__________________________ TF_________________

1.  The Moon is an unusual object in the solar system.  

(a) What are the particular characteristics of Earth’s moon that distinguish it from moons elsewhere in the solar system?  (10 points)

(b) Present the three hypotheses for the origin of the moon, and explain the pros and cons of each of them in explaining the characteristics that you listed in (a).  (15 points)

2. On the diagram below, sketch a graph of the relative abundances of elements in our Sun. The relative variations are what we are looking for here, so don’t sweat the exact numbers. Label the approximate locations of hydrogen, helium, lithium, carbon, oxygen, iron, and uranium. How were the two most abundant elements formed and why are they more abundant than any others? What are the two troughs in the left half of the abundance curve, and why do they occur? (20 points)

[image: image6.emf]
3.  Explain the “tectonic thermostat” and the role it has played in maintaining climate stability over Earth’s history.   On the basis of this thermostat, how might Earth’s early atmosphere have differed from the atmosphere today?  (20 points)

4.  Sketch the binary phase diagram discussed in lecture and lab for two minerals that are separate in the solid state but mix to form a solution in the liquid state.   

(a) Be sure to label all the axes, lines and fields in the diagram.  (13 points)

(b) What are the principles that can be illustrated with this diagram that are important for understanding the formation of Earth’s crust? (7 points)

5. (a) Explain the fundamental difference between “plate tectonics” and “continental drift.” (10 points)    

    (b) Sketch a cross section of the North American Plate from the center of the Atlantic Ocean to a distance off the western coast of Oregon and Washington.   On the cross section be sure to label the different types of crust, the lithosphere, asthenosphere, ridge, passive margin, subduction zone, and so on.  (10 points)

6. Explain one of the ways that short-lived radionuclides have been used to provide important information about the origin of the solar system or Earth‘s history.  Identify the radionuclide and say what important information about early solar system or Earth history has been learned from it.  Use diagrams to illustrate your answer.  (20 points)

7. 238U is a radioactive isotope with a half life of about 4.5 billion years.  It decays ultimately to  206Pb.  204Pb is another Pb isotope that is not produced by radioactive decay.


(a ) How many alpha decays would need to occur during the complete decay series  238U -  206Pb? (5 points)

           (b).  If a chondrite begins with three minerals with the U and Pb isotopes as given in the left hand column of the following table,  and the system remains closed over 4.5 billion years to the present time, what would be the abundances today?  (9 points)


When the solar system formed


Today
Mineral A
238U 
100,000




___________
206Pb

  30,000






204Pb

   5,000





Mineral B
238U 
50,000




___________
206Pb

  6,000






204Pb

  1,000





Mineral C

238U 
10,000




___________
206Pb

 60,000






204Pb
                              10,000





        (c)  Use the attached graph paper to show the isochron diagram for this system and how the relevant isotope ratios have changed.  Be sure to label the axes on the diagram, and plot the points on the attached graph paper, indicating how the mineral isotope proportions change with time. (10 points)
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8.  TRUE - FALSE ( 3 points each; 39 points total.)  If the statement is false, change it to make it true without using a simple negative.
______(A) For chaotic systems, infinitesimal changes in initial conditions lead to unpredictable long term effects.    

______(B)  Large cations typically surround smaller anions in the regular arrangement of molecules within minerals 

______(C)  R-process nuclides are the product of proton addition followed by electron capture.
______(D)  Organic molecules are too complex to exist in space in interstellar clouds.

______(E)  Massive stars that become supernovas have a much longer lifetime than our Sun.

______(F)  The inner planets are large and the outer planets small because large planets are more easily captured and therefore are more distant from the Sun. 
______(G)  Higher viscosity increases the Rayleigh number, indicating an enhanced vigor of convection.
______(H)  Ridges and subduction zones are the sites of the large upwelling and downwelling limbs of mantle convection cells.
______(I)  Peridotite is the rock that makes up most or all of Earth's mantle.

______(J). )  Hawaii is called a  “hot spot” as defined in this course because of the very hot weather that occurs there year around.
______(K). Earth’s core transmits shear waves but not compressional waves leading to the “shadow zone” on the opposite side of the Earth from the earthquake location.

______(L)   The outer core is solid and the inner core is liquid because of the increasing temperature with depth. 
______(M)  Mountain ranges on continents have higher elevations than the surrounding plains because they are made up of lighter rocks. 
“How to Build a Habitable Planet”  Midterm
200 Points Total

  NAME__________________________

1. TRUE - FALSE ( 2 points each; 26 points total.)

If the statement is false, modify it to make it true.

______(A) Positive feedback acts as a kind of  “trigger” allowing small signals from small changes to produce large effects.  

______(B) Achondritic meteorites, such as pallasites and iron meteorites, lack chondrules.

______(C) Radioactive dating is possible because half lives of radioactive elements change regularly with time.

______(D) A steady state results from the combination of exponential addition and linear decay.

______(E)  Fe, C, Si, Mg, O and Al are all “alpha-particle nuclides” because they all undergo alpha decay. 
______(F)  Every spontaneous radioactive decay involves a change in the identity of the element and a loss of mass. 

______(G)  There are three states of matter in the universe:  solid, liquid and gas. 

______(H)  Tetrahedral polyhedra (4-fold coordination) are able to accommodate  larger internal cations than octahedral polyhedra (6-fold coordination).

______(I)  Super novas are an important hypothesis for element creation, but have never  actually been observed.

______(J) Chondrites and the Sun have similar element proportions for all elements.

______(K) Relative geological time was not able to be determined prior to the discovery of radioactive dating. 

______(L)  The “age of the elements”, which is several million years, can be estimated from the relative abundances of the Th and U isotopes.

______(M) While estimating the distance to Memorial Chapel using the ‘Standard Candles’ technique, a shorter baseline allowed for more precise measurements.

2. Explain the three lines of evidence used to support the reality of the Big Bang.  Explain in words, and also reproduce the crucial diagrams used in lecture to support your answer.  (20 points)

3.  Examine the following diagram. 

  (a) What is the name of the larger diagram that this fragment is a part of?  (4 points)

(b)  What are the processes by which the elements shown on this diagram formed?  How do these processes differ from one another?  Where and when do they occur?  Be sure to answer all three questions!  (14 points)

(c )  Why are there blank spaces on the diagram? (4 points)

[image: image3.emf]
4.  There are three independent methods to determine that Earth has a dense core.  What are these three methods and how does each one reveal the existence of a core?   (HINT: one of the methods is geochemical, the other two are geophysical.)  (15 points)

5. Now that we know that Earth HAS a core, we would like to know how and when it formed.  How did the core form?  Then, explain in words, and with the diagram given in class and the reading, how we can constrain the time when the core formed. (16 points)
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[image: image4.emf][image: image5.emf]6. Give the names of the three objects pictured below.  Which object would you predict is the oldest?  Identify features on the objects that you recognize with appropriate names.  (15 points)
7.  Explain the significance of the following for the earth or solar system;  limit your answer to two or three precise sentences for each one: [4 points each]


26Al


Immiscibility


Magmaphile


Fossils


Symmetry

8.  235U and 238U are radioactive elements present in the earth.   235U has a half life of about 0.75 billion years, while 238U has a half life of about 4.5 billion years.  


(a).  What rule of nuclear stability would let you predict that  235U is less stable than 238U? (4 points)


(b).  238U decays to 206Pb, and 235U to 207Pb.  Both decay series involve a number of alpha decays.  How many alpha decays would need to occur for during the complete decay series  238U -  206Pb? 235U to 207Pb?  (6 points)

           (c). 204Pb  is not produced by radioactive decay on the earth.  If a chondritic meteorite begins with the amounts  of the U and Pb isotopes as given in the left hand column of the following table,  what would be the abundances today?  Show your calculations. (15 points).

HINT:  You can do all these calculations in your head.  No calculator needed.

When the solar system formed


Today

238U
8000








235U

24000





207Pb

  3000






206Pb

  4000






204Pb

   500





9.  Explain how “phase diagrams” that describe the melting of two (or more) phases illustrate principles that lead to the separation of distinct Earth layers.  What are the principles?  For which layers are phase diagrams pertinent? [15 points]

10. A granitic magma is crystallizing the following minerals: 


Alkali feldspar – ( a solid solution between NaAlSi3O8  and KAlSi3O8

Anorthite – CaAl2Si2O8

Muscovite—(a K-rich mineral)

A. The Rb/Sr ratios of these three minerals at T=0 are 0.1, 2 and 5.   Using the information on ionic charge and size provided below and your understanding of how trace elements partition into minerals: Which mineral is likely to have each of these ratios and why? (6 points)

	Ion
	Radius (Ǻ)

	Mg2+
	0.72

	Fe2+
	0.70

	K+
	1.38

	Al3+
	0.54

	Ca2+
	1.14

	Sr2+
	1.18

	Si4+
	0.40

	Rb+
	1.52

	Na+
	1.02

	O2-
	1.32

	S1-
	1.35

	Cl-
	1.81


B. Draw an isochron diagram and if the initial 87Sr/86Sr is 0.70000, show where the points would plot at   T=0.  (5 points)

C.  Draw in qualitatively where the points would plot after 2 billion years, and after 4 billion years.  Label each mineral along each isochron (e.g. show where alkali feldspar would plot at both time intervals).  (10 points)

D. Lastly, given that the half-life for 87Rb is 47 billion years, sketch qualitatively where  the three minerals would plot after T=500 billion years.  (5 points)

