​ESS C109/C209 Isotope Geochemistry HW1

Due April 12, 2007

Part 1: Isotopes, binding energies, and modes of decay.

1. Calculate the energy of the fusion reaction:


11H + 21H ( 32He + Energy

Express the result in MeV, and KJ/mol.


2. What are the most abundant isotopes of oxygen, calcium, and iron? How do these relate to “magic numbers”?


3. Using the Nuclides & Isotopes booklet, find an abundant isotope (at least 1% of the total elemental abundance) that undergoes  decay. What is the half-life?


4. One type of nuclear reaction we’ll come back to later in the class is called “cosmogenic”. Complete the following significant cosmogenic reactions (here we’re ignoring photons and neutrinos):


a. 10n + 147N ( ____ + 11H


b. 10n + 3919K ( 3617Cl + ____


5. Which isotopes of ruthenium cannot be produced by the s-process or r-process of nucleosynthesis?


6. 23290Th decays by -emission to 22888Ra, which is also radioactive. Write out each step in the chain of radioactive daughters of 23290Th until you reach a stable nucleus. Assume that each intermediate nucleus decays by its most common decay mode. How many 42He were created along the way? How much energy is liberated by the decay of one 23290Th atom?

Part 2: Ionic radius, Pauling’s rules, Goldschmidt classification of the elements. Please show your work and reasoning. Be sure to use the Shannon (1976) Crystal radii (left column of Table 1) for all calculations. Pauling radii won’t work as well.

1. Zircon, ZrSiO4, is a ubiquitous accessory mineral in igneous rocks. It is also one of the best minerals for isotopic age dating (we’ll get to that more in a minute).

a. What are the ionic charges on Zr, Si, and O in zircon?

b. Based on the ionic radius of Zr , what  kinds of coordination polyhedra do you expect to be occupied by Zr? (Note that more than one type of coordination may be permissible). Zr is actually in 8-fold coordination with O2– anions in zircon. Does this agree with your calculations?

c. Do you expect that the SiO4 tetrahedra in zircon will share O2- anions (i.e., corners)? What does this mean for the temperature stability of zircon?

d. Of Pb2+, Th4+, and U4+, which do you expect to be most likely to substitute into zircon? Do you expect any of these to substitute in significant quantities? Do you expect any to hardly substitute at all?

e. As you saw previously, uranium (U) and thorium (Th) are both radioactive elements, they decay to different isotopes of lead (Pb) with half-lives ranging from 7x108 years to 1x1010 years. Based on your answer to part d., above, how could you distinguish a geologically young zircon from an old zircon?


2. One of the major goals of isotope cosmochemistry has been to figure out when, and how quickly, metallic cores began to form as the planets and planetoids in the early Solar System condensed and grew. A good isotopic system to investigate this problem will have a radioactive parent isotope with a half-life of between 1x106 and 1x1011 years that is siderophile (or chalcophile), and a daughter that is lithophile – these two elements will naturally separate during core formation. Using Goldschmidt’s classification of the elements and your Nuclides & Isotopes booklet, pick out a parent-daughter pair that would be suitable for studying core formation. Be sure to justify your pick.


3. Why is the iridium so rare in rocks at the surface of the Earth?

