ESS C109/C209 Midterm Due: May 17, 2007

Nucleosynthesis, crystal chemistry, and radiogenic/radioactive isotope geochemistry
Time limit: 2 hours

Note: This exam consists of two parts — a closed book part and an open book part.

The first part is to be completed without looking at your textbook, isotopes &
nuclides booklet, notes, or any other materials. You only need blank paper and a pen
or pencil, and you may use the periodic table printed on the next page. No calculator
is needed. Complete this part in one sitting.

The second part is open note and open book. You will want to have your nuclides
booklet, copy of Faure and Mensing, and other notes handy. You may also want to
have a calculator or spreadsheet program running. Time spent gathering these
materials does not count against the two-hour time limit, and you may want to take
break while you get ready — please don’t start the second part of the test until you are
ready, and try to complete it in one sitting.

Both parts are to be done on your own, without collaboration.

The closed-book portion begins on the 3rd page. Please do not turn the page (or scroll
down) until you are ready to begin.

If you find a mistake or typo, please let me know as soon as possible. Indicate the
error in your answer to the affected question.



Ready?
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Part 1: Closed book/closed notes. You may consult the periodic table on the previous
page.

Nucleosynthesis, crystal chemistry, and radiogenic/radioactive isotope geochemistry

1) In a couple of paragraphs, briefly describe Big Bang nucleosynthesis. What
elements and isotopes were formed by this process? Why weren’t all of the
elements synthesized?

2) Tin (atomic number 50) has ten stable isotopes, more than any other element.
Based on what you know about nuclear chemistry, why would tin be expected to
have a lot of stable isotopes?

3) List the most important geochemical oxidation states of the following elements:
O
Mg
Na
Si
p
K
Ar
Zr
Rb
Sr
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4) The mineral sphene (also known as titanite) is often used in geochronology
studies. It has the chemical formula CaTiOSiO,, and is an orthosilicate (no
oxygens shared by SiO, tetrahedra). Write a sentence or two answering each of
these questions, giving your reasoning:

a. What do you expect the temperature stability of this mineral to be?

b. What do you think the typical Rb/Sr ratio of this mineral is?

c.  What geochronology method is well suited to be used on this mineral? (If
more than one applies, choose the one you think will work best).

5) For each parent and decay mode listed below, give the daughter isotope:
a. "C (B— emission)
b. '’Sm (o emission)
c. K (e~ capture)
d. *°Al (B+ emission)

6) List two of the major assumptions made in isochron age determinations.

7) Describe two causes of variation in the *C/"*C of atmospheric CO, over time.

END OF PART 1!



Ready for part two?



Part 2: Open book / open notes.

Nucleosynthesis, crystal chemistry, and radiogenic/radioactive isotope geochemistry

1)

2)

3)

Starting from *°Fe, what are the first 13 stable nuclei produce by s-process
nucleosynthesis? Assume that all unstable nuclei decay before they accept another
neutron, that each unstable nucleus that is produced decays only by it’s most
common decay mechanism, and that “*Cu decays equally by e~ capture and f—
emission.

The Martian (SNC) meteorite Allan Hills 84001 contains a number of small
carbonate blebs that have been interpreted as low-temperature precipitates from
an aqueous fluid (whether or not biology was involved). A key question is the age
of these carbonates. Calculate an Rb/Sr isochron age based on the data below
(derived from acid-leaching of a sample of the carbonate blebs) (Data from Borg
et al., 1999):

SRb/*Sr 8Sr/*Sr

S2 0.2096 £11  0.716338 +10
S4 0.1172 £12  0.708653 +11
S6 2.622 +13 0.850478 +42

#5U/*U = 1/137.88 for almost all known terrestrial samples today. One place
where it is different is the Oklo uranium ore deposit in Gabon, Africa. There, the
unusually low **U/**U observed in some ore samples is thought to be the result
of a natural fission reactor that was active ~2x10° years ago. *’U was sufficiently
concentrated that self-sustaining nuclear chain reactions converted some of it to
much lighter decay products like cesium.

a. Calculate the *>U/**U of terrestrial uranium 2x10° years ago.

b. How does this ratio compare with the **U/**U of typical nuclear power

plant fuel (~0.03 —0.04)?
c. Was the *°U/**U on Earth ever > 1 ?

ALL DONE!



