ESS C109/C209 Final Due: June 14, 2007

Isotope geochemistry

Time limit: 3 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 --rd 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.

1)

2)

3)

4)

5)

6)

7

8)

Electron capture is one type of spontaneous radioactive decay. List two more
types of spontaneous decay, and give an example of each (i.e., an isotope that
decays by that route, and the decay product).

The half-life of tritium (°H, or T) is about 12 years. Let’s assume we have a
sample of purified lake water that has been sitting in a closed bottle in a radiation-
proof lead safe for thirty years. The sample has a *H/'H ratio of 1x10™"® today.
Answer the following questions about this sample, and be sure to show your
reasoning.
a. What will the *H/'H ratio be 12 years from now?
b. What was the’H/'H ratio 24 years ago?
c. What will the decay rate (in decay/minute/ml) of *H in this sample be 12
years from now, relative to today?
d. Describe a process that is responsible for creating the *H observed in
natural waters (there is more than one correct answer).

Arrange these elements in order of increasing ionic radius in their most common
(positive) oxidation states: Na, Mg, Al, Si. Explain your reasoning. Which would
be most likely to substitute for calcium in a mineral like calcite?

In a couple of paragraphs, explain what a concordia diagram is, and what it is
used for. Feel free to include sketches and/or equations.

Starting from the definitions of 0Ly, (in this case for "*0/'°O) and 'O in terms of
isotope ratios, show that

0Ly, = (1000 + 8"O[Y])/(1000 + 8"*O[Z])

where 8'®0[Y] is the 8"*0 of Y, and 8"*O[Z] is the 80O of Z.

What are the isotopic standards for hydrogen, carbon, oxygen and sulfur? If there
is more than one isotopic standard for an element, you only have to list one of

them.

Briefly describe the geographic and climatological distribution of oxygen isotopes
in modern precipitation (rain & snow). Feel free to add sketches and figures.

One long-term concern with global warming is that the ice caps on Greenland and
Antarctica will shrink, leading to sea-level rise. How would melting ice caps
affect the 8D of the ocean?



9) An actively photosynthesizing C3-type leaf is carefully sealed in an air-filled
chamber (harder than it sounds, trust me). Sketch a plot of the §"°C vs. ppm
(abundance) of CO, in the air as photosynthesis proceeds in this closed system.

END OF PART 1!



Ready for part two?



Part 2: Open book / open notes. Be sure to show your work & reasoning.

10) What properties distinguish high-precision geochronology isotope systems from
typical isochron systems? What are the most important high-precision
geochronometers, and what types of natural samples can they be used to study?

11) Based on the observed 8'O trends in ice cores and marine carbonates, briefly
discuss the relative rates at which ice caps grow and wane.

12) One of the early methods of uranium enrichment for refinement of nuclear fuel
involved diffusion of the gaseous molecule UF, through tiny pores. Calculate the
a. for **U/**U fractionation in pinhole diffusion of UF,. Should the diffused gas
or residual gas be collected, if nuclear fuel needs to be enriched in **U?

13) In a paragraph or two, summarize your favorite student presentation.

ANSWER 2 out of the 3 questions below

14) Selenium is a trace element in fresh waters in streams and lakes, and can become
toxic if it is too concentrated. Much like sulfur, it occurs in a variety of oxidation
states in nature, depending on the local chemical conditions. Selenium isotope
measurement techniques have been developed (in part by Tom Johnson, now at
the University of Illinois) as a method to trace selenium cycling and understand
the accumulation and remediation of selenium-polluted habitats.

a. Arrange the following species in order of increasing *Se/"*Se at
equilibrium: SeO,>, H,Se, SeO,”, Se(s). Explain your reasoning.

b. The figure below (copied from a paper by Johnson and coworkers) shows
the results of a laboratory experiment where SeQ,” is reduced to SeO,”.
The unfilled circles show the *'Se of SeO,*, and the filled circles show
the 8%Se of accumulated SeO,”". Is this result consistent with your answer
in part (a)? (Note that 8*7°Se = 8*'Se, i.e. deviation of the sample *’Se/"*Se
ratio from a standard 10
material.) F

c. What chemical mechanism
other than equilibrium
fractionation might cause the
observed trends?

d. Does this look like a batch
equilibrium process, or
Rayleigh distillation? —

e. Compare the magnitude of the sl 1] R B

=]

selenium isotope fractionation 1 0.8 06 . 0.4 02 0
during selenium reduction to Fraction Se™ Remaining

the sulfate-isotope fractionation observed during sulfate reduction. Why is
the sulfur isotope fractionation larger?



15) The figure below is a compilation of 'O measurements of marine carbonates

from Veizer et al. (1999). These are thought to reflect precipitation of calcite in
equilibrium with seawater, and have been selected to sample locations near the
equator. Assuming equilibrium fractionation and seawater 8'*Oygy 0w = 0, estimate
the maximum equatorial seawater temperatures during the Tertiary, Cretaceous,
and Cambrian periods. Make sure to keep PDB and SMOW straight! Other than
temperature changes, what might cause this variation in calcite 8'*O over time?
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16) The Skaergaard Intrusion is one of world’s best studied igneous bodies. It is

thought to have formed approximately 56 million years ago when Mg and Fe-rich
magma intruded into the crust of what is now the east coast of Greenland. The
magma subsequently solidified, and the upper half of the intrusion was
transformed into a giant hydrothermal system as water flushed through the hot
rock. Assume that the initial §"*Oygy,0y Of the intrusion is +6, and the 8D is —70,
and that the 8"y gow Of the hydrothermal water is —16, with 8D = —110. Make a
plot of 8D vs. 8'*0, showing the initial water & rock. If the rock is 0.2%0 H and
45% O by mass, and the water is 11% H and 89% O by mass, plot the trajectory
on this figure followed by the rock as it reacts with progressively greater amounts
of hydrothermal fluid. Assume a batch reaction, and that there is no equilibrium
oxygen or hydrogen isotope fractionation between the rock and fluid. How much
water is needed to lower the 8" Oyqy,ow Of the rock to —5? To lower the 8D to —90?

YOU ARE FINISHED! Have a great Summer.






