​ESS C109/C209 Isotope Geochemistry HW6

Due June 7, 2007

Part 1: Carbonate paleothermometry

18O measurements in marine carbonate minerals are a key tool in the determination of ancient temperatures. By comparing carbonate isotope records with ice cores, scientists have attempted to construct global temperature records spanning glacial-interglacial transitions. In this part you will take a closer look at the 18O of carbonates that is presented with the Antarctic ice core data in your notes (May 16 online notes and class handouts).

1. Using the Kim and O’Neil calibration of the calcite-water thermometer (Faure eq. 26.37), calculate the 18OVSMOW of a calcite that crystallizes in equilibrium with modern ocean water at 25ºC (298.15 K).

2. What is the 18OVPDB of this calcite? The relation below may help you:

18OVSMOW = 1.03092 * 18OVPDB + 30.92

3. Now look at the “18O-Marine” axis of the ice core data compilation (May 16 notes). What are the highest and lowest measured 18O over the past 500 kyr?

4. Assuming these extreme samples formed in equilibrium with seawater having 18OVSMOW = 0, what temperatures did they form at? This is an upper limit on the glacial-interglacial temperature swing at this location.

5. Growth of ice sheets during glacial maxima preferentially removes low-18O water from the ocean, leaving a high-18O residual ocean. How different would the inferred crystallization temperature of the lowest-temperature calcite be if you assume the ocean had a 18OVSMOW = 1 when the calcite precipitated? What is the inferred glacial/interglacial temperature change in this scenario?

6. If the average 18OVSMOW of ice-cap ice is –35‰, what fraction the present ocean would need to be removed to the ice caps during a glacial maximum to change the oceanic 18O by 1‰? Compare this inferred ice-cap growth with the present day ice-cap/ocean mass ratio of ~2%.

Part 2: Sulfate reduction.
This section deals with sulfur-isotope fractionations during sulfate reduction in a closed system.


1. sulfide-sulfate = 0.975 is a typical fractionation for microbial sulfate reduction in experimental cultures.  Using this, plot 34SSulfate vs. the concentration of SO42– for a closed system undergoing progressive (Rayleigh-type) sulfate reduction. Assume that the culture starts with the modern seawater sulfate concentration (0.64 g[sulfur in sulfate]/liter[water]) and 34SCDT (+20‰). Consider sulfate concentrations as low as 10% of the initial concentration.

2. Plot the 34S of sulfide formed at each step during the reduction.
3. It is easier to measure the 34S of all the sulfide formed in the experiment to a particular time, rather than the small additional fraction formed at increment of reduction. Use mass balance and the 34S of residual sulfate to calculate the integrated 34S of the total sulfide. Assume that no sulfide is present initially. This relation may help (you’ve seen a similar mass balance in our discussions of oxygen and hydrogen isotopes):

34SSulfateƒ + 34STotal-sulfide(1-ƒ) = 34SSulfate-initial
4. How does the integrated sulfide isotopic composition differ from the stepwise composition? At what ƒ values are they similar?
5. Compare your trend with observations from a Baltic Sea sediment profile (Hartmann and Nielsen, 1969, Geologische Rundschau v. 58, p. 621-655) below. Pay particular attention to the final four columns.
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