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G436 Biogeochemistry

Assoc. Prof. A. Jay Kaufman

Readings: Pearson and Palmer (1999) Science 284: 1824-1826.


Jasper and Hayes (1990) Nature 347: 462-464.
Paleo-pCO2 proxies
Direct measurements


Insofar as carbon dioxide is the most important greenhouse gas in an oxidized atmosphere, the estimation of ancient pCO2 is an important endeavor for paleoclimatic (and biogeochemical) research.  For the past 400,000 years or so, CO2 concentrations in the atmosphere have been measured from air bubbles trapped in deep ice cores from Greenland and Antarctica, where the ice sheets can reach up to 3 km in thickness.
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While the driving forces for the rapid fluctuations in Pleistocene greenhouse gas abundance are not well known, the effect of changes in sea level, temperature, primary productivity, and pCO2 on the pH of the oceans (especially in shallow marine environments) across the glacial cycles have been significant and measurable.
Boron isotopes


In the Cenozoic, changes in oceanic pH have been recorded as 11B variations in foraminiferal carbonate, which is a temperature-dependent function of the relative abundance of borate [B(OH)4-] and boric acid [B(OH)3] in seawater.


The concentration of borate and boric acid in seawater is strongly pH dependent,

B(OH)3 + H2O ( B(OH)4- + H+
such that borate dominates in seawater with pH > 10 and boric acid dominates when pH < 7.  Since at equilibrium, the 11B abundances in these species differ strongly (~20‰) changes in pH can have a marked effect on the isotopic composition of boron incorporated into coeval carbonate, which is close to that of B(OH)4- suggesting that the charged species is preferentially incorporated.  Thus, measurement of 11B in well preserved carbonates should provide estimates of ancient pH, assuming that the boron isotopic composition of seawater is constant, which is largely expected for the Pleistocene to Recent given the long residence time of this element in the oceans (for an opposing view from a Cenozoic perspective see Lemarchand et al., 2000).  Knowledge of pH and temperature allows for estimates of pCO2 if we further assume that total dissolved inorganic carbon (CO2) is also constant and related by the equation
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where KH is the Henry’s law constant for CO2, and K1 and K2 are the first and second dissociation constants for carbonic acid.  Uncertainties in pCO2 concentrations associated with temperature variations are small (ca. 2.5 ppmv for every 1oC) relative to those induced by uncertainties in the 11B measurements. 

Carbon isotopes

As we have discussed in class, the carbon isotope fractionation between sources (dissolved CO2) and sinks (organic matter) may be used to estimate pCO2.  Empirical constraints from isotopic measurements in modern lakes and oceans are illustrated in the following graph.
[image: image4.png]—8d (€0, aq)

06 .08 .1p .12 .14

€=139 1/CejuM)
4 &p 575 500 400 350 300 250
- PCO, (patm)

| ‘after Tasper €t al. (1994)





The relationship between Ce (concentration of dissolved CO2 in seawater) and p has been shown to additionally be a function of growth rate and nutrients, such that:
Ce = 182(V/S)(25.3 – p)
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This relationship has been used to reconstruct pCO2 back into the early Cenozoic based on the measurement of alkadienones, which are believed to faithfully record the carbon isotopic composition of primary photosynthate (see Jasper and Hayes, 1990).  Earlier records are more difficult to reconstruct due to the absence of alkadienones, as well as the ravages of time on organic matter preserved in sediments.

However, estimates may be made with certain assumptions, if primary materials can be isolated from ancient sedimentary successions.

acritarch – the organic remains of an ancient microorganism of unknown affinity, likely the resting stage of the protist life cycle (a single celled photosynthesizing eukaryote believed to use the Calvin Cycle for carbon fixation).
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ion probe – an expensive instrument that uses various heavy element ions (Cs+) to bombard targets and cause surface ionization, hence the term SIMS, or surface ionization mass spectrometry.
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