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What we want to know we can’t 
measure 

 
What we can measure we don’t 

want to know 
 

The power of isotope proxies… 
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Explanation to 3.4 (last slide) 

Orbital energy gap (i.e., the geometry of ligand-electrons relative to the metal orbital) varies 
in magnitude depending on several factors, including the type of ligand.  The Japanese 
chemistry R. Tsuchida devised the spectrochemical series from small Δ (i.e., energy gap) 
to large Δ values: 

 I- < Br- < S2
- < Cl- < NO3

- , N3
- < F- < OH- < H2O < NH3 < NO2

- < CN- < CO  

Metal-ligand complexes with small Δ values (i.e., weak-field ligands) tend to form “high-
spin” complexes (i.e. electrons fill the higher energy levels because the energy gap is 
small), whereas those with large Δ values (i.e., strong-field ligands) tend to form “low-
spin” complexes (i.e., it is energetically favorable to fill the lower energy orbitals, even 
if that means pairing electrons).  Low-spin implies the lowest number of unpaired 
electrons. 

Ligand Field Theory works best for 1st row transition metals.  Octahedral coordination 
(lining up of electrons with ligand orbitals) favors large energy splitting (strong field), 
whereas tetrahedral coordination favors lower energy splitting (weak-field). 
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Example #1: 
 

Oxygenation of seawater 
 

A molybdenum isotope perspective 

r 
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Remember…? 

Natural fractionation of molybdenum isotopes 

Barling & Anbar, EPSL 217, 2004 
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Barling & Anbar, EPSL 217, 2004 

Molybdenum isotopes of oxic marine deposits 

Barling & Anbar, EPSL 217, 2004 

Experimental oxic fractionation… 
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Molybdenum isotope paleo-redox-metry 
Arnold et al., Science 304, 87-90, 2004; Barling et al., EPSL 193, 447-457, 2001. 
Note the change in notation! 

Arnold et al., Science 304, 87-90, 2004 

Oxygenation of seawater after the GOE, ~2.3 Ga… 

2-component system 
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Poulson et al., 2006 

Is it that simple?  ---   Some recent complications… 
relative to 95Mo 

= seawater 

The role of suboxic marine environments… 

Poulson et al., Geology 34, 617-620, 2006 

need for a 3rd 
component 
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Poulson et al., Geology 34, 617-620, 2006 

Via Mo(OH)6, 
i.e. successive 
protonation under 
acidic conditions? 

Dahl et al., PNAS 107, 42, 2010 

Mo isotopes in SW       
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Dahl et al., PNAS 107, 42, 2010 

Modern 

E Devonian 

E Paleozoic 
Mesoproterozoic 

(no intermediate sink) 

A revised Mo isotope model (3-components) 

Dahl et al., PNAS 107, 42, 2010 

Mo isotopes 

   Ocean oxygenation 

      Evolution of life 

Ediacara 

vascular 
land 
plants 
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Example #2: 
 

Paleothermometry 
 

A calcium isotope perspective 

Mattauch (1934) rule: 
…two adjacent isobars 
cannot both be stable… 
(40Ar-40K-40Ca) 

Isobars 

magic 

m 

m 
m m 

m 

Remember nucleosynthesis...? 
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heavy isotopes elute 
 preferentially 
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The Exploration Phase… 
GCA 42, 1075-1090, 1978 

Ca-isotope paleo-thermometry 
Skulan et al., GCA61, 2505-2510, 1997; Zhu & Macdougall, GCA 62, 1691-1698, 1998; 

Nägler et al., G3 1, 2000; and others 
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Ca isotope fractionation during carbonate precipitation 

Ca isotope fractionation: calcite vs aragonite 

Gussone et al., GCA 69, 4485-4494, 2005 
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The dependency of the Ca isotope fractionation factor 
on temperature and carbonate ion concentration 

Gussone et al., GCA 69, 4485-4494, 2005 

The role of calcification rate… 

Gussone et al., GCA 69, 4485-4494, 2005 

Aragonite 
Gussone… 

calcite 
Lemarchand… 
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The effect of carbonate-ion concentration… 

Gussone et al., 2005 

How does the planktonic 

foraminifera Orbulina 

universa regulate its Ca- 

uptake? 

pH and [CO3]2- dependency… 

for E. huxleyi 
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Thoughts on how Ca makes it from seawater 

                              into the biogenically formed carbonate 

Ca in seawater exists as a large, hydrated 

aqua-complex (large mass, low Δm/m2) 

Example #3: 
 

Long-term climate and the carbon 
cycle 
 

A calcium isotope perspective 
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The marine Ca isotope system 
Zhu & Macdougall, GCA 62, 1691-1698, 1998 

The marine Ca isotope system 
Zhu & Macdougall, GCA 62, 1691-1698, 1998 

NCa d 44Casw / dt = Friver ( 44Cariver - 44Casw) + Fhydro ( 44Cahydro - 44Casw) – Fsed sed 

Hydrothermal 

Rivers 

- Fsed Δsed 
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Fantle & DeDaolo, EPSL 237, 102-117, 2005 

Ca isotope variations of seawater 

Ca flux from weathering vs sedimentation 

Fantle & DePaolo, EPSL 237, 102-117, 2005 

Sediment output dominates 

Weathering input dominates 
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Good books… 

•  Geochemistry of non-traditional stable isotopes, Clark 
Johnson, Brian Beard, Francis Albarède (Eds.), Rev. 
Mineral. & Geochem. 55, 2004. 

 

•  Principles of stable isotope distribution, Robert Criss, 
Oxford Univ. Press, 1999. 


