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Look for elements that have more than one non-radiogenic isotope, for which the mass
difference between isotopes is a significant fraction of the atomic mass (enough to measure)
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Look for elements that have more than one non-radiogenic isotope, for which the mass
difference between isotopes is a significant fraction of the atomic mass (enough to measure)
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Look for elements that have a Mossbauer isotope
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Fractionation refers to the
partial separation of two
isotopes of the same
element, producing reservoirs
with different ratios of the
Isotopes.

|sotopic fractionations occur
due to:

Differences in bond
energies (equilibrium) o) [
1 2

Reaction rates (kinetics) mm— @= m_1
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Zero-point energy differences
drive typical equilibrium
stable isotope fractionations.
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Heavy isotopes have lower
vibrational frequencies
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Stiffer bond

'

Stiffer bonds concentrate the heavy isotopes
- shorter bonds
- higher oxidation state
- low coordination number
Vlight
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AX'+ BX = AX + BX'|

Keq = Q(AX)Q(BX)/Q(AX)Q(BX)

‘Qtotal — QtranslationQrotationQvibration ‘

Vibrational

Translational




AX'+ BX=AX + BX

Keq — Q(AX)Q(BX’)/Q(AX’)Q(BX)

Qtotal — QtranslationQrotationQvibration

Energy quanta associated with
molecular rotation and
translation are so small that
they can be treated
approximately without an
explicit sum over the quantum
energies

Translation

Rotation
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Vibration
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Vibrational

Translational energy is a function of the ratio
of the molecular weights and is
independent of temperature

Translational
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Schauble (2004) suggested the following rules governing
equilibrium stable isotope fractionations:

decrease as temperature increases

fractionation scales with mass

heavy isotopes of an element will tend to be concentrated in
substances with stiffest bonds (high spring constants)

high oxidation state; highly covalent bonds; low
coordination number; for anions high oxidation state to
which the element of interest is bonded; bonds involving
elements near the top of the periodic table; low-spin
electronic configurations



The extent of isotope separation in a particular
reaction is the a

oa-e = R"A/Rg

wheris the ratio of isotopes i and j in material A



The extent of isotope separation in a particular
reaction is the a

oa-e = RA/Rg

where R4 is the ratio of isotopes i and j in material A

and
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Planning an equilibrium fractionation experiment:
Challenges

sample size I|m|ts of expenmental apparaﬂ

ar et j\m SRS acr/s et al. é01:3 — ’ ) Bennett ét al. \2(575
starting materials, buffers, and separate phases vs. in situ
containers oS,

Shahar et al. 2008 Shahar et al. 2011



Planning an equilibrium fractionation experiment:
Challenges

sample size limits of expemmental apparaﬂ

Shahar et al. 2011

Shahar et al. 2008



Post-experiment analysis

Usually by solution MC-ICP-MS - requires quantitative separation of phases,
acid digestion, and purification by column chemistry

Less often in situ LA-ICP-MS or SIMS - cut and polish experimental charge;
usually associated with larger errors






So what can we learn from stable

iIsotopes about the deep earth? How
do we use them?

-From experiments we can
determine what the fractionation
factors are for certain reactions as
a function of temperature,
pressure and composition

-From natural samples we can
then determine which chemical
reactions and/or physical

processes occurred in the
samples

Tracers!
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Example: Iron Isotopic Fractionation
During Earth’s Differentiation and Evolution
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Iron isotopic
compositions of
planetary samples -
trying to understand
why MORBSs, for
example, are not the
same as mantle
peridotite and
chondrites.

oo Dauphasetal., 2017



Suggestions for mechanisms
causing iron isotope
fractionation that cause the
natural sample variation.

Differentiation (e.g. Polyakov 2009)

CRUST \AGMA CHAMB g,

56Fe S6Fe
e S4Fe
S6Fe
54Fe . * * L
7.
) 9.
Evaporation (e.g. Poitrasson et al. 2004) ’ Seelicly  Partial melting

MANTLE

Magmatic Processes (e.g. Williams et al.
2005, Teng et al. 2008)
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Oxidation State
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Partial Melting
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Differentiation
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First suggestion that
pressure might have
an effect on isotope
fractionation and that
there is a
fractionation during
core formation.
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Fig. 2. Isotopic fractionation between CaCO; and water

at 5007C as a function of pressure. Below 12 kbar, calcite

1s stable; above 12 kbar. aragonite i1s stable. Error bars
show mean deviations from mean at each pressure.

Clayton et al., 1975
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As a result, the fractionation values that they calculated were systematically heavier than ours by ~0.01-0.02%. at

approximately 40—60 GPa and 3,500 K. Although we agree with Shahar et al. that FeHx and Fe3C would lead to
the largest shifts in 856Fe values, we find that the shift would be smaller than what they predicted by 0.01-0.02%o.
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NRIXS is a powerful and unique tool for determining
Isotopic fractionation factors at a range of conditions.
However, it is still a new tool for this field and
systematic studies need to be done to validate the
technique relative to the more traditional techniques.
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