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Dauphas et al. (2017)



Primer on isotopic fractionation

d56Fe is the deviation in part permil of the 56Fe/54Fe
ratio of a sample relative to that of some referenceratio of a sample relative to that of some reference

material

Example:
15.6994 vs. 15.6979
=0.1‰ fractionation

Dauphas & Rouxel (2006) Mass spectrometry and natural variations of iron isotopes.
Mass Spectrom. Rev. 25, 515-550.



Uses of iron isotopes

Science 1999 Science 2016



Uses of iron isotopes
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Uses of iron isotopes

Science 2002



Science 2004

Uses of iron isotopes



Uses of iron isotopes

Science 2008



Uses of iron isotopes

Science 2009



Uses of iron isotopes

Nature 2014



Uses of iron isotopes

Iron isotopic fractionation
between silicate mantle and
metallic core at high pressure

Science 2016

Nature Communications 2016

Jin Liu1,w, Nicolas Dauphas2, Mathieu Roskosz3, Michael Y. Hu4, Hong Yang5,
Wenli Bi4,6, Jiyong Zhao4, Esen E. Alp4, Justin Y. Hu2 & Jung-Fu Lin1,5



Motivation

Mantle melting
(Williams et al. 05, Weyer & Ionov 07,

Dauphas et al. 09)

Fe3+

Fe2+

Teng et al. 13

Metal-silicate partitioning
(Polyakov 09)Evaporation

(Poitrasson et al. 04)



Phase A Phase B

Equilibrium isotopic fractionation

56Fe/54Fe 56Fe/54Fe

How do iron isotopes partition between coexisting phases at
equilibrium?



Equilibrium isotopic fractionation

FeX vs. Feg

Urey (1947); Bigeleisen and Mayer (1947)



Equilibrium isotopic fractionation

Urey (1947); Bigeleisen and Mayer (1947)

Equilibrium isotopic fractionation between a chemical compound and
monoatomic gas is called the reduced partition function ratio and
can be calculated from the vibration energies of the isotopic

species

Reduced partition function ratio = b



NRIXS=Nuclear Resonant
Inelastic X-ray
Scattering
Synchrotron pulsed

X-ray source
14.4 keV

57Fe* (nuclear
excited state)

Scattered X-rays
detector

t1/2=98 ns

Sturhahn et al. 95
Seto et al. 95

57Fe



b-factors in solids
(for harmonic potential)

Ratio of the masses of the
isotopes involved (e.g., 56/54)

Iron partial phonon density
of states (PDOS)

Polyakov et al. (2005)
Dauphas et al. (2012)

Temperature at which
one wants to calculate b



b-factors in solids

To a very good approximation:

Polyakov (2009)
Dauphas et al. (2012)

with

jth moment of g



b-factors in solids

Fourier-log inversion
(Sturhahn 2000)

S(E
)

PDOS
g(E)



b-factors in solids

Dauphas et al. (2012) and Hu et al. (2013) established relationships between the
moments of S and g



High temperature approximation

The sum rules of Lipkin (1995, 1999) identify the first terms with the mean force
constant of iron bonds

… a familiar formula in isotope geochemistry (Herzfeld and Teller, 1938; Bigeleisen
and Mayer, 1947)



High temperature approximation

A good approximation for iron



Phase A Phase B

Equilibration experiments

56Fe/54Fe 56Fe/54Fe



Method comparison
Data: Schuessler et al. (2007)

FC: Krawczynski et al. (2014), Dauphas et al. (2014)

Data: Poitrasson et al. (2009), Hin et al. (2012),
Jordan and Young (2014), Shahar et al. (2013)

FC: Krawczynski et al. (2014), Dauphas et al. (2012)

¯ Data: Shahar et al. (2008)
FC: Polyakov et al. (2007), Dauphas et al. (2012, 2014)





Force constant results

Dauphas et al. (2014)



Redox and structural controls in glasses

7112.8

7113.0

7113.2

7113.4

7113.6

n
e
rg

y
(e

V
)

XANES

7112.0

7112.2

7112.4

7112.6

7112.8

0 0.5 1

C
e
n

tr
o

id
e
n

Fe3+/(Fe2++Fe3+)

Basalt

Andesite

Dacite

Rhyolite
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Difficulties with force constant
measurements



Difficulties with force constant
measurements



A word of caution with published data

Lin et al. (2006)



Unaccounted baseline in NRIXS

No baseline subtraction

<F> = 968±128 N/m

Baseline subtraction
with SciPhon

<F> = 213±36 N/m



Baseline subtraction
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Improves the session-to-session long term
reproducibility



Error propagation in derived quantities

- Counting statistics

- Parameters of the baseline (a±sa)x+(b±sb)
- Zero energy bin- Zero energy bin
- Energy scaling
- Bin-to-bin energy variations

Hu et al. (2013); Dauphas et al. (2014)



Motivations for SciPhon

1. Have a GUI interface

2. Streamline the baseline subtraction procedure

3. Propagate sources of uncertainties other than
counting statistics

4. Output quantities directly usable in isotope
geochemistry





Select a Mossbauer isotope (57Fe default choice)



Load a “.dat” file (you need padd from Phoenix to make such

a file)



Load a “.res” file (you need padd from Phoenix to make such

a file)



Deconvolution of the resolution from the
data

using the steepest descent algorithm



Deconvolution

Object

Point spread
function

Image



Deconvolution

In the steepest descent algorithm, the restoration vector is manipulated so as
to only return positive values and reduce oscillations (Ichioka et al., 1981)

Noise amplification can be limited by terminating the algorithm after a finite
number of iterations



Input the experiment temperature and background



Detailed balance

Hematite

Zhao et al.
(2004)

The phonon annihilation part is used. It added to the phonon creation
part by applying the proper weights and using the experimental



Elastic peak removal

No peak deconvolution



Elastic peak removal

10 iterations



Elastic peak removal

1000 iterations



Truncation and baseline definition



Truncation and baseline definition



Temperature determination



DOS calculation



Extrapolation beyond the truncation range using the
DOS



Calculate sound velocities



Calculated parameters



References



Conclusions

NRIXS is a powerful tool in isotope geochemistry

Beware of the baseline in NRIXS

Use SciPhon and give us some feedback

SciPhon development team:
Nicolas Dauphas
Michael Hu
Erik Baker
François Tissot

Ercan Alp
Justin Hu

Collaborators:
Mathieu Roskosz
Daniel Neuville
Corliss Sio
Jiyong Zhao
Etienne Médard


	Slide Number  1
	Slide Number  2
	Slide Number  3
	Slide Number  4
	Slide Number  5
	Slide Number  6
	Slide Number  7
	Slide Number  8
	Slide Number  9
	Slide Number  10
	Slide Number  11
	Slide Number  12
	Slide Number  13
	Slide Number  14
	Slide Number  15
	Slide Number  16
	Slide Number  17
	Slide Number  18
	Slide Number  19
	Slide Number  20
	Slide Number  21
	Slide Number  22
	Slide Number  23
	Slide Number  24
	Slide Number  25
	Slide Number  26
	Slide Number  27
	Slide Number  28
	Slide Number  29
	Slide Number  30
	Slide Number  31
	Slide Number  32
	Slide Number  33
	Slide Number  34
	Slide Number  35
	Slide Number  36
	Slide Number  37
	Slide Number  38
	Slide Number  39
	Slide Number  40
	Slide Number  41
	Slide Number  42
	Slide Number  43
	Slide Number  44
	Slide Number  45
	Slide Number  46
	Slide Number  47
	Slide Number  48
	Slide Number  49
	Slide Number  50
	Slide Number  51
	Slide Number  52
	Slide Number  53
	Slide Number  54
	Slide Number  55

