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Table A.4.2:

Run CS
(mm/s) QS (mm/s) FWHM 

(mm/s)
Relative 
area (A) BHF (T) Site assignment χ2

RPP1 -

-

RPP2 -

- -

RPP3

RPP 4 -

-

- -

RPP 5

RPP 6

RPP9

RPP 10
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Table A.4.2
RPP 11

RPP12



 C er 4

Table A.4.3:

fH

kJ/mol

S

JK-1mol-1

V0

J/bar
a

b

(x105)
c d

Tc

K

Smax

J/K/mo

l

MgO

Magnetite

Magnesioferrite

O2

Standard state data from Hidyadt et al. (2015) ܗ۽܍۴ࡳ
ܗ૚.૞۽܍۴ࡳ
ܗ܍۴ࡳ

fper mixing terms (kJmol-1)

q00FeO-FeO1.5
Hidyadt et al. (2015) 

q10FeO-FeO1.5

q00FeO-MgO

This Studyq10FeO1.5-MgO

q20FeO1.5-MgO

Fe-Pt-Ni alloy mixing terms (kJmol-1)࢟࢕࢒࢒ࢇ࢚ࡼିࢋࡲࢃ
Kessel et al. (2001) ࢟࢕࢒࢒ࢇ࢚ࡼି࢏ࡺࢃ࢟࢕࢒࢒ࢇࢋࡲି࢚ࡼࢃ

Fu-Hsing et al. (1995) ࢟࢕࢒࢒ࢇ࢏ࡺିࢋࡲࢃ࢟࢕࢒࢒ࢇ࢏ࡺି࢚ࡼࢃ
Ono et al. ࢟࢕࢒࢒ࢇࢋࡲି࢏ࡺࢃ(1977)

Spft MgFe2O4-Fe3O4 mixing terms (kJmol-1)ܚ܎ܘܛ۽܏ۻି۽܍۴ࢃ
Jamieson and Roeder ܚ܎ܘܛ۽܍۴ି۽܏ۻࢃ(1984)
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Figure A.4.1: L
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Figure A.4.2:
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Figure A.4.3:
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Table A.5.2:
Sample Phase a,b,c (Å) , , (°) Volume (Å3)
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Table A.5.2 
Sample Phase a,b,c (Å) , , (°) Volume (Å3)
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Table A.5.2 
Sample Phase a,b,c (Å) , , (°) Volume (Å3)
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Table A.5.2 
Sample Phase a (Å) b (Å) c (Å) , , (°) Volume (Å3)
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Table A.5.2
Sample Phase a (Å) b (Å) c (Å) , , (°) Volume (Å3)
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Table A.5.2 
Sample Phase a (Å) b (Å) c (Å) , , (°) Volume (Å3)
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Table A.5.3: 

sample CS (mm/s) QS (mm/s)
FWHM 

(mm/s)

Rel. 

area
BHF (T)

Site 

assignment
2

S7029

Z2038

H5128

S7004

S7377

S7180

S7204
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Table A.5.3

sample CS (mm/s) QS (mm/s) FWHM 
(mm/s)

Rel. 
area BHF (T) Site 

assignment
2

Z1949-B

S7382

S7006

S7016

Z2151-B

Z2153-B

H4792

S7410
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Table A.5.3

sample CS (mm/s) QS (mm/s)
FWHM 

(mm/s)
Rel. 
area BHF (T) Site 

assignment
2

S7123-B

S7470

H5164

S7510

S7509-B

S7716-B

Z2116

S7691-A
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Table A.5.3

sample CS (mm/s) QS (mm/s)
FWHM 

(mm/s)
Rel. 
area BHF (T) Site 

assignment
2

Z2155-B

Z2155 A

S7216-B

S7216-A

Z1949-A

Z2122-B

Z2117-B

Z2115-B
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Table A.5.3

sample CS (mm/s) QS (mm/s)
FWHM 

(mm/s)
Rel. 
area BHF (T) Site 

assignment
2

Z2121-A

Z2151-A

Z2153-A*

H5189-A

S7495-A

H5190-A

Z2077-A

H5189-B
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Table A.5.3

sample CS (mm/s) QS (mm/s)
FWHM 

(mm/s)
Rel. 
area BHF (T) Site 

assignment
2

S7509-A

S7716 A

S7691-B
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Table A.5.5: T
fper mixing terms (kJmol-1)

q00FeO-FeO1.5 P
q10FeO-FeO1.5

q00FeO-MgO P
q10FeO1.5-MgO

q20FeO1.5-MgO P
Fe-Pt-Ni alloy mixing terms (kJmol-1)࢟࢕࢒࢒ࢇࢋࡲି࢚ࡼࢃ࢟࢕࢒࢒ࢇ࢚ࡼିࢋࡲࢃ

Spfr MgFe2O4-Fe3O4 mixing terms (kJmol-1)ܚ܎ܘܛ۽܏ۻି۽܍۴ࢃ
Pܚ܎ܘܛ۽܍۴ି۽܏ۻࢃ P
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Figure A.5.1

Figure A.5.2:
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Figure A.5.3:
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Table 6.1:

Run Nr. P (GPa) T (°C) mineral Duration Run products
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Table 6.2

Starting 

minerals
N wt%

-

Run number N wt% δ15N ‰ (min-gly)
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Table A.6.1: 

Run Nr. P (GPa) T (°C) mineral N source Duration (hrs) buffer

Set 1: Partial melting experiments: 

Set 2: Dehydration experiments: 
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Figure A.6.1: (a)

(b)
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Figure A.6.2
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Figure A.6.3
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Figure A.6.5 (a)
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Table A.6.3: 
element wt(%)

Si

Al

Sr

Fe

K

Ba

Na

O

Total:
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Figure A.6.8
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Conclusions 
This thesis focused on investigating the phase relations in the ferropericlase-spinel ferrite system 

by determining the maximum ferric iron content in ferropericlase at P, T and fO2 conditions up 

to those where it coexists with either spinel or a high-pressure mixed-valence Fe and Mg oxide

(e.g. Fe4O5 or Fe5O6). The following conclusions can be drawn:

1) For the first time, the compressibility of nearly pure magnesioferrite as well as of an

intermediate Mg . Fe . Fe sample have been investigated using single crystal X-ray

diffraction in a diamond anvil cell up to pressures comparable with the transition zone.

Samples were produced in high-pressure synthesis experiments to promote a high level of

cation ordering, with obtained inversion parameters larger than 0.83(5). The room pressure

unit cell volumes, V0, and bulk moduli, KT0, could be adequately constrained using a 2nd

order Birch-Murnaghan equation of state, which yields V0 =588.97 (8) Å3 and KT0 =

178.4(5) GPa for magnesioferrite and V0 =590.21(5) Å3 and KT0 = 188.0(6) GPa for the

intermediate composition. As magnetite has KT0 = 180 (1) GPa (Gatta et al. 2007), this

means the variation in KT0 across the magnetite-magnesioferrite solid solution is non-linear,

in contrast to several other Fe-Mg spinels. The larger incompressibility of the intermediate

composition compared to the two endmembers may be a peculiarity of the magnetite-

magnesioferrite solid solution caused by an interruption of Fe2+-Fe3+ electron hopping by

Mg cations substituting in the octahedral site.
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2) Experimental synthesis of ferropericlase with different compositions have been

conducted up to 30 GPa in order to constrain the phase relations between ferropericlase

with different Mg/(Mg+Fe) ratios and Fe3+-rich phases, i.e. spinel ferrite at low pressures

and Fe,Mg-oxides with mixed valence at high-pressure. The majority of quenched

ferropericlase samples contain nano-scale exsolutions of ferrite spinels, even when

quenched at pressures where the spinel structure is not stable. Such exsolution are

topotaxial with fper and likely results from the migration of Fe3+ atoms to the interstitial

tetrahedral sites of the fper structure during quenching giving rise to the formation of

defect clusters having the inverse spinel structure which rapidly grow to produce the n-

spft coherent exsolutions. We show that for n-spft exsolutions >10 nm, it is possible to

determine their contribution to the Mössbauer spectrum exploiting theier magnetic signal

and reconstruct the high-temperature composition of fper, albeit with large uncertainties.

3) EELS measurements, using TEM, appear to be the only method with the spatial resolution

to obtain an average Fe3+/Fetot ratio which take into account the presence of the spinel

exsolved phase. However, a carefully fitting of the EELS patterns is necessary due to the

complex contribution to the energy loss spectra of Fe2+ and Fe3+ occupying both tetrahedral

and octahedral sites in the n-spft phase.

4) A thermodynamic model was constructed and refined by combining the results obtained

from Mössbauer and EELS spectroscopy in order to describe the entire range of

ferropericlase compositions in the system MgO-FeO-FeO1.5. This model is capable to

consistently reproduce the Fe3+/Fetot ratio of ferropericlase coexisting with either spinel

ferrite phase or the O5 phase between room pressure and 30 GPa. The ferropericlase

Fe3+/Fetot ratio in equilibrium with spinel ferrite increases slightly with pressure. Above

10 GPa, however, after the phase transformation of spinel ferrite to the high-pressure
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oxide, [Fe2+, Mg]2Fe3+
2O5, the Fe3+/Fetot ratio declines rapidly. Comparison with

previously proposed models show that these underestimate the Fe3+/Fetot ratios at a given 

P, T and fO2 conditions, likely due to the fact that n-spft exsolution were not taken into 

account in previous experimental works, because unnoticed.

The Fe-Mg partitioning KD(app) between the coexisting oxides (e.g. fper-spft and fper-

O5) decreases with increasing pressure, implying that the Fe3 -rich phases in equilibrium

with ferropericlase become more Fe2+ rich with increasing pressure.

By defining the equilibrium between ( , ) +  =  /
  (with the acronym FDM), the    fO2 conditions of formation for 

fper inclusions in diamond have been constrained. The result in this work show that 

many of the natural diamond have a maximum formation depth near the top of the 

transition zone (or shallower). Only diamonds containing ferropericlase inclusion with 

Fe3+/Fetot ratios <  0.03 could have formed in the lower mantle and this limiting F 3+/Fe 

tot ratio value will decrease even further with increasing depth in the lower mantle. For 

Fe-rich  ferropericlase, with Fe/(Fe+Mg) ratios > 0.5, the FMD curves intersect the 

equilibrium  curves describing the equilibrium of ferropericlase with the O5 phase, 

implying that the  O5 phase or the O6 phase (given the similarity between these two 

high-pressure oxides) may be entrapped in diamonds at lower mantle conditions.

The nitrogen (N) content and isotopic composition of several hydrous minerals and

diamond have been measured, after equilibration at high pressures and temperatures with

a fluid produced by the decomposition of glycine (C4H5NO2). All phases show a relative

enrichment in 15N compared to the glycine starting material and its quenched residue but

all contain less N than the coexisting fluid. Although it is generally assumed that N is

substituted for interlayer K+ cations in phyllosilicate minerals, this cannot be the case for



Conclusions 

309 

the serpentine minerals, which likely require another type of substitution mechanism. The 

passage of N-bearing fluids through lithologies containing hydrous minerals in 

subduction zones would remove 15N from the fluid, causing N isotope fractionation in the 

mantle.

8) Diamonds were synthesised from graphite in the presence of an Fe-Ni-S catalyst and

glycine at 13 GPa and 1700 °C. The partition coefficient for N (D diamond/metal) was

determined to be 1.1(3), showing that N partitioned almost evenly between the diamond

and the coexisting metallic catalyst. Moreover, the diamond became depleted in 15N

compared to the glycine starting material. As previous studies have shown N to be more

compatible in Fe-Ni-S melts compared to silicate melts, this implies that N is most likely

compatible during diamond growth processes, during which coexisting fluids should

become progressively 15N enriched.
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