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Abstract—Mineral/melt partition coefficients describe the re-
distribution of trace elements during melting processes. They
are highly influenced by changing pressure, temperature, and
composition. We find that for sodium, partition coefficients rise in
the order of two magnitudes from 0-15 GPa along the peridotite
solidus temperature. Still, because of lacking high-pressure exper-
imental data and the limited pressure range of most partitioning
models, mantle and crust evolution models normally rely on
constant partition coefficients. Based on an earlier model, we cre-
ated a thermodynamic model which calculates sodium partition
coefficients between clinoproxene and anhydrous silicate melts.
With the results, we parametrise an equation over 0-15 GPa and
various melt fractions. Our new parametrised partitioning model
for sodium complements previous models and is applicable up to
the mantle transition zone (4-12 GPa/1850-2360 K). Knowing
the sodium partitioning behavior enables us to base further
calculations for many other elements on it.

Keywords—partition coefficients; thermodynamic modelling

I. INTRODUCTION

Inside the Earth and other terrestrial planets, partial melts
usually control the redistribution of trace elements from the
mantle to the crust. If melt is buoyant due to a lower density
than the surrounding rock, it moves upwards and transports the
previously incorporated incompatible trace elements towards
the surface. This leads to enriched reservoirs near the surface
and depleted upper mantle areas. Expanding the redistribution
concept to a certain number of elements leads to the creation of
trace element patterns, which are unique geochemical markers
of the events that led to the exact appearance and compositions
of a rock of interest [1][2][3].

During melting, partition coefficients describe if an element
prefers to be incorporated into a mineral or, if it is incompat-
ible, into melt. Partitioning data for peridotite including the
minerals olivine, orthopyroxene, and clinopyroxene show that
in mantle rocks, clinopyroxene is the mineral taking in most
incompatible trace elements [4][S]. This makes clinopyroxene
the mineral with the largest influence on trace element redis-
tribution.

Since partition coefficients of sodium between clinopyrox-
ene and silicate melt are highly affected by changing pressure
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and temperature, partition coefficient models should consider
these parameters. Because of analytical limitations, there are
only few measured partition coefficients available for high-
pressure conditions. Additionally, partition coefficient models
are often only applicable for rather low pressures. This is the
reason why so far, partial melt simulations in some mantle
evolution models either neglected partition coefficients and
chose pre-defined elemental abundances in mantle melts [6],
or settled for constant experimentally derived and estimated
partition coefficients [7][8][9][10].

In 1937, Goldschmidt postulated that both the matching size
and charge of the mineral’s lattice site and element of interest
determine an element’s ability to partition into a mineral [11].
This leads to the assumption that not only it is possible to de-
termine the P-T sensitive partition coefficients experimentally,
but also by means of numerical modelling. Based on a model
of Brice (1975) [12], Blundy et al. (1995) [13] developed a
quantitative model and determined a parametrised fit function
for clinopyroxene/melt partition coefficients for sodium in the
range of 0-4 GPa and 1000-1800°C.

As is shown in Figure 1, partition coefficients of trace
elements have a parabolic relationship in an Onuma diagram.
The parabolas’ curves change in broadness and shift along the
x-axis depending on the bulk modulus £ and the ideal lattice
site radius 7q, respectively. Because of this relationship, it is
possible to calculate other trace elements’ partition coefficients
based on the reference coefficient D py,.

The aim of this study is to implement a thermodynamic
model for D?\I,’:/ el for a large range of pressures suitable
for mantle melt simulations. Furthermore, we parametrise a fit
function from the mentioned model that is applicable for upper
mantle pressures. This will open the possibility to include
partition coefficients depending on pressure and temperature
into mantle evolution models and to acquire more realistic
model results [14].

The rest of the paper is organized as follows. In section II,
we describe the methods used for our parametrisation and ther-
modynamic model in the appropriate subsections. Section III
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is dedicated to the results for the thermodynamic model and
parametrisation respectively. Section IV discusses the results
and compares them to experimental data. Section V concludes
the paper, summarizes the findings, and points out what can
be done in future works.

II. METHODS
A. Thermodynamic Model

To obtain the most realistic trace element partitioning re-
sults for mantle melting processes, it is useful to determine
a strain-compensated partition coefficient Dy [15]. Strain-
compensation means that the redistributed element has the
same charge and size as the regular element on the lattice site
of the crystal [12]. Therefore, it is assumed that the radius
of the element of interest r; equals the lattice site radius rg.
This way the partition coefficient D; can be calculated with
the following equation:

(—47TEM2NA(?(H —70)% + 3(ri — 7"0)3)>

D; = Dgexp T

(1
where E ;- is the bulk modulus of the M2 lattice site, N4 the
Avogadro’s number, R the gas constant and 7" the temperature.
Here, the lattice site of interest is the crystallographic M2 site
of clinopyroxene. Sodium is used as the strain-compensated
partition coefficient Dy because it is the 1+ charge element
that has a radius r; which is closest to the M2 lattice site
radius 7. Therefore, we assume Dy = D yg,.

To calculate the strain-compensated partition coefficient Dy,
we took a thermodynamic approach described by Blundy et
al. (1995) [13]. For this, we used the melting curve of jadeite
and linked it to the activity of jadeite’s components in the
melt. To calculate the partition coefficients of sodium between
clinopyroxene and silicate melt, jadeite was the clinopyroxene
of choice because of both, its high concentration in sodium
and its ability to mix nearly ideally with diopside [16] and
enstatite.

Generally, partition coefficients are given as the weight
fraction ratio erystal

X
D= —"—— 2

K3 X;’ne” ) ( )
with X; being the weight percentage of the given component.
However, since we obtain partition coefficients with the help
of thermodynamic properties, we calculate molar partition
coefficients. Based on experiments on plagioclase/fluid parti-
tioning [17], it is broadly assumed that also for other minerals
molar partition coefficients nearly equal weight percentage
coefficients [18]. Thus, we can make use of Flood’s equation
for exchange equilibria in molten salts [19]:

RT InK; =Y  N;AG, 3)

where K is the molar equilibrium constant, IV; the concen-
tration of the component and AG® the Gibbs’ free energy of
change. Because we use a thermodynamic approach for our
calculations, IV; can be neglected and is set to one. The molar
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Figure 1. Partition coefficients of 1+ to 4+ charged cations in the clinopy-
roxene M2 lattice site. Modelled after Wood et al. (1997) [18]. Here, Dy,
equals Dog.

partitioning of jadeite D7¢ can be expressed by using K in
the expression

L
— _ _J
Djq = K7f = W’ “4)

where a;?Zm and a™" are the mole of the solid clinopyroxene

and molten components, respectively. Here, we assume an
ideal case where the activity equals the mole fraction of the
elements of interest. Thus, we assume aj;” = X7 and
a}’}f” = Xmelt Taking (4) and rearranging (3) leads to the

following equation:

A
D?\fo/melt = exp (Gé(jlj’T)) . (5)
Besides (5), one more equation is needed to determine
Dy, thermodynamically. Equation (6) relates the entropy of
the melting reaction to its heat capacity and melting point
T} of jadeite at the pressure Py=0.0001 GPa. By including
the enthalpy, we determine the Gibb’s free energy change of
reaction with the following equation:

T
AGfpry) =AH¢p, 1)) + /T AC,dT
f

=T (ASf(vaTf)

T P
+ / A% 1) + / AVyrydP,  (6)

Ty

where AH ¢(p, 1) is the entropy, AS;(p, 1) the enthalpy
and AC), the difference between the local PT values and
Py, Ty. AVycry is the molar volume of fusion at pressure Py
extrapolated to the temperature of interest [13]. We calculate
Dy, by inserting (6) into (5).

To be able to solve (6), we use the Maier-Kelly power
function [20] to calculate the heat capacity C,, (as stated in
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Table I). With the given parameters we can solve the first two
integrals in (6) analytically, by evaluating the heat capacity of
the solid at temperature 7" and the melt heat capacity at T7.
To solve the third part of the integral in (6) we use a Riemann
integral, where we approximate the intervals on subintervals
defined over a pressure vector of n=1000 steps from P=0.0001
to 15 GPa and assume that the volumes of melt and solid are
constant in each subinterval.

P

n=1 Py
AVyrydP = > / AV () dP
i=1 7P

n—1 Piy1
> AVirya / dP
i=1

P;

Py

Q

n—1

= > AViryi (P —P) (7
=1

where AVf(T),Z— is the volume of fusion, i.e., the volume
difference between melt and solids. The calculation of V.4
and V,,;: is done separately using an isothermal Birch-
Murnaghan equation of state:

7 5

P=15Kr <x§ . xs) (1 +0.75(K' — 4) (x* - 1)) ,
3)

where z = VY/V. K is the bulk modulus for pyroxene and
K’ its derivative. The volumes further depend on temperature

T
V(T) =V -exp (/ a(T)dT> . 9)

To

Here, we assume that the thermal expansion coefficient «
is constant for melts and solids (see Table I), hence

AVirya =
Vmﬁlt(Pi) + €Xp (a9nelt (T - Tf))
— Viotia(P) - exp (af,5:4(T — Tp)) -
T is set to 298 K. The partition coefficient Dy, is then

derived for varied pressures and temperatures by inserting AG
into (5).

(10)

B. Fit Function Development

The thermodynamic model indicates that partition coeffi-
cients are not only dependent on pressure, but temperatures
and therefore melt fractions as well. Thus, to develop a
mantle melt fit function for the reference coefficient Dy,
we calculated partition coefficients between 0 and 15 GPa
along the peridotite solidus temperature, peridotite liquidus
temperature, and corresponding melt fraction I’ temperatures
by using the thermodynamic approach described above. Melt
fraction F' is included because as is suggested by the batch
melting equation [21], a rising melt fraction F' leads to a
decrease in the total amount of incompatible trace elements in
the melt. Therefore, we arranged the melt fractions in F' = 0.2
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TABLE I
THERMODYNAMIC INPUT DATA FOR LIQUID AND SOLID JADEITE AND
COMPARISON OF MODEL PARAMETERS.

Parameters Pyroxene Melt Units

Vo 60.4 79.9 kJ GPa—1

af 2.81-1075 6.28-107°> K1

K 141.2b 14.8 GPa

0K /oT -0.025 -0.0015 GPa K1

K’ 4.5 4.5

AHpoary) 611£13 kJ mol 1

Asf(o.l T}) 64.84+0.6 J mol—1!

Ty 943422 K

Cp
1 0.30113 0.28995¢ kI mol—! K—1
2 1.0143- 10—5 kJ mol—1 K—1
3 -2239.3 kJ mol—1 K1
4 -2.0551 kJ mol—1 K—1

Parameters as in Blundy et al. (1995) [13] at 0.0001 GPa and
298 K (unless stated otherwise).

@ At temperatures >1200 K.

*Cp = Cp1 +Cp2 - T + Cp3 - T2+ Cpa - 705 (T in
kelvins)

increments while neglecting the extraction of the melt, by
using
T —T(P)sol

FPT) = P~ Ty’

(1)

The solidus T%,; and liquidus temperatures 7j;, equations
which we used [22] are third-order fits to experimental data
[23][24]:

Tsol,ini =
1409K + 134.2 K P
“GPa
K K
— 6.581 - P%24+0.1064——— - P3, (12
0.58 GPa? +0.105 GPa3 » (12)
Tiiq,ini =
K
2035K + 57.46—— - P
+ GPa
K 2 K 3

For pressures from 0-15 GPa, the solidus temperatures range
from 1409-2297 K, while the liquidus temperatures go from
2035-2372 K. The pressure step size for each temperature
profile is 0.1 GPa, which corresponds to 151 Dy,-P-T data
points for each melt temperature profile. With the least square
function, these data points were fitted to a function with
parameters a, b, ¢, d, e, and f (14) in Python 3. Because the
function has the same form as the fit function of Blundy
et al. (1995) [13], their fit parameters are compared in Table II.

Dna(T[K],P[GPa]) =

(a—i—b~P—c~P2
exp
T

—d+e-P—f~P2>.
(14)
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By including the melt fraction P-T profiles, we make
sure that the resulting model function will satisfy a broader
range of P-T conditions and is not only valid for modelling
partial melting in the mantle (where temperatures are close
to the solidus), but also for crystallisation of melt (where
temperatures are close to the liquidus). In contrast to our
model, partition coefficients for crystallising liquid were often
determined by taking only the liquidus temperatures into
account [25][26][27].

For both, the thermodynamic model and the fit function
development, replication data is accessible in the TRR170-DB
[28].

III. RESULTS

A. Thermodynamic Model Along Melting Temperature Profiles

In a pressure range between 0 and 15 GPa and a temperature
range between 1400 and 2400 K, the thermodynamic model
produces increasing partition coefficients from low P/high T
(0 GPa/2400 K) to high P/low T (10-12 GPa/1400 K) condi-
tions (Figure. 2). The increase is in the order of four magni-
tudes and coincides with experimental observations [29][30].
At higher pressure above 12 GPa and low temperatures, the
model starts to invert the trend and the partition coefficients de-
crease with increasing pressure. However, for our fit function
development we have used the P-T space between the solidus
and liquidus, which is not affected by this inversion. Along the
melting temperature profiles, increasing pressure always leads
to increasing partition coefficients, while increasing tempera-
tures cause the partition coefficients to decrease (Figure 2).

In Table II, we compare the thermodynamic model results
with experimental literature data. It is notable that most of the
experimental data fit well to the model results. On average, the
coefficients calculated by the thermodynamic model deviate
from the experimental data by 26%. The best fitting value
deviates only 2.9% from the experiments at 0.0001 GPa and
1526 K, while the worst fit deviates by 46.9% at 0.0001 GPa
and 1524 K. The implications of this variance will be discussed
in section IV.

B. Parametrisation of Thermodynamic Model Results

As described in section II-B, we developed a scaled
equation along the mantle peridotite solidus, liquidus, and
corresponding melt fraction temperatures in between. For this,
we used the least square function to fit the thermodynamic
model results presented in Figure 2 to the following equation:

Dna(T[K].P[GPa]) =

2183 + 2517P — 157 P2
P T

— 4.575 — 0.5149P + 0.0475P2). (15)
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Figure 2. Sodium in clinopyroxene partition coefficients in P-T space,

calculated thermodynamically with the methods of Blundy et al (1995) [13].
Solidus 12, liquidus (13) and intermediate melt fraction outlines are calculated
from de Smet (1999) [22].

0.2
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Figure 3. Dy, fits along the solidus from Blundy et al. (1995) [13] (red,
dashed line) and this study (blue, solid line) compared to experimental data
[30] (shaded grey area and grey dots) for comparison. Thin dotted lines are
extrapolations of the fit functions beyond range of validity.

With the new resulting scaling law (15), it is now possible
to calculate partition coefficients for sodium at varied temper-
ature and pressure conditions.

Figure 3 illustrates how the rising Dy, values correlate
with rising pressure along the solidus temperature. In contrast
to the fit function of Blundy et al. (1995) [13], our resulting
function produces steadily rising values up to 13.2 GPa at
the respective peridotite solidus temperatures. After this point,
the calculated values are starting to decrease. In contrast to
our study, the model values of Blundy et al. (1995) [13]
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TABLE II
COMPARISON OF EXPERIMENTAL DATA FOR CLINOPYROXENE/MELT PARTITION COEFFICIENTS WITH THE THERMODYNAMIC DATA

P [GPa] T [K] Dy, Ref.  therm. model  Fit values by  Fit (this study)

(experimental (this study) Blundy et al

data) (1995) [13]
0.0001 1370 0.050(4) [13]  0.0696 0.0670 0.0507*
0.0001 1449 0.042(4) [13]  0.0496 0.0444 0.0465%*
0.0001 1524 0.070(19) [13]  0.0372 0.0312 0.0432*
0.0001 1526 0.040(4) [13]  0.0369 0.0309 0.0431%*
0.0001 1526 0.038(5) [13]  0.0369 0.0309 0.0431*
0.0001 1598 0.046(5) [13]  0.0288 0.0228 0.0404*
1 1663 0.075(7) [13]  0.0891 0.0794 0.0991%*
2 1773 0.113(8) [13]  0.1708 0.1680 0.1827*
2 1843 0.144(13) [13]  0.1363 0.1247 0.1587*
3 1938 0.237(30) [13] 0.2241 0.2170 0.2465%*
6 2038 0.52(12) [13]  0.7789 0.6507* 0.7774
1.2 1588 0.225(5) [31] 0.1497 0.1494 0.1366*
1.2 1458 0.221(5) [31] 0.2671 0.3039 0.1807*
1.6 1643 0.283(4) [31] 0.1866 0.1927 0.1750%*
Parameter Fit [13] Fit (this study)

0-4 GPa 4-12 GPa
a 10367 2183
b 2100 2517
c 165 -157
d -10.27 -4.575
e 0.358 -0.5149

Dy g 1s the experimentally determined weight partition coefficient.
*Note that these are extrapolated values (beyond valid P-T range).

Parameters to be inserted into (14).
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Figure 4. Partition coefficients depending on melt fractions. The line in
between liquidus and solidus indicates a melt fraction F=0.5. Thin dotted
lines are extrapolations of the fit functions beyond range of validity.

start to decline after approximately 5 GPa along the solidus
temperature. However, Blundy et al. (1995) [13] themselves
state that their scaling law is not to be used over a pressure
of 4 GPa.

In Figure 4, the decrease of partition coefficients from the
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solidus towards the liquidus becomes visible. This indicates
that not only pressure, but also temperature and therefore melt
fractions have an impact on the redistribution. It should be
noted that at low pressures and high melt fractions, our fit
seems to divert more from the thermodynamic model than
the previous fit [13]. Consequences of this diversion on the
applicability of our scaling law (15) are explored in section I'V.

IV. DISCUSSION

Partition coefficients are highly controlled by pressure,
temperature, and composition. Since it is not possible for
models to include all compositional interactions between
a mineral and melt, comparing them to experimental data
is sometimes difficult. This is especially true for higher
pressures, where partition coefficient data is, to this date,
often lacking. However, the existing experimental data for
lower pressures already indicate if we can expect realistic
results from our calculations. As is shown in Table II, our
thermodynamic model results fit well to the experimental
results [13][31]. Best matches were achieved for experimental
data at 0.0001 GPa/1526 K, 2 GPa/1843 K and 3 GPa/1938 K
[13], where the model data deviates from the experimental
values by only 2.9% and for the latter two by 5.4%,
respectively. Interestingly, with 46.9%, the second largest
diversion from the experimental data is at 0.0001 GPa/1524 K,
which is at the same pressure and only 2 K below a very
well fitting value (Table II). However, the experimentally
derived partition coefficients vary more than what could
be solely explained by changing P-T conditions. Deviating
experimental and thermodynamic model results can happen
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because of several effects. For example, analytical error
margins have to be considered. Furthermore, the composition
of melt as well as solid clinopyroxene can be much more
diverse in experiments than it is for thermodynamic model
calculations, which does not take these changes into account.

It should be noted that the fit parameters in (14) differ from
the parametrisation in Blundy et al. (1995) [13], which is due
to the larger parameter space applied in our model. For a
comparison of the two scaling laws, we refer to Figure 3 and
Figure 4. A direct comparison of the resulting parameters for
the scaling law of our and the previous study [13] is given in
Table II.

Figure 3 illustrates that the partition coefficients calculated
with our scaling law (15) over solidus temperatures is close
to the experimental sodium partitioning data. This data is
indicated by a shaded grey area and, for Dy, in the AbggDiog
system, by darker grey dots [30]. A direct comparison with
appropriate temperatures in the range of the experimental data
[30] shows that here, the thermodynamic model is within an
error of on average 32%.

As is shown in Figure 3 and Figure 4, our and the previous
fit [13] do not completely agree with each other. Blundy et al.
(1995) [13] parametrised their thermodynamically calculated
results over a peridotite solidus of McKenzie and Bickle
(1988) [32], while we took the peridotite solidus equation
of de Smet (1999) [22]. This could have produced a small
shift in the Dpgo-P-T field and, therefore, in the resulting
fit function. Also, a different parametrisation method could
have been used by the previous study [13], which might have
produced slightly different fits. Finally, the previous study
[13] concentrated more on low pressure partitioning, whereas
we have tried to parametrise the function up to the 410 km
discontinuity. The inclusion of higher pressures could also
be the reason why at pressures below 4 GPa (especially at
higher melt fractions) our scaling law (15) fits less well to
the thermodynamic model values than the older model [13].

Between 4 and 12 GPa, our scaling law (15) fits well to
the thermodynamic data over all melt fraction values from
solidus to liquidus. However, at high melt fractions below
4 GPa, larger diversions from the original fit function [13]
appear (Figure 4). The reason for this lies in the nature of the
least square parametrisation used in Python 3, which allows
the fit function to divert from the thermodynamic model at
low pressures for the expense of being applicable to higher
pressures and to a wide range of melt fractions. If we would
only parametrise the model over the solidus, the shift would
disappear at the expense of the model being applicable to
any other P-T conditions. Thus, the included P-T conditions
for the varying melt fractions ensure that the model is useful
over a wide range of pressures and temperatures, but limits
the applicability of the scaling law for higher melt fractions
to a range between 4 and 12 GPa.

In the upper mantle, buoyant melt can occur up to the
depth where it becomes gravitationally stable and a density
inversion of melt and solid surrounding material takes place
(the so-called density crossover). In other words, melts
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formed at higher pressures may not be able to rise to the
surface [33][34]. However, this is only true for upper mantle
melts and melts rising upwards in lower regions of the Earth
can not be ruled out [35]. Inside Earth, the density crossover
exists at approximately 11-12 GPa at 2000°C [36], and in
Mars between 7 GPa [36] and 7.5 GPa [37]. To include
pressure and temperature dependent partition coefficients into
a mantle evolution model, it would often suffice to be able
to calculate them up to the density crossover. Overlapping
with the density crossover, in the Earth’s 410 km mantle
discontinuity (i.e., pressures of approximately 12-15 GPa),
phase changes occur [38] and pyroxene slowly starts to
dissolve into a pyrope-rich garnet to form majorite [39]. This
and the density crossover indicate that a parametrisation up
to approximately 12-15 GPa is sufficient.

As the experimental data [30][29] suggests, the partition
coefficients of sodium in clinopyroxene increase with
temperature and pressure before they remain constant. At
solidus P-T conditions, our fit function curve slowly starts to
flatten and starts to fall at approximately 13 GPa (Figure 3).
This coincides with the thermodynamic model, where (along
the solidus) the partition coefficients start to decrease at
12.5 GPa. Combining these findings with the occurence of
a density crossover and transition zone at approximately
12 GPa, we suggest to not use our scaling law (15) above
this pressure.

As is discussed above, the scaling law works well for
melting P-T conditions between the peridotite solidus and
liquidus between 4 and 12 GPa. Thus, it can be considered
as a useful expansion of the previous scaling law for Dy,
[13]. Because of the broad P-T range, the model should
not only be useful for mantle melting, but also for models
which crystallise melt, as is the case in a magma ocean.
However, as recent studies have suggested, the solidus and
liquidus temperature may change heavily depending on if
material is melting or crystallising [40]. If this is the case,
our model could lie outside of the P-T range between solidus
and liquidus for crystallising liquids and would have to be
extrapolated. Therefore, one has to be careful with the usage
of the fit.

Like the thermodynamic model, phase transitions and
density crossover behavior all depend on pressure. Thus,
even for planets with a radius or mass different from Earth,
the fit should be applicable if the mantle composition is
comparable to Earth. Additionally, the composition of the
terrestrial planet has to be taken into account. If there is no
or if there are only very minor portions of clinopyroxene in
the planets upper mantle, our partition coefficient calculations
for clinopyroxene cannot be used.

V. CONCLUSION AND FUTURE WORK

With the new high-pressure scaling law (15), it is now
possible to include partition coefficient models depending on
pressure and temperature into mantle convection models for
the entire pressure range over which upper mantle melts are
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buoyant. The newly developed fit function can be used to
calculate clinopyroxene/melt redistribution behavior of sodium
starting from 4 GPa up to the mantle transition zone of the
Earth. This is in contrast to the scaling law by Blundy et al.
(1995) [13], which can be applied from O to 4 GPa. Our new
scaling law can be used as the basis for calculating D; in (1),
with Dyg=Dp, for 1+ charge elements. Possible approaches to
model partition coefficients based on this scaling law for the
charges 2+ to 4+ are described in Wood and Blundy (2014)
[41] and are based on adjusted calculations for the mineral’s
lattice site radius rg and the bulk modulus FE.

Compared to the existing experimental data, our scaling law
(15) allows for a good approximation of clinopyroxene parti-
tion coefficients of trace elements between solid and melt. This
enables us to do self-consistent calculations of local partition
coefficients for variable pressures and temperatures. Because
we have parametrised our model over a wide range of P-T
conditions and melt fractions between the peridotite solidus
and liquidus, our model can be applied for any D%’f/ melt
calculation between 1850-2360 K and 4-12 GPa.

By combining our scaling law with the older scaling law
[13], we will be able to calculate the redistribution behavior
of trace elements in terrestrial planets in much more detail. Our
partition coefficient calculations for clinopyroxene should be
applicable as long as clinopyroxene is present in the planet’s
upper mantle in sufficient abundance.

Future works could not only include the application of our
new scaling law (15) in numerical simulations, but also further
investigations on partitioning behavior in mantle material as
well. For instance, adding an orthopyroxene/melt trace element
partitioning model to a mantle evolution model would provide
an even more detailed tool to study on the trace element
redistribution from mantle to crust if used alongside the
clinopyroxene/melt partitioning model.
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