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Introduction

The supporting information complements the main text by:

* Providing additional detailed descriptions (in Text sections S1 to S5 and in Figs. S1 to
S14)

* Providing the complete data set of compositions and parameters used in the
parameterization and in subsequent calculations (Tables S1 and S2)

The Supporting Information also consists of the Microsoft Excel spreadsheet entitled
Melt-PX.XLSM. This software calculates the degree of melting of two pyroxenite compositions
at a specified pressure and temperature. The software can also calculate the adiabatic
decompression-melting path of a two-lithology mantle (i.e., pyroxenite + peridotite). The user
specifies the major-element composition of the pyroxenite and its mass fraction in the
assemblage, the modal fraction of clinopyroxene in the subsolidus peridotite, and the
potential temperature of the mantle.



Text S1. pMELTS calculations

Although the equations in Melt-PX describing Tsy (the temperature at 5% melt), Tepxour (the
temperature at the disappearance of clinopyroxene), and F (the percentage of melt) as
functions of P, T, and composition (X) are not thermodynamically based, our use of pMELTS
[Ghiorso et al., 2002] minimizes the hazards of a totally arbitrary functional form.

PMELTS is calibrated in the system SiO,-TiO>-Al,Os-Fe,05-Cr,03-Fe0-MgO-Ca0-Na,0-K,0-
P,0s-H,0 between 1 and 4 GPa and was optimized to model liquid-solid and solid-solid phase
relations in peridotitic systems. For this reason, pMELTS does not accurately reproduce the
results of pyroxenite partial melting. Nevertheless, pMELTS does calculate an equilibrium
assemblage of phases by minimizing an appropriate potential energy, subject to constraints
on bulk composition; on temperature, pressure, or volume; enthalpy or entropy; and
optionally on oxygen fugacity (fO,). Thus, we can use pMELTS to calculate an internally
consistent set of equilibrium assemblages as a function of P and T for compositions ranging
from peridotite to basalt in order to explore the relationships between bulk composition and
melt fraction as P and T change.

Below, we list the choices and constraints that we used in our pMELTS calculations: (1)
Calculations were made at fO2 = FMQ-1 (i.e., the fayalite-magnetite-quartz buffer minus one
log unit, close to the oxygen fugacity in graphite-Pt double capsule experiments [Laporte et al.,
2004]). (2) We used the corrected version of the garnet model [Berman and Koziol, 1991]. (3)
We did not include Cr,0s in the bulk compositions used for these calculations. Incorporation of
Cr,0s in solid phases is oversimplified in pMELTS (i.e., it is not included in pyroxene and garnet
[Asimow et al., 1995]); as a result, the stability field of spinel is strongly overestimated when
Cr,0; is included in the calculation. (4) MnO was also not included because pMELTS is not
calibrated for this element. (5) Even though KO is handled incorrectly in the subsolidus
assemblage when feldspar is absent [Asimow and Ghiorso, 1998], we chose to include
potassium as a major element in all supersolidus calculations because this leads to pMELTS Ty
estimates more consistent with the experimental data and to greater numerical stability. [Note
that the bulk K,O content in all our pMELTS calculations was kept low and constant (0.025 mol.
%).]

Starting with the composition MIX1G [Hirschmann et al., 2003], we independently varied
the following compositional parameters: the mole fractions of Na,O and SiO,, the Mg#, the

molar CaO/Al,O; ratio, and the forsterite (Fo) and quartz (Qz) components (calculated using



the expressions in O'Hara [1972]) to generate 36 related compositions. Using pMELTS, we
calculated Tsy for each of these compositions at pressures of 1-5 GPa in order to identify
simple correlations between Ts4 and the various compositional variables and pressure.

MIX1G was chosen as the base composition for this exercise because: (1) its composition
is close to the average of 431 pyroxenite compositions compiled from the literature (Fig. S1),
and (2) pMELTS qualitatively reproduces its solidus and super-solidus phase relations (see Fig.
1 in the main text). MIX1G is a silica deficient pyroxenite (Figs. S1-S2; [Hirschmann et al., 2003])
and both the experiments and the calculations indicate that, at 2 and 2.5 GPa, the solidus
assemblage is olivine (ol) + clinopyroxene (cpx) + garnet (gt) + spinel (sp); that at 5 GPa, the
solidus assemblage is ol + gt + cpx (the stability of gt increases with pressure); and that ol is
the first phase to disappear during melting at all three pressures. There are, however,
important quantitative differences between the experimental phase relations and those
estimated by pMELTS—for example, pMELTS overestimates the stability of gt at low pressure
at the expense of sp due to the absence of Cr,0s in the bulk composition (as noted above,
including Cr,0; greatly over-stabilizes spinel). pMELTS also strongly underestimates the
stability of cpx at high pressure—at 5 GPa, it predicts the disappearance of cpx at F = 32%; the
actual disappearance of cpx in the experiments is close to F = 75% (Table S1). At a given P and
T in the super-solidus region of the phase diagram, pMELTS does not reliably estimate the
melt percentage for MIX1G, emphasizing the need for a parameterization that is able to
accurately predict P-T-F relationships for pyroxenite compositions. Specifically, pMELTS
overestimates the size of the melting interval, especially at high pressures, by both
overestimating the liquidus temperature and underestimating the solidus temperature (see

Fig. 1 in the main text).

Text S2. Determination of experimental Tsy and Txou: Values

As described in the main text, our parameterization models the melting of pyroxenites from
5% to the disappearance of cpx, and since F is described in part as a function of Ts¢ and Tepxout,
calibrating the model involves calculating Ts and Texoue Values for pyroxenite melting
experiments in our literature database. For each literature data set (where a “data set” is all
experiments performed on a given composition at a given pressure), we plotted the
experimental temperatures as a function of melt percentage (calculated using the
compositions of solid and liquid phases in each experiment and the mass balance program of

Albaréde and Provost [1977]), and then used a quadratic regression to estimate T at F = 5% (Fig.



S3). To estimate Txou, When cpx is the liquidus phase, we used these same quadratic fits and
calculated T at F = 100% (i.e., Tepx-our). When cpx is not the liquidus phase, and there were
insufficient cpx-bearing experiments to define a robust relationship between T and modal cpx,
we estimated Txout by averaging T from the last experiment with residual cpx and T from the
next higher temperature experiment. When there were sufficient data, we used the evolution
of the proportion of cpx as a function of melt fraction to calculate F(Tex.ou) and and then used
the quadratic fit to estimate Tcpou for this value of F(Tepxour) (Fig. S4; the proportions of residual
solid phases decrease in an approximately linear fashion with increasing F [e.q., Baker and
Stolper, 1994; Lambart et al., 2013; Pickering-Witter and Johnston, 2000]). For example, 4 GPa
experiments on GA2 [Spandler et al., 2008] show that the solid assemblage is cpx + gt between
from F = 19% and F = 49%. Clinopyroxene disappears in the interval between 49% and 89%
melt. Using a linear regression between the modal abundances of cpx and F (based on mass
balance), we estimated that cpx disappears at F = 85.3% (Fig. S4). Then using the quadratic fit
shown in Fig. S3, we calculated that Tepxoue = 1512°C. To estimate the uncertainties on Tsy and
Teox-outs We Used the uncertainties on the calculated melt fractions and 16 uncertainties on each
experimental temperature (£10°C). Then we estimated the “upper” and “lower” Tsy, and Tepx-out
values from the quadratic fits at +10 and -10 on both T and F (Fig. S3). The calculated Ts% and
Toxout Values and their uncertainties are reported in Table S1. Note that a quadratic
relationship between T and F is consistent with experimental observations [Lambart et al.,
2009a; Pertermann and Hirschmann, 2003a; Sobolev et al., 2007; Spandler et al., 2008], and with

the results of pMELTS calculations on various pyroxenite bulk compositions (Fig. S5).

Text S3. Factors that control Ts

As briefly discussed in section S1 (and in the main text), pMELTS cannot be used to
quantitatively predict the phase relations of pyroxenites. Nevertheless, it provides an
internally self-consistent set of phase relations that can be used to explore those parameters
that closely correlate with Ts4. Based on the results of 143 pMELTS calculations (the reason for
143 vs. 180 calculations is discussed in the main text), Ts« is negatively correlated with Na,O
content and positively correlated with Mg#. At constant pressure, the effects of bulk Na,O
content and Mg# on Tsy are approximately linear, however, the magnitude of these effects
increases with increasing pressure, i.e., the slopes of the lines in Fig. 3a-b (main text) steepen
as pressure increases. Although the effect of bulk Na,O on Tsy is accentuated in the pMELTS

calculations at high pressure due to the non-pressure dependent partitioning of Na between



clinopyroxene and melt [e.g., Jennings and Holland, 2015], the effect is still seen, as we show
below, in the experimental data. In the 5 GPa pMELTS calculations, the decrease in Tsy with
increasing bulk CaO/Al,Os (Fig. S6a) is due to the decrease in the jadeite component in the
clinopyroxene (due to a decrease in Al/Na) and this, in turn, increases the incompatibility of
Na, and consequently the Na,O content of the melt. However, as noted by Putirka et al. [2003],
PMELTS does not accurately predict the mass fraction of the jadeite component in
clinopyroxene at high pressures, and no correlation is observed between CaO/Al,Os and Tsy in
the pMELTS calculations at 1 and 3 GPa (Fig. S6a). For this reason, we did not include a
CaO0/Al,O; term in our parameterization of Tss.

Although Ts is not correlated with bulk SiO, content (Fig. S6b), there is a peak in Tsy
values for the synthetic compositions with close to 47 mol.% silica at pressures between 2 and
5 GPa. Significantly, these are compositions that plot close to the En-CaTs-Di plane in the
CMAS system [Herzberg, 2006] and, at pressures above the appearance of garnet, this plane is
a thermal divide [Kogiso et al., 2004a; Lambart et al., 2013]. Kogiso and Hirschmann [2006] have
suggested that for bulk compositions with the same alkali content and Mg#, bimineralic
pyroxenites will have slightly higher solidus temperatures than pyroxenites that consist of
three or more major crystalline phases; although they note that the effect is likely to be
relatively small and easily overwhelmed by changes in bulk alkali content and Mg#. To
investigate the potential magnitude of the thermal divide on near-solidus temperatures, we
constructed a series of compositions based on MIX1G by adding or subtracting a Qtz or Fo
component [O’Hara, 1972]. We then projected these compositions onto the Fo-CaTs-Qz plane
from Di and calculated, using pMELTS, the evolution of Tsy along the two compositional joins
(Fig. S7). At 1 GPa, garnet in not stable in the solid assemblage and thus the CaTs-En-Di plane
does not represent a thermal divide—and indeed, we observe almost no change in Tsy as a
function of distance from the thermal divide along either compositional join. In contrast,
between 2 and 5 GPa, we observe an increase in Tsy of up to 270°C close to the thermal divide
for the synthetic data set. This effect is more than an order of magnitude larger than that
inferred by Kogiso and Hirschmann [2006]. To test whether this large AT effect is an artifact of
PMELTS, we plotted Ts¢ values from our experimental data set as a function of distance from
the thermal divide in Di-Fo-CaTs-Qz space (Fig. S8). Although there is a monotonic increase in
experimental Ts, values as AQz changes from positive to negative, there is no obvious

maximum in the P > 2 GPa trends in the vicinity of the thermal divide. Figure S8 supports the



conclusions of Kogiso and Hirschmann [2006] that the influence of the thermal divide on

pyroxenite solidus temperatures is relatively small.

Text S4. Tests of the model calibration

We have tested our expression for Ts, (equation 2 in the main text) using experimental data
not included in the calibration of the model (see section 3.5, main text). Calculated F-test
statistics [Snedecor and Cochran, 1989] for equation (2) vs. equations for Ts, with one less
parameter indicate that dropping a parameter significantly decreases the accuracy of the
model. As a further test of our equations, we have plotted the differences between calculated
and experimental values for Tse, Tepxout, aNd F (ATsw, ATcoxout, and AF, respectively) as functions of
the variables (e.g., P, Mg#, “alk”, etc.) used to parameterize equations (2), (3), and (1) (main
text), as well as other variables (e.g., oxide mol.% SiO,, CaO/Al,O;, etc.) not used in the
equations. No significant correlations were observed between ATsy, ATcpx-our, and AF and any of
these variables (Figs. S9-S11). There are also no obvious systematic offsets about any of the
three A = 0 lines for SD or SE pyroxenites. This suggests that our equations include the
significant variables that influence Ts«, Tepxout,and F for all the pyroxenite compositions in the

experimental data set.

Text S5. Adiabatic decompression of a two-lithology mantle

We used the equations of Phipps Morgan [2001] coupled with the melting parameterization of
Katz et al. [2003] for fertile peridotite and Melt-PX (this study) for pyroxenites to calculate
(dT/dP)s and (dF/dP)s for a parcel of mantle undergoing adiabatic upwelling that consists of
two lithologies (peridotite and pyroxenite). Each increment of melting is calculated by
following a reversible adiabatic path with complete melt extraction. Melting and
decompression are assumed to occur isentropically, thermal equilibrium is maintained
between both lithologies, and both lithologies are chemically isolated. Melts from each
lithology are continuously extracted and mixed along the melting column. Crustal thickness
(tc) is calculated using equation (6) in Appendix A of White et al. [1992], which accounts for
compaction of the melting region in response to melt extraction and assumes a mean crustal
density of 2900 kg/m?. Equation (6) [White et al., 1992] was modified so that the term that
corrects for compaction took into account mass loss due to melt extraction if one or both

lithologies were melting):
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where @ is the mass fraction of lithology A and p; is density of the melt. We stopped the
calculations when the mantle column has upwelled to the base of the crust as determined by
equation S.1 (i.e., when the pressure at the base of the crust, P. = P, where P. is equal to tc-g-p)).
This approach differs from that of Asimow et al. [1997] and Brown and Lesher [2014] who
introduced the term (1-F) in the calculation of —(dF/dP)s that directly accounts for the
decreasing mass of the source due to melt extraction. In both treatments, fractional melting is
considered as a two-step process: (1) isentropic melt generation followed by (2) melt
extraction; both treatments give very similar results in terms of volume of magma produced
and oceanic crustal thicknesses generated (Eric Brown, personal communication).

For those cases where a high mantle potential temperature (T;) and a low final
pressure of melting (Py) lead to the exhaustion of clinopyroxene in the pyroxenite while the
mantle is still upwelling and undergoing melting, Melt-PX offers two options: (1) To account
for the drop in melt productivity beyond cpx-out [observed experimentally in pyroxenites at
low pressures; Lambart et al., 2009a], productivity of the pyroxenite can be set to a value of
0.3%/°C after the disappearance of clinopyroxene. (2) Melt productivity can also simply be
extrapolated based on the curve defined for temperatures between F = 5% and F(Tx-our). Note
that in our calculations the drop in melt productivity does not appear to have a large effect on
calculated crustal thicknesses. For the case of Iceland discussed in the main text, the mass
fraction of MIX1G necessary to produce 20 km of crust decreases from 0.194 (using option 1)
to 0.19 (using option 2). It is also important to note, that based on the parameterization
presented here, many pyroxenites (e.g., eclogites) will only reach cpx-out under conditions
involving both a high mantle potential temperature and a low final pressure of melting. This is
a rather unusual combination (although one that occurs at Iceland) in that, in nature, a high T,
is usually coupled with a higher final pressure of melting (e.g., Hawaii).

For a given potential temperature, there are four separate conditions for an upwelling

parcel of mantle that consists of two distinct lithologies:

1.T < T4 jiqus and T < T5 . .,<: In this case, neither lithology is melting and dT/dP follows

the bulk solid mantle adiabat:

dr T
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where G, is the heat capacity, a is the thermal expansivity, o* and p® are the density of the solid
lithologies A and B, and @ is as defined for equation S.1; note that a is assumed to be equal for

both lithologies.

2.T > T4 jiguss T < T‘l“iquidus, andT < TE ,,,.: Only A is melting. The effect of this is to cool

B, delaying the onset of its melting, but enhancing the melt productivity of A [Hirschmann and
Stolper, 1996; Phipps Morgan, 2001; Sleep, 1984; Stolper and Asimow, 2007]. Note that in most
cases, the pyroxenite lithology will start to melt first within an ascending parcel of
lithologically heterogeneous mantle, but both situations can occur (see Section 5.1 in the main
text and Fig. S12). The equation for the temperature evolution during perfect fractional
melting in this interval is:

dT = (Z—Di dF4 + (S_Di dP (S.3)

aT\4A , . . .
where (#) dP is the evolution of the temperature of the source with pressure and
F

A
(Z_;) dF4 is the reciprocal term of the isobaric productivity of the lithology A [Asimow et al.,
P

19971. A’s productivity is given by:

A
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where AS; is the entropy of fusion of lithology A. Note that our approach differs from that in

(5.4)

Phipps Morgan [2001]—there (3T/9F)r and (3T/0P)r were assumed to be constant. However, to
correctly model polybaric fractional melting we need to know how the isobaric melt
productivity evolves during fractional melting—i.e., how the properties of the residue evolve
as the composition of the residue changes. Since it is not yet possible to accurately calculate
partial melt compositions of pyroxenites as a function of T, P, and X, our parameterization,
Melt-PX, is based on the results of batch melting experiments and this will likely yield

estimates of melt production that are higher than those expected during fractional fusion.

3.T > T4 jigus: T < Tﬁ-quidus, and T > T5 ,, ,.,.: Both lithologies are melting. dF/dP is
controlled by the melting functions of both A and B. Because both lithologies are assumed to

be in thermal equilibrium, dT/dP = (dT/dP)* given in equation (S.3). Bulk productivity is given
by:
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4.T > T‘{’iquidus andT > T5 ., : Only Bis melting; A has been exhausted from source.

dF/dP and dT/dP reduce to the single lithology melting functions of B. B's productivity is given
by:

dF a_T)F PBCB
B (E)S - B (S-s)
?gf"“(ﬁ),,

and the temperature change as a function of Pis:
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However, none of our calculations ever reached this fourth stage. A final possibility is that A
starts to melt before B and that B reaches its liquidus before A reaches its liquidus. We have
not considered this case, since for mixtures of pyroxenite and peridotite it seems like an

unlikely scenario.

Values assigned to the parameters in these calculations can be found in Table S2 (although the
densities of the pyroxenites KG2, M5-103, and MIX1G are not tightly constrained, varying their
values between the two end-member values, 3550 kg/m* (G2) and 3300 kg/m* (fertile
peridotite) [Shorttle and Maclennan, 2011], does not significantly affect the results of the
calculations). Integration begins at Py, the pressure of the deeper of the two solidii, and stops
when P = Pc (the pressure at the base of the crust), with the pressure decrement taken as 0.1

MPa. Figures S13, S14, and Fig. 10 in the main text present P-T paths for five different



pyroxenite compositions and for different fractions of pyroxenite in an upwelling mantle with
a potential temperature of 1450°C; Figs. S13 and S14 also show how the melting percentages
and the isentropic productivities of the pyroxenite and the peridotite evolve along the

adiabatic path used to calculate the crustal thicknesses presented in Fig. 9 (main text).
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Figure S1. Oxide contents (in mol.%) of natural pyroxenites from ophiolites and alpine-type
massifs, gneissic and granulitic massifs, and xenoliths [Lambart et al., 2013 and references
therein], spinel peridotites [Herzberg et al., 1988], and average MORB [Gale et al., 2013]. See text
for the definition of silica deficient (SD) and silica excess (SE); pyroxenite compositions whose
experimental phase relations were used in the parameterization are shown in two shades of
blue (see Table S1 for compositions); Mg# is molar Mg/(Mg+Fe*), where Fe* = all Fe as FeO.
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Fo Qz

Figure S2. Natural pyroxenites from ophiolites and alpine-type massifs, gneissic and granulitic
massifs, and xenoliths [grey circles; Lambart et al., 2013 and references therein] compared to
the experimental bulk compositions used in calibrating the parameterization (large red
squares; compositions are listed in Table S1). All compositions are projected from Di (diopside)
onto the plane CaTs (Ca Tschermak's molecule, CaAl,SiOs) - Fo (forsterite) - Qz (quartz), using
the method of O'Hara [1972]. Silica-deficient (SD) and silica-excess (SE) pyroxenites are located
on the left and right sides, respectively, of the CaTs—En join (red dashed line).
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Figure S3. Temperature vs. melt-fraction curves (in wt.%) for pyroxenites used to calibrate Tsy.
Solid symbols are the experimental data (symbols outlined in black represent experiments
that contain cpx and non-outlined symbols represent cpx-free experiments). Error bars are 2o
uncertainties. When not visible, errors are smaller than the size of the symbol. Grey curves
denote the quadratic functions that best match the experimental data subject to the
constraint that melt fraction remains constant or increases throughout the interval F=0to F at
cpx-out. These curves are used to estimate Ts¢ and Tepxour (Open symbols; where Tepeout is the
temperature at cpx-out). Colored curves describe the 20 bounds. The differences between
Tse and Tepeor €Stimated from the grey curves and from these colored lines define the
uncertainties on Ts% and Tepwour, respectively. References are: G2 [Pertermann and Hirschmann,
2003a; b]; MIX1G [Hirschmann et al., 2003; Kogiso et al., 2003]; M5-40 and M7-16 [Lambart et al.,
2009a; 2012; 2013]; 775L-582 [Keshav et al., 2004]; GA1 [Yaxley and Green, 1998]; KG1 and KG2
[Kogiso et al., 1998]; B-ECL1 [Kogiso and Hirschmann, 2006]; Px-1 [Sobolev et al., 2007]; GA2
[Spandler et al., 2008]; Pyrox2B, OLCPX1, and OLCPX2 [Kogiso and Hirschmann, 2001]; M5-103
[Lambart et al., 2009a]; ID-16 [Draper and Johnston, 1992]; 1260 [Whitaker et al., 2007]; 79-35¢g
[Bartels et al., 1991].
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103 at 1, 3, and 5 GPa calculated with pMELTS (solid lines; the solid colored portions of the
lines denote F values between 5% and F at cpx-out; blue = 1GPa, red = 3GPa, green = 5GPa).
The compositions of these three pyroxenites cover much of the compositional spread in our
experimental database. The dashed lines are the quadratic relationships that best fit the
PMELTS results between F = 5% and F(repx-out). PMELTS calculations for M5-103 at 1 GPa crashed

before Tepx.out Was reached.
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Figure S6. Ts calculated for MIX1G and associated synthetic compositions using pMELTS at 1
GPa (diamonds), 2 GPa (squares) and 5 GPa (triangles) vs. (a) the molar CaO/Al,Os ratio, and (b)
the SiO, content of the bulk composition (in mol.%). The initial composition MIX1G is showed
by the filled symbols. In (a), rsepa is the correlation coefficient between CaO/AlLO; and Tsy at 5
GPa. In (b), r is the average of the correlation coefficients calculated at each pressure; the 10
deviation (in parentheses) is given in terms of the least unit cited.
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Figure S7. (a) Composition MIX1G (black cross) and derivative compositions (blue and purple
crosses) projected from Di (diopside) onto the plane CaTs (Ca Tschermak's molecule,
CaAl,SiOg) - Fo (forsterite) - Qz (quartz), using the method of O'Hara [1972]. The derivative
compositions were constructed by adding or subtracting Fo or Qz components to or from
MIX1G; the thermal divide (red line) is defined by the plane CaTs-Di-En (enstatite). Panels (b)
and (c) show the variations in Tsy for MIX1G and the derivative compositions along lines that
include the points Fo and MIX1G and Qz and MIX1G, respectively. The symbols in (b) and (c)

are the same as those in Fig. S6. The red lines represent the thermal divide. The filled black
symbols are for the composition MIX1G.
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Figure S8. Experimentally determined Tsy values for bulk pyroxenite compositions in our
experimental database as a function of each composition’s normative Qz content when
projected into the tetrahedron Qz - Wo (wollastonite) - Al,Os - En, using the method of O'Hara
[1972]. The thermal divide in this tetrahedron is defined by the plane Wo-Al,Os-En;
compositions in this plane have 0% Qz.
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Figure S9. ATy, (experimental Tsy, — calculated Tsy) vs. (a) P, (b) bulk Mg#, (c) bulk (Na:O +
K,0), (d) bulk SiO,, (e) bulk MgO, (f) bulk molar CaO/Al,0s, (g) Fo content, and (h) Qz content;
all oxides values are in mol.%. Fo and Qz are the normative forsterite and quartz contents in
the tetrahedron Qz - Di (diopside) - CaTs (Ca Tschermak's molecule, CaAl,SiO¢) - Fo, calculated
using the method of O'Hara [1972]. Square symbols are ATsy values calculated using Melt-PX;
black squares are for sets of experiments performed at < 1.7 GPa, white squares, above 1.7 GPa
on SE pyroxenites, grey squares, above 1.7 GPa on SD pyroxenites (1.7 GPa reflects a
convenient pressure divide—the thermal divide appears at ~1.7 GPa); red squares are
experiments performed at 3 and 5 GPa on the bimineralogic eclogite B-ECL1 [Kogiso and
Hirschmann, 2006]; sets of experiments denote all experiments performed on a single bulk
composition at one pressure. Dashed lines are least-squares fits to the ATsy, points; r is the
correlation coefficient between ATsys calculated with our parameterization and each
parameter. Blue circles are ATsy calculated using pMELTS and were not included in the least-
squares fits.
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Figure S$10. AT pou (experimental Tepxour — calculated Tepxour Using Melt-PX) vs. (a) P, (b) bulk
Mg#, (c) bulk CaO, (d) bulk Al,Os, (e) bulk (Na,0+K,0), (f) bulk SiO,, (g) bulk molar CaO/Al,0s,
and (h) bulk MgO; all oxides values are in mol.%. Dashed line in each panel is a least-squares fit
to the points; r is the correlation coefficient. Black squares are for sets of experiments
performed at < 1.7 GPa, white squares are for experiment sets performed above 1.7 GPa on SE
pyroxenites, grey squares are for experiment sets performed above 1.7 GPa on SD pyroxenites,
and red squares are experiments performed at 3 and 5 GPa on the bimineralogic eclogite B-
ECL1 [Kogiso and Hirschmann, 2006].
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Figure S11. AF (experimental F - calculated F using Melt-PX) vs. (a) P, (b) bulk Mg#, (c) bulk
Cao, and (d) bulk MgO; all oxides values are in mol.%. Dashed line in each panel is a least-
squares fit to the points; r is the correlation coefficient. Black squares are for experiment sets
performed at < 1.7 GPa, white squares are for experiments sets performed above 1.7 GPa on
SE pyroxenites, grey squares are for experiments sets performed above 1.7 GPa on SD
pyroxenites, and red squares are experiments performed at 3 and 5 GPa on the bimineralogic
eclogite B-ECL1 [Kogiso and Hirschmann, 2006]. The dashed red lines show the model
uncertainty (+2 SEE).
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Figure S12. F = 5% isopleths calculated with Melt-PX for natural pyroxenites found in
ophiolites and ultramafic massif (a), as xenoliths in OIBs (b), and from continental settings (c).
[See Fig. 1 in Lambart et al, 2009a for references.] The dashed and solid red lines represent the
parameterized solidus and Tsy isopleth from Katz et al. [2003], calibrated using experiments on
peridotite and MgO-rich pyroxenite compositions with Na,O and K,O contents of 0.08-1.52
and ~0-0.14 wt.%, respectively. The dashed black line (partially hidden by the solid red line) is
the parameterized solidus for peridotites with ~0.2-0.4 and ~0.03-0.05 wt.% Na,O and KO [see
“recommended fit” in Table 2, Hirschmann, 2000].

22



2000 ——solid adiabat

1900 | —solidus Iherzolite
1800 —solidus MIX1G
P-T path 10%
P-T path 50%
P-T path 100%

1700
51600
= 1500

1400 -

—————

1300
1200
1100

&

N
(=]

-(dF/dP), (wt. %/GPa)

0.50 1.50 2.50 3.‘507 4.r50 550 650 7.50
P (GPa)

Figure S13. Results of model melting
calculations of a heterogeneous mantle
with 10%, 50% and 100% pyroxenite
MIX1G as a distinct lithology at a
potential temperature (T5) of 1450°C. (top
panel) Pressure-temperature paths for the
column of mantle undergoing isentropic
decompression. Mantle P-T paths are
indicated by the orange lines, solidi are
marked by the red and the green lines for
MIX1G and fertile peridotite, respectively.
(middle panel) Extent of melting of MIX1G
(red) and fertile peridotite (green) along
the adiabatic paths. (bottom panel) Melt
productivity —(dF/dP)s of MIX1G (red) and
fertile peridotite (green) along the
corresponding adiabatic path.
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Figure S14. Results of model melting
calculations of a heterogeneous mantle
with 10%, 50% and 100% pyroxenite M5-
103 as a distinct lithology at a potential
temperature (Tp) of 1450°C. (top panel)
Pressure-temperature paths for the
column of mantle undergoing isentropic
decompression. Mantle P-T paths are
indicated by the orange lines, solidi are
marked by the blue and the green lines for
M5-103 and fertile peridotite, respectively.
(middle panel) Extent of melting of M5-103
(blue) and fertile peridotite (green) along
the adiabatic paths. (bottom panel) Melt
productivity —(dF/dP)s of M5-103 (blue) and
fertile peridotite (green) along the
corresponding adiabatic path.
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Table S2. Parameters used in modeling adiabatic melting

Fertile
Input parameters MIX1G M5-103 G2 KG2 peridotite
Mass fraction cpx 0.15
Heat capacity (Cp)? 1090 1130 1045 1140 1190

Thermal expansivity® ~ 0.00003  0.00003  0.00003  0.00003  0.00003

Density of solid 3450° 3350' 3550° 3400° 3300°
Entropy of fusion® 360 375 350 380 395
Density of liquid 2900 2900 2900 2900 2900

# Cp = 3R/Mmol where R is the ideal gas constant (8.314 J/(mol °C)) and Mmol is the
molecular weight (kg/mol) of each lithology [Phipps Morgan, 2001]

® the thermal expansivity is assumed to be the same for all lithologies [Phipps
Morgan, 2001]

¢ Shorttle and Maclennan [2011]

9 Chosen to lie between G2 and fertile peridotite

© Chosen to lie between between G2 and KG2

" Chosen to lie between between KG2 and the fertile peridotite

9 ASf = 1R/Mmol (i.e., AS¢ of enstatite and diopside at their 1-atm melting
temperatures) [Steebins et al., 1984]
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