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Supplemental Materials 

INPUT PARAMETERS FOR MAGMA CHAMBER SIMULATOR MODELING 

Details for modeling phase equilibria and major elements in open igneous systems using the 

Magma Chamber Simulator (MCS) are given in Bohrson et al. (2014, 2020); only features and 

parameters relevant to the current study are described here. Additional information regarding the 

MCS may be found in the cited references and at https://mcs.geol.ucsb.edu. 

The input parameters for the simulations have been selected so that the maximum amount of 

assimilation allowed by thermodynamic constraints could be studied. In MCS, it is possible to 

model magmatic assimilation using two different methods: 1) assimilation of wall-rock anatectic 

(partial) melts and fractional crystallization (MCS-AFC) and 2) bulk or wholesale assimilation of 

stoped wall-rock blocks and fractional crystallization (MCS-SFC).  

For MCS-AFC, sensible (melt cooling) and latent heat (released by crystallization) generated 

in the M subsystem is transferred through the magma body-wallrock diabatic boundary and heats up 

and potentially partially melts wallrock. Progressive batches of anatectic melt formed above a user-
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input percolation threshold for the wallrock are thoroughly mixed and equilibrated with the resident 

melt in discrete steps until magma and the wallrock reach thermal equilibrium and the simulation 

comes to a halt.  

For MCS-SFC, a user-input mass of stoped wallrock is thoroughly mixed and equilibrated 

with the resident melt during one step, and the contaminated system comes to a new equilibrium 

state at a new temperature governed by thermodynamics. The stoping event may cause 

crystallization and/or separation of a fluid phase and the resulting compositional changes are 

recorded by the resident melt composition. The introduction of a stoped block is modeled using the 

recharge function of MCS; the MCS version used for the MCS-SFC cases here can handle up to 

thirty separate stoping events in a single simulation. 

The simulations reported in this study are isobaric and modeled at pressures relevant to the 

different crustal environments: 800 MPa for simulations with lower crustal (LC) wall-rock, 500 

MPa for simulations with middle crustal (MC) wall-rock, and 200 MPa for simulations with upper 

crustal (UC) wall-rock. These pressures correspond to depths of ~30, ~20 and ~7 km, respectively. 

Temperature decrement step for fractional crystallization mode in all the simulations is 5 °C 

(Bohrson et al., 2020). From preliminary testing, smaller decrements do not make a notable 

difference in the results. At the end of each step, the solids (± fluids) formed in equilibrium with the 

resident melt are fractionated from the resident magma. Wallrock partial melt is always in 

equilibrium with the residual wallrock solids (± fluids). 

 

Parental melt parameters 

The parental melts were selected to sample a wide variety of ages and geological 

environments (Table S1). The goal is to study the role compositionally distinct parental melts play 

in the efficiency of assimilation from the thermodynamic vantage, not to describe an actual 



assimilation scenario for a specific magmatic system. This is also why trace element or isotopic 

models are not presented.  

The initial Fe
2+

/Fe
tot

 (fO2) was specified according to the constraints given in the sources and, 

if not given, secondarily using a ferrous/ferric ratio relevant to the given setting. Reasonable 

variations in initial Fe
2+

/Fe
tot

 in the parental melt do not generally affect the model outcomes 

markedly in terms of liquidus T and thus enthalpy in mafic-ultramafic systems (see Heinonen et al., 

2019). Note that an oxygen buffer was not imposed during the simulations, i.e., the magma-

wallrock system remained closed with respect to oxygen loss or addition.  

The initial H2O contents of the parental melts were prescribed based on the original sources, if 

such information was given. However, the majority of the komatiitic, picritic, and basaltic LIP, 

OIB, and MORB parental melts were considered dry, because no information on the water contents 

was readily available. Water contents in these types of melts are nevertheless expected to be low (< 

0.5 wt%). For the arc-related high-Mg basaltic parental melts, we used a H2O content of 2 wt%, 

which is the lower limit of the global range shown by mafic arc magmas (H2O = 2−6 wt%; Plank et 

al., 2013). Using a low estimate for the H2O content is relevant when testing for thermodynamic 

limits of assimilation – using higher initial H2O contents for the parental melt would mean less 

assimilation before thermal equilibration with the wallrock in the MCS-AFC simulations due to 

lowered liquidus T of the parental melt (Fig. S1). This effect is especially pronounced in models 

with lower crustal wallrock that has a high solidus T (Fig. S1). Adding reasonably small amounts of 

CO2 in the parental melts would not be expected to change the results in any significant way.  

 

 

 

 

 

 

 



Table S1. Parental melt compositions used in the MCS simulations 

 
Komatiitic/meimechiitic 

   PM Location Era Source Notes 
K01 Paraná-Etendeka LIP Mesozoic Thompson and 

Gibson (2000) 
Parental magma for Hooringbai 
picritic dikes (Hooringbai parental 
komatiite); Fe

2+
/Fe

tot
 = 0.9 

K02 Karoo LIP Mesozoic Heinonen and 
Luttinen (2010) 

Karoo meimechite parental magma 
"m1"; 1 wt% H2O; Fe

2+
/Fe

tot
 = 0.9 

K03 Siberian Traps LIP Paleozoic Elkins-Tanton et al. 
(2007) 

SYNS2 synthetic starting composition; 
1 wt% H2O; Fe

2+
/Fe

tot
 = 0.9 

K04 Gorgona Island Mesozoic Révillon et al. (2000) GOR 512 "picrite", MgO closest to that 
projected for the parental magma; 
Fe

2+
/Fe

tot
 = 0.9 

K05 Emeishan LIP Paleozoic Hanski et al. (2004) Sample B6865 from Song Da 
(Vietnam), MgO closest to that 
projected for the parental magma 
(22.5 wt%); Fe

2+
/Fe

tot
 = 0.9 

K06 Belingwe Greenstone Belt Neoarchean Renner (1989) bulk flow composition, listed as a 
komatiite liquid in Nisbet et al. (1993); 
Fe

2+
/Fe

tot
 = 0.9 

K07 Abitibi Greenstone Belt Neoarchean Arndt (1986) Sample M666, listed as a komatiite 
liquid in Arndt et al. (2008); Fe

2+
/Fe

tot
 

= 0.9 

K08 Barberton Greenstone Belt Paleo-
archean 

Parman et al. (2004) Sample K4-1BA, listed as a komatiite 
liquid in Arndt et al. (2008); Fe

2+
/Fe

tot
 

= 0.9 

K09 Commondale Greenstone 
Belt 

Paleo-
archean 

Wilson (2003) listed as a komatiite liquid in Arndt et 
al. (2008); Fe

2+
/Fe

tot
 = 0.9 

K10 Norseman–Wiluna 
Greenstone Belt 

Neoarchean  Lewis and Williams 
(1973) 

listed as a komatiite liquid in Arndt et 
al. (2008); Fe

2+
/Fe

tot
 = 0.9 

     

 
Picritic 

   PM Location Era Source Notes 
P01 Gorgona Island Mesozoic Herzberg and 

O'Hara (2002) 
Model Gorgona "komatiite" parental 
magma formed by accumulated 
perfect fractional melting; Fe

2+
/Fe

tot
 as 

measured 

P02 Grassy Portage Bay 
Greenstone Belt 

Neoarchean Goldstein and 
Francis (2008) 

GP-10 pyroclastic ferropicrite; 
Fe

2+
/Fe

tot
 = 0.9 

P03 North Atlantic Igneous 
Province 

Cenozoic Larsen and Pedersen 
(2009) 

Parental melt calculated for the 
Aaanaa Mb, Vaigat Fm, West 
Greenland; Fe

2+
/Fe

tot
 = 0.9 

P04 Hawaii Cenozoic Norman and Garcia 
(1999) 

Sample KIL-1-7 that corresponds to 
Kilauea parental magma composition 
with MgO of ~16 wt% and Al2O3 of 
~10 wt%; Fe

2+
/Fe

tot
 = 0.9 

P05 Karoo LIP Mesozoic Sweeney et al. 
(1991) 

Fertile Mwenezi picrite low-K (low-
NaK# HTZ group) end-member; 1 wt% 
H2O (see Liu et al., 2017); Fe

2+
/Fe

tot
 as 

measured 



P06 Ontong Java Plateau Mesozoic Herzberg et al. 
(2007) 

Primary magma for sample 1187-8 
from Fitton and Godard (2004); 
Fe

2+
/Fe

tot
 as measured 

P07 Ferrar LIP Mesozoic Sweeney et al. 
(1991) 

Parental Ferrar composition (Ortez 
and Green, unpubI. data, LTZ group); 
Fe

2+
/Fe

tot
 as measured 

P08 Deccan LIP Mesozoic Krishnamurthy 
(1974) 

A representative high-Mg picrite 
sample (see Krishnamurthy et al., 
2000); Fe

2+
/Fe

tot
 = 0.9 

P09 Siberian Traps LIP Paleozoic Lightfoot et al. 
(1993) 

Tuklonsky Fm picrite 1F(30); Fe
2+

/Fe
tot

 
= 0.9 

P10 Siberian Traps LIP Paleozoic Lightfoot et al. 
(1993) 

Gudchichinsky Fm picrite 1F(18); 
Fe

2+
/Fe

tot
 = 0.9 

     

 
Basaltic 

   PM Location Era Source Notes 
B01 Vanuatu arc Cenozoic Eggins (1993) The most primitive aphyric lava 

sample #68638 from Manaro Voui 
(Ambae); 2 wt% H2O (Plank et al., 
2013); Fe

2+
/Fe

tot
 = 0.7 (~QFM +2) 

B02 Early Central American 
Volcanic Arc System 

Cenozoic Whattam (2018) Primitive sample PAN-03-016; 2 wt% 
H2O (Plank et al., 2013); Fe

2+
/Fe

tot
 = 

0.8 
B03 Kurile-Kamchatka volcanic 

arc 
Cenozoic Portnyagin et al. 

(2005) 
Parental melt of avachites (AV-I) 
based on melt inclusions in olivine; 2 
wt% H2O (Plank et al., 2013); Fe

2+
/Fe

tot
 

= 0.8 
B04 Iceland Cenozoic Breddam (2002) Most primitive olivine tholeiitic 

glasses found in central Iceland 
(Kistufell); Fe

2+
/Fe

tot
 = 0.9 

B05 Southwest Indian Ridge Cenozoic Font et al. (2007) Most primitive calculated parental 
melt composition (PM-DR51); 0.09 
wt% H2O; Fe

2+
/Fe

tot
 = 0.9 

B06 Hawaii Cenozoic Frey et al. (1991) Sample MU-8 from Maulua Gulch may 
be the most magnesian postshield 
tholeiitic lava that represents a 
crystallized melt; Fe

2+
/Fe

tot
 = 0.9 

B07 Pyrolite melt composition 
(experimental) 

- Jaques and Green 
(1980) 

Calculated equilibrium melt 
composition at 1350 °C, 1.5 GPa, 18% 
melting; Fe

2+
/Fe

tot
 as measured 

B08 Aleutian arc Cenozoic Miller et al. (1992) A composition similar to LUM21 is 
suggested as a parental magma for 
the Recheshnoi suite (Umnak); 2 wt% 
H2O (Plank et al., 2013); Fe

2+
/Fe

tot
 = 

0.8 
B09 Karoo LIP Mesozoic Heinonen and 

Luttinen (2008) 
A low-degree picrobasaltic melt 
(sample 117-KHG-91) from a depleted 
source (see also Heinonen et al., 
2010); Fe

2+
/Fe

tot
 = 0.9 

B10 Ethiopian-Yemeni LIP Cenozoic Beccaluva et al. 
(2009) 

A depleted primitive basalt (LAL1) 
with low LOI (see also Natali et al., 
2016 - Fe

2+
/Fe

tot
 = 0.8 reported there) 



 

 

Figure S1. The results of the MCS-AFC simulations in which B01 parental melt with varying water content 

(0, 2, 4, and 6 wt%; 2 wt% are the default simulations shown in Figs. 1 and 2 and Table S2) assimilates LC 

or UC shown in SiO2 vs. Na2O + K2O (TAS) diagram (Le Bas et al., 1986). Each open symbol after the first 

one in the basalt field represents an assimilation step where wallrock partial melt above the percolation 

threshold of 10 wt% is homogenized with the resident melt. Results with >50 wt% crystallinity are 

highlighted and the stippled lines and numbers in italics indicate the total amount of assimilation (in wt% 

relative to the initial parental melt) in the end of the simulations. Abbreviations of the TAS classification: 

T/B = tephrite/basanite, B = basalt (highlighted in yellow), TB = trachybasalt, PT = phonotephrite, BA = 

basaltic andesite, BTA = basaltic trachyandesite, A = andesite, TA = trachyandesite, D = dacite, T/TD = 

trachyte/trachydacite, R = rhyolite.  

 

Wallrock parameters 

The wallrock compositions represent average modern LC, MC, and UC of Rudnick and Gao 

(2003). Initial H2O contents are estimated at 0.9 wt% for UC (Johnson, 2006; Ni et al., 2017), 0.045 

wt% for LC Yang et al. (2008; average of all samples), and 0.2 wt% for MC assuming exponential 

interpolation midway between UC and LC. Fe
2+

/Fe
tot

 has been constrained at QFM at the liquidus 

temperature at a given pressure (800 MPa for LC, 500 MPa for MC, and 200 MPa for UC). In the 



AFC simulations, the initial temperature of the wallrock was set above solidus but below 

percolation threshold (“FmZero”) of 10 wt% melt (LC: melt fraction = 9.4 wt% at 1060 °C and 0.8 

GPa; MC: melt fraction = 9.6 wt% at 880 °C and 0.5 GPa; UC: melt fraction = 6.9 wt% at 700 °C 

and 0.2 GPa), which represents a reasonable value for common crustal rocks (see Bohrson et al., 

2014). After reaching the percolation threshold fraction of 0.1, the wall-rock remains 10 wt% 

molten throughout the simulation (and the wall-rock melt and residual solids remain in 

equilibrium). If, after a computational step the local melt fraction in WR exceeds 10 wt%, then the 

mass of anatectic melt removed is such that the post–removal melt fraction in WR returns to the 10 

wt% threshold. In the MCS-SFC simulations, blocks of wallrock having the same initial 

supersolidus temperature as in in the respective MCS-AFC simulations are homogenized with the 

resident magma in 30 stoping events, each with a stoped mass of 5 units and with one fractional 

crystallization step in between. 

In MCS-AFC, the heat released by the crystallizing magma is homogeneously distributed to 

the user-specified mass of wallrock; this is a thermodynamic model and thermal gradients are not 

explicitly modeled. Defining wallrock-magma ratio for MCS in various geologic contexts is 

discussed by Bohrson et al. (2014). Here, we preliminarily tested magma-wallrock mass ratios of 

1:1, 1:2, and 1:3 for the case of parental melt K10 assimilating LC. These parental melt and 

wallrock compositions where chosen because of the high heat content of the melt and because the 

resident melt remains basaltic even at high degrees of assimilation. The results of the modeling are 

presented in resident magma temperature vs. amount of assimilation plot in Fig. S2.  

For the magma-wallrock mass ratio of 1:1, the wallrock is efficiently assimilated and less than 

30 wt% of solid residual wallrock remains when the Rhyolite-MELTS engine for the wallrock halts 

and cannot find a feasible solution. At this point, the T difference between the resident magma and 

the wallrock, now composed of 77 wt% clinopyroxene and 23 wt% plagioclase, is still more than 

100 °C. We consider the ratio of 1:1 to be too small in pursuit of maximum amount of assimilation. 



In addition, melting the wallrock to very high degree can destabilize the calculation. It should also 

be noted that because of the relatively low mass of the wallrock, assimilation in excess of 100 wt% 

would not be possible in this case, even if the simulation would proceed until magma-wallrock 

equilibration. 

For the magma-wallrock mass ratio of 1:3, the melting of the wallrock requires a lot of heat 

from the crystallizing magma and thus assimilation is not very pronounced. When the simulation 

reaches equilibrium at ~1240 °C, less than 30 wt% of the initial wallrock mass (300 units) has been 

assimilated. 

For the magma-wallrock mass ratio of 1:2, the simulation does not halt prematurely and the 

wallrock does not become excessively depleted early on (cf. the 1:1 case) and the assimilation 

proceeds relatively efficiently (cf. the 1:3 case) and exceeds 100 wt% at the end of the simulation. 

When the simulation reaches equilibrium at ~1280 °C, ~50 wt% of the initial wallrock mass (200 

units) has been assimilated. We consider the magma-wallrock ratio of 1:2 to represent a reasonable 

compromise and use it in the simulations described in the text. This condition approximates the 

maximum limit for the magma-wallrock ratio in low-permeability rocks with very limited 

hydrothermal flow (Bohrson et al., 2014). Such conditions cause steep thermal gradients and induce 

notable partial melting in the wallrock, which is ideal for the purpose of this study. 

 



 

Figure S2. Resident magma temperature vs. amount of assimilation (relative to the initial mass of the 

parental melt) shown for three MCS-AFC cases of K10 parental melt assimilating LC wallrock. The cases 

differ in relative initial masses of the parental melt (always 100 mass units) and the wallrock (100, 200, or 

300 mass units). The relative masses are also illustrated as crosscut spheres in the legend: the inner sphere 

represents the mass of the initial melt and the outer spherical shell represents the mass of the wallrock 

included in the simulation. Each symbol after the first one, which marks the initial setting at ~1700 °C, 

represents an assimilation step. M = resident magma, WR = wallrock, EQ = equilibrium. 

 

 

 

ASSIMILATION OF PARTIAL MELTS (MCS-AFC MODELING) VERSUS BULK 

ASSIMILATION (MCS-SFC MODELING) 

The MCS is a thermodynamic model and as such does not take account of dynamic, kinetic, 

or non-equilibrium effects. Although this may first appear to be a debilitating limitation, the 

collective results of over seventy years of petrological research clearly indicates that the 

thermodynamic approach is often an excellent approximation to geologic reality (Carmichael et al, 

1974). Indeed, the phase equilibria approach, pioneered by N.L. Bowen over a century ago, is at the 



core of modern igneous petrology. Regarding assimilation, thermodynamic models provide an 

upper limit on the assimilant mass in scenarios where recharge plays no role. The existence of an 

upper limit is based on the foundational energetic constraint that wallrock heating and melting 

depends on the energy flow from magma to wallrock host. In MCS-SFC, stoped crystalline blocks 

of lower specific enthalpy (crystalline phase state and lower ambient temperature compared to 

magma) act as efficient heat sinks upon incorporation, whereas in MCS-AFC assimilant of high 

specific enthalpy (a partial melt rather than crystalline block) is less of a heat sink. The “heat sink” 

effect of MCS-SFC vs. MCS-AFC can be traced in MCS by noting in any given simulation the 

degree of crystallinity of the contaminated resident magma. That is, comparison of MCS-SFC and 

MCS-AFC models show that the mass of cumulates associated with the M sub system for MCS-

SFC surpasses that of the MCS-AFC models at high degrees of assimilation (Fig. S3). MCS-AFC 

modeling should thus be a more viable method to trace maximum amounts of assimilation allowed 

by the primitive magmas, the primary goal of this study. 

Unless the physical separation of melt and the formed crystals is efficient, the viscosity of 

magmas is expected to increase significantly at crystallinities of ~40−60 wt% (e.g., Shaw et al., 

1968; Lejeune and Richet, 1995; Vigneresse et al., 1996; see also Glazner, 2007; Mueller et al, 

2010; Truby et al, 2015). Although this is highly dependent on the timescales, dimensions, and 

dynamic and kinetic factors in the modeled open magma system, we consider crystallinity of 50 

wt% as the threshold value in the simulations (Fig. S3). That is, in all the results of the MCS-AFC 

simulations presented in Figs. 1−3 and Table S2, the crystallinity of the assimilating magma is 

below 50 wt%.  

 



Figure S3. Amount of assimilation (relative to the initial mass of the parental melt) versus crystallinity of the 

resident magma chamber shown for MCS-AFC and MCS-SFC simulations of K10, P01, and B06 parental 

melts assimilating LC (A) and UC (B). Each symbol after the first one, which marks the initial setting at the 

origin, represents an assimilation step. Simulation UC-AFC-B06 is one of the few MCS-AFC simulations in 

which crystallinity surpasses 50 wt%. In this case, this takes place in resident melt composition more 

siliceous than basaltic. For MCS-AFC simulations LC-AFC-B04 and LC-AFC-B05 (not shown here) 

crystallinities surpass 50 wt% while the resident melt is basaltic and the respective results above that value 

are thus not included in the considerations presented in the main article (Figs. 1−3).  

FULL LISTING OF THE MAGMA CHAMBER SIMULATOR SIMULATIONS 

The full input and output of the MCS simulations is stored as Microsoft Excel worksheets in 

a zip file. The worksheets have been cleaned from most of the MCS-generated chart tabs 

(“ChartMassFrac”, “ChartPPD”, “ChartPMD”, “Charts”, and “XChartDiagramsData”) to fit the 

supplement size requirements of Geology. Table S2 lists selected numerical output that was used to 

construct the histogram in Fig. 2 in the main article. The list of all the output files is provided below 

in Table S3 and appended with relevant notes. For each output file, the simulation input is given in 

the “Input” tab and the major element and phase equilibria evolution of the simulations are recorded 

in the “RunSummary” tab. Note that not all the simulations were able to run until equilibrium (in 

the case of MCS-AFC) or user defined hard stop temperature (in the case of MCS-SFC; hard stop T 

given in the input), but halted because the Rhyolite-MELTS engine did not find a solution for a 

particular composition at the given conditions. If this happened late in the run, it makes no 

difference for the purpose of this study, but for some cases we had to slightly alter the wallrock 



initial mass parameters (± 5 units) in order for the simulations to avoid computational dead ends 

early in the simulations. These are clearly marked in the notes.  

All MCS-AFC simulations have been run with MCS version PhaseEQ_2019AC and using 

Rhyolite-MELTS engine v.1.2.0. The MCS-SFC simulations use the same Rhyolite-MELTS 

engine, but a different version of MCS PhaseEQ_2019AH, which allows up to 30 recharge 

(stoping) events. The thermodynamic workings of the two MCS versions are identical. For more 

information, visit the MCS website at https://mcs.geol.ucsb.edu/. 
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Table S2. Parental melt compositions and results of the Magma Chamber Simulator modeling 

Parental melt (PM) PM Type 
PM MgO 

(wt%) 
MAX A (KOM/MEI)  

LC / MC / UC (wt%)
a
 

MAX A (PIC)  
LC / MC / UC (wt%)

a
 

MAX A (BAS)  
LC / MC / UC (wt%)

a
 

Komatiitic/meimechitic parent undergoing AFC to komatiite/meimechite, picrite, and basalt  

Etendeka LIP KOM 24 9 / 9 / 12 22 / 23 / 17 67 / 24 / - 

Karoo LIP MEI 25 9 / 12 / 13 24 / 24 / 24 59 / - / - 

Siberian Traps MEI 27 12 / 15 / 16 31 / 29 / 29 66 / 32 / 33 

Gorgona KOM 25 9 / 10 / 13 23 / 25 / 21 71 / 26 / - 

Emeishan LIP KOM 23 7 / 9 / 10 21 / 23 / 20 67 / 26 / - 

Belingwe GB KOM 26 11 / 12 / 13 26 / 16 / - 72 / - / - 

Abitibi GB KOM 28 16 / 17 / 19 33 / 25 / 19 85 / - / - 

Barberton GB KOM 30 20 / 21 / 15 39 / - / - 91 / - / - 

Commondale GB KOM 31 21 / 4 / 6 39 / - / - 92 / - / - 

Norseman–Wiluna GB KOM 34 27 / 24 / 24 51 / - / - 102 / - / - 

AVERAGE   27 14 / 13 / 14 31 / 24 / 22 77 / 27 / 33 

Picritic parent undergoing AFC to picrite and basalt  

Gorgona PIC 19 - 11 / 13 / 15 49 / 28 / 20 

Grassy Portage Bay GB PIC (FP) 19 - 11 / 13 / 15 44 / 41 / 28 

NAIP PIC 18 - 10 / 11 / 13 45 / 28 / 16 

Hawaii PIC 16 - 6 / 8 / 9 40 / 21 / - 

Karoo LIP PIC 15 - 5 / 5 / 7 28 / 18 / 13 

Ontong Java PIC 17 - 7 / 9 / 11 42 / 21 / 13 

Ferrar LIP PIC 15 - 5 / 6 / 5 28 / 12 / - 

Deccan LIP PIC 17 - 6 / 8 / 10 38 / 26 / 21 

Siberian Traps PIC 17 - 7 / 9 / 11 41 / 27 / 13 

Siberian Traps PIC (FP) 18 - 8 / 11 / 12 45 / 34 / 17 

AVERAGE   17   8 / 9 / 11 40 / 26 / 18 

Basaltic/picrobasaltic parent undergoing AFC to basalt  

Vanuatu arc BAS 10 - - 14 / 13 / 11 

Early Central Am. arc BAS 12 - - 15 / 17 / 17 

Kurile-Kamchatka arc BAS 10 - - 11 / 12 / 15 

Iceland BAS 10 - - 18
b
 / 18 / 15 

Southwest Indian Ridge BAS 10 - - 14
b
 / 18 / 13 

Hawaii BAS 11 - - 25 / 22 / 20 

Pyrolite melt BAS 12 - - 11 / 12 / 11 

Aleutian arc BAS 10 - - 14 / 10 / 9 

Karoo LIP PBAS 11 - - 22 / 21 / 25 

Ethiopian-Yemeni LIP BAS 10 - - 14 / 13 / 16 

AVERAGE   11     18 / 16 / 15 

      Abbreviations in the order of appearance: LIP = Large igneous province, GB = Greenstone belt, KOM = komatiitic, MEI 

= meimechiitic, PIC = picritic, FP = ferropicritic, BAS = basaltic, PBAS = picrobasaltic, A = assimilation, LC = lower crust, 

MC = middle crust, UC = upper crust 
a
 Maximum amount of partial melt assimilation of LC/MC/UC at a given melt composition (KOM/MEI: MgO > 18 wt%, 

SiO2 < 52 wt%, alkalis not considered; PIC: MgO = 12−18 wt%, SiO2 < 52 wt%, alkalis not considered; BAS: MgO < 12 

wt%, SiO2 < 52 wt%, Na2O + K2O < 5 wt%; Le Bas et al., 1986; Le Bas, 2000) and below <50 wt% of crystallinity of the 

resident magma in the model. Averages exclude the results without a value marked with “-“ (i.e., those that have 

evolved outside of the listed classification scheme). 
b
 Assimilation above this value in the basaltic field happens at crystallinities >50 wt% and is thus not reported 

 

 

 



Table S3. The list of the MCS-AFC and MCS-SFC simulations (naming: “assimilant”-“process”-“parental 

melt”). 

Simulation Notes 

LC-AFC-B01 
 

LC-AFC-B01_4H2O 4 wt% of H2O in the parental melt, only used in Fig. S1 

LC-AFC-B01_6H2O 6 wt% of H2O in the parental melt, only used in Fig. S1 

LC-AFC-B01_dry 0 wt% of H2O in the parental melt, only used in Fig. S1 

LC-AFC-B02 
 

LC-AFC-B03 
 

LC-AFC-B04 crystallinity of 50 wt% surpassed in the basaltic field 

LC-AFC-B05 crystallinity of 50 wt% surpassed in the basaltic field 

LC-AFC-B06 
 

LC-AFC-B07 initial wallrock mass = 205 mass units 

LC-AFC-B08 
 

LC-AFC-B09 initial wallrock mass = 195 mass units 

LC-AFC-B10 
 

  
LC-AFC-K01 

 
LC-AFC-K02 

 
LC-AFC-K03 

 
LC-AFC-K04 initial wallrock mass = 205 mass units 

LC-AFC-K05 
 

LC-AFC-K06 
 

LC-AFC-K07 
 

LC-AFC-K08 
 

LC-AFC-K09 
 

LC-AFC-K10 
 

LC-AFC-K10_m100 
only used in Fig. S2; initial wallrock mass = 100 mass units; halted before magma-
wallrock equilibration 

LC-AFC-K10_m300 only used in Fig. S2; initial wallrock mass = 300 mass units 

  
LC-AFC-P01 

 
LC-AFC-P02 

 
LC-AFC-P03 

 
LC-AFC-P04 

 
LC-AFC-P05 

 
LC-AFC-P06 

 
LC-AFC-P07 

 
LC-AFC-P08 

 
LC-AFC-P09 

 
LC-AFC-P10 

 

  
LC-SFC-B06 only used for Fig. S3 

LC-SFC-K10 only used for Fig. S3 

LC-SFC-P01 only used for Fig. S3 

  



MC-AFC-B01 
 

MC-AFC-B02 
 

MC-AFC-B03 
 

MC-AFC-B04 
 

MC-AFC-B05 
 

MC-AFC-B06 
 

MC-AFC-B07 
 

MC-AFC-B08 
 

MC-AFC-B09 
 

MC-AFC-B10 
 

  
MC-AFC-K01 

 
MC-AFC-K02 

 
MC-AFC-K03 

 
MC-AFC-K04 

 
MC-AFC-K05 

 
MC-AFC-K06 

 
MC-AFC-K07 

 
MC-AFC-K08 

 
MC-AFC-K09 

 
MC-AFC-K10 

 

  
MC-AFC-P01 

 
MC-AFC-P02 

 
MC-AFC-P03 

 
MC-AFC-P04 

 
MC-AFC-P05 

 
MC-AFC-P06 

 
MC-AFC-P07 

 
MC-AFC-P08 

 
MC-AFC-P09 

 
MC-AFC-P10 

 

  
UC-AFC-B01 

 
UC-AFC-B01_4H2O 4 wt% of H2O in the parental melt, only used in Fig. S1 

UC-AFC-B01_6H2O 6 wt% of H2O in the parental melt, only used in Fig. S1 

UC-AFC-B01_dry 0 wt% of H2O in the parental melt, only used in Fig. S1 

UC-AFC-B02 
 

UC-AFC-B03 
 

UC-AFC-B04 
 

UC-AFC-B05 
 

UC-AFC-B06 
 

UC-AFC-B07 
 

UC-AFC-B08 
 

UC-AFC-B09 
 

UC-AFC-B10 
 



  
UC-AFC-K01 halted before magma-wallrock equilibration 

UC-AFC-K02 
 

UC-AFC-K03 
 

UC-AFC-K04 
 

UC-AFC-K05 
 

UC-AFC-K06 
 

UC-AFC-K07 
 

UC-AFC-K08 
 

UC-AFC-K09 
 

UC-AFC-K10 
 

  
UC-AFC-P01 

 
UC-AFC-P02 

 
UC-AFC-P03 

 
UC-AFC-P04 

 
UC-AFC-P05 

 
UC-AFC-P06 

 
UC-AFC-P07 

 
UC-AFC-P08 

 
UC-AFC-P09 

 
UC-AFC-P10 

 

  
UC-SFC-B06 only used in Fig. S3; halted after 25 S events 

UC-SFC-K10 only used in Fig. S3 

UC-SFC-P01 only used in Fig. S3; halted before hard stop temperature 
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