
Data sources for Figure 1 
 
Ultramafic Xenoliths 
 
Europe 
Ackerman et al. (2009)  Czech Republic 
Harvey et al. (2010)   Massif Central, France 
Choi et al. (2010)   Spitsbergen 
Alard et al. (2011)   Montferrier, France 
 
Asia 
Gao et al. (2002)   Hannuoba 
Wu et al. (2003)   NE China 
Pearson et al. (2004)   Vitim, Siberia 
Reisberg et al. (2005)   Eastern China 
Wu et al. (2006)   NE China 
Lee and Walker (2006)  South Korea 
Xu et al. (2008)   Western China 
Zhang HF et al. (2008)  South China Craton 
Chu et al. (2009)   Eastern China 
Zhang HF et al. (2009)  Hannuoba 
Yang et al. (2010)   North Korea 
Liu J et al. (2010)   Trans N. China Orogen 
Liu J et al. (2011)   North China craton 
Zhang YL et al. (2011)  CAOB, NE China 
Zhang M et al. (2012)   Eastern central CAOB 
Zhang HF et al. (2012)  Western NCC 
Yu et al (2012)   NE China 
Hong et al. (2012)   NE China 
Liu CZ et al. (2012a)   S China 
Liu CZ et al. (2012b)   SE China 
Sun et al. (2012)   North China craton 
Liu CZ et al. (2013)   SW China 
Chen et al. (2014)   NW China, Tarim Block 
 
N. America 
Lee et al. (2000)   Sierra Nevada 
Peslier et al. (2000a)   Canadian Cordillera 
Peslier et al. (2000b)   Canadian Cordillera 
Harvey et al. (2011)   Kilbourne Hole 
Byerly and Lassiter (2012)  Rio Grande Rift 
Armytage et al. (2014)  Dish Hill, California 
 
Africa 
Reisberg et al. (2004)   Sidamo East Africa 
Wittig et al. (2010)   Morocco 
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Australia 
McBride et al. (1996)   SE Australia 
Handler et al. (1997)   SE Australia 
Handler et al. (2005)   N. Queensland, Australia 
 
Antarctica 
Handler et al. (2003)   W. Antarctica 
 
Various 
Meisel et al. (2001)   Mexico, Pacific, Europe, Asia 
Becker et al. (2006)   Kilbourne Hole, San Carlos, San Quintin, Labait, Matsoku, 
     Hannuoba, Mt. Quincan 
Fischer-Gödde et al. (2011)  Hannuoba, West Eifel  
 
 
Orogenic Peridotites 
 
Reisberg et al. (1991)   Ronda, Spain 
Reisberg and Lorand (1995)  E. Pyrenees, France 
Snow et al. (2000)   External Ligurgides, Italy 
Saal et al. (2001)   Horoman, Japan 
Pearson et al. (2004)   Beni Bousera, Morocco 
Becker et al. (2006)   Various 
Riches and Rogers (2011)  Lherz, France 
Fischer-Gödde et al. (2011)  Various 
Wang et al. (2013)   Balmuccia, Baldissero, Italy 
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Melt percolation model 
 
Mafic melts are assumed to migrate upwards in a column composed of depleted harzburgite in the 
cooling lithosphere. The harzburgite is assumed to have a uniform 187Os/188Os composition (on the 
whole rock scale), corresponding to the value of the Primitive Upper Mantle (PUM) at the time the 
harzburgites formed by melt extraction. The column is composed of steps of the same height. It is 
assumed that each increment of melt addition will create the same porosity in the bottommost step. 
Melt addition proceeds in the following fashion: 
 

 
 
 

 
 
 

 

Magma (beige) from 
underlying asthenosphere 
enters lowest step of 
column. Amount of 
magma exaggerated for 
illustration. 

Pyroxene (green) and spinel/garnet 
(purple) crystallize to an assumed 
fraction, decreasing volume of magma 
and thus increasing its sulfur 
concentration. 

When sulfur concentration exceeds the SCSS, 
an immiscible sulfide liquid (yellow) forms. Re 
and Os requilibrate between the sulfide liquid, 
silicate magma and solid phases. The 
remaining silicate magma migrates upward 
into the overlying column step, and new liquid 
is added from below. 
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For simplicity, the Al2O3 content of the ascending silicate melt is assumed to remain constant, and 
the modal proportions of spinel and pyroxene are adjusted to ensure that this is the case. In the main 
model, in each step, reequilibration is assumed to occur only between the sulfide and silicate liquids 
and the newly formed phases, as bulk rock equilibration is likely to be much slower than the time 
scale of magma ascent. This assumption will have very little effect on the results as the Os and Re 
partition coefficients for opx and olivine, the main harzburgite phases, are quite low (though poorly 
constrained) relative to those in sulfide. This assumption was shown to be valid through 
development of a full equilibrium model (see text). 
 
Input parameters used (ranges tested in parentheses):  
 
SCSS     1000 ppm  (800 - 1200 ppm) 
Initial porosity bottom step   0.01   (0.002 - 0.02) 
Crystallization fraction  0.1   (0.02-0.2) 
 [Os] initial silicate liquid  0.2 ppb (0.02-1 ppb) 
 [Re] initial silicate liquid   1 ppb (0.7 - 1.3 ppb) 
 [Os] initial peridotite   3.5 ppb (3.0 - 5.0 ppb) 
 [Re] initial peridotite   0.01 ppb (0 - 0.05 ppb) 
187Os/188Os liquid   0.15 (for mixing and recent melt percolation tests) 
TRD age most depleted sample 1.7 Ga for Lianshan samples 
DOs

sulf/sil    1000000 (1 - 1000000) 
DRe

sulf/sil    380 (40 - 40000) 
Number of melt passages  320 (50 - 500) 
Initial opx abundance   0.3 
Initial olivine abundance  0.7 
 
Assumed Al2O3 cpx   0.07 (g/g) 
Assumed Al2O3 spinel  0.55 
Assumed Al2O3 opx   0.06 
Assumed Al2O3 olivine  0.001 
Assumed Al2O3 garnet  0.2 
Assumed Al2O3 silicate liquid 0.16 (0.14 - 0.17) 
Assumed initial Al2O3 peridotite 0.007  
 
Kd Os cpx    0.5 (0.001 - 10) 
Kd Os spinel    90 (0.2 - 2000) 
Kd Os opx    0.5  
Kd Os olivine    2 
Kd Os garnet    0.2 (no data - just a guess) 
 
Kd Re cpx    0.09 (0.01 - 1) 
Kd Re spinel    0.03 (0.001 - 0.2) 
Kd Re opx    0.03 
Kd Re olivine    0.01 
Kd Re garnet    0.1 (0.01 - 1) 
 
 
Kd Lu cpx    0.28 
Kd Lu spinel    0.1 
Kd Lu opx    0.06 
Kd Lu olivine    0. 0015 
Kd Lu garnet    5.5 
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Initial [Lu] liquid   0.3 ppm 
Initial [Lu] peridotite   0.003 ppm 
[Os]init liq (ppb)    0.5 (1st mixing curve) 
[Os]init liq (ppb)   0.05 (2nd mixing curve) 
 
 
DOs

sulf/sil based on Mungall and Brenan (2014). DRe
sulf/sil represents lower limit of range proposed by 

Brenan (2008); see text for discussion. Kd (Os) for silicate phases and spinel are from compilation 
in Brenan et al. (2016) where available; for olivine Kd is based on values of closely related elements 
Ir and Ru. Kd values for Re for non sulfide phases are from Mallmann and O'Neill (2007), assuming 
delta log fO2 (QFM) ~0. Lu partition coefficients are from MacKenzie and O'Nions (1991) and are 
consistent most other values in the GERM database. 
 
The Al2O3 content of the harzburgite prior to melt percolation is taken to be 0.7%. For the case of 
recent melt percolation, the melt is taken to have a 187Os/188Os ratio of 0.15 in the tests shown 
below. For the case of 187Os/188Os ratios developed through radiogenic increase, the TRD age of the 
least radiogenic harzburgite (1.7 Ga in the example of Lianshan) is used to calculate the PUM value 
at the time of melting, which is assumed to be indistinguishable from the time of melt percolation. 
 
Modal variations with height in column 
 

 
 
This figure shows how modal abundances vary with height in the column using the parameters 
given above. Two cases are shown for spinel. In the first, spinel and garnet precipitate in equal 
proportions from the melt percolation. In the second, spinel is the only Al2O3 bearing phase. Sulfide 
modal abundances are calculated from sulfur abundances, assuming that the sulfide composition is 
approximately FeS. 
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Parameter tests 
 
The sensitivity of the results to the parameter choices was tested by varying each parameter 
individually. Results for SCSS, initial melt fraction, and DRe

sulf/sil are presented in the main text. 
Results for most other parameters are presented below. In all cases, results for the most likely value 
are shown in the left column. These choices are based on the measured partition coefficients in the 
references cited above, not on the values that best fit the data. The right two columns show the 
relationships obtained using the endmember values of a geologically reasonable range of variation 
(except in the case of DOs

sulf/sil where the middle column shows an intermediate value). 
 
Effects of varying partition coefficients  
 
Changes in the Os partition coefficients have almost no effect on the observed trends. Changes in 
the Re partition coefficients of the silicate and oxide phases have minor effects, but much smaller 
than those related to changes in DRe

sulf/sil as discussed in the main text. 
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Effects of varying initial concentrations in peridotite and liquid 
 
The [Os] of the liquid and the initial [Re] of the peridotite have very little effect of the model 
results. The initial [Os] of the peridotite, the [Re] of the liquid, and the Al2O3 content of the liquid 
have small to moderate effects. 
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Parameters that influence the extent of the process 
 
Like initial melt fraction (see main text), the crystallization fraction in each increment and the 
number of increments determine the extent to which the process proceeds, but have very little effect 
on the slope or the curvature. 
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