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ANALYTICAL METHODS

Starting materials

The experiments were performed with either a mid-ocean ridge basalt (MORB) or a sample of
the Central Atlantic Magmatic Province (CAMP), AN31, collected from a (Lower unit) lava
flow in Morocco (table DR1). Samples were ground to less than 50 pm in size and stored in a
drying oven before experiments. The AN31 was enriched in sulfur through the addition of
pyrrhotite to create a bulk composition with 911 ppm S.

SiO, TiO, Al,O4 FeO* MnO Mgo CaO Na,O K,0 P,05 S(ppm) Total

MORB 495 1.28 15.4 9.37 0.18 8.89 11.7 24 0.1 0.11 842 98.93
AN-31 50.2 1.17 111 11.4 0.18 12.8 9.07 1.63 0.66 0.12 911 98.33

Table DR1. Major element and S compositions for the two starting materials used for the experiments.
Oxides concentrations are expressed as wt.%, S concentration as ppm. FeO*: total iron as FeO.



Crystallization experiments

The rock powders for experimental samples were placed inside graphite capsules, inserted into Pt
outer capsules and dried in the oven before welding. The double capsule minimizes iron loss and
creates oxygen fugacity conditions below the fayalite-quartz-magnetite buffer; at these
conditions almost all sulfur dissolved in the melt is sulfide (S*; Jugo et al., 2010). Experiments
were performed in a piston-cylinder using NaCl-pyrex-crushible alumina assemblies following
the techniques of Baker (Baker, 2004). Experiments were simultaneously heated and pressurized
to conditions above the liquidus and held at those conditions for 2 hours to ensure melt
homogenization and destruction of any crystals in the starting material before cooling to
subliquidus conditions where crystal growth occurred (Table DR2). Conditions were chosen to
contain only a few crystals because reconnaissance experiments further below the liquidus
demonstrated significant compositional heterogeneity in the pyroxenes at these conditions.

Run-product phases were analyzed for major elements on the electron microprobe using glass
and mineral standards following the technique of Liu et al. (2007). In particular, basaltic glass
standards VG-2 (1410 ppm S) and VG-A99 (125 ppm S) were repeatedly analyzed to ensure the
accuracy of our analyses. The average major element compositions of the crystals are given in
terms of their end-member components in Table DR2 and the average compositions of glasses
are provided in Table DR3.

Experiment Material Pressure Temperature Time Phase assemblage and compositions
Gpa °C h Wo,En,Fs; Fo; An
2012-29 AN-31 0.8 1350/1240  2.0/21.2  glass, Low-Ca px: Wo4Eng;Fs43; Oliv: Fogs
2012-35 AN-31 1 1350/1240 2.0/20.1 glass, Low-Ca px: WosEngyFs5
2012-37 AN-31 1.2 1350/1240 2.0/20.0 glass, Low-Ca px: WogEn;gFs45
2012-36 MORB 1 1350/1240  2.0/20.1  glass, High-Ca px: Wo,9EnsgFs,, plag:Ang,
2012-38 MORB 1.2 1350/1240  2.0/20.0 glass, High-Ca px:Wo3,Ens4Fs,

Table DR2. Experimental conditions for sulfur partitioning experiments. High and low temperature steps
of the experiments are reported, along with the duration of the experiment at the high and at the low
temperature steps. Average compositions of phases are given in terms of the wollastonite, enstatite and
ferrosilite components of the pyroxenes, in terms of the forsterite component for the olivine and the
anorthite component for the plagioclase.



Sulfur analyses

Sulfur in the crystals was measured by two techniques: one experiment was measured on the
CAMECA IMS 1280 ion microprobe at the Northeast National lon Microprobe Facility at
Woods Hole Oceanographic Institute, and all experiments were analyzed by synchrotron X-ray
fluorescence microprobe (SXRF) on beamline 118 at the Diamond synchrotron (Mosselmans et
al, 2009).

The ion microprobe was operated following the techniques described in Dalou et al. (2012) with
a Cs' primary beam of 1.5 nA current; an electron gun was used to minimize surface charging.
The mass resolution used was 5905, which allowed measurement of '°C, "F, **Si, S and *CI;
ten cycles were acquired for each mass and then averaged. A 30 x 30 um raster was used to
clean the sample surface and an 18 X 18 pum aperture was applied to analyze the center of the
rastered area. Standards used were natural and synthetic glasses (Dalou et al., 2012) and the
sulfur concentration determined by the ratio of *S to *°Si.

SXRF analyses were performed in a helium atmosphere using a 3 keV beam focused to 6x6 pm
by a pair of Kirkpatrick-Baez mirrors, and the fluorescence spectra of the samples measured with
a Vortex silicon drift detector. S concentrations were determined from the spectra by PyMca
(Solé et al., 2007) using the silicon concentration of the minerals as the internal reference for
quantification. The accuracy and precision of the analyses were tested by analysis of 4 in-house
standard glasses whose S concentrations had been determined by electron microprobe and an
orthopyroxene in experiment DRB2012-29 analyzed by ion microprobe. The concentration of the
various glasses ranged from 70 to 142 ppm and SXRF analyses were always within 1-sigma
standard deviation of the electron microprobe analyses; the average difference between the two
methods was 10%. Using these standards we calculate a limit of detection of 1 ppm by two
different methods (Rousseau, 2001; Goldstein et al., 2003). Based upon a relative uncertainly of
10% in our electron microprobe analyses as well as 10% uncertainty seen in our peak fitting
areas we calculate through error propagation (Rousseau, 2001) an analytical uncertainty of 14%
relative for samples with 6 ppm and greater. At 1.6 ppm the uncertainty in the peak fitting areas
reaches 37% and the analytical uncertainty becomes 38% relative.

One orthopyroxene crystal from experiment DRB2011-29 was analyzed 6 times by ion
microprobe and had an average concentration of 0.69 + 0.53 (1 sigma standard deviation) ppm S,
whereas two analyses of the same orthopyroxene by SXRF yielded a concentration of 2.9 + 1.8
ppm (individual analyses yielded 4.2 and 1.6 ppm). The similarity of these concentrations
suggest that both analytical techniques provide consistent results to within approximately 2 ppm,
even near the calculated minimum detection limit of the SXRF.



Experimental results

All experiments produced euhedral to subhedral crystals (Fig. DR1). In all experiments the
amount of melt present during crystal growth was greater than 50%. The totals for the analyses
of the glasses are all slightly low because of small amounts of water in the starting rock
compositions (Table DR3). The low-calcium pyroxenes formed in experiment DRB2012-29
using the AN31 composition fall into the bronzite compositional field and contained 0.64 + 0.46
ppm S, as measured by the ion microprobe, or 2.9 &+ 1.8 ppm, measured by SXRF, and produced
an orthopyroxene/melt Kp of either 0.001 (ion microprobe results) or 0.003 (SXRF). Because the
S concentration of the orthopyroxene in this sample is so close to the detection limit of the
SXRF, the ion microprobe results are preferred. At higher pressures of 1.0 and 1.2 GPa in
experiments DRB2012-35 and -37 using the AN31 composition the low-calcium pyroxenes
appear to be pigeonitic; these crystals contained 29 + 9 (SIMS) and 31 £ 9 (SXRF) ppm S (Table
DR3), producing pyroxene/melt Kps of 0.026 and 0.028, respectively. The sulfur concentrations
in the augites crystallized from experiments DRB2012-36 (Fig. DR1) and -38 with the MORB
composition have sulfur concentrations that overlap at the 1-sigma level, 29 + 7 (SIMS) and 25 +
11 (SXRF) ppm, respectively (Table DR3). These experiments yield sulfur clinopyroxene/melt
Kp s of 0.028 and 0.023. The experiments yield very similar Kps between clinopyroxene and
melt; combining the results for the low-calcium pyroxenes in DRB2012-35 and -37 with those of
the augites in DRB20212-36 and -39 produces an average Kp of 0.026 + 0.009. The uncertainty
in all calculated partition coefficients is dominated by the standard deviations of the sulfur
analyses in the crystals, but in general the pyroxene/melt Kps are accurate to within ~33%
relative.
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Figure DR1. Backscattered electron image of the experiment DRB2012-36. Euhedral clinopyroxene (dark
gray) and plagioclase (black) phenocrysts are scattered in a (light gray) glass.



2012-29 2012-35 2012-37 2012-36 2012-38

mean s.d. mean  s.d. mean  s.d. mean  s.d. mean  s.d.

glass (n =19) glass (n =12) glass (n =12) glass (n =12) glass (n =12)
Sio, 50.83 048 4885 0.24 4910 0.23 4898 0.30 4933 0.14
TiO, 1.29 0.07 1.52 0.03 1.40 0.04 1.48 0.11 1.53 0.05
Al,O; 1328 0.16 1421  0.10 1414  0.10 1648 0.12 1721 0.1
FeO* 1040 0.21 1084 0.12 1111 012 10.71 0.23 1054 0.12
MnO 0.18 0.05 0.18 0.03 0.17 0.04 0.19 0.02 0.17 0.03
MgO 8.80 0.13 8.04 0.07 7.92 0.08 7.18 0.09 6.42 0.06
CaO 1050 0.18 10.35 0.05 10.09 0.06 10.38  0.07 9.80 0.05
Na,O 1.98 0.05 225 0.04 2.28 0.03 2.92 0.06 3.13 0.02
K,O 0.81 0.03 0.91 0.02 0.94 0.02 0.13 0.01 0.13 0.01
P,O5 0.15 0.02 0.15 0.07 0.16 0.08 0.12 0.07 0.16 0.05
S (ppm) 933 28 1116 22 1096 19 1032 84 1090 27
Total 98.49 97.63 97.63 98.84 98.70

pyroxene (n =9) pyroxene (n =6) pyroxene (n=8) pyroxene (n=8) pyroxene (n=38)

mean s.d. mean s.d. mean s.d. mean s.d. mean s.d.
S (ppm) 0.64 0.46 29 9 31 9 29 7 25 1
Kp 0.001 0.026 0.028 0.028 0.023

Table DR3. Experimental results include major element compositions of the glasses, sulfur concentrations
for glasses and pyroxenes and calculated Kps. Total iron as FeO. Standard deviation (s.d.) is at 16 about
the mean of the analyses.



TEM analyses

Transmission Electron Microscopy (TEM) observations on the studied samples confirm that the
pyroxene crystals are homogeneous and do not contain inclusions, thus excluding the possible
occurrence of “hidden” S-bearing nanophases.

Figure DR2. Three ultra-thin TEM specimens prepared by means of ion milling with DuoMill and PIPS
Ion-thinned samples; grid hole diameter of 600 um (polarizing microscope crossed nicols images) from
sample AN510 (A-B; two clinopyroxene phenocrysts) and AN505 (C; several clinopyroxene crystals
along with plagioclase and groundmass).

Figure DR3. Selected Area Electron Diffraction patterns reveal sharp and intense reflections (A; a*b*
pattern of homogeneous pyroxene single-crystal). Crystal homogeneity is interrupted only by rare
alteration veins, filled with poorly crystalline smectite-like material, producing weak and diffuse
diffraction “arcs” (B). The thickness of alteration veins is variable (C) and, in high-resolution images, the
smectite-like material shows typical wavy and irregular lattice fringes (D; 001).
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Figure DR4. Representative EDS/TEM spectrum of the Mg and Fe-rich smectite-like material within late
alteration veins, obtained by large incident spot to avoid beam damage.



Table DR4a.

Sample Clinopyroxenes (SXRF) Calculated Clinopyroxene composition (EMPA) crystallization
equilibrium melt pressure
Lip D | crystal a“:p'ztz:d u:::;'a“l:'ew s Si0, TiO, AlL,O; FeO, MnO MgO CaO Na,0 Cr:O; Mg# | (Putirka, 2008)
# ppm ppm ppm wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% Wwt.% Kbar
CAMP AN134 cpx1 2 6 % 1 212 5245 063 263 7.71 0.19 1730 1898 0.21 0.51 82 6.5
CAMP AN134 cpx1 2 20 ¢ 3 769 5245 063 263 7.71 019 1730 1898 0.21 0.51 82 6.5
CAMP AN134 cpx1 28 14 2 529 5245 063 263 7.71 0.19 1730 1898 0.21 0.51 82 6.9
CAMP AN134 cpx2 4 26 # 4 1000 5369 048 133 886 028 17.89 1797 0.14 0.19 81 4.4
CAMP AN134 cpx2 9 14 = 2 538 5295 048 246 714 0.18 16.78 19.79 0.16 0.96 83 6.5
CAMP AN504 cpx3 2 14 2 538 5226 069 193 9.07 027 16.75 1891 0.17 0.17 79 5.8
CAMP AN504 cpx4 1 6 t 1 231 5293 037 181 929 022 16.85 18.01 0.21 047 79 6.9
CAMP AN510 cpx1 2 29 4 1115 5267 038 256 6.09 0.17 1731 2015 0.14 1.27 86 4.1
CAMP AN510 cpx1 2 50 + 7 1904 5295 031 231 6.97 013 18.12 18.70 0.16 0.95 85 4.5
CAMP AN510 cpx3 2 36 + 5 1385 5282 035 224 685 0.15 17.73 1910 0.17 0.95 84 4.8
CAMP AN22 cpxi 1 12 2 462 53.11 026 187 6.70 0.18 19,57 18.32 0.16 0.31 86 3.5
CAMP AN22 cpx1 6 17 = 2 667 5220 034 260 6.10 0.17 18.13 19.87 0.18 0.39 86 4.7
CAMP AN141 cpx2 2 46 ¢ 6 1769 5264 039 305 586 0.18 1735 20.76 0.17 0.80 86 49
CAMP AN141 cpx2 2 24 3 904 5285 037 3.00 586 0.14 17.60 20.23 0.18 0.83 86 56
CAMP AN141 cpx2 18 19 = 3 746 5284 033 276 567 0.14 1732 20.09 0.27 0.75 87 8.3
CAMP AN141 cpx1 2 25 3 942 5272 034 300 528 012 17.30 2049 0.15 1.04 87 54
CAMP AN141 cpx1 19 14 2 530 5285 030 260 7.07 0.17 19.41 1800 0.15 047 85 52
CAMP AN730 cpx1 2 26 4 981 5238 038 176 919 027 1771 1787 0.19 0.05 80 59
CAMP AN730 cpx2 2 33 5 1250 5224 029 191 715 0.19 1838 19.00 0.20 0.25 84 4.4
CAMP AN156A  cpx1 2 16 2 615 5238 036 1.73 10.73 026 1644 1753 023 0.19 76 7.0
CAMP AN156A  cpx1 2 10 1 365 5238 0.36 1.73 10.73 0.26 16.44 1753 0.23 0.19 76 74
CAMP NEW31 cpx1 4 14 2 548 5190 029 271 7.07 0.14 1959 1648 029 057 85 11.4
CAMP NEW31 cpx1 18 5 % 1 190 5190 029 271 7.07 0.14 1959 1648 0.29 0.57 85 11.8
CAMP CS31 cpx1 1 13 % 2 500 5242 011 205 913 025 1766 17.73 024 040 80 12.3
CAMP CS62 cpx2 2 23 ¢ 3 885 4969 062 438 966 023 1479 19.72 035 0.27 76 14.7
CAMP CS62 cpx3 2 20 + 3 750 4969 062 438 966 023 1479 19.72 035 0.27 76 15.1
CAMP SIN23 cpx2 1 12 2 462 50.05 096 320 943 020 16.11 19.14 030 038 78 9.1
CAMP SIN23 cpx2 1 13 % 2 500 50.13 1.04 317 945 023 1595 19.13 030 0.39 78 10.0
CAMP SIN23 cpx1 2 16 2 615 50.38 1.06 2.15 13.27 0.29 1574 17.20 0.30 0.00 71
CAMP M13 cpx1 2 3 % 1 96 5043 080 256 10.30 0.24 1566 1897 0.26 0.18 76 9.6
CAMP M13 cpx2 2 2 % 0.4 58 50.78 0.71 195 1130 0.28 1580 18.38 0.30 0.04 75
Parana-Etendeka SALT280 cpx1 2 4 % 1 154 5089 094 120 1441 041 16.08 1550 0.20 0.04 70 214
Parana-Etendeka SALT280 cpx2 2 7 % 1 250 50.44 118 172 1211 027 15.09 1851 0.26 0.03 72 23.0
Parana-Etendeka SALT280 cpx1 2 3 ¢ 1 96 5044 118 1.72 1211 0.27 15.09 1851 0.26 0.03 72 226
Parana-Etendeka SALT280 cpx1 2 5 % 1 173 50.24 111 176 1211 029 1530 18.67 0.26 0.03 73 238
Parana-Etendeka 9020 cpx1 5 14 = 2 546 5116 086 1.72 12.08 025 1536 18.25 0.27 0.02 73 26.2
Parana-Etendeka 9020 cpxla 2 19 = 3 731 5065 1.16 221 1042 0.22 1541 19.28 0.27 0.04 76 26.0
Parana-Etendeka 2071 cpx1 2 5 % 1 192 50.78 1.09 1.81 13.72 032 1478 1720 0.21 0.01 69 252
Parana-Etendeka 2071 cpx2 1 5 % 1 192 50.78 1.09 1.81 13.72 032 1478 1720 0.21 0.01 69 14.0
Parana-Etendeka B168 cpx1 2 3 % 1 96 5142 093 149 1316 049 16.69 16.08 0.17 0.00 73 1.3
Parana-Etendeka B168 cpx1 2 3 % 1 115 50.75 1.10 2.05 1252 0.29 1449 1855 0.23 0.03 71 11.6
Parana-Etendeka B168 cpx2 3 8 t 1 321 50.37 1.14 216 1329 0.35 1479 1722 023 0.01 70 11.2
Parana-Etendeka  UR54 cpx4 1 13 2 500 5144 051 189 1220 032 1580 17.06 0.24 0.11 73 15.6
Parana-Etendeka  UR54 cpx4 2 16 2 615 5144 051 189 1220 0.32 1580 17.06 0.24 0.11 73 16.4
Parana-Etendeka  UR54 cpx2 1 6 % 1 231 5187 044 181 1074 032 17.70 16.42 0.15 0.07 78 15.9
Parana-Etendeka UR59 cpx1 2 7 + 1 269 5215 034 188 791 023 18.27 18.36 0.16 0.18 83 14.9
Parana-Etendeka  UR59 cpx1 2 6 t 1 212 5215 034 188 791 023 1827 1836 0.16 0.18 83 14.5
Parana-Etendeka  UR59 cpx3 1 6 % 1 231 5186 043 181 980 031 1730 18.06 0.17 0.11 79 13.4
Parana-Etendeka  UR81 cpx3 1 3 % 1 115 5266 038 1.17 837 030 19.05 1766 0.16 0.18 83 18.1
Parana-Etendeka  UR81 cpx3 15 9 % 1 364 5266 038 1.17 837 030 19.05 1766 0.16 0.18 83 18.3
Parana-Etendeka  URS81 cpx3 16 7 % 1 269 5266 0.38 1.17 837 0.30 19.05 1766 0.16 0.18 83 17.3
Parana-Etendeka  UR81 cpx1 18 5 % 1 182 50.15 051 240 699 021 1760 1955 0.18 0.60 84 17.7
Parana-Etendeka B189 cpx1 6 13 2 513 50.64 0.70 393 8.09 0.15 1573 20.00 0.27 0.38 80 1.7
Parana-Etendeka B189 cpxla 6 18 3 699 50.64 0.70 393 8.09 0.15 1573 20.00 0.27 0.38 80 9.8
Deccan Traps D242 cpx1 1 10 # 1 385 51.79 072 238 750 020 1712 19.22 024 042 83 12.7
Deccan Traps D242 cpx1 1 19 = 3 731 5179 072 238 750 020 17.12 1922 024 042 83 12.8
Deccan Traps D242 cpx3 1 20 3 769 50.83 0.79 276 762 0.12 16.88 19.62 0.25 0.58 82 135
Deccan Traps D242 cpx3a 1 8 1 308 5083 0.79 276 762 0.12 16.88 1962 025 0.58 82 14.0
Deccan Traps D242 cpx3a 26 24 3 938 50.83 0.79 276 7.62 0.12 16.88 1962 025 0.58 82 143
Deccan Traps D242 cpx3 24 49 7 1869 50.83 0.79 276 7.62 0.12 16.88 1962 0.25 0.58 82 14.2
Deccan Traps D244 cpx1 4 9 ¢ 1 346 5166 092 236 9.06 025 16.36 1924 025 0.52 79 12.3
Deccan Traps D244 cpx1 4 10 = 1 365 5166 092 236 9.06 025 16.36 19.24 025 0.52 79 12.6
Deccan Traps D244 cpx1b 4 10 = 1 365 5166 092 236 906 025 16.36 1924 025 0.52 79 13.0
Deccan Traps D244 cpxic 4 4 % 1 154 5166 092 236 9.06 025 16.36 19.24 025 0.52 79 14.2




Table DR4b.

Sample Whole rock composition (XRF)
LIP rock Si0, TiO, AlLO; FeO; MnO MgO CaO Na,0 K,O0O P,05 TOT Mg# Zr Y
wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% (0.15) ppm ppm

CAMP AN134 53.67 143 14.28 9.92 0.18 7.25 9.97 2.15 0.98 0.17 100.0 60 147 26
CAMP AN504 53.48 1.54 13.93 9.74 0.16 8.25 9.83 2.23 0.64 0.19 100.0 64 124 28
CAMP AN510 53.76 1.36 13.92 10.77 0.17 7.03 10.20 2.03 0.60 0.16 100.0 58 118 29
CAMP AN22 52.05 1.06 15.26 9.08 0.17 8.09 1196 1.94 0.28 0.11 100.0 65 76 20
CAMP AN141 52.14 1.04 14.87 997 018 7.74 1145 190 059 0.1 100.0 61 78 20
CAMP AN730 53.52 1.21 14.27 11.01 018 6.43 1021 242 0.74 0.14 100.0 54 97 25
CAMP AN156A 5144 1.63 13.63 14.04 0.22 5.94 1044 214 035 0.7 100.0 46 115 41
CAMP NEW31 5264 1.13 1424 1031 017 7.92 1124 204 0.32 0.15 100.0 61 97 22
CAMP CS31 49.93 0.61 15,53 9.78 0.17 1046 1120 196 035 0.09 100.0 69 50 22
CAMP CS62 48.56 0.67 16.80 10.85 0.18 9.39 11.17 210 028 0.1 100.0 64 38 24
CAMP SIN23 49.03 291 13.72 1415 0.21 6.64 1038 223 042 0.30 100.0 50 183 36
CAMP M13 49.63 2.13 14.41 1327 0.28 7.23 1017 237 029 0.16 100.0 53 110 20
Parana-Etendeka SALT280 51.15 3.49 13.47 1358 0.21 465 879 266 1.51 0.48 100.0 42 246 36
Parana-Etendeka 9020 51.80 4.14 13.40 1245 0.16 4.70 795 253 197 0.90 100.0 44 293 37
Parana-Etendeka 2071 52.33 344 13.93 1295 0.20 3.91 8.23 281 1.61 0.59 100.0 39 263 39
Parana-Etendeka B168 50.79 4.29 13.62 1403 019 339 922 292 094 0.61 100.0 34 237 26
Parana-Etendeka UR54 56.82 1.26 1436 10.06 017 459 858 247 149 0.20 100.0 49 129 26
Parana-Etendeka UR59 52.67 1.14 1574 952 0.17 5098 10.96 2.54 113 0.14 100.0 57 157 30
Parana-Etendeka UR81 4948 1.42 19.03 10.08 0.15 7.49 8.88 1.91 1.15 041 100.0 61 135 29
Parana-Etendeka B189 50.57 1.80 15.75 1231 0.18 5.29 10.81 2.39 0.64 0.26 100.0 47 126 20
Deccan Traps D242 50.72 247 1433 1144 0.20 6.97 10.82 240 0.29 0.36 100.0 56 - -

Deccan Traps D244 51.80 3.16 13.78 1228 0.21 5.05 10.05 2.89 0.35 0.44 100.0 46 - -




Table DR4c.

Sample details Sample coordinates
LIP ID Latitude Longitude Locality
CAMP AN134 Morocco, Central High Atlas lowTi  Lower Unit flow 31°07'74" N 7°22'70" W  Tiourjdal
CAMP AN504 Morocco, Meseta low Ti  Lower Unit flow 32°38'574" N 5°24'28.8" W Maaziz
CAMP AN510 Morocco, Meseta lowTi Intermediate Unit flow 32°38'57.4" N 5°24'28.8" W Maaziz
CAMP AN22 Morocco, Central High Atlas low Ti  Upper Unit flow 31°32'50" N 7°40'20" W Ait Ourir
CAMP AN141 Morocco, Central High Atlas low Ti  Upper Unit flow 31°07'74" N 7°22'70" W Tiourjdal
CAMP AN730 Morocco, Anti Atlas low Ti  Upper Unit sill 29°51'27.6" N 7°15'58.2" W Tissint
CAMP AN156A Morocco, Central High Atlas lowTi  Recurrent Unit flow 31°10'44" N 7°29'82" W Tazgaoute
CAMP NEW31 U.S.A, Virginia, Culpeper Basin low Ti  Orange Mt. flow 40°52'47.1" N 74°11'11.7" W Clifton UBC Quarry
CAMP CS31 U.S.A., South Carolina low Ti dyke  34°44'213" N 80°35'0.0" W Tradesville
CAMP CS62 U.S.A., North Carolina low Ti dyke  36°09'26.7" N 80° 23'40.1" W Chesterfield
CAMP SIN23 Guyana high Ti dyke 4°49'55.79" N 52°56'23" W Montagnes Bois-Violets
CAMP M13 Brazil, Maranh&o Basin high Ti flow 7°11' 35" S 48°14'07" W Araguaina
Parana-Etendeka SALT280 Uruguay high Ti Pitanga formation flow 31°23'00" S 57°57'00" W Salto
Parana-Etendeka 9020 Brazil high Ti  Espinacho dyke 19°41'436" S 43°04'13.2" W NovaEra
Parana-Etendeka 2071 Brazil high Ti  Pitanga formation flow 23°14'2.40" S 49°19'58.8" W Ourinhos
Parana-Etendeka B168 Brazil high Ti Parapanema formation flow 20°18'46.8" S 47°48'7.2" W Uberaba
Parana-Etendeka URS54 Uruguay lowTi  Gramado formation dyke 32°15'55.28"S 55°01'43.48"W Ansina- Tacuarembo
Parana-Etendeka UR59 Uruguay lowTi ~ Gramado formation dyke  32°52'41.79"S 55°37'21.91" W Blanquillo
Parana-Etendeka UR81 Uruguay lowTi Esmeralda formation  flow 30° 25'27.39"S 56°27'6.82" W Artigas
Parana-Etendeka B189 Brazil lowTi  Ribeira formation flow 20°11'9.6" S 50°39'53.2" W Jales
Deccan Traps D242 India high Ti Mahabaleshwar unit flow 17°56'32.13"N 73°52'06.84"E Wai
Deccan Traps D244 India high Ti Mahabaleshwar unit flow 17° 56'07.29"N 73°33'48.81"E  Mahabaleshwar

Table DR4 a-c. Sulfur concentrations in the clinopyroxene and those calculated for the equilibrium melt are displayed (a).
Reported are also major element compositions (EMPA) for the analyzed augites (a) and major element (XRF) and Zr and Y
(ICPMS) compositions for the relative whole rocks (b). Coordinates of the sampling sites are also included (c).

Mineral chemistry on pyroxenes was investigated with a CAMECA SX50 electron microprobe at the IGG-CNR of Padova,
at 20 nA beam current, 20 kV acceleration voltage, 10-20 seconds counting time for the peak and 5-10 seconds for high and
low backgrounds. Uncertainties on the data are 1% for major elements. The 42 clinopyroxenes from these three LIPs (Wos3,.
44En4.55Fs9.23), have non quadrilateral components ranging between 1 and 8% (aegirine up to 4.6 and jadeite up to 4.5%).
Most of the clinopyroxenes analyzed for S in this study are in equilibrium with their host rocks based upon Fe-Mg
partitioning. This equilibrium supports the use of sulfur partition coefficients to calculate magmatic sulfur concentrations.
The Fe*" in the clinopyroxenes was calculated from Fe,y after Papike et al. (1974) and a partition coefficient of 0.25+0.05
(Gaetani and Grove, 1998) was applied. Most samples contained augitic phenocrysts in equilibrium with the host whole-
rock, demonstrating that the analyzed augites are not xenocrysts and that open-system magmatic processes (e.g. magma
mixing), that can lead to non-equilibrium conditions unsuitable for the application of the clinopyroxene/melt sulfur Kp,
were not dominant. The equilibrium between the clinopyroxenes and their host rocks supports application of the
clinopyroxene/melt Kp based technique to estimate magmatic sulfur concentrations.
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