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Analytical Methods 
All analyses were performed in the ISO-5 (US FED standards class 100) clean-room facilities of the Isotope 
Geochemistry Group at the University of Tuebingen, Germany. De-ionised water was further purified to 18.2 MΩ∙cm 
(at 25 °C) using a Merck Millipore Milli-QTM system. Sample preparation and measurements involved usage of 
reagents that were distilled from MERCK Millipore EmsureTM grade HNO3 (65 %) and HCl (37 %) using SavillexTM 
DST-1000 Acid Purification Systems. When necessary, reagents were diluted to required molarities to ±0.03 mol·L−1 
(by titration).  

All samples were ground below 25 μm particle size to provide powder material, which can be effectively 
dissolved via hotplate PFA beaker digestion and, if not fully dissolved in the case of small garnet fragments, provide 
sufficient surface for near-quantitative dissolution of sulfides as dominant Se hosts. This was also demonstrated by 
comparison of Se concentrations additionally obtained for selected samples via bomb and high-pressure-asher (HPA) 
digestion (SEC 47-1, SEC 50-1, and USGS BCR-2; Tables S-3 and S-4) techniques as well as multiple hotplate PFA 
beaker digestions of some samples. Pressure bomb digestions yield Se concentrations slightly lower than 
concentrations obtained from table-top digestions. This can be explained through moderate loss of volatile Se during 
the polytetrafluoroethylene (PTFE) bomb digestion. HPA digestion of sample SEC 50-1 yielded a Se concentration of 
87 ng·g˗1, which is similar to concentrations obtained from table top digestions. These results strongly suggest that 
quantitative dissolution of Se from sample powders, which still might contain small <25 μm garnet fragments is 
achieved. A general pre-determination of Se concentrations from a minor sample powder aliquot identifies precise 
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double spike amounts to be added to the main powder aliquot for an ideal spike-sample ratio of ~1:1 for Se isotope 
analyses (Kurzawa et al., 2017; Yierpan et al., 2018). In brief, ca. 20 mg sample powder material is mixed with an 
equal amount of 74Se–77Se double spike. The sample-spike mix is digested using an acid mixture of 5:1 (v/v) conc. 
HF : conc. HNO3 in closed beakers at 85 °C. Following a dry-down at 65 °C and chloride conversion (see Yierpan et 
al., 2018) Fe is removed by means of anion exchange chromatography. For Se concentration analyses on the iCAP Qs, 
Fe-free cuts were diluted to 0.5-1 ng·mL−1 Se and following the protocol by Yierpan et al. (2018). 

For Se isotope analyses we followed the protocol by Yierpan et al. (2018). For this, sample material 
equivalent to ca. 30 ng Se is mixed with an adequate amount of 74Se-77Se double spike (1:1; sample Se : double spike 
Se) and digested in conc. HF : HNO3 5:1 (v/v) in closed beakers on a hotplate at 85 °C for 48 hours. Selenium is 
purified from sample solutions in a two-step ion exchange chromatography. In a first column, Fe is eliminated via 
anion exchange chromatography. This is followed by a cation exchange column to purify the Se cut from the 
remaining matrix. Selenium isotope compositions were analysed on a ThermoFisher Scientific NeptunePlus MC-ICP-
MS by hydride generation and in low resolution mode at the Isotope Geochemistry laboratory, University of 
Tuebingen. Typical signals on 82Se (using an amplifier resistor of 1011 Ω) on a 30 ng·mL˗1 Se solution with operating 
parameters similar to those reported by Kurzawa et al. (2017) were generally 0.8-0.9 V. Selenium isotopes of samples 
were determined at similar signal intensities compared to those of standard solutions. For detailed descriptions of 
analytical techniques employed see Kurzawa et al. (2017) and Yierpan et al. (2018).  

All Se isotope compositions obtained during this study are reported relative to the NIST-3149 Se reference 
solution (delta-zero-anchor). Measurements of the inter-laboratory standard solution MH-495 yield an average value 
of δ82/76Se of -3.26 ± 0.09 ‰ (2 s.d., n = 19, 30 ng·mL−1 solutions, see Tables S-3), in agreement with previous studies 
(Kurzawa et al., 2017, 2019; Labidi et al., 2018; Yierpan et al., 2018, 2019). All samples were measured together with 
the international rock reference material USGS BCR-2, which yield δ82/76Se of 0.14 ± 0.15 ‰ (2 s.d., n = 4) and Se 
concentration of 78 ng·g˗1, respectively (Tables S-3). This in agreement with previously published Se concentration 
and isotope composition (Kurzawa et al., 2017; Yierpan et al., 2018, 2019). Long-term analytical reproducibility for 
Se concentration determination is ~3 % (1 s.d.). In most cases, external reproducibility of δ82/76Se for sample materials 
is <0.13 ‰ (2 s.d.), as derived from multiple digested and analysed sample SEC 43-3 during different measurement 
sessions (Tables S-3). We chose reproducibility over number of samples (n = 15) and digested critical samples up to 
four times, amounting to a total of 33 measurements for this study, each from new digestions (Table S-3).  
 

Supplementary Figure S-1 

 
Figure S-1 (a)!"#$%&!'()!"#*!(b)!%($%&!'()!%(!+,-!(c)!.#$%&!'()!.#*!(/01!2/&!&,234&!4+,5&!06!6783-!90#37&!&7&9&,2!:0,:&,24+230,(!
2/+2! 3(! 3,-&;&,-&,2! 6409! 35,&08(! ;40:&((&(! 73<&! 9&723,5! +,-! -366&4&,23+230,! +(! %&! +#8,-+,:&(! 4&9+3,! :0,(2+,2)! =,+7>23:+7!
8,:&42+3,23&(!+4&!(9+77&4!2/+,!(>9#07!(3?&()!

 

 

 

!"#$#%&''#

%&%%#

%&%(#

%&)%#

%&)(#

%&*%#

%&*(#

%&+%#

%&+(#

%&,%#

%# )# *# +# ,# (#

-.
/0

1#

-.#234546)7#

!"#$#)&%#

%&%%#

%&%)#

%&%*#

%&%+#

%&%,#

%&%(#

%&%8#

%&%9#

%&%:#

%&%# %&*# %&,# %&8# %&:# )&%#

0;
/0

1#

0;#234546)7#

!"#$#)&%#

%&%#

%&*#

%&,#

%&8#

%&:#

)&%#

)&*#

)&,#

%# +# 8# '# )*# )(# ):#

!./
01

#

!. #234546)7#

!"#
$%

&'()
*+$,

-.'/
)0

(,
+

!"#
$%

&'()
*+$,

-.'/
)0

(,
+

!"#
$%

&'()
*+$,

-.'/
)0

(,
+

<7# =7#.7#



 
 
	

 Geochem. Persp. Let. (2021) 17, 27-32 | doi: 10.7185/geochemlet.2110                                 SI-3	
	

Supplementary Figure S-2 

 
Figure S-2!.&7+230,(/3;!#&21&&,!@!"#$%A&!+,-!02/&4!&7&9&,2+7!+,-!3(020;3:!(>(2&9+23:(!;4&'308(7>!(28-3&-!604!2/&(&!(+9;7&()!(a)!B!
:0,:&,24+230,(!+,-!(b) @&'B()*!C#02/!6409!D+7+9+!!"#$%)*!EFGFH*!(c) @$I3!CD+7+9+!!"#$%)*!EFGGH*!+,- !(d)!J"+' K7!CA/8!!"#$%)*!EFGLH!
4&(;&:23'&7>!3,!&:70532&(!C04+,5&!6377&-!:34:7&(H*!(&4;&,23,3(&-!;&43-0232&(!C54&&,!6377&-!(M8+4&(H!6409!2/&!.+(;+(!:09;7&N*!+(!1&77!
+(!OP.Q!604!:09;+43(0,!C54&>!6377&-!-3+90,-H)!R4404!#+4(!604!A&!3(020;&!4+230(!+4&!(9+77&4!2/+,!(>9#07!(3?&)!
!

Sulfide Dissolution-recrystallisation: Modelling Parameters 
 
The relationships between δ82/76Se (‰) of the reactant remaining in the source (i.e. progressive devolatilization) and 
the composition of the evolving sulfides (orange curves) and fluid (blue curves) was calculated with closed-system 
equilibrium and Rayleigh fractionation models (Fig. S-2). Due to unavailable fractionation factors for Se isotopes at 
conditions in subduction zones (T = 600-300 °C) a first approximation based on the data from this study was made. 
The Se isotope composition of the input was set to be represented by the average deepest oceanic crust composition at 
IODP 1256D (δ82/76Seinput = -0.23 ‰). Note that this value is slightly lighter than the δ82/76Se of the mantle ranging 
between 0 and -0.15 ‰ (Varas-Reus et al., 2019; Yierpan et al., 2019). The composition of the eclogite sample SEC 
46-2, displaying least fluid amount (Pb/Ce = 0.04 or Ce/Pb = 25) and lightest Se isotope value was used as the fluid-
poorest end-member (δ82/76Sesulfides = -2 ‰), resulting in a α!"#$%&'()*+"#,-./($#"0".-,/(  = 0.9980. Because even this lightest 
sample (where Se is mainly hosted by sulfides) is likely influenced by a small amount of fluid (John et al., 2010), we 
calculated a second scenario (α2) with α1"#$%&'()*+"#,-./($#"0".-,/(  = 0.9960 for comparison. Figure S-2 shows the results of all 
conducted models. To put the individual data of the Raspas samples in the context of the models a – c, we calculated 
the relative fluid amount by weighted means based on Pb/Ce values of the samples. For this, the eclogite SEC 46-2 
was chosen as minimum end-member because it has the lowest δ82/76Se, shows the least relative fluid amount (e.g., 
lowest Pb/Ce) and has the majority of Se stored in residual sulfides (highest Cu; see also Figs. 2 and 4a in the main 
manuscript). A δ82/76Se composition of -1.89 ‰ can thus be attributed to a weighted mix between ca. 70 % of Se 
hosted by precipitated sulfides and ca. 30 % Se hosted by fluid. All other samples were calculated according to this 
sample. For the models involving Se concentrations (Figure S-2e-h), modelled fluid and precipitated sulfide lines were 
calculated from an initial concentration of 196 ng·g-1, based on average concentration in the IODP 1256D samples. 
Selenium IC and concentrations of Raspas samples are presented along with the models without applying any 
correction. Altogether, we note that calculations conducted with the two different α#$%&'()*+"#,-./($#"0".-,/(  yield relatively 
similar results. The Se isotope composition of the samples with least fluid amount (i.e. majority of Se hosted in 
sulfides) can be best explained by a kinetic fractionation, while those approaching the input composition are best 
explained by an equilibrium effect. The Se isotope systematics in Raspas samples are therefore best explained by a 
mix between equilibrium and kinetic effects. Symbols for the samples are as in Fig. 2a (main manuscript). Error bars 
are smaller than symbols.!
!
!
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Sulfide Dissolution-recrystallisation: Evaluation of Model Applied to our Data!
 
Based on the different calculated models (see above) that account for the relative amount of fluid in the samples and 
Se concentrations, the following scenario is proposed: Serpentinised mantle-derived fluids first dissolve slab crust-
hosted sulfides from which oxidised Se species are mobilised. Subsequent reduction of Se then occurs during re-
incorporation into re-crystallising sulfides. Preferential re-incorporation of reduced and isotopically light Se in sulfides 
from the migrating fluids in turn make these fluids isotopically heavier. This produces both isotopically lighter 
residual- and heavier fluid signatures with increasing degree of fluid-rock interaction. On the other hand, additional 
fluid pulses with isotopically heavier Se-bearing fluids will again re-dissolve formerly recrystallised, isotopically 
lighter Se-bearing sulfides on their ascending trajectory. This hypothesis is supported by our Se isotope data, which is 
best explained by a mix between a Rayleigh-type open system fractionation for the samples displaying the lightest 
isotope signature, and a closed-system equilibrium applicable for the samples reaching “input” values. This fluid-
related dissolution and re-precipitation is consistent with previously observed trace element and δ34S zoning in pyrite 
grains within eclogites and eclogite-facies fossilised fluid-flow structures (i.e. vein systems) indicating repeated cycles 
of sulfide dissolution-recrystallisation (Su et al., 2019; Li et al., 2020). In some cases, this was observed in 
combination with chlorine-rich slab fluids (Evans et al., 2014). As such, the relatively large Se isotopic range in our 
suite, which is produced during prograde metamorphism can most likely be traced back to different stages of sulfide 
precipitation-dissolution during episodic slab flushing pulses. Our Se isotope data however provide an additional line 
of evidence pointing to the link between higher redox variations than previously derived from S systematics and offer 
a new perspective to constrain the role of oxidized fluids in chalcophile element cycling in subduction zones. 
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Supplementary Figure S-3 

!

Figure S-3!%+7:87+2&-!@!"#$%A&!CSH!4&7+230,(/3;(!#&21&&,!(8763-&!;4&:3;32+230,!C04+,5&!73,&(H!6409!+!6783-!+,-!2/&!:044&(;0,-3,5!
6783-! C#78&! 73,&(H! &'078230,! 8(3,5T!(c)*!(d)*! (g)*!(h)! :70(&-! (>(2&9! 64+:230,+230,! C&M8373#4389H! +,-!(a)*!(b)*!(e)*!(f)! <3,&23:!
64+:230,+230,!-&(:43#&-!#>!.+>7&35/!->,+93:()!O0-&7(!+4&!:+7:87+2&-!132/!210!/>;02/&23:+7!64+:230,+230,!6+:204(!C&!U!F)LLVF!3,!(a)*!
(c)*!(e)*!(g)W!+,-!&!U!F)LLXF!3,!(b)*!(d)*!(f)*!(h)H!+(!-&(:43#&-!3,!-&2+37!3,!2/&!2&N2!+#0'&)!O0-&7!:+7:87+230,(!:0,-8:2&-!8(3,5!A&!
:0,:&,24+230,(!1&4&!9+-&!#>!+-0;23,5!+,!+'&4+5&!'+78&!#+(&-!0,!2/&!YPZ"[GE\XZ!(+9;7&!:09;0(3230,()!
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Supplementary Tables 

Table S-1! ='&4+5&! A&! :0,:&,24+230,(! +,-! A&! 3(020;&! :09;0(3230,(! 06! &:70532&(! 6409! 2/&! .+(;+(! :09;7&N*!
(&4;&,23,3(&-!;&43-0232&(*!9&2+;&732&!+,-!=P%!6409!YPZ"GE\XZ![!%0:0(!"7+2&)!Y,-3'3-8+7!-+2+!73(2&-!3,!K+#7&!A[]!D"!U!
/35/ [;4&((84&W!(&4;)!U!(&4;&,23,3(&-*!4&2)!U!4&24054&((&-!20!+!93,04!-&54&&)!' Y,2&4,+7!;4&:3(30,!0,!+!(+9;7&!48,!C0'&4!^F!
:>:7&(H!3(!4&;042&-!+(!E!(2+,-+4-!&4404!CE!()&)H)!

!

Sample name Rock type Se ng g!"  δ#$%&'Se((‰) Average 
2 s.e. (‰)* 

AR%!^][G! R:70532&! GG!̂ F)^V! ()(* !
AR%!^][] ! R:70532&! GFX! [F)\] ! ()(+ !
AR%!^[̂G! R:70532&! ]X! F)E! (), !
AR%!^X[G! R:70532&! X) !̂ [F)VV! (),, !
AR%!^X[E! R:70532&! GF!̂ [G)VL! ()(- !
AR%!^_[G! R:70532&! G^G! F)]\ ! ()(. !
AR%!\F[G! 4&2)!R:70532&! V\)] ! [G)EG! ()(+ !
AR%!]\[E! D"!(&4;&,23,32&! ^\)\ ! F)F_! ()(+ !
AR%!]X[E! D"!(&4;&,23,32&! ]_ ! F)]L! (), !
AR%!^F[G! D"! (&4;&,23,32&! XV! F)]! ()(* !
AR%!^\[] ! 9&2+;&732&! EE! F)G!̂ ()(* !
YPZ"GE\XZ[]FL[_\.G ! (&4;)!Q+(+72! G_F! [F)]\ ! ()(. !
YPZ"GE\XZ[]FL[G]E.G! (&4;)!Q+(+72! GVE! [F)F_! ()(+ !
YPZ"GE\XZ[]GE[EGX.G! 5+##40! EF !̂ [F)]\ ! ()(+ !
YPZ"GE\XZ[]GE[E]E.G! 5+##40! E]F! [F)G_! ()(+ !
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