
Figure S6: Post entrapment crystallization corrections of olivine-hosted melt inclusions 

 

The compositions of melt inclusions (MIs) in olivines were corrected in three distinct steps for post-

entrapment crystallization (PEC) and for Fe-loss by using Petrolog 3 program [1]. First, at Step 1, oxide 

results from EMPA on MIs are inserted as input data in Petrolog 3 by using a targeted FeO* value that 

approximate the FeOT/MgO tendency of magma composition and Fe3+/ΣFe ratio of corresponding bulk 

rock composition determined by ICP-OES/MS. The data are plotted in a FeOT vs. MgO diagram, then at 

Step 2, after PEC correction is applied, the new Petrolog 3 output data are compared with bulk rock and 

matrix glass ratio FeOT/MgO. Finally, at Step 3, the FeOT data are adjusted for the KD of olivine-melt 

after PEC correction, therefore Mg# from inclusion follow in equilibrium Fo% from olivines. The major 

element concentrations after PEC correction were then recalculated on a 100% volatile free basis. The 

three steps are detailed as follows: 

 

Step 1: Independently of the Fe3+/ΣFe ratio, the targeted total iron species FeO* value input in Petrolog 3 

is adjusted with our ΣFe, which we consider equivalent to the EMPA results at each inclusion before PEC. 

The major element concentrations FeO (Fe2+) and Fe2O3 (Fe3+) were first estimated considering the Fe3+/ΣFe 

ratio of the corresponding bulk rock sample composition. Total iron is reported by ICP-MS, while the 

ferrous iron is reported by fluorine (titration) (method of Saikkonen and I.A. Rautiainen (1993) [2]), as 

reported in Table S2.  

 

The targeted melt Fe3+/ΣFe ratio was fixed at the Ni–NiO buffer (NNO) in Petrolog 3 by following the 

model of Kress and Carmichael (1988) [3]. The NNO condition was preferred, since it represents various 

magmatic systems in arc magmas (e.g., [4]).  

 

Step 2: The Fe3+/ΣFe ratio from major oxides as Petrolog 3 output is susceptible to show data outside the 

KD error of olivine-melt as inconsistencies in FeO versus MgO tendency. For this reason, the general 

tendency of FeOT/MgO is verified between original and corrected PEC values to indicate the presence of 

co-genetic crystallizing behavior between MIs, bulk rock and groundmass [1, 5,6]. 

 

The melt oxidation state model of Kress and Carmichael (1988) [3] are expected to fit the error of original 

non-corrected PEC MIs. Error bars represent pure minimum Fe2+ content according to the Fe3+/ΣFe ratio 

of the corresponding bulk rock sample. Each inclusion could represent a modelled ΣFe susceptible to 

follow variations in both Fe2+and Fe3+ (figure 1a).  

 

Step 3: An equilibrium Fe-Mg distribution coefficient KD was used between olivine and liquid (KD of Fe-

Mgol-liq) of 0.30 [7], incrementally adding the olivine composition to the MI until the equilibrium KD value 

(0.30) with the host olivine was reached (figure 1b). To better compare the data set before and after PEC 

corrections, lines representing different KD of Fe-Mgol-liq (0.27 and 0.33) were also calculated.  

The FeOT data is adjusted for the KD of olivine-melt, therefore Mg# from inclusion follow a proportional 

relationship with Fo% from olivine. The major element concentrations after PEC were then recalculated 

on a 100% volatile free basis. It is assumed that olivine contains negligible Fe3+ in comparison to ΣFe, 

which implies that Fe3+ representing the liquid melt is expected to be low [8]. In relatively reduced 

systems, KD that consider Fe2+ can be used with confidence, assuming that Fe2+ = ΣFe. 



 
Figure 1. Post entrapment crystallization corrections of olivine-hosted melt inclusions. Literature data 

from Villarrica are represented by black cross [9-13], while minor eruptive vents (MEV) from the regional 

sector close to Villarrica are illustrated with a green X symbol [14-17]. a) FeOT versus MgO diagram (see 

also Figure 3 for symbols). Uncorrected PEC MIs that are represented by filled circles, matrix glasses by 

“X”, where bulk rock literature data from Villarrica and MEV found nearby Villarrica are compared. Bulk 

rock data from this study are represented by filled color squares. b) Mg# liquid versus Mg# crystal (or 

forsterite content Fo% from olivine) where average crystal glass rims compositions are represented for 

the series HLN2a6 (red dotted line) and HLN2a9 (blue dotted line). The original MIs data has color center 

representing total iron species with Fe2+ neglected. Those filled squares demonstrate error bars for which 

the minimum and maximum Mg# liquid values represent the minimum or maximum Fe2+ content that 

would be used to calculate Mg# (supposing if both iron species are present). The unfilled squares are 

PEC-corrected MIs produced by Petrolog 3 without being adjusted for KD (KC*model of Kress and 

Carmichael, 1988, [3]). The filled circles are PEC corrected MIs adjusted to fit a perfect equilibrium (KD = 

0.30)[18]. 
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