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Abstract: The onset of immiscibility in ferrobasal-
tic systems has been the subject of much research 
recently. The compositional space of the two-liquid 
field and the maximum temperature of the binodal 
surface have been investigated experimentally, but 
results from static and centrifuge experiments are 
controversial. In the article by Hou and Veksler 
(2015, May-June issue) entitled “Experimental con-
firmation of high-temperature silicate liquid immis-
cibility in multicomponent ferrobasaltic systems,” 
the authors present experimental evidence for im-
miscibility between silica- and iron-rich melts at 
1150–1200 °C, which are significantly higher to 
previous studies (ca. 1000–1025 °C). These results 
have important implications for potential large-
scale differentiation of magmas by liquid unmixing 
and for the formation of both Fe-Ti-P-rich melts 
and rhyolites. Keywords: Experimental petrology, 
binodal, basalt, rhyolite

The formation of immiscible silica-rich and iron-rich melts 
during cooling of ferrobasalts has been recognized experimen-
tally and in plutonic and volcanic rocks (Philpotts 1982; Charlier 
and Grove 2012; Veksler and Charlier 2015). However, unmix-
ing of immiscible melts under equilibrium conditions (binodal 
above the liquidus) or as a metastable process (binodal below the 
liquidus) has long been discussed. The distinction is essential re-
garding the ability of liquid immiscibility to produce large-scale 
differentiation of magmas and contrasting liquid compositions. A 
metastable process would stay highly localized during eruption of 
supercooled lavas or late-stage solidification of a crystal mush.

The paper by Hou and Veksler (2015) complements the 
experimental work of Veksler et al. (2007) that has been highly 
debated. This last study aimed at supporting potential separa-
tion of immiscible melts in ferrobasaltic systems at temperature 
above 1100 °C using high-temperature centrifugation. In these 
experiments, sub-micrometer globules were produced but clear 
pools of equilibrium melts separated by a meniscus were nowhere 
observed. Based on its own experience from static experiments, 
Philpotts (2008) commented Veksler’s results and interpreted the 
emulsion of immiscible melts as a metastable process during 
cooling in the centrifuge of the homogeneous melt that reached 
a sub-liquidus binodal surface. Static crystallization experiments 
in 1-atm vertical furnace and rapid quench have usually been 
used to constrain the binodal surface of ferrobasalt to a maximum 
temperature of 1025 °C (Dixon and Rutherford 1979; Philpotts 

1979; Philpotts and Doyle 1983; Charlier and Grove 2012). In 
these experimental studies, sharp two-liquid interfaces are usu-
ally observed. However, Charlier and Grove (2012) and Longhi 
(1990) report some static experiments with diffuse contacts 
between the two liquids, illustrating the difficulty of the equi-
librium immiscible melts to separate from each other. This is a 
consequence of very low interfacial tension between contrasting 
iron- and silica-rich melts with easy nucleation of immiscible 
liquid droplets and very slow coarsening (Veksler et al. 2010).

In a detailed reply, Veksler et al. (2008) further explained and 
reaffirmed the evidence for high-temperature liquid immiscibil-
ity. The paper by Hou and Veksler (2015) is a new effort to prove 
that silicate liquid immiscibility can occur at higher temperature. 
The approach is based on mixing rather than unmixing experi-
ments. Pairs of potentially immiscible compositions were first 
fused separately in 1-atmosphere vertical tube furnace at QFM 
buffer. Fused beads were then suspended in contact with each 
other and run at 1150 or 1200 °C. Compositional reequilibration 
of the paired melts is observed but a compositional gap exists 
between an iron-rich basaltic andesites (53–56 wt% SiO2 and 
14.7–17.7 wt% FeOtot) and rhyolitic melt (69–71 wt% SiO2 and 
4.0–7.9 wt% FeOtot). Interestingly, this compositional range does 
not include classical ferrobasaltic composition at maximum 
iron-enrichment [ca. 45–50 wt% SiO2 and 14–19 wt% FeOtot; 
Charlier et al. (2013)].

Because the two-liquid field broadens with decreasing 
equilibration temperature, it is expected that immiscible melts 
will have less contrasting compositions at high temperature. 
Thus, it is interesting to observe that Hou and Veksler (2015) 
obtained iron-rich immiscible melts with 53–56 wt% SiO2 and 
14.7–17.7 wt% FeOtot above 1150 °C, while they range from 
30–50 wt% SiO2 and 18–32 wt% FeOtot below 1020 °C (Charlier 
and Grove 2012). This means that with increasing temperature, 
the binodal surface moves from ferrobasalt-rhyolite composi-
tions to basaltic andesite-rhyolite end-members. Consequently, 
although the experiments of Hou and Veksler (2015) convinc-
ingly support the existence of a stable super-liquidus two-liquid 
field in ferrobasaltic systems above 1150 °C, it will be important 
to identify whether silicate melts produced along tholeiitic liquid 
lines of descent can reach SiO2 content above 52 wt% at such 
high temperatures. Indeed, silica-enrichment above ca. 50 wt% 
during tholeiitic evolution is produced by crystallization of Fe-Ti 
oxides that appear on the liquidus below 1100 °C (Juster et al. 
1989; Snyder et al. 1993; Toplis and Carroll 1995). The results 
of Hou and Veksler (2015) have possible implications for the 
evolution of tholeiitic andesite in which immiscible globules 
have also been reported (Philpotts 1982). The Upper Zone of 
the Bushveld complex is an example of plutonic evolution of 
magma with andesitic composition (Van Tongeren et al. 2010) 
for which the development of immiscibility and its role for 
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magma differentiation are highly controversial (Van Tongeren 
and Mathez 2012; Cawthorn 2013).

The study by Hou and Veksler (2015) is an important 
advance in the understanding of silicate liquid immiscibility. 
Further experimental studies must test the existence of a stable 
or metastable two-liquid field by running unmixing and mixing 
experiments for different magma compositions in a range of 
magmatic temperature. Further progress should also come from 
in situ experimental methods and the development of micro-
analytical facilities.

referenCes Cited
Cawthorn, R.G. (2013) Rare earth element abundances in apatite in the Bushveld 

Complex—A consequence of the trapped liquid shift effect. Geology, 41, 
603–606.

Charlier, B., and Grove, T.L. (2012) Experiments on liquid immiscibility along 
tholeiitic liquid lines of descent. Contributions to Mineralogy and Petrology, 
164, 27–44.

Charlier, B., Namur, O., and Grove, T.L. (2013) Compositional and kinetic controls 
on liquid immiscibility in ferrobasalt–rhyolite volcanic and plutonic series. 
Geochimica et Cosmochimica Acta, 113, 79–93.

Dixon, S., and Rutherford, M.J. (1979) Plagiogranites as late-stage immiscible 
liquids in ophiolite and mid-ocean ridge suites: An experimental study. Earth 
and Planetary Science Letters, 45, 45–60.

Hou, T., and Veksler, I.V. (2015) Experimental confirmation of high-temperature 
silicate liquid immiscibility in multicomponent ferrobasaltic systems. American 
Mineralogist, 100, 1304–1307.

Juster, T.C., Grove, T.L., and Perfit, M.R. (1989) Experimental constraints on the 
generation of FeTi basalts, andesites, and rhyodacites at the Galapagos spread-
ing center, 85°W and 95°W. Journal of Geophysical Research, 94, 9251–9274.

Longhi, J. (1990) Silicate liquid immiscibility in isothermal crystallization ex-
periments. Proceedings of the 20th Lunar and Planetary Science Conference, 
13–24.

Philpotts, A.R. (1979) Silicate liquid immiscibility in tholeiitic basalts. Journal of 
Petrology, 20, 99–118.

——— (1982) Compositions of immiscible liquids in volcanic rocks. Contributions 
to Mineralogy and Petrology, 80, 201–218.

——— (2008) Comments on: Liquid immiscibility and the evolution of basaltic 
magma. Journal of Petrology, 49, 2171–2175.

Philpotts, A.R., and Doyle, C.D. (1983) Effect of magma oxidation state on the 
extent of silicate liquid immiscibility in a tholeiitic basalt. American Journal 
of Science, 283, 967–986.

Snyder, D., Carmichael, I.S.E., and Wiebe, R.A. (1993) Experimental study of 
liquid evolution in an Fe-rich, layered mafic intrusion: constrains of Fe-Ti oxide 
precipitation on the T-fO2 and T-r paths of tholeiitic magmas. Contributions to 
Mineralogy and Petrology, 113, 73–86.

Toplis, M.J., and Carroll, M.R. (1995) An experimental study of the influence of 
oxygen fugacity on Fe-Ti oxide stability, phase relations, and mineral-melt 
equilibria in ferro-basaltic systems. Journal of Petrology, 36, 1137–1170.

Van Tongeren, J.A., and Mathez, E.A. (2012) Large-scale liquid immiscibility 
at the top of the Bushveld Complex, South Africa. Geology, 40, 491–494.

Van Tongeren, J.A., Mathez, E.A., and Kelemen, P.B. (2010) A felsic end to Bush-
veld differentiation. Journal of Petrology, 51, 1891–1912.

Veksler, I.V., and Charlier, B. (2015) Silicate liquid immiscibility in layered in-
trusions. In: B. Charlier, O. Namur, R. Latypov, and C. Tegner, Eds., Layered 
Intrusions. Springer, Dordrecht, pp. 229–258.

Veksler, I.V., Dorfman, A.M., Borisov, A.A., Wirth, R., and Dingwell, D.B. 
(2007) Liquid immiscibility and the evolution of basaltic magma. Journal of 
Petrology, 48, 2187–2210.

——— (2008) Liquid immiscibility and evolution of basaltic magma: Reply to 
S. A. Morse, A. R. McBirney and A. R. Philpotts. Journal of Petrology, 49, 
2177–2186.

Veksler, I.V., Kahn, J., Franz, G., and Dingwell, D.B. (2010) Interfacial tension 
between immiscible liquids in the system K2O-FeO-Fe2O3-Al2O3-SiO2 and 
implications for the kinetics of silicate melt unmixing. American Mineralogist, 
95, 1679–1685.

Manuscript received June 3, 2015
Manuscript accepted June 16, 2015
Manuscript handled by Keith putirKa

American Mineralogist
Journal of Earth and Planetary Materials

MSA Members get special advantages when publishing in  
American Mineralogist

* Free online color
* Free e-link of their paper

* Access to preprints before publication
* Personal online subscription to Am Min 

American Mineralogist benefits for all authors:
* 2014 Impact Factor: 1.964; 5-year Impact Factor: 2.4 
* Top 5% in H-Index; top 8% in total citations (of 851 journals in “Earth and Planetary 
Sciences”; ranks 9th in H-index of 85 journals in “Geochemistry and Petrology” (Scimago)
* Present submission to decision time average of ~4 months (st.dev. ~3.6); submission 
to publication time average of ~11 months (st.dev. ~5 months)
* Letters for special fast-track short papers
* Feature sections: Outlooks in Earth and Planetary Materials; Review Articles; Highlights 
and Breakthoughs; Special Collections
* Over 12 million online views last year from GeoScienceWorld alone
* Alternate availability options
* Open access, free supplementary data repository, preprints, reprints, and 
e-links are all available — we have the full array of the latest publishing options 
to help you comply with your funding agency’s requirements, including a path 
to “green” open access
* We commit to caring for our authors — every paper gets personal attention

http://minsocam.allentrack.net/cgi-bin/main.plex?form_type=biblio_dump&j_id=1&ms_id=179&ms_id_key=ftdLbDkMon7nEcIBlENmawUw&auth_id=1641

