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Liquid immiscibility in the acid lavas – an experimental study
Ликвация в киселите лави – експериментално изследване
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The condensate silicate and aluminosilicate phases 
(minerals, melts) in the presence of water form salt 
systems of P-Q type (water–aluminosilicate melts) 
– Korotaev, Kravchuk (1985). Immiscibility fields 
arise in them under certain PTX terms (Ravich, 1974; 
Zharikov, 2005). The same salt can be present in the 
both immiscible phases L1 and L2 (silicates melt in the 
case in hand). The both phases differ only in their wa-
ter contents and after their quenching they will have 
phase boundaries. Such globular forms are often ob-
served in the volcanic rocks formed under conditions 
of very fast cooling and sharp pressure decrease during 
which the speed at which lava moves to the surface is 
very high. Their immiscibility origin in the basic and 
alkaline rocks is proved experimentally (f. i. Roedder, 
1979, etc.). In the absence of similar experiments in 
the acid lavas where the spherical forms (spheruloids) 
are wide spread (Fig. 1), their origin has been contro-
versial the whole 90 years since Tanton (1925). An al-
ternative explanation is that such phenomena are prod-
ucts of spherulitic crystallization (Greig, 1928; Ewart, 

1971; Nassedkin, 1975, etc.). However, lots of their 
morphological peculiarities indicate an immiscibility 
origin. The most crucial amongst them is the presence 
of a meniscus between the spheruloids (Yanev, 2003). 

The spheruloids have a strictly fixed place in the acid 
volcanics – they are observed in the zone between the 
crystallized central part of the volcanic bodies (domes 
and flows, rarely in the dikes) and their glassy (per-
litic or obsidian) periphery (Yanev, 1987). The spher-
uloids are spherulitic, very rarely felsitic aggregates 
of microcrystalline quartz (or tridymite-cristobalite) 
and K-Na feldspars. They differ from the surrounded 
glassy matrix only by the alkali distribution and their 
water content. The mol part of the potassium (XK

melt) in 
the glassy matrix (presumable dispersant matrix) var-
ies from 0.208 in one of the Sarnitsa domes (Borovitsa 
caldera, E. Rhodopes) to 0.609 in Malhaza (Primorye, 
Russian Federation – Favorskaja, 1963). These val-
ues in the rhyolitic spheruloids (presumable dispersed 
phase) are in the range from 0.07 in Aratiatia dome  
(N. Zealand, Ewart, 1971) to 0.488 in Golobradovo 
perlite deposit, E. Rhodopes (Yanev, 2003).

Starting materials and experimental method. Start-
ing material of the present study is a trachyrhyolite 
(rock sample of 67–73 mg) from the central part of a 
little perlite-trachyrhyolite dome of the Golobradovo 
deposit (Studen Kladenets volcano of Oligocene age, 
Yanev, 2003). Its composition is (wt%): SiO2 72.78; 
TiO2 0.13; Al2O3 11.51; FeO 0.80; MgO 0.15; CaO 
1.05; Na2O 2.97; K2O 5.53; SrO 0.6. 14–15 wt% wa-
ter is added also. 2–3 mg of La2O3 or Nb2O5, SrСO3, 
RbCl, CsNO3, Cr2O3, Fe2O3, Na2MoO4, Na2WO4 (up 
to 2.5 wt% respectively) are used as indicator phas-
es. Activating immiscibility phases (5 mg NaF and/
or Na2CO3) аre added in some cases. The rock/fluid 
(water+soluble salts) ratio is 5.7 or 7 at the different 
experiments. The melting experiments are performed 
in High gas (argon) pressure Vessel (УВГД10000) 

Fig. 1. Perlite with rhyolitic spheruloids (up to 1 cm in diameter), Boro-
vitsa caldera, E. Rhodopes
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in Pt capsules with Ø3 or 4 mm at oxygen fugacity 
~QFM. The stages of the experiments are: (1) heating at  
1200 °С and 5 kbar during 2 hours → (2) 1000 °С at  
1 kbar during 24 hours → (3) isobar tempering (5 min). 
The sample melts and its homogeneity is attained as 
well as fluid components saturated it during the 1st 
stage of melting. During the 2nd stage the appearance 
of immiscibility phenomena in the melt is waited. 
Thereby the formation of volcanic rocks is imitated. 
The resulted products are studied on the optical and 
scanning microscope SEM Tescan Vega II XMU with 
EDS (INCAx-sight) at 20 kV and 0.3 nA; duration of 
the analysis is 70 sec. The limit of detection of the ele-
ments is 0.1 wt%, precision – 0.2 wt%.

Results. Homogenous glass with small vesicles 
(Fig. 2a) is formed after the 1st stage of the experi-
ments followed by tempering. Heterogeneous glass 
containing two phases L1 and L2 is formed as a result 
of the 2nd stage in all experiments. The phase L1 is a 
glassy matrix (dispersant) with 5–9.5% water (at dif-
ferent experiments) and L2 is glassy drops (dispersed 
phase) 50–100 μm in size with 1.7–4.5% water (de-
termined by difference to 100%). The both obtained 
phases L1 and L2 in the experiments without an addi-
tion of the indicator and activating immiscibility phas-
es (Fig. 2b) have the following compositions: SiO2 
76.39 and 76.17; TiO2 0.13–0.11; Al2O3 12.17–12.49; 
Fe2O3 0.98–0.99; CaO 0.92–0.82; Na2O 3.24–4.28; 
K2O 5.70–4.51; SrO 0.47–0.51 wt% (total 93.81 and 
97.23 respectively). It is clear, that the two phases 
differ only by their water content and alkali distribu-
tion: XK

melt in the matrix is 0.5, while in the drops it is 
0.385. These values correspond entirely to their alkali 
distribution in the volcanic glasses and rhyolitic spher-
uloids (see above). The immiscibility phases formed 
after the addition of Sr+Nb+La as indicator elements 
have the same alkali distribution (XK

melt 0.511 and 

0.448). However, at additions of other indicators (Cs, 
Rb, Cr, Fe, Mo, or W) the alkali distribution are just 
reversing (0.468–0.52 and 0.664–0.671 respectively). 
These elements (Cs and Rb excluding) form minerals, 
located essentially in the drops. The Cs concentrates 
in experiments also in the glassy drops (L2/L1=1.7), 
while in the volcanic rocks the drops (spheruloids) are 
crystalline and they can not include the large Cs ions 
where it concentrates in the glassy (perlitic) matrix. 
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Fig. 2. a, homogenous glass (with small vesicles) obtained during trachyrhyolite melting at 1200 °C and 5 kbar; b, liquid immiscibility obtained 
during trachyrhyolite melting in conditions imitated the volcanic process (melting at 1200 °C and 5 kbar; heating during 24 h. at 1000 °С and 1 kbar)


