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 The object of study of this work is a large catastrophic eruption (approximately 100 km3) of the 
Vetrovoy Isthmus (VI), occurred 38500 Ñ 500 thousand years ago. The eruption occurred in the place of a 
shallow strait, which separated the northeastern and central parts of the modern island of Iturup (Bulgakov, 
1994; Gorshkov, 1967). It is assumed that the eruptive center is located approximately in the middle of the 
isthmus; pyroclastic deposits are the product of one of the largest eruptions or series of near-simultaneous 
eruptions in the Kurile-Kamchatka arc in the late Pleistocene, the Early Holocene. Structurally, the VI is a 
graben about 12 km wide, filled with pumice-pyroclastic deposits with a capacity of more than 260 meters. 
As is known, such eruptions are associated with foci of felsic magmas with a large content of volatile 
components (H2O, CO2, F, Cl, S, etc.). The dominant volatiles are water and carbon dioxide, which largely 
determine the evolution of the source, the processes and conditions of degassing and crystallization of 
magma. However, components such as sulfur, fluorine and chlorine also play an important role in restoring 
the stages of the evolution of the magma. The study of apatite as the main mineral concentrator of volatile 
elements can give important information about the distribution of mobile components between fluid, melt 
and crystallizing minerals. 

The rocks of the Vetrovoy Isthmus are represented by tuffs with fragments of light pumice. The 
porosity of pumice is 40-65%. The degree of crystallization of the melt in different samples varies within the 
range of 22-32%. Glass of the groundmass and melt inclusions (MI) in all minerals corresponds to rhyolite 
(SiO2 73-76 wt. %). The phenocrysts are represented by plagioclase, quartz, augite, hypersthene and Fe-Ti 
oxides. Pumice VI is characterized by the absence of phenocrysts of amphibole, while it occurs in the form 
of crystalline inclusions in pyroxenes, has a high alumina composition and is probably a restite of melting of 
the metabasite substrate. Plagioclase, pyroxenes, Fe-Ti oxides and apatite represent the early paragenesis of 
pumice, while just before the eruption the formation of dark-colored minerals ceased, and only plagioclase 
and quartz crystallized from the melt. An important feature of plagioclase is that its crystallization begins 
with medium compositions (An 45-55), then the calcium content increases to the maximum values (An 95), 
and the latest zones again have an average composition. In this case, the high-calcium plagioclase is 
represented by spots in which melt and fluid inclusions coexist, which marks the degassing of the parent 
magma (Smirnov et al., 2017; Maksimovich et al., 2017).  

Apatite is not found in the form of independent phenocrysts, but it is the most common crystalline 
inclusion in all minerals of VI. It is also noted that a large proportion of apatite inclusions are in the minerals 
of the early stages of the evolution of the focus (pyroxenes and plagioclase core), while in the latest mineral - 
quartz, inclusions of apatite are rare (Fig. 1). According to the method of recalculating the chemical analysis 
of melt inclusions by the normative mineral composition (CIPW), the mass fraction of apatite in magma does 
not exceed 0.15 wt. %. Measured by the SEM EDS method, the concentrations of F in apatite vary from 1.57 
to 2.57 wt. %. The concentrations of Cl measured by the WDS method vary from 1.39 to 2.14 wt. %. These 
concentrations determine the range of XF/XOH ratios of 1.5-4.66, with most of it falling within the range of 
1,5-2,5; XCl/XOH 0,6-1,4; XF/XCl 1,58-3,33 (XF, XCl, XOH ï are the mole fractions of the corresponding 
components). Variations in the composition of volatiles in apatite can be described by changing the OH/F 
ratio at an almost constant Cl concentration. Apatite formulations show a positive correlation between 
relationships XCl/XOH and XF/XOH. Differences in the composition of apatites, depending on the position of 
the sample in the section, were not revealed. Also, there was no difference in the composition of apatite, 
depending on the host mineral. 

In the absence of conditions for amphibole formation, H2O and Cl actively accumulate in the melt 
and fluid. Volatile components such as CO2, S, F and P have the ability to concentrate substantially in the 
crystalline phase in addition to the mobile phases. In the case of pumice VI, the only mineral capable of 
concentrating these elements is apatite. In this paper, the compositions of apatites are determined, and some 
patterns of changes in the composition of apatite and their interpretation.  
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Fig. 1.Crystalline inclusion of apatite (Ap) in (a) Clinyroxene (Augite); (b) Orthopyroxene (Hypersthene); (c,d) Plagioclase (An 50) 

 From experimental work (Doherty et al., 2014, Webster et al., 2009, Webster et al., 2017) it is known 
that variations in water, chlorine, fluorine and sulfur in apatite are positively correlated with the content of 
these components in the melt and fluid. A large number of inclusions of apatite in minerals of the early 
stages and compositions of the analyzed apatites well illustrate the process of accumulation of volatiles in 
magma before degassing. This explains the spread in relation to XOH/XF, with the relative constancy of 
XOH/XCl and XF/XCl. The increase in the number of hydroxyls in the apatite structure marks the accumulation 
of water in the melt in the absence of fluoride entering the system (𝐶𝐹

𝑀𝐼 0.05-0.09 ʤʘʩ. %). At the same time, 
the accumulation of chlorine in the system did occur (possibly due to decomposition of the amphibole) and 
determined small variations in the concentrations in apatite (1.39-2.14 wt. %) and MI (0.20-0.42 wt. %). 
 The measured sulfur contents in apatites vary within the range of 0.10-0.75 wt. % SO3 and do not 
exceed the detection limit in melt inclusions and groundmass glasses (<0.021 wt. % SO3). The sulfur content 
in apatite, as well as other mobile components, positively correlates with changes in temperature, pressure 
and in the content of sulfur in the melt. According to the experiments carried out on the homogenization of 
the MI, the temperature spread was not obtained. All available melt inclusions have a homogenization 
temperature of 830-860 Áʉ. Variations lithostatic pressure within the chamber is considered insignificant. 
The above facts indicate that apatite is a complete sulfur concentrator in magma. Variations in sulfur content 
in apatite are probably controlled by a chemical exchange reaction 𝑆𝑂4

2− + 𝑁𝑎+ = 𝑃𝑂4
3− + 𝐶𝑎2+ (Liu and 

Comodi, 1993).  When the temperature increases or the volatile components are added to the system, which 
lower the crystallization temperature, this reaction shifts to the left, promoting the formation of high-sulfur 
apatite and the formation of free calcium in the system. This is in agreement with the model proposed by 
(Smirnov et al., 2017), about the stages of crystallization of plagioclase, according to which the limit of 
saturation of the melt with water is reached during the evolution of magma VI, which leads to the formation 
of high-calcium plagioclase, as well as experiments (Parat and Holtz, 2005). Obviously, this stage coincides 
with the formation of high-sulfur apatite in magmas of VI. 

The measured concentrations of chlorine in apatites vary between 1.39 and 2.14 wt. % Cl, 0.20-0.30 
wt. % in glasses of the groundmass and 0.20-0.42 wt. % in MI. It is known that the behavior of chlorine in 
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the system is well correlated with the behavior of water and the change in the concentrations of these 
components should reflect the process of accumulation or loss of volatile. According to the latest model 
(Webster et al., 2017) the dependence of water and chlorine content in the melt and apatite for rhyodacites 

and rhyolites (pfu 6 > Si/Mg > 0.3) at 50 and 200 MPa can be described by equation 𝑋𝐻2𝑂
𝑚𝑒𝑙𝑡

𝑋𝐶𝑙
𝑚𝑒𝑙𝑡 = [(−19.66) +

(39.13)(𝑋𝑂𝐻
𝐴𝑝

/𝑋𝐶𝑙
𝐴𝑝

)]. The parameters of the experiments correspond to the conditions for the evolution of the 
magmatic foci of VI, which allows us to apply the established dependencies for modeling the behavior of 
volatiles. With a relatively constant content of chlorine in the melt, the water concentrations vary within a 
significant range of 2.0-6.0 wt. %. Using known variations of the chlorine concentrations for apatites and MI, 
we obtained a spread of water content in the melt from 7.0 to <1.0 wt. % H2O. Thus, the upper limit of the 
water content is consistent with our representations and the model described by (Kotov et al., 2017). Once 
again confirms our idea that before the degassing the water content in the melt was attained not less than 6.0 
wt. % H2O. However, the obtained water content is less than 1.0 wt. % have not previously been obtained 
and are not confirmed in analyzes of melt inclusions. 

Provided that the crystallinity of the melt does not exceed 32%, and the mass fraction of apatite in 
magma does not exceed 0.15 wt. %, It is possible to draw conclusions about the main phases of concert 
considered movable component. Knowing that Cl and H2O are concentrated in apatite and appreciably in the 
melt with the fluid, as well as the compositions of these phases, it can be said that the main container for 
water and chlorine, nevertheless, is a melt. Sulfur, fluorine and phosphorus are also concentrated mainly in 
apatite, but their concentrations in the melt are very low (𝐶𝑆𝑂3

𝑚𝑒𝑙𝑡 < 0.021 𝑤𝑡. %,  𝐶𝑃2𝑂5

𝑚𝑒𝑙𝑡0.02 − 0.06 𝑤𝑡. % 
𝐶𝐹

𝑚𝑒𝑙𝑡0.05 − 0.09 𝑤𝑡. %), that allows to consider apatite as the main container for these components. 
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