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Bezymianniy is active andesitic volcano in Klyuchevskaya Group (Kamchatka). Famous explosive 

eruption of March 30, 1956 was presented by hornblende andesites, with plagioclase, orthopyroxene, 
hornblende and titanomagnetite in phenocrysts and plagioclase, orthopyroxene, titanomagnetite and 
small amount of glass in the groundmass. All hornblende phenocrysts surrounded by opacitic rim, and 
hornblende grains less then 30 mkm in size wholly replaced by plagioclase-pyroxene-titanomagnetite 
opacitic assemblage. We examined hornblende breakdown rims for different textures and morphology. 
In this study we determined mineral composition of breakdown rims and defined conditions of their 
growth. 

We could determine both granular and symplectitic textures in breakdown rims (fig.1c). On sides 
(ıı0), (īı0), (īī0), (ıī0), (0ı0), (0ī0) internal rim is granular, whereas external is symplectitic (fig.1a). On 
sides (00ı) (00ī) we occurred only symplectitic textures (fig.1c). 

 
Fig.1. Different sections of hornblende phenocrysts with measured crystallographic orientation 

 
We have random orientation of hornblende phenocrysts in thin sections and sections could repre-

sent different levels of grains (tops or middles). Fedorov’s universal theodolitic stage was used to de-
termine precise orientation. Visible thickness for each side was recalculated to thickness in section 
|001|. Breakdown rim thicknesses of different sides are in the limit of measurement error. Average 
thickness of hornblende breakdown rims in Bezymianny 1956 eruption products is 24±5 mkm. 

a) b)  
 

Fig.2. BSE image of the breakdown rim with granular (internal) and symplectitic (external) textures  
in grayscale (a) and in pseudocolor (b) modes 

 
In BSE images of breakdown rims (fig.2.) each mineral (Pl, Px, Ti-Mt) was colored in different 

colors, each color pixels was counted and volume percent of each mineral was estimated (fig.2.). 
Measurement results on 12 grains (~500 measurements) summarized the table.  
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Table 

 Plagioclase, vol.% Pyroxene, vol.% Titanomagnetite, vol.% 
Whole breakdown rim, 
simplectitic + granular  

29-38 54-62 7-14 

Granular part of rim 31-40 48-59 9-16 
 

Hornblende breakdown time estimations were based on Rutherford&Hill, 1993 experiments [6]. 
We used diffusion-like equation t= t0 + X2/D (t – time in days, X – rim thickness in mkm, t0, D – equa-
tion coefficients) for approximation all isobaric experiments in [6]. For hornblende breakdown reac-
tion D lies in and t0 lies in 1-10 days. It allows to estimate the time of hornblende breakdown for 
Bezymianny 1956 eruption as 4-37 days.  

Conditions for phenocrysts assemblage were estimated as intersection of cotectic lines for silica-
rich melt (from melt inclusions in Opx and Pl) with Opx-Pl-Hb assemblage and Holand&Blundy,1994 
Hb-Pl geothermometer [2] (fig.3). Intersection shows T=890±20°C and P=6±2 kbar. Also, we used 
Anderson&Smith, 1995 [1] Al-in-hornblende geobarometer as minimum pressure estimation (fig.3.).  

Conditions for 
breakdown rim assem-
blage were determined 
independently by 2-Px 

geothermometers 
(1005±36°C) [3,5,7] 
and Cpx geobarometer 
6.4± 1 [4].  

Difference in PT-
conditions for 
phenocrysts assemblage 
and hornblende break-
down products shows 
that isobaric heating 
from 890 to 1005°C 
took place in the 
magma chamber just 
before or during horn-
blende breakdown.  
At determined pressure 
(6 kbar) we couldn’t 
expect significant de-

gassing or melt oxidation. In case of Bezymyanniy hornblende breakdown reaction is due to warming-
up of magmatic chamber just before (4-37 days) catastrophic eruption at 30, March, 1956. 
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Fig.3. Т-Р diagram for Bezymianny andesites. Bluish field shows possible 
conditions by Anderson&Smith[1] geobarometer, green lines – H&B[2] 
conditions, Black rectangle is possible PT-field for phenocrysts assem-
blage, black circle is conditions for hornblende breakdown products. Horn-
blende stability line after [6]. 


