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Introduction. The suevites and melt 
impactites of the Janisjarvi astrobleme in Karelia, 
Russia, commonly contain abundant fragments of 
the target rocks that show evidence not only of 
shock metamorphism but also of high-temperature 
thermal transformations. These fragments were 
variably altered under the thermal effect of the 
impact melt: melting (with the origin of pyrogenic 
melt of chemical composition different from that of 
the impact melt itself) and the partial or complete 
replacement of xenoliths by a newly formed 
mineral assemblage with characteristic zoning. 
This publication presents our results obtained by 
studying the impact and thermal metamorphism of 
andalusite from andalusite–plagioclase–quartz–
muscovite–biotite schists that are the target rocks 
of the Janisjarvi astrobleme. 

Results. As can be seen under an optical 
microscope, andalusite grains are usually zoned: 
the cores of these crystals are transparent, and their 
margins are black and opaque. SEM images 
demonstrate that andalusite grains are replaced by 
an aggregate of newly formed phases, whose color 
and mineral assemblages allowed us to distinguish 
the following three zones (Fig. 1a). From zone I to 
III (i.e., from the core to margin of such a grain), 
the concentrations of Fe, Ti, Mg, Na, and Ca 
increase, and the contents of Si, Al, and K 
simultaneously decrease (Fig. 1b). The 
characteristics of each of the zones will be 
illustrated below by the example of the grain 
displayed in Fig. 1a. 

Inner zone (I). This is the best preserved 
portion of the primary andalusite grain, which 
seems to have been a poikiloblast with numerous 
equant inclusions of quartz and rare inclusions of 
muscovite and biotite. The impact alterations of the 
andalusite involve the development of planar 
features a few hundredths to a few tenths of a 
micrometer wide (Fig. 2). A single andalusite grain 
shows up to three such directions. The thermal 
effect of the impact melt has partly obliterated 
these traces of shock metamorphism, which are 
thus pronounced not always clearly. Contacts 
between quartz inclusions and andalusite are 
marked by newly developing K–Na feldspar [(K–
Na)fs] in the form of rims 10–15 µm wide (Fig.2). 

Microprobe scanning of andalusite over an 
area in this zone indicates that the mineral contains 
K, Na, and Ca, which can be contained in the phase 
that developed along planar features and numerous 
tiny cracks in the andalusite grain. The zone 
contains the following phases: And+Qtz+(Na-K)fs 
(Table 1). 

Intermediate zone (II) was subdivided into 
two subzones. Subzone IIa is located closer to the 
crystal core and is characterized by the presence of 
abundant newly formed plagioclase in the form of 
patches (up to 10 µm across) in K–Na feldspar. 
The K–Na feldspar and plagioclase compose 
masses with relics of andalusite and quartz (Fig. 3). 
The subzone consists of And+(Na-K)sp + Pl+Qtz. 

Subzone IIb is characterized by the 
disappearance of quartz. Andalusite is contained as 
rare relics in masses of plagioclase and Na–K 
feldspar. The subzone also contains newly formed 
hercynite spinel, which replaces andalusite relics 
along cleavage planes and appears as tiny (no 
larger than a few micrometers) chains and 
aggregates of grains (Fig. 3). The phase 
composition of this subzone is And+(Na-K)sp + 
Pl+Spl. 

Outer zone (III) is the thinnest (Fig. 5) and 
consists of hercynite (whose small grains compose 
equant aggregates) and plagioclase in the 
interstitial space between hercynite grains or their 
aggregates. This zone sometimes contains 
cordierite grains and, thus, consists of the Hc+Pl 
+Сrd mineral assemblage. 

Discussion. The transformation of 
minerals in shock waves with the subsequent 
heating under the effect of the high-temperature 
impact melt is a very complicated process, which 
depends on several parameters, such as the impact 
pressure, the sizes of the rock fragments occurring 
in the overheated melt, the temperature of this melt, 
the amount of colder rock fragments in a given 
volume of the melt, etc. It is particularly difficult to 
distinguish between the consequences of impact 
and thermal effects in Fe–Mg mineral, because the 
results of these processes are often similar. 

The transformations of the andalusite can 
be subdivided into two stages: impact and thermal. 
During the first of them (impact), the mineral 
acquires numerous planar features and cracks. The 
same stage in characterized by the introduction of  
K, which gives rise to potassic feldspar formed 
along contacts between andalusite and quartz 
inclusions. The relation of this process to the 
impact stage definitely follows from the fact that 
the second, thermal stage was, conversely, 
characterized by the active removal of  K. Much of 
this element was released during the shock–thermal 
decomposition of biotite. Experiments on the 
shock-wave metamorphism of rocks (under the 
effect of a spherically converging shock wave 
[1,2]) indicate that the structures of phyllosilicates 
start to decompose already at 20 GPa, and this 
process is coupled with the migration of 
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components. K is the first component to migrate 
from these minerals, a feature predetermined by the 
structural setting of this element. 

The second stage is characterized by the 
thermal transformations of andalusite and the 
accompanying introduction or removal of certain 
elements. This stage occurs after the passage of the 
shock wave, as follows from the zoning of the 
transformation of this mineral that is atypical of 
shock-induced transformations. The passage of a 
shock wave through a solid body brings about a 
practically instantaneous and sudden jump in the 
parameters of state throughout the whole volume of 
the mineral. The systematic variations in the 
character of transformations of the mineral from 
the margins of its grain to the core are 
predetermined by the gradual conductive heat 
transfer, which is catachrestic of thermal 
metamorphism. 
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Fig. 1. (a) Zonal poikiloblast of altered andalusite and (b) 
the composition of its discrete zones. 

The cations removed from the andalusite 
poikiloblasts included Si4+ (from quartz 
inclusions), Al3+ (from andalusite), and К+ (from 
potassic feldspar that was formed during the impact 
satge proper); and the cations introduced into 
andalusite from nearby minerals of the metapelite 

were Na+, Ca+, Fe2+, Mg2+, and Ti4+. Aggregates of 
newly formed minerals composed pseudomorphs 
after andalusite, which have the same shape and 
volume as the original andalusite crystal. 

The temperature of the coexistence of 
spinel and cordierite was evaluated by the Spl-Crd 
geothermometer at no less than 930ºC. 
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Fig. 2. Inner zone (I) of the poikiloblast of altered 
andalusite. It can be clearly seen that potassic feldspar 
develops along contacts between andalusite and quartz 
inclusions in it. Andalusite is cut by cracks and planar 
features. Black lines mark some directions of the planar 
features. 
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Fig. 3. Subzone IIb of the modified andalusite 
poikiloblast. Hercynite develops along the boundaries of 
andalusite relics and planar features in them. 
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