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     The high radiation in the CAI condensation 
reservoir testifies to their origin in the supernova 
environment.     
       Introduction:  The aggregates of CAIs 
(calcium-aluminum-rich inclusions) of carbonaceous 
chondrites consist of some high-temperature minerals, 
such as perovskite, melilite, spinel, pyroxene et al., 
which are considered to be the first condensates of 
the primordial matter. It is natural that their origin is 
in the focus of the most intensive investigation and 
heated controversies. 
      According to the physical-chemical parameters, 
the refractory minerals of CAI could be condensed in 
the reservoir of the disrupted supernova (case 1, e.g. 
[1-3] et al.), as well as in the region of reconnection 
of the magnetic fields between the protosun and the 
inner embedded edge of the forming protoplanetary 
disk (case 2) [4]. In the first case CAIs were formed 
in the periphery of the collapsing protosolar nebula 
surrounded by the expanded supernova shell [5], 
whereas in the second case they originated at the 
distance of about 0.06 AU and they were thrown out 
to planetary distances by some bipolar outflows (the 
x-winds of the disk inflows). In both the cases CAI 
could be enriched with the extinct radionuclides and 
pure oxygen isotope 16O. In the supernova reservoir, 
they are the products of the nucleosynthesis and, 
besides, the extinct radionuclides could be produced 
by spallation of some target nuclei with high energy 
nuclear-active particles (e.g. [3, 6-12] et al.). In the 
second scenario the extinct radionuclides, in principle, 
also could be the spallation products of high energy 
nuclear-active particles at the stage of T-Tauri, and 
the reservoir of the pure 16O could be formed as a 
result of the mass-independent fractionation effects 
during formation of solids and the photochemical 
self-shielding effects in CO (e.g. [4, 13-15] et al). 
      However, the reservoir of the disrupted supernova, 
as well as the range of interaction of the strong 
protosolar winds with the matter of the embedded 
edge of the forming protoplanetary disc, are the 
regions of matter highly reprocessed by the shock 
waves. That implies some rigid radiation conditions 
onto the formation of the extinct radionuclides, which 
is considered below. 
     High radiation conditions during CAI 
formation:     The supernova explosion established 
peculiar radiation conditions in the early solar system 
[16]. The tremendous explosive shock wave and 
supersonic turbulence resulted in acceleration of 
particles in the cosmic plasma with forming a power-

law energy spectrum F ( >E0 ) ~ E -γ of very high 
rigidity (γ→1) [17]. Shock waves pick up new 
particles from the background plasma and pump over 
the particles from the low energy range of the 
spectrum to the high energy one. That leads to the 
enhancement of fluxes of nuclear-active particles 
(and, therefore, of spallation production rates of 
isotopes) above the energy E0 (e.g. above the 
threshold energy of nuclear reaction) by one-two 
orders of magnitude [18]. That strongly increases the 
share of the spallation processes in the last 
nucleosynthesis event of the primordial matter of the 
solar system. For instance, the consideration of the 
problem of Li, Be and B generation in the high 
radiation conditions of the supernova explosion not 
only ensures the observed abundances of the light 
elements, but it also allows us to understand why 7Li 
survived better than other isotopes [19]. One may see 
the growth of the 26Al/27Al ratio with decreasing γ in 
the figure below [20]. The canonical value of the 
ratio and its higher observed values in CAI of 
carbonaceous chondrites [7] point out to very rigid 
radiation conditions with γ~1. A similar growth is 
exhibited by the production rates of Ne isotopes in 
the gas-dust nebula and SiC [21]; the measured levels 
of Ne-E(H) and 21Ne production rates in SiC of the 
Murchison chondrite [22] testify to the high radiation 
too. Similar regularities are observed for other extinct 
radionuclides and noble gases [22].   Therefore, in the 
absence of the additional nucleogenetic products of 
the isotopes (case 2) the cosmogenic nuclides in  CAI 
could be produced only under the most rigid radiation  
(γ ~ 1). However, such a rigid radiative criterion is 
just the distinctive criterion of the supersonic 
turbulence in the supernova neighborhood [23], 
which allows us to give preference to the supernova 
(case 1). 
        The absence of the products of r-process among 
the extinct radionuclides in CAI with the intervals of 
formation ≤ 1 Myr indicates that the last supernova 
was the Type Ia supernova (Sn Ia), which could not 
survive the carbon explosive burning and was fully 
disrupted [20,24]. The Sn Ia explosion injected 0.4-
0.6 M

☼
 of iron nuclei (56Fe) into the protosolar 

nebula [25]. Their shock wave acceleration was 
especially strong [26]. Indeed, the pre-accretion 
tracks of VH-group nuclei in silicate minerals of 
some low-metamorphised ordinary chondrites 
demonstrate the much flatter gradients (g ~ 0.7-2.0) 
than those for the solar cosmic rays (g ~ 3.0) [16].    
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    Discussion:   Aggregates of CAI occur mainly in 
carbonaceous chondrites (6-12%, 10-15% and 5% of 
volume in CV, CO and CM chondrites, respectively), 
whereas in ordinary and enstatite chondrites they 
occupy only <1% and <<1% of volume, respectively 
[27]. One may suppose that the matter of the 
carbonaceous chondrites was formed in the peripheral 
regions of the protosolar nebula, enriched with the 
fresh synthesized matter of the supernova (in 
particular, with the unburned C and O nuclei of Sn 
Ia), which have been accreted the last in the 
conditions of already low temperatures and weak 
gravitation. It looks tempting that just the enrichment 
of the upper mantle of the Earth with the unburned C 
and O has provided the basis for some pre-biological 

background and the subsequent origin of life on the 
Earth [24]. 
       The arguments for the early condensation of the 
CAI minerals and the late accretion of the 
carbonaceous chondrites are discussed, for instance, 
by R. T. Dodd [28]. The radial gradient of decrease 
of the extinct 53Mn with decreasing heliocentric 
distance, which has been derived in [10, 29], testifies 
to the entrance of the supernova matter into the 
protosolar nebular just from its periphery. The similar 
gradient must be operative for CAI distribution, and 
so there were few CAI inside the regions of the 
ordinary chondrite matter formation and, especially, 
inside the region of the enstatite chondrite matter 
formation, being the nearest to the protosun. Besides, 
of course, while being drawn to the protosun, a part 
of CAI could vaporize and recondense.   
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