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Introduction:  Discovering spectral signs of sub-

limation activity in September 2012 on four main-belt 
primitive asteroids (145) Adeona, (704) Interamnia, 
(779) Nina, and (1474) Beira at their perihelion dis-
tances [1, 2] raised questions about the probable mass 
nature of this phenomenon on main-belt bodies that 
could contain free water ice. As is known, the miner-
alogy of solid rock bodies is sensitive to conditions of 
their origin. However, the orbital ellipticity of a small 
planet makes it possible to test the volatility of the 
body’s material depending on heliocentric distance and 
accompanying surface temperature changes. Now we 
are able to confirm this periodic process on Nina as it 
approached perihelion in September 2016. 

Observational Data and Discussion:  Spectra of 
the main-belt asteroids (145) Adeona, (704) 
Interamnia, (779) Nina, and (1474) Beira were ob-
tained in September 2012 using a 2-m telescope with a 
low-resolution (R ≈ 100) CCD spectrophotometer in 
the 0.35-0.90 μm wavelength range at Terskol Obser-
vatory (Mt. Terskol, 3150 m above sea level, Russia) 
operated by IA RAS. To calculate reflectance spectra 
of the asteroids, a standard reduction procedure was 
employed (flat-field correction, bias and dark subtrac-
tion, etc.), and HD9986, HD10307, and HD 173071 
were used as solar analog stars. The corresponding 
averaged and normalized reflectance spectra of the 
asteroids obtained in September 2012 are shown in 
Figs 1-4. 

 

 
Fig. 1. Averaged and normalized (R = 1 at 0.55 μm) reflec-
tance spectrum of (145) Adeona on 19 September 2012. The 
spectrum is obtained as an average of two spectra (error bars 
represent the standard deviation). 

 

 
Fig. 2. Averaged and normalized reflectance spectrum of 
(704) Interamnia on 13 September 2012. The spectrum is 
obtained as an average of five spectra. 
 

 
Fig. 3. Averaged and normalized reflectance spectrum of 
(779) Nina on 13 September 2012. The spectrum is obtained 
as an average of twelve spectra. 

 
Fig. 4a. Averaged and normalized reflectance spectrum of 
(1474) Beira on 18 September 2012. The spectrum is ob-
tained as an average of five spectra. 
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Fig. 4b. Averaged and normalized reflectance spectrum of 
(1474) Beira on 19 September 2012. The spectrum is ob-
tained as an average of nine spectra. 

 
According to taxonomic classification [3], Adeona 

is of Ch type, Interamnia – of B, Nina – of X, and Bei-
ra – of B. Values of geometric V-band albedo of 
Adeona, Interamnia, and Nina are 0.06, 0.08, and 0.16, 
respectively [4]. It should be emphasized that such 
type asteroids are expected to be primitive containing 
low-temperature compounds (hydrated silicates, oxides 
and hydro-oxides, organics, etc.) (e. g., [5]). Despite 
the previously assumed high-temperature mineralogy 
of Nina, radar observations showed that the asteroid is 
also primitive but has a heterogeneous composition 
[6]. This is confirmed by elevated standard deviations 
on Nina’s averaged reflectance spectrum obtained 
from 12 separate reflectance spectra over about a half 
of its rotational period (Fig. 3). 

We found [1, 2] unusual overall shapes of the re-
flectance spectra of Adeona, Interamnia, Nina (in the 
range ~0.4-0.6 μm), and Beira (in the range ~0.55-0.75 
μm) at the times of these observations, appearing as a 
considerable growth of reflectivity in the short-
wavelength range (up to ~30-40%) (Figs 1-4). Such 
maxima were absent in reflectance spectra of other 
asteroids observed by us at the Terskol observatory 
with the same facilities and nearly concurrently. At the 
time of our observations, Interamnia, Nina, and Beira 
were near their perihelion distances, when temperature 
on the surface reached a maximum near the subsolar 
point. At the same time, Adeona approaching to the 
Sun was close to its middle heliocentric distance. We 
proposed that the unusual visible-range increase in 
asteroid reflectivity could be a result of sublimation 
activity of the surface matter including water ice [1, 2]. 

Later, on 26 and 28 September 2016, we acquired 
spectral confirmation of sublimation activity on (779) 
Nina just before perihelion passage (Fig. 5). Nina’s 
reflectance spectra obtained at gradually decreasing 
heliocentric distances demonstrate a dramatic change 

of the spectral slope from positive to neutral (nearly at 
the same rotational phases), produced likely by a 
growth of coma of sublimed water ice particles scat-
tered reflected from the asteroid light in the short-
wavelength range (Fig. 5, curves 2 and 3). 

 
Fig. 5. Comparison of averaged and normalized reflectance 
spectra of (779) Nina (perihelion distance q = 2.0589 AU) 
obtained on 13 September 2012 (1, heliocentric distance r = 
2.149 AU, after perihelion) and on 26 September 2016 (2,  
heliocentric distance r = 2.060 AU, before perihelion) and 28 
September 2016 (3, r = 2.060 AU, before perihelion). Spec-
tra on 26 and 28 September 2016 were acquired nearly at the 
same rotational phases of Nina and correspond to its succes-
sively decreasing heliocentric distance near perihelion. 

 
Coclusions:  Previous findings of cometary-like 

bodies among main-belt asteroids were interpreted in 
most cases as random events connected with "dynam-
ical" contamination of the asteroid family with atypical 
icy objects (for instance, extinct comet nucleus), which 
become active only due to sporadic collisions or im-
pacts (e. g., [7-8]). Another point of view is that free 
water ice is widespread in the subsurface interiors of 
primitive main-belt asteroids themselves (e. g., [9, 
10]). 

Our discovery of simultaneous sublimation activity 
on several main-belt primitive asteroids at shortest 
heliocentric distances supports the last opinion and 
points likely to the same or similar physical and chem-
ical conditions of origin of the bodies corresponding to 
the outer edge of the main-belt and beyond. 
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