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Abs t rac t : New high r e s o l u t i o n r a d i o continuum images of 
the nearby i r r e g u l a r galaxy IC 10 have revea led a l a rge 
(> 250 pc) nonthermal source . The source i s roughly 
c i r c u l a r with a s p e c t r a l index of - - 0 . 5 , and i s most 
l i k e l y a very l a r g e supernova remnant. I t s l a rge s i z e 
suggests t h a t i t i s the r e s u l t of severa l supernovae, 
and may be r e l a t e d t o the s u p e r s h e l l s observed in our 
own and other g a l a x i e s . 

In t roduct ion 
IC 10 i s a nearby i r r e g u l a r galaxy. Because i t l i e s a t a very low 

g a l a c t i c l a t i t u d e ( - 3 ° ) , i t s d i s t ance i s very u n c e r t a i n . Est imates of 
i t s d i s tance range from as near as 1 Mpc (Roberts 1962) to as far as 3 
Mpc ( B o t t i n e l l i et a l . 1972). Neutral hydrogen s t u d i e s of IC 10 have 
revealed t h a t i t has an extended HI envelope which shows a v e l o c i t y 
gradient of opposi te sign t o the c e n t r a l condensation (Cohen 1979). 
Klein and Grave (1986) have s tud ied the r ad io continuum emission from 
IC 10 and have found a global s p e c t r a l index of -0 .33 between 1 and 10 
GHz. Because the thermal f r e e - f r e e emission from HII reg ions normally 
dominates the r a d i o continuum emission from i r r e g u l a r ga lax ies in the 
frequency range of 1 t o 1 0 GHz, i t was decided t o ob ta in high 
r e so lu t i on r ad io observa t ions of IC 10 t o search for the source ( s ) of 
the nonthermal component. 

New Observations 
Radio continuum observa t ions were made at X6 cm with the 

Westerbork Synthesis Radio Telescope (WSRT) and a t A21 cm with the NRAO 
Very Large Array. Care was taken t o insure t h a t the uv coverages of 
the two observat ions were proper ly matched, and images a t an i d e n t i c a l 
r e s o l u t i o n of 5" (FWHM) were produced. Figure 1 shows the A21 cm image 
of IC 10. Several HII reg ions were i d e n t i f i e d by t h e i r correspondence 
with known Ha emission and thermal ( f l a t ) r ad io s p e c t r a , but an 
add i t i ona l extended nonthermal source was a l so discovered. This l a r g e 
nonthermal source i s near ly c i r c u l a r and i s not l imb-br igh tened . I t i s 
confused on one s ide where i t i s adjacent t o a c o l l e c t i o n of HII 
r eg ions . If one assumes t ha t the major dev ia t ions from r a d i a l symmetry 
are due t o t a l l y to confusion with t he HII r e g i o n s , a t o t a l f lux of 39 
mJy a t A21 cm and a s p e c t r a l index of about - 0 . 5 a r e der ived . . The 
diameter of 0 . 8 ' corresponds to a s i z e of 230 pc for t he minimum 
dis tance es t imate of 1 Mpc. This r ep re sen t s a t r u l y ou t s tand ing s i z e 
for a s i ng l e supernova remnant, and makes i t more l i k e l y t h a t t h i s 
source i s a r e s u l t of severa l supernovae. This source w i l l t he re fo re 
be r e f e r r ed to as a superbubble . 
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Figure 1: A A21 cm continuum image of IC 10 a t a r e s o l u t i o n of 5" . 
The contour l e v e l s a re s e t at 0 .2 , 0 .4 , 0 .8 , 1.6, 3-2, 6 .4 , and 12.8 
mJy/beam. The r . m . s . noise in t he map i s 0.05 mJy/beam. The 
superbubble i s the l a rge source in the lower l e f t . All but one of the 
o ther sources are coincident with Ha emission, have thermal rad io 
s p e c t r a , and a re the re fo re probably HII r e g i o n s . 

In an e f fo r t t o s tudy the environment of the superbubble , the 
r ad io continuum images were compared with new s y n t h e s i s HI observa t ions 
of IC 10 made a t Westerbork (Shostak and Skillman 1987). The 
superbubble i s centered on the most massive HI concen t ra t ion in IC 10. 
The t o t a l HI mass of t h i s complex i s 8 x 106 (D/Mpc)2 s o l a r masses and 
i t i s roughly four t imes l a r g e r in diameter than the superbubble. HI 
p o s i t i o n - v e l o c i t y diagrams were s tud ied in an attempt t o t r y t o de tec t 
an i n t e r a c t i o n between the superbubble and the n e u t r a l hydrogen. 
Unfor tunate ly , the v e l o c i t y f i e l d i n t he a rea of t h e superbubble i s 
very complex, and i t i s d i f f i c u l t t o d i sce rn d i sc repant motions. 
However, t h e r e a re no obvious s igns of bulk motions of t he n e u t r a l gas 
due t o the i n t e r a c t i o n with the bubble. 
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I n t e r p r e t a t i o n 
The minimum s i ze of 230 pc l i e s on the border between the ranges 

of s i ze s of the HI s h e l l s and s u p e r s h e l l s discovered in our galaxy by 
Heiles (1976, 1979). This s i ze i s a l s o a t the l a rge end of the 
d i s t r i b u t i o n of s i ze s of the g ian t s h e l l s observed in t he Magellanic 
Clouds (Meaburn 1980), a l though t ak ing a l a r g e r d i s t ance e s t ima te would 
make i t comparable t o t he superg ian t s h e l l s . For our galaxy, 
Bruhweiler et a l . (1980) have shown t h a t s h e l l s can be the n a t u r a l 
r e s u l t of the evo lu t ion of an OB a s s o c i a t i o n , while Hei les (1984) 
argues tha t except ional condi t ions would be r equ i r ed t o give r i s e t o a 
s u p e r s h e l l . Meaburn (1980) came to e s s e n t i a l l y the same conclusion 
concerning the giant and supergiant s h e l l s in the Magellanic Clouds, 
although Dopita e t a l . (1985) have shown how one superg ian t s h e l l can 
be i n t e r p r e t e d as the r e s u l t of s e l f -p ropaga t ing s t a r formation. 
McCray and Kafatos (1987) have a l so discussed the c r e a t i o n of a 
supershe l l through se l f -p ropaga t ing s t a r formation. 

The superbubble in IC 10 may rep resen t evidence of a l i n k between 
the giant and supergiant s t a g e . The nonthermal emission makes i t c lea r 
t h a t supernovae play an important r o l e , and the l a rge s i ze and 
l u m i n o s i t y e s s e n t i a l l y r u l e out a s i n g l e supernova. Thus we appear t o 
have caught a g iant bubble being b u i l t by mul t ip l e supernovae. The 
bubble i s most l i k e l y in the pressure driven phase i d e n t i f i e d by McCray 
and Kafatos (1987). The HII reg ions adjacent t o the bubble may be 
causa l ly connected via s e l f -p ropaga t i ng s t a r formation. Considering 
tha t the s i ze of t he HI complex t h a t the bubble i s loca ted in i s 1 
(D/Mpc) kpc, t h i s s t a r formation event could e a s i l y propagate i n t o a 
s t r u c t u r e 1 kpc in s i z e , leaving behind a superg ian t s h e l l . 
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