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ABSTRACT 
Lake ice often has inclusions of air bubbles and 

their presence affects the thermal, mechanical, opti
cal and other physical properties of the ice co ver . 
Vertical variation in the characteristics of the 
bubbles suggests that their characteristics should 
be related to the rate of ice arowth at the time of 
formation and therefore reflect past meteorological 
conditions. 

The laboratory studies of Carte (1961) and Bari 
and Hallett (1974) demonstrated that the rate of ice 
gro'rlth affects the size, shape and distribution of 
bubbles and the porosity of the ice. Their results 
were generally supported by the field study of GO'r1 
and Langston (1977), hut Swinzow (1966) found no 
relationship between bubble characteristics and the 
rate of ice growth. 

Freeze-up and initial ice growth were monitored 
at Small Lake, Resolute, NWT, Canada, in 1979 to 
determine what diagnostic information ~ight be 
obtained fror.) the inclusion stratigraphy of the ice 
cover. Additional samples were collected from five 
other lakes in the Resolute area, a shallow lake near 
fla;nilton, Ontdrio, and two lakes near Huntsville, 
Ontario . Daily ice samples were relnoved from the ice 
cover of Sma ll Lake and the inclusion stratigraphy 
was mapped . A typical ice sample shows diurnal 
sequences of bubbly and bubble-free ice. The inclu
si on 1 ayers, 1 to :; mm th i ck, were formed nea r mi dday 
and were separated by 10 to 15 mm of clear, bubble
free ice . All samples were missing at least one 
inclusion stratum . There was a wide variety of bubble 
types and sizes, and non-gaseous inclus i ons, believed 
to be algae, were noted in some of the bubbl e layers. 
The hourly rate of ice arowth was calculated using a 
.nodified Stefan equati on. No relationship between the 
bubble characteristics and the rate of ice aro'rlth was 
obtained . The influence of the algae and the absorp
tion of solar radiation by the water are prohab ly 
respons i ble for t he diurnal cycle of bubb l e formation 
by inf luencing nucleation. The absorbed radiation 
will warm the water and decrease the amount of air 
that the water can dissol ve, thus making more air 

available for bubble growth. The algae will also 
change the concentrations of dissolved gases and act 
as nucleating agents. 

Cores taken fron Small Lake in spring showed 
large cylindrica l bubbles in the lower meter of the 
ice cover which had a thickness of 2. 4 m. An inverse 
relationship betvleen porosity and rate of ice growth 
was observed for these bubbles . 

Ice samples taken from the other lakes in the 
Resolute area either showed no inclusions at all or 
exhibited fewer diurnal inclusion sequences. Using a 
general bubble stratigraphy ohtained from Small Lake 
it is possible to correlate some inclusion layers in 
samples taken from lakes that are 15 km apart. 

The samples from Hamilton also showed diurnal 
stratigraphic sequences except that the spacing 
betvleen the bubhl e 1 ayers 'rlas more vari abl e due to a 
larger range of dai ly growth rates . However, the two 
lakes near Huntsville had a detailed bubble strati 
graphy, with little clear ice and no evidence of di
urnal variation. The bubble layers in the ice from 
the two lakes coul d be eas ily matched, a ltholJ!)h they 
are 15 km apart. 

This study shows that bubble layers formed in a 
growing ice cover may be used to reveal some aspects 
of the history of the growth of the ice cover, 
a lthough tile app 1 i cabil ity depends greatly on 1 oca 1 
conditions. Additional studies are required to under
stal1d the mechanisms by which air bubbles and algae 
are incorporated into lake ice. 
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