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TI ME-DEPENDENT INTRAGLACIER STRUCTURES 

By R. H . GOODMAN* 

(Inland Waters Branch , Canada D epartment of the Environment, Calgary, Alberta, Canada) 

ABSTRACT. U sing time-doma in pulsed rada r, the intrastructure of a typica l temperate glacier has been 
studied. Certa in features have exhibited a ra pid change in structure, a nd cannot be expl ained by d ensity or 
ice cha racteristics of a sta ble na ture. It is believed these time-dependent structures a re related to the interna l 
wa ter sys tem for glac iers. 

R ESUME. Structures intraglaciaires dependant du temps. A I'aide du rada r pour sondage-temps, on a pu etudier 
la structure interne d 'un glacier tempere typique. Certains traits caracteris tiques ont mis en evidence un 
changement rapide d e structure, et ne peuvent pas ctre expliques ni pa r la densite ni pa r des caracterist iques 
stables d e la glace. On croit que ces structures inAuencees par le temps sont liees au systeme aqueux interne 
d 'un glacier. 

ZUSAMMENFASSUNG. Zeitabhiillgige intraglaziale Struk turCII . Unter Verwendung eines im Zeit-Bereich 
gepulsten R ad ars wurde die Innenstruktur eines typischen temperierten Gletschers untersucht. Bestimmte 
Erscheinungen zeigten eine rasche Strukturvera nderung ; sie konnen nicht auf Grund der Dichte od er aus 
Eiseigenschaften stabiler Natur erklart werden. Es wird a ngenommen, dass solche zeitabhangige Strukturen 
mi t dem inneren Wassersystem d es Gletschers in Zusammenha ng stehen . 

D URING experiments using radio d epth m easure m ents at 620 MHz (Goodman, [970) on Athabasca 
Glacier in the C a nadian Rockies, several intrag la c ial refl ections were noted. A sounding was obtained 
in the sa me location , unde r the same experimental conditions (except for weather ), with a time lapse of 
nearly [ month (late Aug ust to late September) . The results of the two se ts of data are shown in Figures 
I and 2. It is cl ear that the bottom remains unchanged, but the struc ture of the intraglaciallayers at the 
right of the figures has changed considerably. Robin and others ( [969) , using a 35 MHz system in 
Greenland, noticed intrag lacier reflections which we re attributed to chang es in ice d ensity. Russian 
workers (Rudakov and Luchininov, 1969) have observed similar reflections in a temperate g lacier and 
assign ed these to wate r lenses, cracks and the existence of cl ear ice. The rapid change in reflected layers 
observed on Athabasca Glacier eliminates the above explanations for the cause of the rapid time-varying 
intrag lacial refl ections. 
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Fig. T . Data tape taken 2 2 August. Weather sunrry, no recent rain ; the various symbols (* , . , . , ... ) represent returns oj 
similar intCllsity and time delay. 
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Fig. 2. Data lape taken 2I September. Snow and blowing snow ; aboul 60 cm snow on ice. 

There are at least two possible expla nations. The reflections could be due to water layers forming 
and vanishing within the ice. The region, where these layers were observed, was n ear a la rge crevasse 
field . An alternative explanation is that these layers represent glide planes which cause an a lignment 
of th e c rysta l axes. This effect has b een discussed by Luchininov and Rudakov ( 1971 ) . It is difficult, 
however , to see how these planes could form and disappear so rapidly, since the crysta l size must b e in the 
order of a wavelength (50 c m ) . 

The calcula tions of Smith and Evans ( 1972) are based on a multi-layer model of wa ter admixed with 
ice. Using su ch a structure , it is predicted that a glacier greatly attenua tes signals at frequencies above 
500 MHz. Experimentally, this h as not been observed except under conditions of recent precipitation. 
If su ch a multi-layer structure exists, it is rapid ly dra ined leaving only a few well-defined features. 

Experiments are in progress to obtain information on the diurna l, annual and spatial b eh avior of 
the intraglacier structure . 
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