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D.C. RESISTIVITY SOUNDINGS ON DEVON ISLAND , 
N.W.T., CANADA 

By K URT VOGTLI 

(Abteilung fur Forschung und Versuche, Generaldirektion P .T.T., Bern, Switzerland) 

ABSTRACT. Ice thickness and resist ivity of a n Arc ti c glacier have been systematically investigated by the 
geoelectrical method. Further measurements were carried out on the ice cap. Favoura ble conditions for 
soundings were encountered , since the ice masses proved to be generally homogeneous, and there was a 
suffi cient difference between the res istivities of ice and bedrock, while the surface layer differed only very 
li tt le from the ice mass. A higher resistivity was found for bedrock than for the ice. 

REsuME. Sondages ileclriques a Devon Island, N . W. T. , Canada. Il a ete possible, a u moyen de mesures geo
electriques, de de terminer systematiquement la resistivite et l'epaisseur d 'un g lacier a rctique. Quelques 
mesures ont, en outre, ete executees sur la calotte d e glace. 

Les mesures ont ete favorisees par le fa it que la resistivite des masses de g lace, en g rande partie homogenes, 
etait n ettement d ifferente de celle d es forma tions rocheuses sous-j acentes. D 'une part, la res istivite des 
formations rocheuses s'est averee plus elevee que celle des masses de g lace; d 'autre pa r t, no us avons eu la 
chance de pouvo ir constater que les va leurs de la resistivite d es couches superficielles eta ient du meme ordre 
de gra ndeur que celles des masses de g lace compactes. 

ZUSAMMENFASSUNG. Geoeleklrische Sondierllngen mil der Widerslandsmethode mu Devon Island, N. W. T., Kanada. 
Geoelektrische Messungen ermoglichten es, di e M achtigkeit und den spez ifischen Widerstand d el' Eismassen 
eines a rktischen G letschers systematisch zu untersuchen. Auch a uf dem Inlandeis wurden einige lVlessungen 
durchgefuhr t. Die Sondierungen waren durch den U mstand beglinstigt, dass si ch del' spez ifische , ,yidersta nd 
d el' grosstenteils homogenen E ismassen d eutlich von dem des Felsuntergrundes unterschied , wahrend d el' 
spez ifische Widerstand del' OberAachenschichten nul' wen ig von dem del' E ismasse a bwich. D el' vViderstancl 
fur d en Felsuntergrund erga b si ch a ls hoher a ls del' fur Eis. 

INTRODUCTION 

The Arctic Institute of North America decided in 1959 to undertake a comprehensive 
programme of investigations on D evon Island , one of the Queen E lizabeth Islands of the 
Canadian Arctic Archipelago. The objective of the work was to understand better the inter
action of ice, sea, and atmosphere. In the summer of 1960 the first base camp was established 
near Cape Skogn, from where the three-year programme was begun in April 196 1 (Apollonio 
and others, 196 I). 

As part of this p rogramm e I had the opportunity to undertake geoelectrical m easurements 
during June and July, assisted by J. P . Greenhouse and W. P . Molson. In 1961 the m easure
ments were made mainly on the Sverdrup Glacier and during the summer of 1962 J . P . 
Greenhouse concentrated his investigations on the ice cap (Koerner and others, 1963; 
Greenhouse, unpublished) . 

I should like to thank the Arctic Institute of North America, the field leader, S. Apollonio, 
m y two assistants, and all those who helped m e. I exp ress again m y gratitude to the Swiss 
P.T.T., who not onl y granted me leave, but a lso permitted m e to take into the field part of the 
necessary equipment belonging to the R esearch Department. 

BACKGROUN D 

When I went north in 196 1 I had a lready made m easurem ents of the resistivity of glacier 
ice at several places in the Swiss Alps. There I had made the discovery tha t it is possible to 
make such investigations without great technical difficulties if suitable instrum en ts are 
available . Because of the extremely low conductivity of the ice in the Alps every surface layer 
with relatively high electrical conductivity disturbs the sounding of the ice m asses lying 
underneath to a very large extent. I t was therefore very satisfyin g from a technical point of 
view, when H. Rothlisberger wrote m e that in Greenland the resistivity of the ice amounts to 
only about o· I MQ.m. (= 100 kQ.m .), whereas we found in the Alps values of up to 100 

MQ.m. 
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The difference in conductivity at a ratio of about 1 : 1,000 poses, however, a problem, the 
investigation of which promises interesting results. The investigations on Devon Island were 
therefore planned from the start also to provide results in this direction. We therefore made 
measurements in the ice of the frozen Jones Sound, in the ice cover of a fresh -water lake, in 
former crevasses that became fi lled with m elt water and froze again, and in other ice forma
tions. These measurements will be reported in a final report on the work done in 1961 , while 
the present article contains the description of soundings only. 

SVERDRUP GLACIER 

The main objective in 196 1 was the depth sounding in the Sverdrup Glacier (Fig. 1), 
from its head at the edge of the ice cap to its terminus, in as complete a manner as possible. 
The glacier is about 20 km. long and on an average about 2' 5 km. wide. Its valley, which runs 

Jones - Sound 
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~~ ~ 

n
'" 

Sm4rup &lad .. 

, . Wl . 
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ICE CAP 
1 2 .... 

Z 3 l1li. 

Fig. I . Map q{ Sverdrup Glacier with the j)ositions of the profile centres 
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north- south, is bordered by steep walls with an average height of about 300 m. The transition 
to the ice cap lies at about goo m . above sea-level. The terminus at J ones Sound lies at lat. 
75° 45 ' N ., long. 83° 10' W. 

During the melting period it is often impossible to cross from the glacier to the steep walls, 
which consist of Precambrian m etamorphic rocks, because along the line of contact between 
country rock a nd glacier runs a depression which is often 50 m. deep and occupied by a 
raging torrent of m elt water. 

EQUIPME NT AND WORKING CONDITIONS 

One of the two tent camps was near the centre of the glacier (Fig. I , near profile point 2), 
the other in the upper third (near point 25, Fig. J). All m easuring points had to be approached 
on foot, therefore it was an advantage that the entire equipment necessary for one m easure
m ent did not weigh m ore than about 50 kg. 

The cables carried were always the main weight. W e usually required six reels, each with 
300 to 500 m. of cable. The tensile strength of the cables had been increased through the 
addition of a steel wire of o' 2 mm. diameter. This steel wire, in combination with six copper 
wires of o' 2 mm. diameter, formed the conductor, which was insulated by o' 35 mm. of 
polyethylene covering. The necessary voltage was supplied by small radio batteries of 67' 5 V. 
each ; up to five of these were connected in series . The current, which was applied to the 
substrate through steel rods, was m easured with a standard la boratory instrument (Simpson) ; 
to measure the voltage across the potential electrodes, a vacuum-tube voltm eter with extremely 
high input resistance (K eithley Model 600A) was used. Since the input resistance of this 
instrument, even at the highest sensitivity of 10 mY. full scale, is still IO" Q . the voltages 
could be read without compensation . For the current electrod es we used steel rods, about 
70 cm . long, with sharp poin ts, the contact resistance of which could , when necessary, be 
reduced to a great extent by applying salt. For potential sondes we usually employed non
polarizing CU/CUS04 electrodes with about 50 cm. 2 active surface and saturated electrolyte. 
Only when the distance between electrodes becam e less than I m. did we use copper rods and, 
for very small distances, also short nails as potential sondes. 

The currents applied to the substrate were as a rule of the order of I mA. The differences 
in potential generated by the currents between the poten tia l sondes attained, even for the 
largest distances, without exception, values of over 10 mV., in most cases over 50 mY. For 
di stances below 10 m . they were usually more tha n I V. 

Generally the Schlumberger configuration was used for the arrangem ent of the electrodes. 
In a few instances the W enner configuration was used for control purposes. 

When we began the m easurem ents, the glacier was covered with a solid layer of snow, 
which , however, soon turned into slush. After that water began to flow everywhere until 
finally the solid ice a ppeared. Even a 30 cm . layer of water and slush did not disturb the 
m easurem ents much, if one ignores the fact that such condi tions hinder one's movem ents, the 
staking out of the profiles, and the setting out of the electrodes. Nevertheless, with the excep
tion of profile 5 (see Fig. I ), which was begun during a heavy fall of wet snow on a foggy day, 
no single profile had to be abandoned prem aturely or repeated . 

R ESULT S 

The position of the cen tre points of the profiles is shown in Figure I , a nd the structure of the 
substrate can be taken from Table 1. The resistivity m easurem ents at each profile were analysed 
by superposition of the observed data on master curves for horizontal layering (i.e. layers of 
uniform thickness parallel to the surface) . Three- or four-layer curves were mainly used . 
Layer thicknesses and assumed resistivities for the individual layers are given in Table I for a ll 
profiles, together with tota l ice thickness and some additional information on dates, configura-
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TABLE I. THICKNESS AND RESISTIVITY OF ICE AND ROCK STRATA 

Profile Maximum Electrode Date 
no. distance First Second Third configura- 1961 

between ice Ice ice lion 
current Snow layer layer layer Rock 1= Wenner 

electrodes ps Ilhs Pil Ilhi' Pi l Ilhl' PI) IlhiJ pr h= :£Ilh 2= Schlum-

m. MO.m. m. kO.m. m. kO.m. m. kO.m. m. MO.m. m. berger 

780 0·5 0·7 75 11 35 148 0·75 160 I 12 June 
780 X X 75 14 46 156 1·0 170 2 12/ 13 June 

2 1620 X X 60 20 40 200 C1J 220 I 13 June 
1620 X X X X 45 ? C1J 230 2 13 June 

3 1440 X X 150 4 45 196 C1J 200 I 14 June 
1440 X X 150 4 50 146 C1J 150 2 14 June 

4 800 X X 50 6 35 29 0·3 35 2 15 June 
5 & 7 1000 0·25 2·5 85 4 60 194 1·0 200 2 [5/ 17 June 

6 800 X X 35 5 [ [0 5 30 [90 0·5 200 2 [6 June 
8 900 0·25 0·8 80 49 40 [00 C1J 150 2 [8 June 
9 [500 O·O[ 0·3 55 20 40 180 C1J 200 2 19 June 

[0 1000 O·O[ 0·45 55 25 35 55 C1J 80 2 20 June 
[I 800 0 0 50 27 0 · 3 27 2 22 June 
12 1200 0 0 85 [2 55 268 C1J 280 2 23 June 
[3 1500 0 0 36 2 62 298 0·6 300 2 24 June 
[4 [200 0 0 50 4 [ 10 54 60 292 C1J 350 2 25 June 
[5 1200 0·026 [ ·0 46 269 0·5 270 2 26 June 
16 [500 0 0 50 4 40 66 0·01 70 2 27 June 
17 1200 0 0 40 3 350 1·5 40 [25 0·4 130 2 28 June 
18 600 0 0 55 37 10 38 0·5 75 2 28 June 
19 [500 0 0 [ 7 46 124 C1J 125 2 29 June 
20 1200 0 0 30 7·5 120 [93 0·6 200 2 30 June 
2[ [200 0 0 30 8 70 242 C1J 250 2 [ July 
22 [200 0 0 60 270 0·5 270 2 2 July 
23 1000 0 0 43 4 60 296 0·5 300 2 3 July 
24 1000 0 0 30 1·5 55 159 [ ·0 160 2 3 July 
25 1000 0 0 20 [ 80 9 55 390 C1J 400 2 9 July 
26 1800 0 0 23 1·2 85 69 55 630 C1J 700 2 10 July 
27 1800 0 0 4000 2·5 [700 48 75 550 0·5 600 2 19 July 
28 1000 0 0 55 2 [ [0 [98 0 ·5 200 2 20 July 
29 1800 0 0 50 8 [50 47 60 495 C1J 550 2 2[ July 
30 1800 0 0 50 2·5 140 5 60 543 C1J 550 2 21 July 
3[ 1500 0 0 95 10 750 2 90 308 0 ·8 320 2 22 July 
32 1800 0 0 20 1·5 [20 28 55 470 C1J 500 [ 23 July 

1800 0 0 20 2 120 38 50 460 C1J 500 2 23 July 
33 [500 0 0 20 1·5 85 649 0·5 650 2 24 July 
34 1860 0 0 70 3* 700 22* 50 340* C1J 500 2 25 July 

[90 [35* 
35 1860 0 0 45 4 120 13 48 233 0·8 250 2 25 July 
36 1740 0 0 35 3 80 7 60 340 1·0 350 2 26 July 

* Four ice layers distinguishable. o No snow. X Not measured. 

tion and profile length. In Figures 2 and 3 the apparent resistivity versus electrode separation 
curves are plotted for the Wenner and Schlumberger configuration respectively. These 
graphs deviate somewhat from the standard presentation (cf. Fig. 4). Instead of plotting the 
electrode separation a or l in metres, normed values were used in the abscissa, i.e. alh in Figure 
2 and llh in Figure 3, a being t of the distance between the two current electrodes in the case of 
Wenner configuration, l being -~ of the distance between the two current electrodes in the case 
of Schlumberger configuration and h being the total overburden, the size of which for each 
point can be found in the column "rock" under h in Table I. 

Only three profiles were measured, roughly 300 m . apart, near "Ice Cap Station" (lat. 
75° 28' N., long. 83° 10' W., 1,500 m. a.s.!. ) . To make it possible to indicate the accuracy of 
the individual measurements, the results of this series of measurements have been inserted as 
individual points in Figure 4, and the scale for the abscissa has not been normed. Here the value 
-of l that belongs to each point equals one-half of the distance between the outer electrodes 
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Fig. 2. Curves qf apparent resistivity versus normed electrode separation relative to total ice thickness h, Wenner configuration 

through which the current has been led into the substrate. Thus the usual method of displaying 
the m easurements in the Schlumberger method has been used. 

Profile I was measured on 13 July 1961 , under favourable conditions. The temperature 
was below freezing and a thin layer of fresh snow had formed a solid crust over the existing 
layer of slush. 

On the following day it was considerably warmer. In some places one broke through the 
crust into 20 cm. of slush. Profile II was thus measured under conditions that were already less 
favourable but about the same as those generally encountered. Finally profile III was measured 
under the poorest conditions imaginable. The large expanse of the ice cap was covered with a 
layer of remnants of snow and melt water that was in places knee-deep. In some parts the 
slush was still stationary, in other places it was slowly moving. Channels of water had divided 
the whole plain into innumerable pa tches. In addition to this there was thick fog, which 
restricted visibility to about 200 m. At certain points the potential sondes and electrodes were 
in the middle of a stream of water. Other points selected previously could not be reached at all. 
Frequently the marker flags were swept away before the electrodes could be installed. Neither 
the direction of the profile nor the distance could be kept correctly. The combination of all 
these difficulties led to results that showed so much scatter that any evaluation would have 
been impossible if they could not have been supported by other measurements. 

In profiles I and ll, as well as in most of those on Sverdrup Glacier, the scatter of the 
observations was much smaller. However, the final accuracy of a sounding is not so much 
affected by this scatter as by the fact that the true distribution of resistivities in the ground is 
not identical with the models for which the master curves have been calculated. Under 
favourable conditions for a single profil e the accuracy can be estimated at ±30 per cent, 
while the average of the thicknesses determined on Sverdrup Glacier is probably as accurate 
as ± 10 per cent. Furthermore, it should be remembered that the method does not provide 
values for a definite spot but an average value for a larger area. 

Under the conditions encountered on Devon Island resistivity values could often be 
determined with much higher accuracy than the thickness of the various layers. It is not 
possible for instance to give a reliable depth figure at profile Ill, while it is certain that the 
resistivity of the ice is between 50 and 100 kO.m. 

A resistivity of less than 100 kO.m. for the bulk of Sverdrup G lacier was obtained at the 
majority of the profiles and on the ice cap as well. Only at a few places were far higher values 
observed for restricted masses of ice. For example, in the region of profile 27, some lenses of 
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Fig. 3. Curves of ap/Jarellt resistivity versus normed electrode se/Jaration relative to the total ice thickness h, Schlwnberger 
configuration 

ice with a high resistivity were encountered. Because they extended to the surface, the apparent 
resistivity Pa amounted to about 3 MO.m. for a distance between electrodes of about 10 m. , 
so that it was not possible to use this profile for inclusion in Figure 3. For large distances 
between electrodes pa decreased again and for a distance between the two current electrodes 
of I km. a normal value of 80 kO.m. was obtained. For still greater distances the bedrock, 
with its lower conductivity, increased the values again. The measurements were discontinued 
at an electrode distance of I ·8 km. when the last pa value was 110 kO.m. Smaller masses of 
ice with low conductivity were also found for profile 34 (Fig. 3). 

With one exception the apparent resistivity attained a minimum value and then grew 
larger. This shows that the rocky substrate has a still smaller conductivity than the masses of 
ice. The resistivities of ice and rock are in the proportion of about I : 10. 
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Profile 16 (omitted in Fig. 3), taken near the junction of the Sverdrup Glacier with the Fox 
Glacier, which also originates in the ice cap, makes a remarkable exception, because here the 
apparent resistivity fall s rapidly with increasing electrode distance and finally flattens out 
at about IQ kO.m. Evidently the ice lies here on a foundation of higher conductivity. A 
moraine crosses the glacier to imply that the Fox Glacier is not a tributa ry of the Sverdrup 
Glacier but that the latter flows towards the Fox Glacier for a certain distance until both meet, 
at which place the morainic material is accumulating. Thus not only did considerable walls 
of sediments come into existence on the surface, but extensive accumulations have apparently 
built up at the bottom. In late summer this area is covered with a lake of melt water, which 
indicates that the surface of the ice is inclined from both sides towards the point of impact. 

Apart from the exceptions mentioned, the results of the m easurem ents show a remarkable 
uniformity. This indicates that the ice masses of the Sverdrup Glacier have, with few exceptions 
approximately the same resistivity as the ice of the ice cap. 

For the interpretation of the m easurements these conditions were ideal, since the higher 
conductivity of the upper layers hardly disturbed the depth soundings. Under conditions of 
sufficient space it should be possible to m easure depths of several kilometers with the aid of very 
long profiles. At times, however, inductive voltages, which are caused by Earth-magnetic 
variations, can disturb the measurem ents severely. Furthermore, electrostatic charges during 
snow-storms and during freezing of the surface can disturb the measurements. One has also to 
prevent radio waves that are picked up by the cables from blocking the vacuum-tube voltmeter, 
or, which is worse, causing erroneous indications through rectifying effects. The worst enemy, 
however, is moisture, which destroys the insulation. Frequent insulation tests are therefore 
necessary and one has to make sure that creepage currents do not falsify the m easurements. 

An immediate rough evaluation ofthe m easurements on the spot helps to discover omissions 
that cannot be corrected later. Because geoelectrical soundings are easy to evaluate, this 
should always be done, no matter how tired the worker may get, or how impressed he may 
be by the overwhelming beauty and the sublime quietness of an Arctic fine-weather day. 

MS. received I4 September I966 
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