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DIS CU SSION 

D . F. PAGE: I s the data obtained from such profile experiments a fun ction of direction of 
flight over the ice, and if so, h ow d oes this affect your interpreta tion of the data? 

R. T. LOWRY : W e found nothing to indicate preferred ridge orientation. Perhaps Bill Hibler 
may have more to say about that. 

W . D. HlBL ER Ill: There have b een some studies on ridge orientation, and it h as generally 
been found that on a small scale no preferred orientation is typically shown, and directional 
effects are not ex tremely la rge. On a large scale the nature of seq uentia l deformation of pack 
ice suggests that anisotropy should be less of a problem. Perha ps more important, mean 
ridge height is not dependent on the ridging b eing isotropic and correlation with frequency 
seems to be fairly consistent. 

W . F. WEEKS: When you look a t sea ice you commonly see a set of highly oriented leads, and 
it is easy to assume that the ridges are oriented too . However , this is not necessarily so, as the 
leads represent the deformation of one instant in time, whereas the ridges have been formed 
over a period as long as the life of the pack ice, in the course of which the fl oes have rotated 
a nd changed their relative orientation. 

G. DE Q. ROBIN: 1 understand that SLAR and IR imagery were obtained at the sam e time 
as the laser profile. This should give information on any non-i so tropic distribution of leads 
a nd ridges. 

L OWRY : None of our sensors showed any preferred orientation of ridges. 

S. G. TooMA: Just a thought on the "gliches" you mentioned in the end of scale effects. 
These might be caused by the laser beam striking the side of a ridge, resulting in a specular 
r eflection away from the laser , causing a mom entary loss of signal. The system recycles until 
the signal is again received , r esulting in ice level changes of any height up to the basic full 
scale you are using. 

LOWRY : That may well be part of the problem. However, we discussed the problem with the 
manufacturer of the instrument and were told the errors a re inherent in using the " range 
expander" circuit over rough ice. The device is not yet perfected. 
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ABSTRACT. Under-ice sonar surveys were carried out in pack-ice fields near Fletcher's 
Ice Island and at two sites north of Pt. Barrow, Alaska, U .S.A. A narrow-beam scanning 
sonar was used to measure the location and relative back-scattering of features on the under 
surface of Arctic sea ice. The 48 kHz sonar had a J .50 by 5 1 0 beam width. Graphic records 
displaying the range and relative scattering levels were assembled into sonar maps which 
display location and shape of under-ice features. Two distinct types of back-scattering were 
found : ( I) very high-level back-scattering from well defined under-ice ridges and (2) very 
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low back-scattering from areas between ridges. Higher scattering at ridges was proba bly due 
to a n increase of roughness and tilting of the average plane of the sca ttering surface. T o 
m easure depths of features, the sonar transducer was adjusted to give a wide horizontal beam 
a nd a narrow vertical beam. Pola r scans were taken a t severa l depths of the transducer to 
d etermine depths of ridges . The tops and bottoms of features were compared and the average 
ra tio of peak elevation to keel depth was about 1 : 7. 

Fuller accounts of some of this work have been published elsewhere (Berkson a nd others, 
1973 ; Clay and L eong, 1974 ; Kan and others, 1974). 
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DIS C USSIO N 

W. D . HIBLER Ill: How much error in determining the bottom topography does the finite 
vertical beam width of the sonar introduce? Is this a major problem ? 

C. S. CLAY ; The range of the depth of a ridge which is illuminated increases with ra nge. 
Correspondingly the upper and lower limits of keel dep th spread with increasing ra nge. 
Tha t is one of the reasons we showed upper and lower limits on the profile. The side lobes 
a re troublesome. They can be reduced by improving the transducer d esign. 

E. R . POUNDER: When your transducer was in the vertical position (horizontal fa n beam) 
was any a ttempt m ade to change the orienta tion to scan vertically? 

C LAY: We held the orienta tion as nearly horizonta l as possible. Poor horizontal resolu tion 
was a major problem and accidenta l tilting of the transducer gave a rrivals from a wide ra nge 
of dep ths. If we do this again we will use crossed tra nsducers to produce a pencil beam and 
thus reduce the tilting problem. 

I should like to ask Dr Pounder to comment on the lack of back-scattered signal from the 
ice/wa ter interface a t the bottom of the level ice. 

POUNDER: T his is to be expected . W eak echoes would result both from specular reflection 
a nd from strong a bsorption in the skeletal layer of normally growing ice. A submerged ridge 
would not be likely to have much skeletal layer growth. 

W . F . W EEKS: I agree. T he blocks which form the ridges have only one side which includes 
the original skeletal layer of the growing ice, the others would be sm ooth hard surfaces. 

POUNDER: Furthermore the skeleta l layer is probably often destroyed in the process of ridge 
formation. 

E. L. LEWIS: On the o ther hand an open crystal structure will grow very rapidly in caves a nd 
interstices between the blocks, beca use of the large heat sink resulting from the immersion of 
the cold blocks during ridge forma tion . Such structures have been observed by divers and 
m ay reduce the reflection of coeffi cient from parts of the interface. 
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