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SIR, Seismic refraction measurements on the McMurdo Ice Shelf, Antarctica 

Studies of the McMurdo Ice Shelf, Antarctica, have d emonstrated the presence of brine in the ice 
matrix at depths which are comparable to sea-level, but which also depend on firn compaction and the 
flowing movements of the ice shelf (Macdonald and Hatherton, 1961 ; Stuart and Bull, 1963 ) . This layer 
is important both in physical and chemical studies of the ice shelf (Wilson and H eine, 1964) and in 
structural studies for airfield construction. The brine is usually detected by dri ll ing from the surface or 
by electrical resistivity methods but the former is t im e-consuming and physically difficult, while the 
latter is difficult to interpret. That seismic refraction m easurements may provide a simple and satisfactory 
a lternative is suggested by an experiment recen tly conducted on the McMurdo Ice Shelf, about 1,200 m. 
east-south-east of Scott Base. 

A portable electronic stop-clock was used to measure the transit time for the first arrival of seismic 
waves from a sledge-hammer blow on a steel plate placed on the snow surface . Geophones placed beside 
the plate and at various distances from it provided start and stop signals for the timer. D ensity m easure
ments in similar situations show tha t the degree of firn compaction increases fairly smooth ly with depth 
(S tuart and Bull, 1963), and it is r easonable to assume that the seismic velocity increases smoothly from 
a low surface value and approaches the value for clear ice (3,700 m ./sec. measured both on blue lake 
and glacier ice) at some depth. The effect of brine soaking into firn should be to aid compaction by 
excluding air and freezing new ice between the cold grains (Wilson and H eine, 1964) . This layer would 
then exhibit a higher seismic velocity. 

The experimental results are shown in Figure I . Error bars are ± I msec. Using conventional 
refraction theory for a horizontally stratified med ium (H eiland, 1963) , the bes t fit to the data was 
obtained by assuming a surface velocity of 1, 100 m. /sec. increasing linearly by 300 m. /sec. per metre 
depth, underlain by a layer with a velocity of 3,000 m. /sec. at a depth of 5·9 m . The resulting travel
time curve is also shown in Figure I. 

Since cores from a hole dri lled at the site showed a fairly uniform increase in firn compaction to a 
depth of 5· 7 m . where brine soaking was encountered , it is reasonable to associate the brine-soaked firn 
with the 3,000 m ./sec. layer at the 5 ·9 m. depth d educed a bove. 

Deteriorating weather conditions prevented experiment at places where the brine lies deeper in the 
ice shelf but the method appears worthy of further investigation, particularly as it could provide a ready 
method of extrapola ting brine levels between well-separated test holes, as well as giving information on 
the degree of firn compaction. 
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Fig. I . Seismic fi rst arrival travel-time plot 
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