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ABSTRACT 
Results of the Ross Ice Shelf Geophysical and 

Glaciologlcal Survey (RIGGS) provide the most 
complete data set avai lable fo r any large port ion of 
the polar ice sheets. In t h i s paper, we use RIGGS 
data to calculate some ice-she l f charac te r i s t i cs . 
These include steady-state pa r t i c l e t r a jec to r i es 
through the ice shel f and the depth of isochronous 
surfaces, which are of pa r t i cu la r importance in 
choosing a d r i l l i n g s i t e where ice from the grounded 
West Antarc t ic ice sheet i s l i k e l y to be near the 
surface. Our estimates for depth to ice o r ig ina t ing 
from the 500 m elevat ion contour show good agreement 
with depths to a glaciochemical t r ans i t i on in four 
ice cores that i s believed to be associated wi th th i s 
e levat ion. This suggests t ha t , fo r much of the ice 
shel f , there have been no dramatic and sustained 
departures from steady state during the past 1.5 to 
2.5 ka. With the RIGGS data and an assumed bottom-
melting rate d i s t r i b u t i o n we calculate steady-state 
temperature p ro f i l es a t each of the measurement 
s ta t ions. Then, adopting an ice- f low law deduced from 
laboratory experiments and ice-she l f measurements, we 
obtain an e f fec t i ve f low-law parameter fo r each of 

The e f fec t of pressurized sub-glacial water on 
the s l i d i ng process i s quant i f ied by ca lcu la t ing a 
"bed separation index". The water pressure d i s t r i ­
bution i s calculated assuming the existence of a 
Rothlisberger channel at the bed. Kamb's formulat ion 
is used to describe the var ia t ion of normal stress 
over periodic bed undulat ions. The hypothesis i s that 
as e i ther basal shear stress or water pressure i s 
increased the extent of ice-bedrock separation (on 
the down-glacier side of undulations) increases and 
enhanced s l i d i ng occurs. 

Data from three glaciers of widely varying size 
are used to tes t t h i s hypothesis. For Columbia 
Glacier and "Ice Stream B" the importance of i nc lud ­
ing the ef fects of water pressure in any " s l i d i ng 

these s i t e s . Using these values, the measured s t r a i n -
rate f i e l d i s transformed to an equivalent stress 
f i e l d over the ice she l f . The stresses are determined 
by the ice-she l f freeboard and by the force f i e l d 
exerted on the ice shel f by i t s sides and by ice r i ses , 
and our analysis y ie lds estimates of these res t ra in ­
ing forces F fo r the Ross Ice Shel f . An apparent 
increase in F very close to the ice f ron t suggests 
that the ice shel f possesses a narrow seaward f r inge 
of anomalously s t i f f i ce . We suspect that t h i s repre­
sents the ef fects of increased bottom-melting rates 
(and therefore colder and s t i f f e r ice) very close to 
the ice f r o n t . 

In order to i l l u s t r a t e the ro le of the res t ra in ­
ing forces in con t ro l l i ng ice-she l f behavior, we 
calculate the s t ra in - ra te f i e l d fo r an unrest r ic ted 
Ross Ice Shel f , i . e . one that is detached from i t s 
sides and contains no ice r i ses . Currently the creep-
th inning rate fo r most of the ice shelf i s 0.5 to 
1 m a"1 fo r an unrest r ic ted ice she l f , but i t would 
increase to 1 to 10 m a - 1 , wi th values up to 60 m a - 1 

up-stream of the ice r i ses . 
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law" are pronounced. More complete data from the 
t h i r d tes t case, Variegated Glacier , are used to 
compare a number of possible formulations of s l i d i ng 
law which encompass the above hypothesis. A modified 
Weertmantype law appears to be most preferable while 
whi le some p o s s i b i l i t i e s , inc luding Budd's l u b r i ­
cat ion fac tor hypothesis, are ten ta t i ve ly re jected. 

Consideration of the temporal var iat ions of the 
"bed separation index" reemphasize tha t , especial ly 
i n the short time scale, var ia t ions of water pressure 
can dominate the s l i d i ng process. An order of magni­
tude increase in water discharge causes a hundred­
fo ld t rans ient increase in the water pressure. 

This paper has been accepted fo r publ icat ion in 
the Journal of Glaaiology. 

THE IMPORTANCE OF PRESSURIZED SUBGLACIAL WATER 

IN SEPARATION AND SLIDING AT THE GLACIER BED 

(Abstract only) 
by 

Robert Bindschadler 

(Goddard Laboratory for Atmospheric Sciences, NASA/Goddard Space Flight Center, Greenbelt, 

349 

https://doi.org/10.3189/S0260305500003220 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500003220



