
down to the maximum depth of measurement. Because 
this was less than one-quarter of the ice thickness, 
their assumption is probably satisfactory. They also 
assumed that the strain-rate had not changed over 
the period of their records; this is also reasonable. 

Hammer and others (1978) have measured annual 
layer thicknesses at about 35 points in the core from 
Camp Century, Greenland, and Koerner (unpublished) 
has made similar measurements on a core from the 
Devon Island ice cap. Because these measurements ex
tend to within 100 m of bedrock at Camp Century and 
15 m at Devon Island, an assumption of uniform strain
rate is certainly incorrect. We assumed that the 
horizontal velocity at Camp Century was given by the 
usual formula for laminar flow and obtained the vert
ical strain-rate from the condition of incompressibi
lity. On the ·assumptions of (1) steady-state and (2) 
n~ change in accumulation rate and ice thickness for 
about 35 km upstream, the total vertical strain at 
any depth was obtained by integrating the strain-rate 
from the surface to that depth. Because the Devon 
Island bore hole is within three ice thicknesses of 
the ice divide, we usee-a finite element model, de
veloped from a model of Raymond (in press), to calcu
late total vertical strain as a function of depth. 

The Camp Century record can be divided into four 
parts, according to date: 
(i) 0-3000 BP. Accumulation rate approximately equal 
to its present value. None of the ten individual 
measurements differs by more than 5% from the present 
value. 
(ii) 3000-4000 BP. Accumulation rate about 10% 
greater than at present. 
(iii) 4000-6000 BP. Mean accumulation rate about same 
as at present but larger variations than in the 
first period. 
(iv) 7000-8500 BP. Accumulation about 10% less than 
at present. 

Because ice thickness and velocity at Camp Century 
during the last glaciation are unknown, the total vert
ical strain cannot be calculated. So we have not used 
the measurements of Hammer and others (1978) in the 
ice-age ice. 

For Devon Island, comparison of measured layer 
thicknesses with those calculated from the steady-
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state model suggests that (a) the accumulation rate 
has not changed significantly for the past 1 500 a 
and (b) it was greater than it is at present for the 
3 500 a before that. 

Imbrie (1972) and Dansgaard and others (1982) 
have dated the Camp Century core by comparing feat
ures of the oxygen isotope record with corresponding 
features in the climatic record in ocean cores, while 
Morner (1972) made a similar comparison with the 
glacial geological record in North America and north
west Europe. The authors of these three studies then 
cal~ulated variations in accumulation rate during the 
last glaciation from the relative lengths of core 
sections between horizons of known age. This method 
is unreliable because it takes no account of ice 
deformation. Moreover, there is little correlation 
between the results of these studies. 
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A SPECTRAL MODEL OF THE ICE-AGE CYCLE WITH 

GLACIAL ISOSTATIC ADJUSTMENT 

(Abstract) 

by 

W. R. Peltier 

(Department of Physics, University of Toronto, Toronto, Ontario M5S 1 A7, Canada) 

A new theory of glacial isostasy has been con
structed which provides, for the first time, a coher
ent explanation of all the phenomena associated with 
glacial isostatic adjustment. These include the com
plete set of globally-distributed and radiocarbon
controlled relative sea-level data covering the time 
interval from the present to 20 ka BP , the free-air 
gravity anomalies associated with continental regions 
which were once ice-covered, the astronomically
observed non-tidal component of the acceleration of 
planetary rotation, and the true polar wander ev';dent 
in the International Latitude Service (ILS) record of 
polar motion based on photo zenith-tube data taken 
s,ince 1900. Taken together, these data cons tra in very 

accurately the radial variation of viscosity in the 
Earth's mantle from the surface to the boundary with 
the molten iron core. This model of glaCial isostasy 
which has no free parameters, has been successfully' 
coupled to a zonally-averaged climate model in which 
an active cryosphere is directly forced, through an 
appropriate accumulation function, by fluctuations 
in effective solar insolation produced by variations 
in the Earth's orbit. Milankovitch experiments com
pleted with this model show that the isostatic adjust
ment component i s crucial in supporting long time
scale oscillations on the 105 a period which have been 
found in 180/ 160 data in sedimentary cores taken from 
deep ocean basins. 
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