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SIR, A 400 meler deep ice core in Greenland

The depth-density curve presented by Langway * in this Journal cannot be represented by an ex-
ponential relation between depth and density.

When the data extended only to 47.5 m., Landauer ? fitted an empirical curve to them. It was a
simple exponential relation and fitted the existing data very well; but, as he pointed out, it did not
satisfy the boundary conditions because density increased without limit with depth (the curve was
asymptotic to a line with slope 5. 26 X 1073 gm. ¢cm.”3 m.™*). In an attempt to find an analytic expression,
I have used load rather than depth as the independent variable; and, in place of firn density as the
dependent variable, its reciprocal (specific volume) is used.

As a first approximation it is assumed that melt is negligible and the only cause of densification is
the load of overlying snow and firn applied at a constant rate. No assumptions are made regarding the
mechanics of deformation of ice; in particular, the effect of time in producing deformation by creep at
constant load is neglected. The assumptions are that: (1) the ice in a firn sample remains at constant
density, (2) the change of volume produced by load is solely due to the elimination of pore space, and
(3) the rate at which pore space is eliminated with increasing load is proportional to the pore space
itself, These assumptions are expressed in equation (1)

dv
E_ =—-m(v—u,-c,), (1)
where v = ;l) = specific volume of firn,
p = density of firn,
Uie = 1.09 cm.3 gm.™,

o = [ p(x)dx = load of overburden,
(o]

x = depth below snow surface, and
m is an undetermined constant.

Equation (1) may readily be solved for v in terms of o:

v = vjget (g — Vige) €Xp(—mT) (2)
where v, = specific volume of firn when o = o.

When Landauer’s depth-density data are expressed in terms of specific volume and load they agree
with equation (2) except in the top 10 meters where the rate of densification is much higher.

The more rapid rate of densification in the top 10 meters is attributed to processes which operate in
addition to the compressive action of the load. Among these is the sudden collapsc of low-density layers
which are common in the top 6 to 10 meters, but not below. Another factor in the upper layers is the
annual variation of temperature which has an amplitude of 1° C. to a depth of nearly 10 m. A more
complete discussion of these points is presented by Benson.3

If good depth-density data are available to a depth of 30 m. it is possible to determine the constants
m and v, in equation (2). For Landauer’s data m=4-3 X 107 cm.* gm.”, and ,=2.0 cm. gm.™",

x
Then, because the function o = [ p(x)dx is continuous and smooth, one may easily construct a table of
o

values relating depth and density which extends beyond the depth of the pit or bore hole. For depths
greater than 10 m. the resulting curve appears to be in general agreement with the one published by
Langway.
Division of Geological Sciences CaArL S. Benson
California Institute of Technology
Pasadena, California, U.S.A.
11 July 1958
REFERENCES
1. Langway, Chester C. A 400 meter deep ice core in Greenland. Preliminary report. Journal of Glaciology,
Vol. 3, No. 23, 1958, p. 217.
2. Bader, H., and others. Excavations and installations at SIPRE test site, Site 2, Greenland, by H. Bader,
R. W. Waterhouse, J. K. Landauer, and B. L. Hausen, J. A. Bender and T. R. Butkovitch. U.S. Snow,
Ice and Permafrost Research Establishment. Report 20, 1955,
3. Benson, Carl S. Physical investigations on the firn of Northwest Greenland. U.S. Snow, Ice and Permafrost
Research Establishment. Research Report 26 [in press].

https://doi.org/10.3189/50022143000017160 Published online by Cambridge University Press


https://doi.org/10.3189/S0022143000017160

	Vol 3 Issue 25 page 438 - Correspondenc - A 400 meter deep ice core in Greenland - Carl S. Benson

