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The horizontal velocity of a thick ice sheet is 
maximum at the surface and decreases with increasing 
depth . The horizontal velocity profile at a given location 
differs from another location depending upon the ill situ 
stress and temperature conditions and the changing but 
distinctive physical and chemical character of the ice 
profile. The main property changes that influence the 
behavior of horizontal ice flow include chemical 
impurity concentration levels (both solid and dissolved 
components) and c-axis orientation. Shoji and Langway 
(1984) calaculated the velocity profiles for both the 
Camp Century and Dye-3 Greeland location by taking 
into consideration possible enhancement factor variations 
over the profiles. This analysis was compared with the 
theoretical and experimental strain rate data obtained 
for laboratory ice at the same stress and temperature 
levels. This study indicated that the largest horizontal 
velocity component is the result of a highly enhanced 
shear deformation zone, a few hundred meters thick 
existing at the base of the ice sheet. 

Detailed mechanical property measurements were 
made on the Dye-3, Greenland (65°12'N, 43°47'W) ice 
core over its entire profile (2037 m) as shown in Table 
I. Tests were made in uniaxial compression under 
constant crosshead speed (specimen size, about 2.5 x 2.5 
x 9 cm) and simple shear under constant load (specimen 
size, about 2 x 2 x 3 cm), with. test temperature held 
constant between -12 and -17 C. The experimental 
results were analyzed by using the power law creep 
equation with enhancement factor terms . Stress exponent 
values of 2.7, 3.2, 2.9 were obta ined for specimens 
(oriented so as to have the maximum resolved sheer 
stress in the horizontal plane of the ice core) from 
depths of 235 m and 247 m; 1814 m and 1816 m; and 
2021 m respectively . These values are close to those 
obtained earlier (Barnes and others 197 I) for artificial 
laboratory polycrystalline ice. The enhancement factor 
values for horizontal shear deformation , changed with 
depth and correlated well with the c-axis profile of 
Herron S and others (1981). Above the 800 m depth, the 
enhancement factor value ranges between about 0.5 and 
I. Below the 800 m depth, the enhancement factor 
increases up to about 3 near the Holocene/ Wisconsin 
transition depth (about 1786 m). 

Between the 1786 m and 2037 m depths, the 
enhancement factor values ranged from 6 to 20 with an 
average value of about 10. The c-axis orientations were 
obtained by ultrasonic wave velocity measurements over 
the 1786 to 2037 m interval. The results of 114 samples 
measurements showed that the ice has a single maximum 
fabric pattern from 1786 m through to the bottom with 
variations in the strength of c-axis concentrations. 
Chemical impurity levels of NOs- ' SO/- and Cl- also 
vary over this depth interval but on average the 
Wisconsin ice has 2 to 4 times more chemical impurities 
than does the Holocene ice (Herron and Langway 1985; 
Finkel and Langway 1985). Additional experiments on 
the Dye-3 core with different impurity levels showed 
that impurity enhancement fact ors should be less than 2 
(enhancement factor fabric enha ncement factor x 
impurity enhancement factor). We conclude , therefore, 
that the fabric enhancement factor is of pr imary 

TABLE I. SAMPLE DEPTHS FOR UNIAXIAL 
COMPRESSION AND SIMPLE SHEAR TESTS ON THE 
DYE-3, GREENLAND ICE CORE. 

Depth Drilled Year Compress ion Shear Remarks· 
( m) 

235 1980 X X STL 
24 7 1980 X X ICL 
268 1980 X ICL 
504 1980 X X STL 
505 1980 X X ICL 
708 1980 X X STL 
708 1980 X ICL 
896 1980 X STL 
939 1981 X X STL 
994 1981 X X STL 

1923 1981 X X STL 
1658 1981 X ICL 
18 14 1981 X X STL 
18 14 1981 X ICL 
1816 1981 X X ICL 
1851 1981 X X ICL 
1890 1981 X X ICL 
1943 1981 X X ICL 
1971 1981 X X ICL 
2006 1981 X X ICL 
202 1 1981 X ICL 

-Note: STL; Tests were made at the snow trench 
laboratory in the field immediately after core recovery 
(Shoji and Langway 1985). 

ICL; Tests were made at Ice Core Laboratory. 
State University of New York at Buffalo, within 4 years 
of COTe recovery. 

significance for the high enhancement factor value of 
Wisconsin and basal silty ice. The strong c-axis 
orientations on the same ice implies a high anisotropy 
of the mechanical properties which was experimentally 
confirmed. 
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