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ice cannot be said to have pt'edominantly horizontal c-axes. Wh en the distribution of the c-axis o rien ta ­
tion is considered , the m ode of random distribution of the c-axis should always be kept in mind . Statistical 
treatment is also necessary for detailed a nalysis of the data of c-ax is distribution . In this sense, the data 
obta ined by observing T yndall figures at Peters Lake support the con clusion that the ice has a pre­
dominantly horizontal c-axis orientation. 

We are grateful to Drs. K. Arakawa and C. A. Knight for their valuable suggestions a nd discussions. 
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SIR, 

D iscussion on Kamb and LaChajJelle's paper " D irect observation of the mechanism of glacier sliding over bedrock" 

In their paper, K amb a nd LaChapelle ( 1964) conclude that the observed velocity of cubes I cm . on a 
side pulled through ice disagrees with th e prediction of figure 2 in my original sliding paper (W eertman, 
1957) . Figure 2 indicated that a I cm ) cube pushed with a force of 16 kg. will move through ice at the 
sam e velocity regardless of whether the m echanism of motion is provided entirely by pressure m elting 
or by creep-rate enhancem ent. The results of Kamb and LaChapelle show that at a force ( 17 . 6 kg. ) 
which is close to 16 kg., the velocity is faster if pressure melting is the operative m echanism . Moreover, 
K amb and LaChapelle point out that in their experiment, the effective stress to be used in the creep 
enhancement m echanism must be increased over the stress I u sed by factor of 2 . This modification 
increases the predicted velocity of the creep-rate enha ncement m echan ism by a factor of 2", wh ere n is 
of the order of 3 to 4. This increase makes the disagreemen t be tween theory and experimen t even greater. 

In figure 2 of my original pa per Glen's value of 11 = 4 ' 2 was used in the calculation. It is more 
fashionable now to use a value near 3. If Glen's other value of n = 3' 2 is used in the calculations, the 
velocity predicted by figure 2 for the creep enhancement mecha nism is decreased by a factor of 8. This 
factor of 8 has to be multiplied by 2" = 2 3 '2 = 9' 2 in order to make a comparison with the experiments 
of Kamb and LaChapelle. Thus the velocity due to the creep-ra te enha ncement m echa nism is a factor of 
9·2/8 = !· 15 larger than that g iven by figure 2. It would appear that theory and experiment st ill 
disagree. 

Although Kamb and LaChapelle modified the calcu lat ion of the creep-rate en hancement velocity 
by the factor 2 ", they neglected to make a similar modification in the pressure-m elt ing velocity calcula­
tion. They pointed out that the h ydrostatic pressure difference on either side on an obstacle should be 
increased by a factor of 3 over th e value I used , but they did not correct figure 2 for the resultant fac tor 
of 3 increase in velocity. They a lso neglected to take into account the fact that the therma l diffusion 
coeffi cient used in my calculat ions for figure 2 was a factor of 2 ' 4 smaller than the thermal d iffus ion 
coefficient of dunite and p le xiglass used in their exper iments. Therefore, the calculated p ressure melting 
sliding velocity of figure 2 shou ld have been increased a factor of 2' 4 X 3 = 7' 2 . The sliding velocity 
due to the pressure-melting m echa nism thus should be a factor 7 ' 2 / I ' 15 = 6 · 2 larger than that of th e 
creep-rate enhancement m echanism. These modifications of the calculations resu lt in a predicted 
pressure-melting velocity of 3 cm. /day, as compared to that observed, at the m elting point, of 3' 4 
cm./day for a duni te cube and 1·6 cm./day for a p lexiglass cube. The theoretical value for th e velocity 
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·caused by the c reep-enha ncement m echanism, if n = 3 ' 2 , is o ' 4 cm ./d ay . This is a pproxima tely the 
velocity of the cubes just before they r each the pressure-melting poin t. I conclude tha t theory a nd 
exp erimen t agree r easonably well. Any discrepancy b e tween the theore tical a nd experimenta l values 
can be a ttribu ted to the uncerta inty in the exp erimental creep data which must be u sed in the theory. 

I have discussed elsewhere ([Union Geodesique e t G cophysiq ue Interna tionaleJ, in press) other 
points of K amb and L a Chapelle 's r em a rka ble pa p er which b ea r on slid ing theory, a nd thus there is no 
n eed to repeat tha t discussion here . 

D e/Jartmen! of M aterials Science and D epartment of Geology, 
Northwestern University, 

EV{lnston, Illinois, U. S.A . 
[ Allay [.964 
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