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; \ BSTRA CT. Electrical res ist i\'ity measure m ents were carried out a t station J 9 on the R oss Ice Shelf where 
tempera ture measur("mcnts wcre ava il a ble to a depth exceeding three-quarters of th e thi ckness of the shelf. 
;\ s in a p reviously published stud y a t a point abou t :'10 km up-stream (Bentley, (977 ) , the apparent res isti vi­
ti cs fit we ll to a model based upon a st("a dy-sta te ice shelf with zero bottom balance-rate and an apparent 
a cti\'a tio n energy in Ihe solid ire of 0.'5 100.25 eV ( 14- 24 kJ mol - I), with prefe rence for the lower end of the 
range . This model a lso fi ts Ihe obscn'cd temperature da ta a lmost perfectl y. Causes of resistivit y variation 
wilh depth other than Ihe temperature, such as impurit y content, metamorphic history, gra in size, and 
crysta l ori ent a tion. proba bly do not strongly affect the res istivity depth function. O ur conclusion is tha l the 
Irue a cti\'at ion energy in the solid ice is less than 0.25 eV (24 kJ mol - I) and perhaps as small as 0. t5 eV 
( t4 k.1 mol I), a lthough a reduction by a factor of two or thrcc in the ion ic impurit y concentrat ion be tween 
50 a nd 250 m depth ca nnot be entirely rul ed out as a cause of the low appa rent temperature effect. A note 
a cldcd in proof indica tes Iha l Hen 'on a nd Langway (in press ) h ave, in fa ct, reported a decrease in Na ­
concenlrat ion with in c reasing depth by a factor of two or three. 

R':cs t ·,lI::. A1esllre.f in-situ de I'llIergie d 'actiuntioll pour la cOllduction d.c. dOllS la glace polaire. Des mesures d e 
«'s isl i"i te t'lcclrique onl el t' conduites a la station .1 9 de la pla tforme de glace d e R oss ou I'on d isposait de 
mcsun's de temperatures jusqu 'a une profo ndeur exceda nt les t rois quarts de I'epaisseur de la platfo rme. 
Commc dans une etud e deja publiee, po rt a nt sur un poinl d ' environ 30 km a I'amont (Bentley, (977), les 
r~s i s ti v i«'s a pparent es cadrent bien avec un modele base sur un etat d'equi libre d e la platforme avec un bilan 
nul a u fond et une energie apparente d 'activalion dans la glace solide de 0, 15 a 0, 25 eV ( t4- 24 kJ mol - I), 
avec pl utot un deca l age vel's le bas de la gamme. Ce modele cadre auss i parfa itement avec les donnees 
o bservt' es de lempera ture. Les causes de va ri a tion de resisti vit e au tres que la temperature, telles que la teneur 
cn im purctes, I' historique de la met a morph ose, la dimension des grains et I'orientation des crista ux , n'ont 
probablemenl pas unc fo rt e influence sur la rel a tion tem pe rature-res isti vite. Notre conclusion est que la 
ve ritable encrgie d 'ac ti "atioll dans la g lacc solide est infer ieure a 0,25 eV (24 k.1 mol - I) el peul descend re 
jusqu 'a 0, ' 5 eV ( t4 k.1 /mol - I), biell qu 'une reduclion d ' un facteur de deux ou trois d ans la concentra tio n en 
impure tes ioniques entre 50 et 250 m de p rofondeur Ile puisse pas etre entierement ad mise comme une cause 
de la fa ible"e apparente d e I'action de la temperature. U n paragra phe ajoute lors de la correction d es 
epreu ves indiqut" que H elTon et Langway (in press ), en effet , on t signales une diminution avec profondeur d e 
la concentration de Na + pa r un facteur d e d eux on trois. 

Z US AMM>: NFASS UNG . I n-situ- Mes.Hmgetl der Aklivntiollsellergie .!iir die GleichstrmnleitulIg ill polawlI Eis. In d e r 
Stat ion .19 auf dem R oss-I ce Shelf, wo Tempera tura ngaben bis zu einer Tiefe von lIber drei Vierteln d e r 
Eisdicke vorlagen, wurden Messungen d es c1ektrischen Widerstandes vorgenommen. Wie bei der frllher 
ve ro Ae ntlichten Stud ie an einem 30 km stromaufwarts gelegenen Punkt (Bentley, (977 ) fugen sich die 
sch cinba ren VViderst a nde gUI in ein M odell, das auf eincm stat ionaren Schelfeis mit verschwindender 
M assen bilanz an der Unt crseite und ein .... sche inbaren Aktivationsenergie im festen Eis von 0, ' 5 bis 0,25 eV 
( t4- 24 k.1 mol- I) beruht , wobei dic unte re Bereich'grenze bevorzugt is!. Dieses M od ell crfasst a uch die 
beobachtelen T emperaturwerte nahezu fehle rfre i. Andere Ursachen a ls die T emperatur flir die Anderung 
des VYiderstandes mit der Tiefe - wit" z.B. Verunreinigungsgrad, Ablauf der Metamorphose, Korngrosse 
und Krista llorientierung · . beeinflussen \'erm utlich die Tiefenabhangigkeit des Widerstandes nur wenig. 
Es lass t sich folgern . dass die wahre Aktivat ionsenergie im festen Eis kleiner a ls 0,25 eV (24 kJ mol - I) und 
vidle ichl nur 0, t 5 cV ( ' 4 kJ mol- I) is!, obwohl eine Verringerung der Xonzentra tion d es lonengeha lts d er 
Verunrcinigungen in e ine r Tiefe zwischen 50 und 250 m urn d en Fakl or zwei oder drei ni cht vollig a ls 
Ursache fur d~n Eff"kt w ie bci ni ('driger schc in barer T emperatur ausgeschlossen werden kann. Eine 
Fussnote, di e wahrend d e r Drucklegung a ngebracht wurde, weist. darauf hin , dass H erron und La ngway (in 
prcss ) tatsachlich eine A bna hme der Na ' -Konzentrat ion mit der Tiefe um einen Faktor von zwei oder drei 
festgestellt haben. 

I NTR ODUCTION 

Electrical resist ivi'ty measurements h ave been a pa rt of the Ross Ice Shelf Geophysical 
and Glaciological Survey (RI GGS) since its inception. A complete report on measurements 
a t the RI GGS 1973- 74 base camp (B. C.) (Fig. I) during the first season has already been 
published (Bentley, 19 77 , hereinafter referred to as Pa per I) and an oral paper has been 

* U ni versi ty of Wisconsin. \'eophysica l and Po la r R esea rch C('nte r, Contri bution No. 352. 
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presented on measurements the succeeding season (Bentley, 1976). The measurements in 
both cases were at stations where the temperature-depth profile was not known. Drilling to a 
depth of 300 m in the ice shelf was carried out during the 1976- 77 field season at station J9 
(grid coordinates 7!O S., I to W.; Fig. I) about 30 km down-stream from station B.C., as part 
of the Ross Ice Shelf Project program of drilling through the ice shelf. Although complete 
penetration of the 420 m-thick ice shelf was not obtained, .temperature measurements made 
in the hole can be extrapolated with little error to the base of the ice. With the temperature 
known, it is possible to make a more direct determination of the dependence of resistivity on 
temperature, and thus on the activation energy, than was possible at previous sites. 
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Fi,l{. [. Map of the Ross Ice Shelf showing the location and orientation of the resistivity profiles at stations J9 and B.C. The 
heavy black arrow shows the direction of ice movement. 

FIELD MEASUREMENTS 

In November 1976, resistivity soundings were made at J9 along two perpendicular lines, 
"Profile I" and "Profile 2", Profile 2 having its center about one kilometer grid south-east 
of the center of Profile I. Only Schlumberger measurements were carried out because 
previously we had experienced difficulties with dipole arrays. These difficulties were presumed 
to arise from the greater sensitivity of dipole arrays to inhomogeneities near to the surface 
(Paper I). The lines were extended to a maximum separation (a in Fig. 2) of 600 m along 
Profile I and 700 m along Profile 2. 
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Fig. 2. Diagram oJ the Schlumberger array Jor resistivity measurements. a and b represC/lt inter-electrode distances as indicated. 

The power source was a bank of dry cells of various sizes, producing a maximum of more 
than 3 kV. Most of the measurements, however, were made using either 1.2 kV or, for short 
spacings, 90 V. (The large jump in applied voltage was necessary for the current to fall 
within appropriate ammeter scales.) As before, copper rods were used for all spacings greater 
than a few meters. Contact resistance was generally reduced to less than one megohm per 
electrode by using salt water around the current electrodes. (The resistance was judged by 
measuring the initial current which flowed immediately after the high-voltage circuit had 
been switched on.) Potential differences were measured with a Keithley 600B electrometer 
having an input impedance of 10 14 Q. Several leakage measurements were made by dis­
connecting the wire to one of the current electrodes at the electrode and then switching on the 
high-voltage source. No test produced a current or potential difference significantly different 
from zero after the decay of the initial switching transient. 

DATA REDUCTION 

Data were analyzed by the usual method of plotting the potential difference V versus the 
current I (see fig. 3 of Paper I ). Although the measurements at different separations showed a 
wide variation in scatter, each graph of V against I could be fitted either by a single straight 
line, or by two straight lines, one through the points with one direction of current flow, and the 
other through the points with reversed current. There were no indications of significant 
deviation from a zero intercep t. Consequently, all the data were reduced , using least-square 
analysis, by fitting lines, forced through the origin, separately to the positive and negative 
polarizations for each measurement. The average of the two slopes thus obtained, called 
Q+ and Q _ respectively, was taken as the resistance Q for that measurement. (Conceptually, 
it would be preferable to fit the "positive" and "negative" data with lines having equal and 
opposite intercepts, presumably corresponding to a background telluric potential. However, 
for the data of this paper, such a procedure does not produce apparent resistivities that are 
significantly different from those calculated by the simpler method employed here.) Apparent 
resistivities pa were then calculated from the mean resistances according to the formula 

7Ta
z 

( b
Z
) pa = b 1- -;, Q, 

where a and b are the electrode spacings, defined in Figure 2. 

The apparent resistivities measured on Profile I and Profile 2 are shown in Figures 3 and 4, 
respectively. Error bars represent ±cr = !V(cr+z+ cr_Z), where cr+ and cr_ are the standard 
deviations in the determinations of Q+ and Q _. The error bars indicate, therefore, only the 
scatter of the points around the "positive" and "negative" regression lines separately, with no 
contribution from the difference between Q + and Q _; this reflects the assumption that any 
such difference has a physical cause that does not reverse with electrode polarity, and is 
therefore eliminated by taking the average of Q+ and Q_. 
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Fig, 3, Observed apparent resistivities at station J9, Pr~file I, Pairs of short horizontal lines connected vertically represent error 
bars determinedfrom the scatter rif observed potentia Is and currents, " (2) " indicates two superimposed observations, The 
solid line through the points correspond to a resistivity model described in the text, 
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Fig , 4, Apparent resistivity data for station J9, Profile 2, Pairs of short horizontal times connected vertically represent error 

bars determinedfrom the scatter of observed potential differences and currents, The points enclosed in the parallelogram were 
considered to be invalid and were not included in further analyses, The solid line shows the same resistivity model as in 
Figure 3. 

The standard fea tures of an apparent reSIstivity curve on an ice shelf, as described in 
Paper I , again appear clearly. T he steep slope for a < 100 m reflects densification in the firn, 
the smaller slope at separations between about 150 m and 400 m is determined principally by 
the temperature effect in solid ice, and the increase in slope at larger dis.tances results from 
conduction in the underlying sea-water. For comparison, a calculated apparent resistivity 
curve for a model that provided a good fit to the data in Paper I is also shown in each Figure. 
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(This model took the activation energy E to be I eY (96 kJ mol - I) down to 40 m depth and 
0.25 eV ( 24 kJ mol - I) at greater depths. ) 

I t can be seen that smooth curves are quit e well defined by the observations on both 
profiles. There is, however, one group of points at 500 to 600 m separation on Profile 2 

(indica ted by the enclosing parallelogram in Figure 4 ) that is significantly higher than the 
curve. The reason for the discrepancy is not known. These measurements were the first ones 
to be made on this profile, and were a ll made on the same day. The scatter of the observations 
is relatively large, but not nearly large enough to explain the high values of apparent resistivity. 
The leakage potentia l at a = 600 m was found to be 0.0 ± 0 .2 mY, compared with closed­
circuit potentials of several volts. Even though there is no good a priori reason for ignoring 
these values , they have nevertheless been excluded from further consideration simply because 
of their disagreement with the remaining results. (A similar situation was found in Paper I, 
where the reason appeared to be associated with unusually small values of the potential­
elec trode separation. No such association occurs here.) 

The apparent resistivity at a = 700 m was measured later on the same day as the dis­
cordant group, and yet it a ppears to fall , if anything, t6 a value which is too low rather than 
too high (Fig. 4) . If the other values measured on that particular day are to be excluded, the 
one at 700 m should a lso be trea ted with caution, particularly as there is only one measure­
ment at that distance. For that reason , the error bar at a = 700 m is indicated by a symbol 
which is drawn lighter than the others in Figure 4 and succeeding figures . 

At each distance on each profile the weighted average apparent resistivity pa has been 
calculated and plotted (Fig. 5). The weighted averages were evaluated using the technique 
of inverse variances . The standard-error estimates ul ' were calculated according to the formula 

( 

f ( pa)i 2 

I I i"::: I ai 2 

u 2 = ---+ -
PilI n 11 I -2) pa . 
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Fig. 5. Apparent resistivilJ' data for slalion ]9, Profiles I and 2 showlI together. Circles indicate a"erage vallles frolll Profile I, 
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height of the rectangle. Other error eslilllates are 110 larger thall the size of the poillts. 
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These standard errors are less than the radius of the points in Figure 5 (except as shown 
otherwise by the rectangular box at 700 m on Profile 2). Apparent resistivities from the two 
profiles are nearly in agreement, but those for Profile 2 are slightly less, on the average, than 
those for Profile I. In order to remove this difference, so that the slope of the apparent 
resistivity curve, which is directly related to the activation energy, would be more clearly 
presented, a factor equal to the average ratio of observed apparent resistivities at the same 
distances on the two profiles for a ~ 25 m was applied to Profile 2. Values from the two 
profiles then were averaged and standard errors calculated by Equation I so as to include the 
remaining differences between the two profiles. In the results (Fig. 6), apparent resistivities 
for a < 50 m have been removed because they are completely dependent upon conditions in 
the firn zone. 
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Fig. 6. Apparent resistivity data from both profiles combined, station J9. Both models assume a bottom balance-rate equal to 

zero; model "a" includes an activation energy of 0.15 eV (/'I kJ mol- I) in the solid ice, and model " b" an activation 
energy of 0.25 eV (24 kJ mol-I) in the ice. 

ANALYSIS 

Numerical modeling of the apparent resistivity was carried out in the same manner and 
using the same programs as in Paper l. Temperatures were calculated according to the one­
dimensional, steady-state model of Crary (1961). The resulting profile (Fig. 7) shows excellent 
agreement with the measured temperatures (personal communication from B. L. Hansen and 
J. Rand) when the bottom balance rate b H is taken to be zero. Although, in reality, it is 
possible that b H =1= 0 because the ice shelf may not be in steady-state, or, because horizontal 
temperature gradients may be significant, any model that gives the correct temperature is 
satisfactory for a determination of the resistivity, so we limit further consideration to the case 
bH = o. 

The variation of resistivity with density was assumed to follow the relation 

pr = pi/vJ, 

where v is the ratio of firn density to ice density, and PI and Pi are the resistivities of firn and 
ice respectively . This equation follows from Looyenga's (1965) mixing equation, as discussed 
further in Paper I. Densities were taken from Langway (1975; personal communication, 
1977)· 
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Two model curves have been calculated, both with H = 1. 0 eV (96 kJ mol-I ) in the upper 
ice. These two curves, matched at a = 200 m, appear to bracket the observations quite well 
(Fig. 6). The fit appears somewhat better for E = 0.15 eV than for E = 0.25 eV, particularly 
if less weigh t is placed on the rath er uncertain value corresponding to 700 m separation. 

For direct comparison, the values at station B.C. , 30 km up-stream (Paper I ), have been 
re-examined. Apparent res istivities from the two profi les there h ave been combined, in the 
same way as before (including the removal of the mean difference), with the results shown in 
Figure 8. Here again, the two model curves appear to bracket the observa tions. 
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Fig. 8. COli/billed apparent resislillitiesIor stalioll B.C. Solid lilies illdicate the sallle Iwo /IIodels as ill Figure 7. 
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DISCUSSION 

In considering the results of these m easurements , it sho uld be bor'ne in mind that wc a rT 
concerned primarily with ice-shelf d epths between roug hly 50 a nd 250 m, a nd thus wit h 
temperatures colder than - tSoC. Conductivities at g rea ter depths have littl e observable 
effec t on the a pparent resis tivity measured at the surface , beca use the domin a tion of CUlTl' lIl 
Howing in the very conductive sea-water (0.3 U m) beneat h the ice shelf leads to low signal­
to-noise ratios for V. At dep ths less than 50 m , densit y e ffec ts dominate a ll ot hers. 

Taken at face value , the results presented sugges t tha t the ac tiva ti o n l'nngy fo r d.t". 
conduc tion in the R oss Ice She1fat temp er'a tures between - 15 and - 25 (: lies betwcen (J .1 5 
a nd 0 ,25 eV ( 14- 24 kJ mol - I), perhaps rather closer to the sma ll er figure thall thl' largc r' . The 
larger figure is in good agr'eement with measurements made elsewherT on polar ice . p,uti­
cula rly some recent m easurements (Glen and Paren , t 9 7S; Fitzgera ld and Paren . 1975: 
Fitzgerald and others , 1977). However , our a nalysis d oes Ilo t take int o acco unl possible 
resistivity changes with d epth in the solid iee due to factors other than tempera tun' (e.g. 
impurity content, crys talline structure, grain size, or m e tamorphic history) . Although the 
specific e H'ect of these various fac tors on the resistivit y is not known. resistivities certainl y do 
vary from place to place in polar iee, as shown, for example. by the factor-of-two difference 
between the tempera ture-corrected resistivities a t J 9 a nd B.C. a nd those near Roosevelt Isla nd 
a nd at Byrd Station (Paper I ). From the plots of res isti vi ty against depth corresponding to 
each model (Fig. 9 ) we can see that if the activation e nergy is actua ll y 0 .25 eV, then an 
a ppa rent value ofo. 15eV would be produced by an increasc in resistivity with increas ing 
dep th of about 50° () from other sources . 
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Fig. 9. '"Actual" resistivities as afimctioll of depth in Ihe ice shelf at statioll.7.9 b'/l<,d VII tit" two lIIud,.l., of"Fi.~lIrP 7. " Iat il' f 
to all assumed reJislivi!y of [ 0 6 Q m at .the JlI~/ace. Sillu the surface value is ""t 1('1'11 dl'tl'fll/illfd. tltr true rr.fisli .. it)' at n 
particular depth may' be i1l error by afactor of two or /IIore . "Actual" resis til'itil'.l ill depth J greatl' r tltl/lI ~:i U 1/1 (Ire TlIII well 
corttrolled bJ' the observed dala. 

Tht: age of the ice at a depth of250 111 is olllhe order of:.l 000 year', ,Th{)I Il ;IS. 1~J7ti ) . The 
leng th of time for the ice to move from the grounding lin e to the drill si tt' is on the order of 
I OOll yt 'ars , corresponding to a dep th of about 100 1\1 IThonlas , IY76 ) . yl os t or the ice within 
the d ep th ra nge of primary concern has. therefore , pr'obably acc ulllul a ted 0 11 th e grounded 
West Antarctic ice sheet. whereas the uppn part. of CO Ul 'se, ori gina ted on Illt' ict' shelf it self. 

Impurities , even if very dilut e. could have a la rge e H'cc t Oil th e rl',istivity . . \ ccording III 
Gross a nd others ( 1978 ) , resisti vit y is proportional to l:\ aCl concL' ntr'a lio nl q. where q is 

, a bout 0-4 or 0.5. This m t:a ns tha t th e 50u" increase in resistivity with depth mentioned a bove 
could be brought a bout by reducing the impurity content by a fa ctor of 2 to 3. 
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The evidence rdating to impurity va ri a tion with depth at J9 is scant y, indirec t. and partl y 
contrad ictory. In a study of impurities in ice corcs at Little Anwrica V , near the front of th e 
Ross Icc Sh('lL Langway a nd o thers ( 1974) found a ca tioni c concentration dec reasing with 
depth down to a bout 150 Ill ; the va ri a tio n between 50 a nd 150 m is a lmos t a n o rd er of magni­
tud e. On the other hand , Gow ( 1968) found a variation of on ly a bout a factor of two in the 
e1 cc trolyt ic. condu ctivi t y of m (' l ted ice bet w ec ll 50 m a nd 150 m d epth ri'om the sa mc core hole . 
Both Go\\' I lg6!:! ) a nd La ngway a nd othe rs ( 1974) sugges t th a t th e ice below a bout 150 m a t 
Little AJIl('J'i ca originat ed o n th e grounded ice sheet of vV es t Ant a rcti ca, a nd tha t th e vV es t 
.\nt arc ti c ice is purer than the ict' accumulating on th e ice sh e lf. If so, the sa m e might be true 
a t .J 9 resulting in a low apparent ac tivation energy. On the other ha nd , it is diffi cult to 
extrapolatc ri 'om Little Amel'ica to .J9 and th e region up-stream , w hieh is everywhere at leas t 
soo kill {i'om th e ocean . Certain ly th ere is no firIll reaso n to expect a tWO-Ql' three-fcJld up­
st realll decrease in impurit y concentration , t'\Tn though th e snow mostl y falls ri'o m cycloni c 
storlllS that have moved a c ross th e ice shelf into \,ye5 t Anta l'C ti ca (person a l comIllunication 
froln \1\'. Schwerdtfeger , 1978) . This point m av be d ec ided when chemica l anah'ses on .1 9 
ict' cores arc a va il a ble. * 

DiHc n :nc('s in the m etamorphi c histo ri es b e twee n ice sanlp les can almost cert a inly produce 
larg(' va riati o ns in conduc tivit y. For example , it appears likely that th e ver y low resistiv it y o f 
cold po la l' ice results frolll its formation through a purel y m e tamorphi c pl'ocess, th a t is, 
without IlIclting (Fitzgera ld a nd others, 1977 ) . Furthermore , it also appears likel y th a t the 
basa l ice COIning from the vVest Anta rc ti c ice strea lllS, whic ll pres uma bly has had a ve l'Y 
different JI1e talllorphi c hi ston' fi'01l1 the ice nearer th e surface, has an exceptiona ll y hig h 
res isti v it y (Bentley, IC)76; Shabta ie and Bentl ey , in press ) . Howe\-cr. since there is no reaso n 
to suspec t all)' significant diflc ren ce in the 1I1e talllOrphi c hi sto ry lother th a n differen t ages ) 
a long the ice-part icl e paths that corres po nd to depths of 50 a nd 250 m a t .J ~) , thi s fa ctor ca ll 
probably be C\i sco llut ec\ . 

In contrast. signifi ca nt va ria ti ons in th(' g ra in-size ami tht' crys talline fabri c with deptll 
in the ice shelf can be ex p ec ted le.g . Cow, Ig6H ), but th ere is no reaso n to expec t a ny markcd 
change in the resisti vit y as a fun c tion of' eithe r o f these varia bles. Fit zgera ld a nd Pa rm \ 1975 ) 
[(mnd no diH'ere l1 ce in th(' d ec tri ca l beha vio J' of ice salllples fro m d epths of 155 III a nd 1 454 m 
at Byrd Station . corres pond ing to a much la rger age dif-ICIT n ce a nd muc h la rger diH'erences 
in grain -size and crys ta l blJl' ic th an would he Cxp('c ted be twee ll 50 a nd 250 III at .J ~). However , 
th eir IIlGISlll'cment s \\TIT Inadl' at fr equenc ies o f 10 kH ,. to 1 {)O kH z and d o not necessa l'i1y 
iIl1pl y th a t there a rc no diffe re nces in d. c. conducti viti es. 

Tllt'se cO ll siderations, togT thtT ",ith the VlTy close ag rn'IIl c llt bet\\Tell th e resu lts a t B.C. 
and .19, e ll coura ge us to bdi evc th a t the ac tiva tion energy, as det ermined b y th e res isti vity 
Illethod . cloo rcpresent the true tem pera ture e flec t on th e icc in the ice shelf. 

( :O:-';CI.I · ~ I OX 

TIl e ne\\' IIll'<l' Urt' III l' ll t, a t statioll .J t) ", IHT(' tll(' tt'llIp(Ta tun: has bet' n IIl eas lIn't! . t()g(,tIHT 
with a IT-t'X;tlllill a ti oll of tht' \ ';dul's a t stati o ll H.C. n 'portcd c. lrli lT Paper I ) . suggest that t Ill' 
acti\'atioll ('II,Tg\' ill th,· so lid ice is ra tht'l· I('s, th a n 0 . '2,,) cV alld pnli ap., a .s "'lIa ll a, O.I.i ,.\'. 

HO\\'('\T r . all a lt lTnat i\,(' illterpret a ti on, th a t there is a n 'c\lI (' ti o ll by a bClor of t\\·o or tlinT ill 
the iOlli c impurity concC' ntratio n between 50 and 250 III depth. ca nn o t be t'IItircl y ruled Ollt. 

* . \ ;J/t' (uldn/ ill IJrlll~/. H t'lTOII :tJld I .a llgway { i ll pIT:--:-': pcr:-- I)lLa l ({)lllflIUlli n ILillll fl lt ll l C . C . I .allg\\·;t} I repoll 
a u('crl'ast" ill ~a ' cOIl ("('ll tra li o ll ill tht'.J ~ ) ict' CO lT fl'ol"lI a ho ut 7 .~)p.p . b . ( part :-; pCI' billi oll , ;It 50 III depth t o 

a buut :~o p . p . h. a t ISO Ill. with the j'x lwrtatio ll that the COIHTll tralioll w ou ld 1't'l1l:lill apprnx illla tf' ly cons ta llt 
at greater depth ..... Thi .... i;-. just the f~l("(nr of {wO or three !l("n ln l to pr\)t!uc"(' :l.11 appare llt ac li\'a tilJlI t'llergy or 
0 . 15 c\ ' fro nl a ll actu a l \"a lut' or 0.:25 j ' \ ', as expla ined a i>O\T. 
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