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TEMPERATURE PROFILES FOR THE BARNES ICE CAP 
SURGE ZONE 

By D . F. C LASSEN 

(Department of Physics, University of Victoria, Victoria, British Columbia V8W 2 Y2, Can ada ) 

ABSTRACT. T hermal drilling and deep ice-tempera ture measurements along a flow line in a surge a rea of the Barnes Ice Cap, Ba ffin Island, N.W.T., Canada revealed a layer of basal tempera te ice 39 m thick. M a rginal areas were determined to be frozen to bedrock and geothermal heat flow es timated to be 1 . 02 fLcal/cm' s (42 mW/m') . 
R ESUME. Profils de temperature pour la zone de crue de la caloue de Barnes. Des sond ages thermiques e t des m esures de temperatures de la glace en profondeur le long de la ligne d'ecoulem ent d ans la zone de crue d e la calotte glaciaire de Barnes dans l'tle de Ba ffin , T.N.-O., Ca nada, ont revele I'existence d'un niveau de base de glace temperee de 30 m d 'epaisseur. D ans les zones latera les, la glace eta it froide jusqu'au lit e t le flux geothermique est estime a 1,02 fLcal/cm' s (42 mW/m' ). 
Z USAMMENFASSUNG. T emperatur-Profile in der AusbrllChszone der Bames-Eiskaloue. Thermische Bohrungen und Temperaturmessungen im tie fen E is !;ings einer Stromlinie im Ausbruchsgebie t d er Barnes-Eiska lo tte, Ba ffi n Island , .W.T. , K a nada, erwiesen eine Schich t temperierten Eises iiber dem Untergrund m it 30 m M ach tigkeit. Fiir R a ndgebiete konnte ein A nfrieren am U ntergrund festgestellt werd en ; der geotherm ische Warm estrom liess sich zu 1,02 fLcal/cm' (42 mW/m') abscha tzen. 

I NTROD UCTION 

The Ba rnes Ice Cap is a medium-sized , predomina ntly sub-polar ice cap of approxima tely 6 000 km2 located in the highland area of north-centra l Ba ffin Island, Northwest Territories, Ca nad a (F ig. I). Sighted from a distance during an expedition led by W ordie to Melville Bay and north-east Ba ffin Land in 1934, it has become the subject of a series of glaciological studies beginning in 1950 (Goldthwait, 195 1; Baird , 1952 ; Ward, 1952 [a ] , [b] ; Ward a nd Orvig, 1953; Orvig, 1953 ; Littlewood , 1952 ) a nd continuing until the present day. T he ice cap, previously thought to be a relic from before the pos t-glacia l clima tic o ptimum, is unusua l in tha t its nourishment is by the forma tion of superimposed ice ra ther tha n snow- firn- ice metamorphosis. R ecent evidence (H ooke, 1976) indicates that the ice cap may be sitting on Pleistocene ice. 
R ecent research interests have shifted from a genera l overview of the ice cap and, during the years 1966- 75, a great deal of effor t was expended to identify, substantia te, describe, and para m eterize various features of the ice cap including, of pa rticular in teres t, a surge zone a nd its surrounding area on the south dome's sou th-east lobe (L 0ken and Andrews, 1966; Clough and L 0ken , 1968; L0ken a nd Sagar, 1968; L0ken and others, 1968; L0ken, 1969 ; Barnett and others, 1970; Holdsworth , 1973[a] , [b]; H ooke, 1973 [a] , [b]; Barnett a nd Holdsworth , 

1974)· 
Preliminary evidence for two surges on the Barnes I ce Cap is given by L 0ken (1969) . A closer examination has been made a nd addi tional independent evidence is convincingly presen ted by H oldswor th ( I 973[ a] ) for the surge area on the south-east lobe of the south dome. This evidence consists collectively of ice-surface morphology ; marginal-moraine geometry and chronology ; basal conditions as determined from fl ow-rate, ice-depth , and sha llowtemperature data; and geological- hydrological observations. It has been d e termined tha t the surge could have occurred as recently as 1927 and the p ossibility of multiple surging is not to be disregarded . 
M easurements done in 1966 indica ted that basal sliding velocities of up to 22 .5 m a - I exist close to the flow-line o s of H oldsworth (1973[a] ) and that basal temperatures might range from the pressure-melting point a t the central core of the dome to sub-freezing a t the margin. 
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Fig. T. Map oJ BajJin Island showing localion of sludy area. 

This paper concerns temperature measurements made by the author in an effort to 
develop further a surge theory for the Barnes Ice Cap and p erhaps reveal the initiation 
mechanism responsible. T emperature profiles were obtained at three locations of interest 
a long a central flow-line of th e surge area using thermal drilling and resistance temperature
measurement techniques. Results indicated that basal temperate ice, that is, ice at the 
pressure-melting point, was present in the central region and that extensive fringe areas were 
frozen at the base. 

EXPERIMENTAL METHODS 

Thermistors and measuring equipment 

Temperature measurements were made with Yellow Springs Instrument Company 44004 
and 44033 Precision Thermistors with a nominal resistance of 2252 Q at 25°C and a Data 
Precision Model 245 digital multimeter for reading thermistor resistances . 

Thermistor preparation and use 

Seventy-five thermistors were calibrated in a Colora KT 20S constant-temperature bath 
at five points between approximately - 13.0°C and o.o°C. A stainless-steel thermistor 
needle-probe, calibrated by the National Research Council to its own specifications at 
eleven points, was used as a standard. A table of resistance values for this standard was 
computed over the range - 10.O°C to 40.0°C at 0.1 deg intervals by fitting the calibration 
data to a curve 

where T is the absolute temperature and A, Band C constants. The heating effect due to 
test current flow was 0.38 m W /deg (2 642 deg/W) and was extrapolated to zero current, 
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that is, no self-heating. Linear interpolation by the author between points gave 0 .01 deg 
increment values. 

Batches of twenty-two thermistors were placed in a water-filled, copper cylinder of I in. 
(2.54 cm) diameter along with the sta ndard thermistor. The cylinder was then placed in the 
circulating control solution of 30 % m ethanol- 70 % water and the thermistor resistances 
read after an equilibrium temperature had been established in the ice m edium which formed 
in the cylinder. The control solution temperature was maintained to better than ± o.o I deg 
during the calibration. 

R esistances were read with a D a ta Precision Model 245 digital multimeter. The test 
current in the measuring circuit ( IO kQ scale) was 0.330 mA, a value which caused all of 
the thermistors, including the standard, to self-heat. As a result the r esistance values of the 
standard represented cold er ambient temperatures tha n the NRC calibration tables indica ted. 
A correction determined from the equation 

where ET and IT a re the steady-state or static thermistor voltage and current, 0 is the dissipa
tion constant of the thermistor, Ta is the ambient tempera ture, and T the body temperature 
of the thermistor , with Oice = 2.0 m W /deg was applied to each standard resistance-value 
which resulted in listings of true a mbient temperature as a function of self-heated resistance 
for the calibrated thermistors. The computer program for reducing calibration data was 
kindly provided by A. Beck. 

The dissipation constant for ice was determined experimenta lly by measuring the 
resistance of one of the thermistors using a Wheatstone bridge with approximately 30 fLA 
current. T he difference in resistance values between the bridge and the meter, 11 2 0, was 
equivalent to /",. T = 0.28 deg since over the range 5 000 Q to 6000 0 in which the values 
were contained the variation of resistance with temperature for the thermistors under con
sideration was 4 0 /0 .0 I deg. This co incided with the manufacturers' suggested value of 
Oicc = 2.0 mW/dcg which yielded /",. T = 0.28 deg from the above equation and se rved as 
a check on the correction method. 

A d eta iled treatment of the theory a nd application of self-heated thermistors as well as 
the m ethod of correcting values is presented by Sapoff and Oppenheim (1963) a nd it is 
strongly recommended that this paper be studied by applied glaciologists. For the experiment 
described in this pa per, self-heating is not desirable; i t was incurred , however, when it was 
discovered on ly shortl y before departure that the digital-meter tes t-current was an order of 
magnitude larger than origina l calculations indicated a nd no time was available to ob ta in a 
m ore a ppropriate measuring system. 

In the field , the the rmistors were u sed in ai r since they were placed in what was believed 
to be a well-sealed a ir pocket along the cable. The"efore an air-equivalent cali bration was 
necessary. T his was achieved by applying the correction obtained using the above equation 
with Oai)" = 1.0 mW/d eg to the self-hea ted resistance values of the calibration. 

The effects of the materials surrounding the a ir pocket on the value of the in situ dissipation 
constant has been assumed ncgligiblc. T his includes the cable insulation , tape wrapping, and 
water or ice medium. Water or ice in the air pocket has been considered unlikely due to the 
extrem e care taken to ensure that each section of the PVC cable was w ell wrapped with self
vulcanizing tape in the time-honored way. It is a lso possible that the thermistor m ay have 
been in partial contact with the cable interior. In a ll of these cases the effect wo uld be 
influenced by the thermal resistance of these materia ls, but would in general tend toward 
slightly warmer temperatures than those presented in the data sets. An off-setting effect would 
be any remnant due to the temperatures representing only " near-equilibrium" conditions. 
T he precise effect is unknown but it is not unreasonable to view these two effects as essentially 
cancelling each other. Although there a re definite implications regarding an attempt to 
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estimate the accuracy of the individual measurements, no damage is done to the more impor
tant conclusions drawn later in this paper and the macro-scale thermal regime of the area of 
concern is placed beyond doubt. 

The error estimates shown on the data tables are the " most optimistic" values. The power 
dissipated in the thermistors can be fairly well determined; the poorly defined physical 
conditions (in terms of the dissipation constant) under which the thermistors are deployed 
and the extrapolation of results to zero reciprocal time, however, caution against strong 
claims of better than ± O.I deg accuracy. This degree of accuracy is acceptable for any use 
to which the data are likely to be put. 

Calibrated thermistors were placed at IQ m intervals (seven per cable) on multi-conductor 
cables. Thermistor-cable assemblies were attached to the thermal probe power-supply 
cables at 2 m intervals and allowed to freeze in place when the drilling was considered 
complete. 

The method of calibrating thermistors and assembling the cables have been described in 
detail by Class en and Clarke ( 1972) and Jarvis (unpublished) . 

Drilling procedures 

A drilling program was carried out during the period 17 April to 28 May 1975 at locations 
along the ss flow-line (Fig. 2) of the Barnes Ice Cap using a small thermal probe (Classen and 

72'00' W 

Sc a te 
2 4 6 8 IOkm 

(!) Temperature Profile 
Locations 

72'30'W 72'00' W 

Fig. 2. South dome of the Barnes Ice Cap showing temperature-profile locations along the ss flow line and approximate outline 
(dashed) of the surge zone. 
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Clarke, 1972) designed for sub-polar ice. The positions of these drilling sites in the surge area 
are shown in Figures 2 and 3. Seven attempts yielded three instrumented sites with depths of 
200.0 m, 122.0 m and 88.0 m at positions 14.30 km, 19.50 km and 24.55 km along this line. 
The selected drilling sites correspond to points on the ice surface directly above regions 
thought on the basis of calculations by Holdsworth ( I 973[ a]) to be at pressure-m elting point, 
near pressure-melting point, and with substantially sub-freezing temperatures. A summary 
of drilling results with causes for termination is given in T a ble 1. The drilled depths are 
compared with ice depths supplied by S. J. Jones (personal communication in 1975) as 
determined by radio depth-sounding techniques (lones, 1972). Figure 3 presents the ss 
flow-line profile with the extent of tempera ture-profile coverage shown. 

Location 

14·3 T '975 

19·5 T '975 

24·55 T '975 

TABLE I. DRILLING RESULTS FOR BARNES ICE CAP 

R iference* Attempt 

'4. 3 ss '4.30-6 

'9.5 ss '9.50 - 1 

'9.50 -7 

24.55 ss 24·55-5 

Date 

I7 M ay 1975 

I M ay 1975 

I May ' 975 
3 May 1975 

7 May 1975 

21 May 1975 

8 May '975 

Depth 
D rilled Radio-echo 

sounding 
m m 

200.0 

10.0 

17 .0 

40 .0 

70 .0 

122.0 

88.0 

220.0 

'92 . 0 

"5.0 

Reason for termination 

Insuffi cient manpower a t drill
ing site to m a intain workable 
shift schedule over longer 
period of t ime 

Freeze-in due to obstruction o f 
therm istor pod on edge of 
drill hole 

Short in power cable at plug 

Short 111 power cable about 
10 m from plug 

Probe burn-ou t from circuit 
overload due to increased 
gcneratOl· speed . Operator 
error 

Sudden reduction 111 drilling 
ra te probably due to englacial 
debris 

Sudden reduction 111 drilling 
rate probably due to en
glacial d e bris 

• Location on survey line ss. All holes are a pproxima tely 5 m west of respective survey poles. 

The general procedures following the establishment of a fly-camp at the selected location 
included clearing away recent surface accumulation down to solid ice in order to prevent 
loose snow from falling into the drill hole. The probe was then connected to the generator 
and the thermistor cable ta ped to the probe power-supply cable as the probe descended . 
Hole closure due to refreezing of melt water in the hole prevented retrieval of the probe, and 
the entire instrument package was allowed to freeze in place once drilling had ceased and 
before temperature measurements were begun. Detailed descriptions of basic procedures and 
technical aspects including measuring procedures are presented by Classen (unpublished), 
Classen and Clarke (1972), and Jarvis (unpublished). 

Minor modifications to the drilling equipment included soldering of the heating element 
into the copper tip as opposed to use of a thermal compound, insertion of the heating element 
to within 0.25 in. (6 mm) of the tip, increasing the probe length to 60 cm, and employing a 
four-conductor power cable for varying line heating (larvis, unpublished). 

Due to supply problems, 18 gauge Beldon 8489 cable was substituted for the customary 
16 gauge Beldon 8620. This proved unsatisfactory for use in the high-line-heating mode due 
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Fig. 3. Cross-section along ss flow line indicating temperature data coverage. Secondary reflections from radio-echo-sounding 
survey are included. Distribution of dirty ice is merely representational and should not be construed as mechanically correct. 
Vertical exaggeration is X IO. 
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Fig. 4. Drilling log of holes I4·30-6, I9.50-7, and 24.55-5. Sudden decrease of drilling rate is thought to indicate englacial 
debris zones. 
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to insula tion failure and short-circuiting in the presence of high (20 A) current. It is thought 
that the sam e problem probably occurs with 16 gauge cable but may have previously gone 
undetected or been misinterpreted. In addition, the PVC -jacket insulation was not suita ble 
for the air temperatures encountered, which ranged between -34'0°C and - I. 3°C. 

R esor t was made to the use of low line heating for the m aj ority of the program, despi te 
which no side-wall freezing was experienced. Although the power output of the heating 
elements was 10.4% below manufacturer 's specifications (2 240 W at the maximum 20 A 
curren t rather than the r a ted 2 500 W ) drilling rates gen era lly approached 4 .0 m/h, seldom 
decreasing below 3.4 m /h for the 7.6 cm dia m eter probe. 

T he dep th of 200 m reached at station 14.30 is som ewhat notable in that the design 
capabilities for this probe were exceeded for the first time by a substantia l d egree. Previous 
experience a mong the various persons involved with the probe indicated tha t nothing beyond 
about 125 m was feasible. T here are a number offactors which may provide a partial explana 
tion of this result. T he heaters, though no more robust tha n in past applications, were in 
better thermal contact with the probe head . T his was achieved by filling th e heater cavity 
with solder before inserting the heater itself. Line heating, tho ugh employed , is generally not 
considered to be highly a dvan tageous. Original design sp ecifications assumed ice tempera
tures a round _ 8°C and some benefi t was undoubtedly given by the genera lly lower tempera 
tures of the medium. Additionally, and perhaps mos t impor tantly, the ice in this region is 
under a slig htly extensiona l force field , a nd it is possible that the melt water may have partia lly 
or completely drained a way through sma ll fi ssures. 

Moraine 

Clean ice 

Om 800m 
Fig. 5. Sketch of ice-cap margin showing moraine and iliferred distribution qf debris-bearing ice. Af ter Hooke ( /973 [b] ). 

A drilling log for the three deepest a ttem pts is presented in Figure 4. T he sharp red uction 
of drilling ra tes for 24.55-5 a nd 19.50-7 are indicative of accumulating dirt or rock particles 
in the hole a nd thus an englacial-debris zone can be inferred . As no provisions were made for 
recovering cores or melt water, no fur ther a nalysis was possib le. 

Hooke ( 1973[a] ) refers to descri ptions o f ice-cored mora ines at short distances up-glacier 
from the margin of a n ice cap . T hese occur with no appa ren t supraglacia l source of debris 
bu t with debris bands d ipping steeply u p glacier fro m beneath the ice (F ig. 5). Surface 
evidence of similar features has been observed along the margins as well . In view of this, it is 
not surprising that a dirty-ice zone was struck at 24.55 km at 88.0 m depth. At 19.50 km, 
however, the possible presence of a debris zone p roduced by this mechanism does not seem as 
likely at the rela tively m ore shallow 122 .0 m depth and this m ay have to b e explained by 
a ppealing to some other p rocess such as transport from the bed by inclusion in refrozen basal 
melt water or the surge itself. 

Total hole depth was 54 7 m . T his requi red 156 h of drilling time and a pproximately 
150 ga l (34 m 3) of fuel. lVI a n-hours in the field totalled 920 for the two-ma n crew and it is 
recommended that a three-m a n crew be utilized for a ny drilling attempts exceeding 120 m . 

R ESULT S 

Table II presents ice temperature a nd depth measurem ents for three locations on the 
Barnes I ce Cap where the depth to bedrock has been es tima ted by radio-echo sounding. 
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TABLE 11. BARNES ICE CAP TEMPERATURE DATA 

14.g T 1975 19·5 T 1975 24·55 T 1975 
2 July 1975 2 July 1975 2 July 1975 

Thermistor Corrected ice Thermistor Corrected ice Thermistor Corrected ice 
depth temperature depth temperature depth temperature 

m QC m QC m QC 

140.0 - 1·50 ± 0.02 10.0 - 9·95 ± 0.02 28.0 -4·68 ±0.09 
150.0 - I.16 ± 0.01 17.0 -7.91 ± o.og g8.0 -g·4 1± 0.og 
160.0 - 0·90 ± 0.01 20.0 -7·g2± 0.02 48.0 -2·55 ± 0.02 
170.0 - 0.66 ± 0.02 go.o -6.06 ± 0.og 58.0 - I.88 ± 0.06 
180.0 -0·49 ± 0.01 40 .0 -5· IO ± 0.og 68.0 - I.52 ± 0.01 
190.0 - 0.lg ± 0.04 50 .0 -4·27± 0.02 78.0 - I.17 ± 0.04 
200.0 -0. lg ± 0.02 60.0 - g·57 ± 0.02 88.0 - 1.04± 0.02 

62.0 - g·50 ± 00 1 
220.0 Bottom 70 .0 - 2.97 ± 0 02 115 0 Bottom 

72.0 - 2.90 ± 0 01 
82 .0 - 2.44 ± 0 02 
92.0 - I.98 ± 0 01 

102.0 - I.60 ± 0 01 
112.0 - I.g7 ± 0 01 
122.0 - 0.92 ± 0 02 

192.0 Bottom 

These results are shown graphically as vertical temperature profiles in Figures 6, 7, and 8. 
All measured values were significantly less than o.o°C except at depths of 190 and 200 m in 
hole 14.3 T 1975 where pressure-melting temperatures were recorded. In all cases tempera
tures increased with depth and temperature gradients generally decreased with depth. 
The experimentally determined presence of a finite thickness of basal temperate ice supports 
thermal instability as the governing mechanism of surge behavior for this section of the ice cap. 

Since drilling activities were carried on until the last days of the scheduled field season in an 
attempt to obtain as much of the desired coverage as feasible, it was not possible to collect 
sufficient cooling-curve data for a detailed analysis of the cooling-curve characteristics. The 
data which were gathered (by D. F. Classen and R. L. Hooke) are presented in Table Ill. 
Final measurements were made from 4 I to 62 d after placement of the particular thermistors 
thereby allowing a generous dissipation time for the thermal disturbance introduced by 
drilling. Pressures due to ice overburden at the depths encountered were not believed to 
effect the thermistor characteristics or readings significantly (personal communication from 
A. E. Beck in 1975). 

Figure 6 is the temperature-depth profile at 14.3 T 1975. The temperature increases with 
depth while the temperature gradient decreases with depth until 180 m, where it undergoes 
a slight change in curvature and then, between 190 and 200 m, becomes nearly vertical 
indicating the pressure-melting isotherm has been enc6untered. 

Since it was not expected that such a depth would be attained with the drilling equipment, 
and since thermistor spacing was selected on the basis of previous experience, temperature 
coverage was regrettably not obtained for the upper section of the profile. 

The pressure-melting temperature at depth T z was calculated using the equation for 
hydrostatic pressure in a fluid at rest which can be applied approximately in a crystalline solid 

where PI is the pressure at depth z, Po the surface pressure, p the density, g the acceleration 
due to gravity, IX the surface slope, and z the depth from the surface. A value of 0.916 Mg/m 3 

was used for the density of ice, 980.665 cm/s2 for g, and I 0 I 3.25 mbar for a standard atmos
phere Po . The change of equilibrium temperature with pressure is a constant, G, given by 
0.00743 deg/bar. The pressure melting point at 190 m is thus -0. 133°C and at 200 m is 
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TABLE III COOLING CURVE D A TA 

Thermistor 
Depth No T emperature T emperature T emperature T emperature T emperature 

m 

Locat ion 1.43 T 1975 19 May 1975 23 May 1975 25 M ay 1975 27 M ay 1975 2 July 1975 
QC QC QC QC QC 

140 1- 13 -0.4 1 ± o 02 [3] - 1.20 [7] - 1.32 [9] -1.37[11] - 1.50 [47] 
150 1-1 2 - 0.23 ± 0 0 1 - 0.52 -0.9 1 - 1.02 - I.I 6 
160 I - I I - 0. 18 ± 0.0 1 - 0·34 - 0· 34 - 0.48 - 0.90 
170 1- 10 - 0. 14 ± 0.02 [2] - 0 .18 [8] - 0. 22 [ 10] - 0.66 [46] 
180 1-09 - 0. 18 ± 0.0 1 - 0 .20 - 0.2 1 -0.23 
190 1-08 - 0. IO± 0.04 -0.11 - 0. 14 - 0.1 3 
200 1-07 - 0. 12± 0 02 - 0 13 - 0. 17 - 0. 13 

Location 19·5 T 1975 20 M ay 1975 25 M ay 1975 27 M ay 1975 2 July 1975 
10 0-4 - 9·26 ± 0.02 [19] - 9. 28 [24] - 9.34 [26] - 9.95 [62] 
20 0-3 - 7· 20 ± 0.02 - 7.19 - 7.20 - 7. 32 
30 0-2 - 5.9 1± 0.03 [1 8] - 5·95 [23] - 5 ·95 [25] - 6.06 [6 1] 
40 0-1 - 5·02 ± 0.03 - 5.06 - 5.07 - 5. 13 

21 May 1975 25 M ay 1975 27 M ay 1975 2 July 1975 
I7 0-1 0 ± 0.03 - 7-7 1 [25] - 7·73 [27] - 7.9 1 [63] 
10 0-21 ± 0.02 - 9. 19 [1 9] - 9.29 [20] - 9·95 [57] 
20 0-20 ± 0.02 - 7. 19 - 7. 19 - 7.32 
30 0- 19 ± 0.03 - 5.9 1 - 5.92 - 6.07 
40 0-1 8 - 4·99 ± 0.03 [1 5] - 5.02 -5.02 - 5.08 
50 0- 17 -4·22 ± 0.02 - 4.24 [17] - 4.24 [1 9] - 4.27 [56] 
60 0- 16 - 3·48 ± 0.02 - 3.5 1 - 3.52 - 3·57 
70 0- 15 - 2·93 ± 0.02 [141 - 2·95 - 2.96 - 2.98 
62 1-20 - 3·04 ± 0.0 1 [4] - 3. 18 [6] - 3.38 [42] 
72 1-1 9 - 2.4 1 ± 0.0 1 - 2.58 - 2. 78 
82 1-1 8 - 1.88 ± 0.02 - 2. 11 - 2.32 
92 1-17 -0-46 ± 0.0 1 - 1.53 - 1.86 

102 1-1 6 - 0·30 ± 0.0 1 - 0 .63 - 1.48 
11 2 1-1 5 - 0·36 ± 0.0 1 [31 - 0.42 [5] - 1. 12 [41] 
122 1-1 4 - 0.22 ± 0.02 - 0 .24 - 0.80 

Location 24.55 T 1975 21 M ay 1975 25 M ay 1975 27 M ay 1975 2 July 1975 3 July 1975 
28 1-6 - 4·57 ± 0 .09 [1 4] - 4.60 [ 18] - 4.6 1 [201 - 4-68 [55] - 4.68 [57] 
38 1-5 - 3·30 ± 0.03 - 3·34 - 3·35 - 3.40 - 3.41 
48 1-4 - 2·46 ± 0.02 - 2.48 -2.50 - 2·55 - 2·55 
58 1-3 - 1.80 ± 0.06 - 1.82 - 1.84 - 1.88 - 1.88 
68 1-2 - 1.43 ± 0.0 1 - 1.47 - 1.48 - 1.52 - 1.52 
78 I - I - 1.07± 0.04 - I.ll - I. 12 - 1.17 - 1.17 
88 0-22 - 0·93 ± 0.02 - 0.98 - 1.00 - 1.04 - 1.04 

The figures in square brackets a re the lapse ti mes in days. 

- 0. 140° C. Both of these values lie within the range of experimenta l error of the measure
m ents a t these points (see T a ble 11) and therefore it is concluded tha t the ice is a t the pressure 
melting point from 190 m to 2 00 m depth a nd presuma bly isothermal to bedrock, where at 
2 2 0 m its temperature would be - 0.1 5 4 ° C. 

T he c ha nge in curvature of the tempera ture profile defines a zone a pproximately 10 m 
thick where sub-polar ice grades into ice a t the pressure m elting point which is proba bly 
thermally disturbed . T his m ay be a m em ory from previo us higher ra tes of m ovement a nd 
increased internal heating due to shear a long the interface between the ice types. At any 
ra te, it is a n interesting feature and may be worthy of further investigation. 

F igure 7 shows a highly convex-upwa rd profile with the temperature increa sing with depth 
and the tempera ture gradient decreasing wi th dep th. The upper section of the curve com
prises d a ta from three sepa ra te thermistor cables all located within I m of each other and with 
final m easu rem ents taken be tween 56 a nd 63 d after placem ent thereby ensuring equilibrium 
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At points where two thermistors were in near proximity, their temperature values agreed to 
within ± O.OI deg. The lower section of the curve represents data from the last thermistor 
cable placed during the season. The lower curve had not reached equilibrium at the time of 
final measurement 42 d after placement. This section of curve has been corrected to equili
brium values. A slight change in the curvature is apparent at the very end of the curve. It is 
believed that the temperature indicated at the last point may not be an equilibrium value 
since the probe apparently entered a debris-laden zone. The resulting decrease in drilling 
speed would produce a much larger hole and the greater thermal input would retard the re
establishment of equilibrium conditions. In addition, the debris particles in the ice would 
alter normal heat diffusion rates, a factor which greatly complicates analysis. 
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Fig. 8. T em/Jera tllre profile at 24.55 T 1975011 3 J uly 1975. 

A linear extrapola tion to bedrock based on the second a nd third lowest points would 
indica te a finite layer of basa l temperate ice. An extrapola tio n based on the rate of decrease 
of the therma l gradient would suggest sub-freezing basal tempera tures. Evidence from Figure 
6 would lead to the possibility of an unexpected change in g radient as the profile nears the 
pressure-melting isotherm a nd therefore it is felt that a simplisti c extrapolation cannot be 
conclusive for predicting basal ice conditions and therefore no interpretation is presently 
offered . 

Figure 8, at 24.55 T 1975 n ear the snout of the surge sec tion , shows a profile similar to 
Figure 6 with a gradient of 0 . I4 ± 0.006 degjm between 78 and 88 m. Final measurements 
were made 57 d after placement and are all equilibrium. A linear projection of the curve to 
bedrock ( 115 m ) places the basal temperature at - 0.6g0C. Since the gradient should 
continue to decrease with depth , this estimate would be slightly warm. The margin, then , 
appears to be frozen to the bedrock, though at a temperature much warmer than previous 
theoretical calculations (Holdsworth, 1973[aJ ) estimated. 
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The thermal regime of the Barnes Ice Cap surge zone suggested by the three temperature 
profiles is strikingly similar to those of the Rusty and Trapridge Glaciers in the Yukon (Classen 
and Clarke, 1971, 1972; Jarvis and Clarke, 1975) but with an experimentally determined 
basal layer of temperate ice of substantial thickness. The snout, frozen to bedrock, would 
appear to act as an ice dam causing the build-up of an ice reservoir in the r eceiving area up
glacier from the snout. Some evidence of this may be seen in the surface profile between 
14·3 T 1975 and 24.55 T 1975 in Figure 3. These results would support a thermal instability 
mecha nism such as presented by Robin (1955, 1969) or Hoffmann and Clarke (1973) as the 
explanation for, and the governing mechanism of, the surge behavior. 

The temperature profiles of all three holes indicate that the basal gradient is very small 
and essentially zero in the case of hole 14.3 T 1975 where the pressure-melting isotherm 
is intersected . The situation would imply non-steady-state conditions and would be thermally 
unsta ble since the gradients would be able to transmit upwards little or none of the geothermal 
heat, frictional heat of sliding, or latent heat of refreezing water. In addition, vertical ice 
velocities with the ice increasing in thickness in the relatively recent past are suggested. This 
would mean that the observed temperature gradients would have to be accounted for by 
mean annual surface temperature, viscous heat generation, and latent-heat exchange at the 
boundary of the temperate and cold ice zones except where the pressure melting point exists 
only along the ice- rock contact, in which event some of the geothermal heat and latent heat of 
refreezing would flow into the ice. Where ice is frozen to bedrock, a local zone of thermal 
stability would exist with departures from steady-state being explained primarily by recent 
ice motion. 

This problem is discussed by Lliboutry (1966) and further elaborated upon in more 
general terms by Jarvis and Clarke (1975) where it is presented that these conditions have 
long been thought feasible for sufficiently thick ice bodies . 

Prior to completion of surface-movement survey results for the ss flow line, no correlation 
between areas of basal temperate or cold ice and surface strain-rate data can be given. One 
would expect active motion and extension above the layer of temperate ice with a gradual 
grading to compression a nd possible stagnation over the cold basal zone. In the area where 
the temperate layer thins so that only the base is at the pressure melting point, a simple model 
would lead to the expectation of a positive vertical flow rate reflecting the damming effect of 
the cold basal margin, the build-up of an ice reservoir, and the addition of ice at the base from 
refreezing of water melted in the central region. 

Geothermal heat flow 
An estimate of geothermal heat flow was determined using data from 24.55 T 1975 

where glacier bedrock was approached and no basal temperate ice was present. This value 
corrected for the effects of climatic variation, does not indicate an anomalously large heat 
flow but, rather, one slightly below world average as would be expected for this region. 
Corrections for topographic dis tortions were not thought to be necessary. 

The heat flux Q was calculated using the relationship for uniform h eat flow through a 
slab, Q = (kid) (tJ -l2) where k is the thermal conductivity, d the distance between the bottom 
two thermistors, tJ the bottom temperature, l2 the temperature a distance d from the bottom. 
The thermal conductivity of ice varies with temperature and density. For the geothermal 
estimates based on the Barnes Ice Cap data, values of k were determined from the formula 
k = 2.24 (1- 4.8 x 10- 38) W lm deg where 8 is the average ice Celsius temperature between 
tJ and t2 (Pounder, 1965). The conductivity was not adjusted for density variations since such 
variations were thought to be slight. 
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A method for calculating climatic corrections to heat-flow measurements was presented 
by Crain (1969) who has shown that the small details of climatic variations have little ultimate 
effect on the h eat-flow correction. The critical factors are the transition times between 
glacial and interglacial periods and the difference in mean annual temperature b etween these 
periods. The most recent deglaciation alone accounts for 70% of the correction. 

Calculations based on the near-surface approximation for d epths less than 150 m give 
corrections of + 22 mW/m2 for the most recent deglaciation (10 000 years ago) and - 9 
mW/m2 for the previous glaciation (60000 years ago) assuming a temperature increment of 
10.0 deg. The total correction is + 13 mW/m2. The calculated value of Q for 24.55 T 1975 
is 29 m W /m2. Corrected for climatic variations this becomes 42 m W /m2. 

The value for heat flow should be viewed with a certain amount of caution since it is 
possible that the ice in this region may not be old enough to have been affected by ice-age 
changes in climate. In addition, no account has been taken of vertical ice velocities in the 
r egion of the calculation or of the complex ice history resulting from the surge. 

Rao and J essop (1975) discussed the low heat-flow values generally associated with 
Pre-Cambrian shield areas and conclude that the mean heat-flow values in such regions are 
much lower tha n those of all continental values or the world-wide average. Twenty shield 
values analysed indicate a range of 21 to 55 mW/m 2 with a mean value of 39 mW/m 2. The 
world-wide average heat flow is a bout 63 mW/m 2 (Lee and Uyeda, 1965). 

Measurements of geotherma l heat flux in Baffin Bay and the Labrador Sea (Pye and 
Hyndman, 1972) indicate mean values of 57 a nd 56 mW/m2 respectively, with the heat flows 
in the center of Ba ffin Bay being slightly higher than the heat flows towards the sides. The 
lack of a pronounced thermal a nomaly in the region suggests little or no sea-floor spreading 
and an extinct ridge zone. 

Sass and others (1972 ) give values of38 and 42 mW/m2 for two sites in the Pre-Cambrian 
shield of south Greenland . 

Any depression of isotherms a long the eastern margin of Baffin Island which m ay have 
r esulted from earlier plate subduction has as a result nearly recovered and it is therefore safe to 
assume that a reasonable regiona l value for heat flow below central Baffin Isla nd would be 
in the vicinity of 46 ± 42 mW/ m 2 which lies mid-way along the g radation of values for the 
shield and extinct ridge regions a nd close to the Greenland val ues. 

Holdsworth ( 1973[aJ) used the J enssen a nd R adok (1963) model for his calculations of 
basal temperatures and a geothermal flux of 67 m W /m2. H ooke ( 1976) finds that a figure 
of 59 mW/m2 is required with the Budd and others (197 1) simpl e column-model equation to 
arrive at basal m elting temperatures and that a value of 40 m W /m 2 fails to produce these 
conditions. Should a regional heat-flow value of 46 mW/m2 be adopted as recommended and 
the remaining known parameters for this section of the ice cap be taken into account, it 
would seem that a fairly opportune situation ex ists in terms of a fie ld case for the improvement 
o f these mathem atical models. 
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