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Background 

In February 1963, the U.S. Geological Survey began a study of heat 
• 

flow in the Arctic Ocean Basin. These operations were carried out from 

the scientific station on T-3 Ice Island (also known as Fletcher's Ice 

Island). At that time, the location of the floating island was approximately 

82° 00' N, 157° 45' W. T-3 was apparently part of the continental ice 

sheet from Ellesmere Island that broke off as it protruded into the sea 

(Crary, 1960; Marshall, 1960; Stoiber and others, 1960). It obtained 

its name from the fact that it was first sighted as a radar target by 

the U.S. Air Force in 1950. At that time, it was about 6.4 x 18.0 km in 

size and approximately 58 metres thick. At various times from March 

1952 to October 1961, it was used as a weather and scientific station. 

It was then abandoned after having gone aground five months earlier in 

39 metres of water, approximately 142 km NW of Barrow, Alaska. Heavy 

winds apparently helped to refloat it in early 1962 when a portion broke 

off. Then, reduced to approximately 4.8 x 9.7 km in size, it was 

rediscovered by aircraft from the Naval Arctic Research Laboratory 

(NARL). In February 1962 the NARL re-established T-3 as a research 

station and kept it operating continuously until September 28, 1974, 

when all remaining personnel were evacuated, and the station was abandoned. 

The U.S. Geological Survey heat-flow studies were part of the scientific 

effort supported by the NARL. 
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Operations 

~~ 
The size and stability of T-3 Ice Island~it ideal for the v"' 

• establishment of a permanent camp. It is not subject to the formation 

of pressure ridges and is much less likely to break up than is the pack 

ice. However, while the camp was situated on the island, much of the 

scientific work was done from several hydrohuts located on the pack ice, 

where the ice was much thinner and easier to work through. Generally, 

each continuing project had its own hydrohut, but these facilities were 

often shared with short-term projects. T-3 has a natural indentation or 

bay in its configuration, which is called Colby Bay. Although the camp 

was moved occasionally, it was always close to Colby Bay where the 

hydrohuts were. In the summer of 1962 portions of the ice in the bay 

broke up. Every summer after that, however, the bay ice remained 

connected to the island and the summer break-up of the pack ice occurred 

along the mouth of the bay. 

From February 18 - April 7, 1963, the USGS hydrohut was built, a 

1.2 x 1.2 x 3.7 metre hole cut through the ice, and the first two casts 

for heat flow made. Two men returned in June and stayed until September 

16 to make 23 more casts. The results of these first 25 casts were 

published previously (Lachenbruch and Marshall, 1966). At first, the 

fieldwork called for 2 to 3 short trips to T-3 (2 to 3 weeks each) 

from October to May, and a full summer's work from June through September. 

This plan was followed through September 1965 when it was decided that 



T-3 was moving rapidly enough to warrant a continuous field program. 

Except for an occasional month or two hiatus the fieldwork was con-

tinuous from March 1966 through September 1972. By this time, the 

island was moving much slower in a congested field of pack ice north 

of Ellesmere Island. The remaining two field trips were in April-May 

and October-November 1973. 

A fire completely destroyed the hydrohut in April 1966. A new hut, 

winch, tripod, and necessary heat-flow equipment were quickly flown in 

while the planes could still land on the island. The new setup was 

better. Two hinged gratings were installed flush with the deck of the 

hut over the hydrohole. This was a good safety feature, and it also 

helped to make the handling of the Thermograd (heat-flow corer) in the 

hut a one-man operation. After a cast, for example, the Thermograd was 
-

raised high enough in the tower of the hydrohut for the tip of the core 

barrel to clear the deck. The tip of the core barrel was then lifted 

into a sling attached to a pulley on a line that extended to the opposite 

end of the hut. The grating doors were closed, covering the hydrohole, 

and the coring head was then lowered onto a two-wheeled "dolly" on the 

grating. The Thermograd could then be pushed away from the hydrohole 

to a convenient place to remove the core. This one-man system was used 

from the fall of 1966 on. Other improvements were a better level-wind 

system with fleet angle compensator for the winch, and a better line-

weight tensiometer with a strip-chart recorder for continuous monitoring 

of line tension. 



The frequency of making a cast for heat flow depended on the move-

ment of the island and the changes in bottom topography. Except for 

times when there were equipment problems, the frequency varied from o~e 

a week to one per day. Usually 2 to 3 a week was average. The actual 

density of heat-flow values varied also because of the erratic drift of 

the island. In addition to heat-flow casts, temperature profiles of the 

ocean and more detailed temperatures of the bottom 100 metres of water 

were obtained, and a few attempts to get more detailed sediment temperature 

1 metre to 4 metres in the sediments were made. 



Methods and equipment 

Gradient. The geothermal gradient was measured, and core obtained 

using a Ewing-type piston corer (Thermograd) similar to the one devel'oped 

at Lamont-Doherty Geological Observatory (Gerard and others, 1962). It 

had four thermistors on outriggers mounted on the core barrel approximately 

l metre apart. A fifth thermistor was mounted on the top of the corer 

on the instrument case housing to obtain the bottom-water temperature. 

Temperature differences were measured within a few thousandths of a 

degree Centigrade. The Thermograd used for the earlier casts was a 

Model 322 from Alpine Geophysical Associates, which recorded data on 

35 mm film. New Thermograds were designed by the U.S. Geological Survey 

in Menlo Park using a Moseley 680 strip-chart recorder with a 15 cm wide 

chart for data reco~ding. The recorder allowed for quicker and easier 

evaluation of records. A later modification allowed for the separation 

of the instrument package and corer when triggering occurred at the 

ocean bottom. Thermistor circuits were connected to the instrument 

package by extendable telephone cables. The USGS thermograds also 

increased the core barrel length from 3.05 metres (10 feet) to 3.66 

metres (12 feet). The l.ar%E!r length was the same as that of the plastic 

core liner obtained, and allowed for a slighly wider spacing of the 

thermistors. Initially, water pipe was used for the core barrels. It 

was not strong enough, however, and after obtaining a few bent barrels, 

heavier-walled 4130 steel tubing (I.D. = 3.96 cm, O.D. = 5.08 cm) was 

used. 
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Thermal conductivity. Thermal conductivity (k) of the sediments 

through the depth of gradient measurements is required to obtain heat 

flow. All values of k were determined using the needle-probe method, 

(Von Herzen and Maxwell, 1959) with probes which were designed and built 

in our Menlo Park Laboratory. The latest design is shown in Figure ;;__ . 

Each thermal conductivity probe was calibrated regularly in a fused 

silica rod of the same diameter as the core (3.5 cm) using Ratcliffe's 

(1959) formula. The silica in turn was checked against quartz standards 

by steady-state methods to determine its quality in reference to Ratcliffe's 

silica. The agreement was within 1%. 

Most of the conductivities for the first 28 casts were determined 

in the field using a strip-chart recorder to measure the amplified 

imbalance of a wheatstone bridge which tested the thermistor circuit of 

the k-probe. The chart spans were calibrated with a decade resistance 

box. A constant current was supplied to the heater circuit of the probe 

with Invar Model 479 power supply and was measured with a L&N potentiometer 

testing across a standard l ohm resistor. Sections of the core were 

enclosed in a form-fitting styrofoam box which accommodated five sections 

and their conductivity probes. The core was cut into 15-cm sections for 

ease of handling and shipping. 

The above system was replaced with a laboratory unit yielding 

resistance and time data on punched cards which were processed by an 

IBM 360/65 computer to provide thermal conductivity values and plots 



of temperature versus in (time) for each test. A North Hills precision 

DC current source with 0.02% absolute accuracy and digital current 

readout of l µA resolution provided the power to the probe heater cirfuit. 

The probe thermistor circuit was connected to a digital voltmeter with 

ohm-DC converter and then through a buffer circuit to the printing 

summary punch. A metal cabinet with 20 Styrofoam-insulated compartments 

was used to house the core sections. Each compartment was wired with a 

connector compatible with the probes and a compartment selector switch 

was mounted on the cabinet. The temperature of each sample was monitored 

until it stabilized, or a sufficiently small temperature drift was 

obtained. A typical computer plot and printout from a thermal con-

ductivity test using this system is shown in Figures 

A printout of resistance, temperature, time, and the thermal conductivities 

from least-square solutions of different time intervals was also provided. 

More than 14,700 thermal conductivity values were obtained from Arctic 

core. Corrections for depth and temperature were applied according to 

Ratcliffe (1959). 



Core. A total of 584 casts were made from T-3 to measure heat 

flow. Approximately 1.486 km of core was obtained from 546 of these. 

The remaining 38 casts included two that had rocks stuck in the corin~ 

tip, preventing any sediment recovery, three where the complete probe 

was lost, and two where the cores were lost. The longest core was 5.54 

metres and the average length was 2.72 metres. 

Immediately after recovery of a core, the excess plastic liner was 

cut off; the liner with the core was capped, taped, and cut into 15 cm 

lengths which also were capped and taped. For the first 382 casts, all 

the core sections were placed in an olive jar which was then sealed with 

a water-tight lid. The sections from the cores after F-382 were sealed 

with wax and wrapped in a plastic bag instead of being placed in the 

glass jar. Most of the core sections were weighed at T-3 and at Menlo 

Park to determine any weight loss. Four thousand sections from some of 

the casts from F-92 - F-382 which were weighed indicated that 87.1% had 

lost 0.5 gm (2-3% of sample weights) or less, and 69.7% lost 0.25 gm or 

less. The same analysis for 1,413 waxed samples gave values of 98.2% of 

0.5 gm or less loss, and 95.9% with a loss of 0.25 gm or less. It was 

more difficult to weigh accurately at T-3 than at Menlo Park because of 

a less stable base for the Mettler balance, but most of the loss in 

weight was probably due to water loss in the sample. 

Care was taken to prevent the core from freezing so that it would 

remain as natural as possible. They were shipped in insulated cases 

f 



and received special handling when loaded in the plane at T-3 and while 

at Barrow, Alaska. Occasionally one would be frozen, so a test was made 

with the core from a cast with unusable temperature data, F-439. It 

had 22 core sections. Conductivity was tested at three locations on 

each section before and after freezing. Each section was frozen from 

three to five days at approximately -30°C. The average absolute difference 

was only 2.3%. A few had higher conductivities after freezing, but most 

were slightly lower in value. 

In order to make optimum use of the core, arrangements were made 

with Dr. David Clark at the University of Wisconsin, in 1968, to send 

the cores there when the USGS was through testing them. As of February 

1975, 381 cores had been shipped to the university for further studies, 

i.e., paleomagnetism, moisture content, mechanical analysis, C0 3 content, 

microfossil investigations, sedimentation rates, clay mineralogy, and 

other studies. Thirty-nine cores were tested by Carl Bunker (USGS -

Denver) for radioactive heat production (Table _J_), and one core each 

was given to Lamont-Doherty Geological Observatory, H. A. Wollenberg 

(Lawrence Radiation Laboratory) and to the Navy Oceanographic Office. 

f 



Results 

Heat-flow data of the Arctic Ocean obtained from this study are 

presented in Table _,g___ along with the thermal gradients and harmonic· 

thermal conductivities over the different depth intervals for each 

successful cast. The five thermistor positions were numbered consecutively 

beginning with the one closest to the tip of the core barrel. Position 

one penetrated ·into the sediments most--0eeply, and position five was 

mounted either on the coring head or instrument package, or on the core 

barrel when attempts for longer cores were made. Three-hundred fifty-

six heat-flow values are listed; all except the first 19 are new. No 

values are listed where core was not obtained at the site or where the 

core was frozen, even though the later situation may have had a minor 

effect. Heat-flow calculations were made only for those gradient 

intervals where the recovered core extended over at least half of the 

interval. 
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THERMAL CONDUCTIVITIES 

Thermal conductivity values, k, obtained in this study were highly 

variable. This was generally true when comparing mean values from ' 

different cores and also when observing conductivity values over a few 

centimeters in a single core. Most of the cores were collected in the 

Amerasia Basin of the Arctic Ocean where certain major features of the 

floor provide natural areas and boundaries for discussing the data. 

Figures_;[_ to _J__ are histograms of the conductivity values for some of 

these. The number of data for each plot represents the number of core 

sections providing mean k-values. Each k is the mean conductivity of 

from one to five thermal conductivity tests. Mean thermal conductivity 

values per area range from 2.40 meal/cm sec °C for the NW Canada Plain 

to 3.10 meal/cm sec °C for the eastern Alpha Ridge. The division 

between the eastern and western Alpha Ridge is arbitrarily taken at the 

90°W longitude except that F-537 and F-538 are included in west Alpha. 

According to Beal (1966) this would identify the eastern area as the 

junction of the Lomonosov Ridge and Ellesmere Island. The Mendeleyev 

Plain is the name suggested by Hall (1970) for that plain lying northwest 

of the Chuckchi Cap at a depth of about 3300 metres. The Mendeleyev 

Ridge includes the Arlis Plateau, Sargo Plateau and the T-3 Plateau 

(Hall, 1970). 

Much of the sediment studied was either a grey or brown lutite, 

often showing mottling. X-ray diffraction analysis of the less than two 
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micron fraction from 25 cores indicated an average clay composition of 

37% illite, 32% chlorite, 27% kaolinite and 3% montmorillonite (Darby, 

1971). These cores were from the Canada Plain, Alpha Ridge (west), apd 

Mendeleyev Ridge; and these percentages held regardless of sediment 

color. 

The area of least variable conductivity was the NW Canada Plain 

(Area E, Figure_:]__). It lies between the Chuckchi Cap and the Alpha v 

Ridge. A large portion of this plain is extremely flat. Twenty-nine 

cores (F-229 - F-266) were recovered over an area of approximately 1736 

km2 from an average depth of 3809 metres (line depth). The standard 

deviation of depth was 16 metres. The mean conductivity value for 688 

core sections was 2.40 meal/cm sec °C (Figure __f__). Campbell (1973) 

correlated a fine grained, plane-laminated turbidite in the cores from 

this area. It overlaid a 1-10 mm thick brown foraminiferal lutite which 

averaged 6.34 cm below the sediment-water boundary. None of the k 

values are identified with this shallow turbidite. Only 2.5% of the 

cored sediment in this area was identified as turbidite. Figure .lJ2_ 

plots conductivity against depth and suggests that a larger number of 

the higher conductivities are concentrated close to the depths of about 

l metre and 3.4 metres. The same data was averaged over 30 cm depth 

increments. The standard deviation was then plotted as a horizontal 

line with midpoint at the mean conductivity value (Figure _fj_). The 

reason for the larger conductivities is not known, but possibly they are 

associated with a slightly different mineral assemblage and/or a different 

grain size distribution which is not associated with turbidity currents. 



A typical plot of conductivity, moisture content and coarse fraction 

with depth for a single core in this area is shown in Figure 12. 

Turbidites were found more frequently in cores from other portions 

of the Canada Plain where 27% of the cored sediment was turbidite 

(Campbell, 1973). Although some well-sorted fine-grained sands were 

' 

found in these areas, most of the turbidity current deposits were 

classified as silts and sandy silts (Campbell, 1973). Campbell showed 

that the average mineral composition of the sand fraction of 19 turbidites 

from the Canada Plain was 54% quartz, 13% chert and 11.4% detrital 

calcite. Also the Canada Plain turbidites tested were composed of large 

weight percentages of silt-sized particles with large weight percentage 

variations of sand and small percentage variations of clay. The larger 

variation of conductivity in the northern and southern parts of the 

Canada Plain compared with the NW Canada Plain is seen from their 

histograms and depth distribution plots (Figures 13 ,: i"-f ) . 

Detailed data for thermal conductivity, moisture content, coarse fraction 

of grain size and turbidites were not always made on the same cores. 

Such data was available for core F-31 shown in Figure ; ,;: The dif-

ferent properties were not measured at exactly the same depths which 

accounts for some offset at correlation depths. The two turbidites 

identified in F-31 are associated with increased k-values. The highest 

k-value is a reflection of the low moisture content just above the two-

metre depth. It is interesting to note that conductivity values of 3.35 

and 3.86 meal/cm sec °C were found in the turbidite at about 1.2 meters 

even though the moisture content was more than 50%. 
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Cores F-196, 197, 207, 208 were from the Mendeleyev Plain. Figure 

__j__ displays the histogram of conductivity values. The mean conductivity 

value is close to that for the north Canada Plain with a standard 

deviation of about 12%. Section averages of several physical properties 

for core F-207 on the Mendeleyev Plain are plotted in Figure ..!....b..· The 

bed of coarser sediments at about 1.4 meters registers increases of all 

plotted parameters. Here is another instance where a change in moisture 

content correlated positively with increases of conductivity and percent 

coarse grains. The coarse fraction included 20% detrital carbonates and 

40% Foraminifera (Hoffman, 1972). This was one of the few cores tested 

that had such a high percent of Foraminifera. 

Histograms of the thermal conductivity values for the different 

undersea ridges mentioned are presented in Figures ,;- to ____f,_. Figure 

/7 plots individual conductivity versus depth data for the Mendeleyev 

Ridge. Of the three ridges, the Mendeleyev Ridge had the least standard 

deviation from the mean k-value; about 8% compared to approximately 12% 

for the other two. It also had the lowest mean conductivity, 2.52 

meal/cm sec °C. This was almost identical to the value for the Canada 

Plain South, although the ridge had a standard deviation more than 

twice as large. The conductivity values for the Mendeleyev Ridge 

included data from stations F-110, 156, 165, 193, and 198 from which no 

heat-flow values were obtained. 

The mean conductivity value increased from the 2.52 meal/cm sec °C 

for over 1,000 section mean values for the Mendeleyev Ridge to 2.77 

meal/cm sec °C for over 3,900 section means from the west Alpha Ridge 

l 



to 3.10 meal/cm sec °C for over 500 section mean values for the east 

Alpha Ridge. Darby (1971) identified 7 significant carbonate layers 

from cores peripheral to the Canada Plain. Nearly all carbonate peaks 

were related to an increase in coarse material. He found that Foraminifera 

(which constitute 99% of the carbonate secreting organisms in Arctic 

sediment) do not contribute significantly to the carbonate peaks and 

that in the detrital material dolomite was three to five times as 

abundant as calcite. Hoffman (1972) studied pink layers from 32 of the 

cores from the margins of the Canada Plain. With only two exceptions, 

these pink layers were associated with beds of coarse (greater than 62 

microns) sediment; the average being sediment with 22% (by weight) 

coarse material. The coarse fractions averaged 27% quartz, 44.5% carbonate, 

11 .4% Foraminifera. He also found non-pink beds of similar grain size 

distributions whose coarse fractions averaged 49.5% quartz, 22.5% 

carbonate, and 12.6% Foraminifera. Data from core F-116 from the 

Mendeleyev Ridge (Figure J..1,_) demonstrates the relationship of one pink 

layer with other physical properties. The data plotted are section mean 

values. A single k-test at the depth of the pink layer measured 4.3 

meal/cm sec °C. 

Section mean values for thermal conductivity, percent water, coarse 

fraction, and percent carbonate are plotted with depth for F-221 in 

Figure L:J_. The remainder of such plots (Figure /l..Jz. to _!JJ present 

individual values with depth, for more detail. F-216, 221, and 223 were 

peripheral cores from the north Chuckchi Cap. F-557 and F-559 were 

taken from the east Alpha Ridge. The remainder of the plots of 

individual tests are from cores from the west Alpha Ridge. In general, 

t 



the percent moisture correlated negatively with conductivity, and the 

coarse percent and percent carbonate correlated positively with conductivity. 

These correlations offered no surprise, but some of the values did, 

i.e., at a depth of about 0.4 metres in core F-322 the thermal conductivity 

value was 5.31 meal/cm sec °C even though the water content was almost 
CJ. /1,.-,.~":.£,t 

30%. The reason is probably the high carbonate content at this depth 

along with the moderate percent of coarse material. Another exceptional 

core was F-533. Even though a large amount of coarse material was 

present (apparently volcanic) the conductivities between 2-3 metres were 

controlled by the extremely high moisture content. 

The two most unusual cores obtained were F-422 and F-437. The mean 

conductivity of F-422 from 0.08 metre depth to the bottom of the core 

was 1.57 meal/cm sec 0 c. Core F-437, from 0.4 metres to the end of the 

core at 2.8 metres, had a mean conductivity value of 1.52 meal/cm sec 

°C. Because of their uniqueness compared to our other Arctic cores, 

they were shipped immediately to University of Wisconsin. Their real 
,1 ,c 

value was reported by Ling and Clark (1973). - S<·":1 .,.,,· 

All available data were used to plot different combinations of 

thermal conductivity, moisture content and percent coarse. Figure 3' 

graphs thermal conductivity and percent water; 1,740 core section 

mean values are plotted. The resultant equation for conductivity is 

K = (125 + 6.59 w)- 1 . We do not use this to estimate conductivities 

of Arctic sediments from moisture content, but it is presented here as 

a comparison to Bullard and Day's (1961) equation of K = (161 + 6.51 w)- 1 

, 
,: 
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which is often used for estimates of kin other oceans. The Arctic 

values for water content greater than 65% came from cores F~422, 437, 

and 533. Data from these cores are treated separately in Figures 31 

and 3 ~. In the first of these, 1,825 core sections values show the 

relation of conductivity and percent coarse. 

data fork greater than 1.9 meal/cm sec °C. 

The lower line represents 

The next graph (Figure J>) 

displays l ,810 section values relating water content to percent coarse. 

The upper line was determined from data where the percent water is 

greater than 65%. 
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HEAT FLOW 

Values of heat flow for each successful station are listed in 

Table /1 . Mean heat-flow values for different areas in the Amerasia 

Basin are shown in Table 3 , and some are presented graphically in the 

histograms of Figures JG to 3'?. None of the mean values could be 

considered high, in fact, those from the larger geographic divisions 

(upper table) range only from 1.19 HFU for the Mendeleyev Ridge to 

~~.:ZQ._~~rom the east Alpha Ridge. The highest individual value was 

2.86 HFU measured at station F-389 on the west Alpha Ridge. Four nearby 

values varied from 1.20 - 1.26 HFU indicating that the high heat-flow 

value must reflect a minor local condition. On the southwest base of 

Crary Seamount, F-278 had a value of 2.00 HFU among three other values 

measuring from 1.25 - 1.28 HFU. This higher heat flow is probably also 

a local anomaly since the remaining five values are not rejected from 

normality by the Kolmogorov-Smirnov statistic (Lilliefors, 1967). 

Only four other individual values equaled or exceeded 2.00 HFU; these 

were all found on the east Alpha Ridge and ranged from 2.19 - 2.37 

HFU. They were in the province of highest mean heat flow. 

The 29 values listed from the northwest Canada Plain (area E) are 

from a very flat portion of that area and provide the most reliable 

mean value of any area, with a standard error of 0.4%. The cores 

obtained full penetration into the sediments at all these stations, 
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permitting a comparison of temperatures at specific depths over the 

area. The sub-bottom depths compared were: 0.0 cm, 66.0 cm, 167.6 cm, 

268.0 cm and 368.3 cm. The largest standard deviation was 0.0085 °C 

at 66.0 cm. A regression line calculated from these points had a 

correlation coefficient of 0.89 and indicated the temperature gradient 

was 69.7 °C/km. It was from these cores that Campbell (1973) suggested 

an average sedimentation rate of 83 mm/1000 years, dependent on a 

correlation with cores described by Hunkins and Kutschale (1967). 

The data from each physiographic province and each sub-area listed 

in table .3 were tested for normal distribution by means of the 

Kolmogorov-Smirnov statistic (K-5 statistic). The Alpha Ridge and west 

Alpha Ridge data were rejected; however, when the high heat-flov1 value 

from F-389 was excluded, the west Alpha Ridge data was not rejected. 

Data from some of the other areas are plotted with their confidence 

level curves in Figures _.'!1._ to ~7. The depth boundaries used for the 

Alpha Ridge and Mendeleyev Ridge were 3450 meters and 3100 meters 

respectively. These and other boundary restrictions excluded 25 heat-

flow values from the analyses in the upper part of the table. Essentially, 

all those remaining were from areas close to the boundaries between 

abyssal plains and ridges or escarpments. 

The data were further divided into populations suggested by their 

areal distribution. Detailed bathymetry maps from Hall (1970) are 

used in Figures lio to li:2-- to view some of those heat-flow data more 

closely. Areas are identified by letter, heat-flow values by numbers in 

HFU, and the numbers in parenthesis are the number of values per area. 



Twelve heat-flow values were obtained at the north Chukchi Rise -

Canada Plain boundary. The 10 values from depths below 3450 mat 

area D had a mean of 1.39 HFU. Data from only three of the sub-area\, 

with four or more values, were rejected from being normal populations--

areas M, C, and S. Areas C and M were not rejected when the highest 

value from each area was not used. The values in areas D, F, and G 

were all at depths below 3450 m. The mean heat-flow values for each 

of these three areas, area LR (depths 2280 - 3300 m), area N (2500 -

2700 m), and the single value for F-89 (3799 m) were very close to 1.41 

HFU. 

All heat-flow values from areas K, L, Q, R, S, and T were combined 

to produce a mean value of 1.15 HFU. When values from areas Mand N 

were included, the mean was 1.19 HFU. In either case, a normal population 

was suggested by the K-S statistic and the mean heat-flow value was very 

close to that for the Mendeleyev Ridge. Area L was where Hall (1970) 

found hyperbolic echoes which he interpreted as buried linear sediment 

ridges. 

Between 90° - 120° west longitude on the Alpha Ridge, areas P, V 

and W individually had mean heat-flow values from 1.30 - 1.32 HFU 

and collectively had a mean of 1.31 HFU with 0.04 standard error for the 

28 values. Area Z includes stations F-537 and F-538 which were less 

than 7 km apart. The heat-flow values were 0.73 HFU and 0.82 HFU. 

They were considered reliable, but their significance is not known because 

of the sparse data. Excluding areas Z, C, and H, the mean heat-flow 

J 



values for groups of areas increased eastward: 1.19 HFU (areas K, L, 

M, N, Q, R, S, T), 1.31 HFU (area V, P, W), and 1.70 HFU (east Alpha). 

Hall (1970) suggested a particular fracture pattern for parts o~ 

the Alpha and Mendeleyev Ridges and located what he thought to be the 

dislocated axes of an old spreading center. Using those suggested axes, 

272 heat-flow values were plotted against distance from the spreading 

center (Figure s8 ). This was possible for data as far east as area 

V. The regression line indicates an increase of 0.0011 HFU/km with 

distance from the ridge crest, which is at least compatible with the 

idea that the Alpha Ridge is an extinct spreading center. A plot of 

heat flow versus water depth (Figure c1) shows essentially no correlation. 

The USSR have obtained heat-flow data from the Arctic. Most of 

their stations were west of the 180° meridian, but one value of 1.80 

HFU was reported at 86° 03' N latitude and 115° 20' W longitude. This 

is about 34 km NE of area S. While this single value is significantly 

higher than the mean value of 1.11 HFU for area S, it is consistent 

with the variability of individual values found on the Alpha Ridge. 

f 



Ocean temperatures 

Five temperature profiles to the ocean bottom were obtained as part 

of some early heat-flow casts. In 1968, separate casts for ocean 

temperatures were added to the field program, and 75 more profiles were 

acquired. The temperature range was set at the surface and was not 

adjustable during the test, so only the gross temperature structure was 

visible. The first two of the separate profiles and the five early 

profiles were over the Canada Plain; the remainder were over the Alpha 

Ridge. Table ...!::f._ lists locations for the various water profiles, and 

the two detailed sediment temperature tests. The profiles were divided 

into groups suggested by the data and identified in Figure S-j. Mean 

values at the measured depths were obtained for each group and plotted 

on the same figure. No distinctive relation is presented by the grouped 

data in the upper 400 metres. In this depth interval, group three has 

the coldest temperatures at every depth but one. Below 400 metres, this 

group has the coldest profile to its depth of 2000 m. Group three 

consists of six profiles SE of Hall Seamount at area ''v,'' but nothing 

unique or specially unusual is known about the area. Profiles below 

400 metres for the remaining three groups become progressively colder 

eastward. This means that the thickness of the Atlantic water layer 

decreases slightly eastward. For group one the Atlantic layer lies 

approximately between 300-940 metres, and for group four its limits 

are approximately 280-780 metres. These are consistent with the limits 
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of 200.900 metres reported by Coachman and Aagaard (1974). Some 

reduction in Atlantic water thickness from heat losses is expected, 

especially by the time this water has circulated as far as the area 

north of Ellesmere Island. (The residence time of the Atlantic water is 

approximately 10 years.) The temperature of group four at 500 metres 

is 0.328°C. 

A few attempts were made to obtain more detailed temperature data 

from the bottom 100 metres of ocean water. The narrower temperature 

range used meant the recording instrument was off scale except for 

depths near the bottom. The procedure was to lower the pressurized 

recording system with one external thermistor to the ocean bottom, 

obtain a 5-10 minute reading and then, raising it, take similar readings 

one metre apart to ten metres and then at ten·metre intervals to 100 

metres. Nine of the twelve attempts were usable, and plots for these 

are shown in Figures .f2- to ~S. No time series was attempted. Profiles 

three and four were taken approximately 19 km apart at comparable depths, 

and with a 13-day interval of time. Their bottom temperatures are 

essentially equal (-0.273 °c and -0.274°C), but number three has a 

greater temperature decrease one metre from the bottom. The least-

square temperature gradient for profile three is 0.087 °C/km. The 

gradient for number four (10-70 metres) is 0.094 °C/km. At this depth 

the adiabatic gradient is approximately 0.084 °C/km. The suggestion 

from the profile of a small transient temperature change in the 

bottom water is supported by the temperature records of some nearby 

t 
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heat.flow casts, FL 379, 380, 382, 383, and 384 each indicate a 

temperature reduction of from 0.010 to 0.015 °c of the water at the 

water-sediment boundary. The mean change was 0.011 °c. At these 

particular heat-flow stations a partial pull-out of the corer was 

attempted to obtain more sediment temperatures. Using a step change of 

temperature and assuming a 0.003 °C change of temperature to be 

significant and detectable, the 20-50 cm depths yielding these changes 

indicate they occurred roughly 10-60 days before the sediment measurements. 

These bottom-temperature profiles clearly suggest superadiabatic 

temperature gradients near the bottom, probable small scale convection 

and micro "thermals" (Bodvarsson, 19_). 

The results of the two successful detailed sediment temperature 

probes are plotted in Figure &1 and '"c. They indicate near-surface 

steady-state conditions at the two localities. The small differences 
r, ( .Of},- I')/ '"1 

in temperature gradient'·reflect minor thermal conductivity changes. 

l 

70 71

Note added by C. Ruppel in February 2019:  The figures that should be numbered 70
and 71 (originally referred to as 69 and 70) are missing from the version of the report 
that the USGS has.  They are also missing from other known copies of the report.  
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I 
HADIO-ACT!Vf tlFAT GE ,1Fll11 l ION ( H ) OF <;ELEC:TFJ) FARLY CORES 

H pi Ass UN I l S ~ MICRO-CALOi1lES/GRAM YEAH 

FL- l 8?.-30N l56-?6W J747~1ETERS H(MASS UNITS)., 6.57 
FL• 2 82-l2N l56-36W 3742ME.TtRS H(MASS UNITS)• 6060 
FL- 3 B2-32N 156-541!1 3741METERS H(MASS UNITS>= 6078 
Ft- 6 82 .. 43N 158-00W 3740METE.RS H(MASS UNJTSla 6073 
FL- 1 B2-44N 158-l4W 3742METERS H(MASS UNITS)• 6073 NO Hofe 
FL- 8 82-40N 157-33W 3742METERS H(MASS UNITSla 6.70 
FL• 9 82-46N 157-05W 3743t-'ETERS H(MASS UNITS>= 6067 
FL- 10 82•57N l55-47W 3<;07METERS H(MASS UNITS>m 4049. 
FL• 12 83-0SN l5S-51W · 3473METERS H(MASS UNITS)a 4,24 
FL• 13 B3-08N l51i-50W 3<;77METERS H(MASS UNITS>• 4,58 
FL- 14 83-08N 157-llW 3216•.ffTERS H(MASS UNITS): 4.02. 
fl_• 15 83-00N 15~-lBW 3137METERS H(MASS UNJTS): 4.18 
FL• 21 83-03N l63-31W 3494METERS H(MASS UNITS)= 5, 19 
FL• ?2. 82-54N l63-18W 3750METERS H(MASS UNITS)r:: 6045 
FL- ?3 82-41N 163-lBW 3748ME.TERS H(MASS UNITS),. 6,47 

. fL- 24 82-23N l62-03W 3743METERS H(MASS UNITS): 6,54 --T A6 L. £... 
FL• 27 80-47N l40-25W. 3706METERS H<MASS UNITS)• 5,99 

0 FL• 30. 80•30N 139-45\~ 3706METERS H(MASS,UNITSl• s.76 
FL- 35 80-46N l36-49W 36tl0METERS H(MASS UNITS)• 5,56 
FL• 38 80-36N l37-41W 3686f1ETERS H(MASS UNITS): 5,85 
FL• 47 80-42N l35-09W 3645METERS H(MASS UNITS>• 5,84 

~FL• 53 B0-32N 136-49"1 3671METERS H(MASS UNITS)• s·o93 
FL• 66 75-28N l41.-14W 3700METERS H(MASS UNITS)• 6.21 
FL- 74 75-SON 139•131'/ 3F,85METERS H(MASS UNITS)., s.98 

.FL• 78 75•22N l40•10W 31,78METERS H(MASS UNITS>11 6.04 
FL• 84 75-23N 156-0BW ;>;:>l~METERS H(MASS UNTTSla 8.46 NO HeFe 

/ FL- RA 75-54N 15;>-23W 37tl2MF.TERS H(MASS UNITS): 6.48 
-FL• 93 77-481\1 175•25W l564METERS H(MIISS UNITSl11 4,52 

fL-101 77-40N 174•20W 20 7 2~11:TERS H(MASS UNITS)• 5,63 NO Hofe 
FL•ll2 77-57N ,173•41W 1743METERS H(MASS UNITSI• 5.61 NO H.F. 
fL•l26 78•22N 175•53W ll781"F.TERS H!MASS UNITS).: 4,48 
Ft -1 R3 79•18"i l75-06W 2213METERS H(MASS UNITS>• 4.80 NO H.F. 
FL•l<,4 80-llN l74•01W 2;>09METERS H(MASS UNITS>• 4.63 
FL-217 80-36N 157-59W 3712~iETERS H(MASS UNITS)= 4,23 
FL-222 80-29N 159•13W. 3630METERS H(MASS UNITS): 3o89 
FL•22A B0•49N l58•49W 3632METE,RS H(MASS UNITS>• 3.91 NO. Hofe· 
F1 •271 83•11N l5'.'1~54W 3523MfTERS H(MASS UNITS)• 4.18 
FL-274 83-l4N l 5'.'1-04W 2745METERS H(MASS UNITS)= 4o47 
FL-280· 83•52N l4A-23W 2639METERS H(MASS UNITS)• '•·42 . NO H.F. 

TABLE 1.  Radioactive  heat generation for selected early T-3 cores.  This table and associated metadata are available in digital form in:
Ruppel, C.D., Hutchinson, D.H., Lachenbruch, A.H., and Hall, J.K., 2019, Thermal Data and Navigation for T-3 (Fletcher's) Ice Island Arctic Ocean 
Heat Flow Studies, 1963-1973: U.S. Geological Survey data release, https://doi.org/10.5066/P97EPU2F.



(Ml GRADJt:NT 
-SlA- -1..Al--- __ l.!2!:!~--- .U.Eflti 1::.z ___ 2.:.J...:~1::!i---~=~ 

f 2 H2 11 • 81 l ':i6 ::.s.so 374?. 6~.o 66.? 
f 3 82 31.81 l':i6 54.04 J74l 68.0 67,9 6605 
f 6 d2 42.66 lS7 59. 77 3740 62.6 62o7 
f 8 82 39.50 157 33.24 374?. 66.5 67,3 65.l 
f 9 82 45.45 157 04.58 3743 64.3 63.2 62.6 
f 10 82 56. 73 1S5 46.83 3507 47.l 49.5 51. 6 
f 11 82 59.78 l S5 56."2 3520 52,5 55.5 
F 12 83 04.80 155 51.22 3473 53.9 56,7 
F 13 8J 07,Hl l ':i6 50,04 3577 56,5 52.7 
f 14 BJ 07 .12 157 l l • 04 3216 JB.S 39.9 
f 15 82 59.51 158 17 ,57 3137 30,0 29o7 30.l 
f' 16 83 Olo09 158 54,48 2247 37o7 30oo 
f 17 82 58.69 159 06.88 2215 32oS 26oA 
f 19 83 03.43 162 49.13 3417 :n 06 45,2 49o4 
f 21 83 02,70 163 30.76 3494 47.3 46o0 50o2 
f' 22 82 53081 163 18016 3750 69.7 63.7 66.5 
f 23 82 40069 163 18.09 3748 12o2 62ol 6807 
f 24 82 22047 162 03.31 3743 53.2 5706 60.7 
f' 25 82 26.94 160 36o 77 3750 61', o l 61.3 62 o l 
f' 26 80 48026 140 290 77 3707 5606 48.8 55o0 
F' 27 8.0 47004 140 24.81 3706 59.9 SOo9 S5ol 
f' 28 80 47.7S 140 22.41 3705 54oJ 47,6 55 o l 
F' 29 ao 29,50 139 50.66 3706 5606 52o0 57.4 
f 30 ;,o 29.87 139 45039 3706 59.9 53ol 
f' 31 80 32.43 139 SS.64 :H09 ss.s 52o0 
F 35 80 46,05 136 48095 3680 5100 42o9 
f 38 80 35085 137 40062 3681', 48o7 55o5 

' F' 43 80 32.42 134 24.22 3629 47.o 46o0 
'if 46 80 33.17 134 20o9l 3620 46o9 5200 

\ ~ 47 80 4lo45 1J5 09.12 3645 46.3 49o3 
48 80 37.30 135 59.10 3660 39.l 47ol 

~ 
49 80 3s.or; 136 0Ho38 3658 so.1 46o5 53o3 
',O 80 31.95 135 42.35 3655 36.5 46o7 52o5 
51 80 32.93 135 36099 365A 5408 44o4 soo2 
52 80 40. 61 136 18.24 3667 47.4 50o5 
53 80 32030 136 48.62 3671 42o9 49.7 

\[ 
55 76 35.20 138 Ol.87 3M2 37o0 52o2 
56 76 35.70 138 06034 3609 61.4 57,5 
57 76 38046 138 lli.74 3613 54o7 64o7 
63 76 l2o_85 142 02,92 3698 40.5 
65 75 33,09 141 44020 3706 63.8 6lol 
66 75· 28024 141 14.10 3700 74o5 65.3 57o5 

<K,. QCHEAT FLOW) AVE MAX 
l=Z--Z=J--J=~=~ l=L-2.:.J __ J=!,t_~ -!i- LIU _Qil_ 

2. Oo 2.11 
2.28 2.20 2o23 
2.11 2.14 
2.24 2,26 2.20 
2. 16 2.21 2.17 
2.78 2.92 2.67 
2.74 2.61 
2,85 2068 
2,67 2,55 
2.44 2o95 
2o77 2o62 2o69 
2. 71 2o80 

2.65 
2o42 2o53 2o42 
2.63 2,68 2.68 
2.31 2.11 2.20 
2o21 2ol2 2.19 
2.97 2o32 2o40 
lo94 2.24 2ol3 
2o42 2o67 2o53 
2o31 2,81 2.50 
2.39 2.46 2.s1 
2o38 2o64 2o23 
2o38 2o60 
2o43 2o60 
2o43 2.82 

2.68 2.41 
2.66 2088 

2o63 
2.79 2086 

2,67 
2o62 2o93 2o9(, 

2o93 20n 
2o87 2o90 2oRO 
2.49 2o79 

2068 2o35 
2o36 

2.55 2o39 
2.56 2ol4 
3.40 

2,28 2o27 
2o02 2.22 2.42 

1.42 1.44 1.43 06(1 
lo5S 1,49 1.49 1.51 1,76 
1,36 l,J4 1,35 I 74 
lo49 1.s2 1.44 1.48 1.94 
1,39 lo4J 1.36 1.39 l, 75 
1.31 1.45 1. 38 1.38 3,38 
lo40 1.45 1.42 1.15 
1.54 1,52 1,53 .65 
1.51 1.35 1.43 5.59 
.94 1.1a 1.06 ll o32 
.83 078 .Bl o80 2.20 

1.04 084 .94 10.63 
.11 071 

o9l lols.1.20 1,08 10,B3 
102s lo23·lo34 lo27 3o49 
1.61 1.38 l o46 lo48 5o69 
1.sq 1.32 lo50 1.47 6080 
1.50 1. 34 l o45 1.45 5o64 
1.21:1 lo37 l o33 lo32 2o34 
1. 37 1.30 1. 39 ') 

0/"l l o351 2o62 
lo38 1.43 1,38 s1ilo39 1.59 
1,30 1.11 1. 39 'i'1qlo28 \,',s6.04 
1.35 lo37 lo28 ( ,,1.33)-1'""'2066 
lo43 lo38 . 1.40 1.11 
1,35 lo35 ~ 1t-1,3s 
1.24 lo2l 5.S-b1,22 1.22 

1.30 lo34 c;, 'iS" 1.32 lo5l 
l o2S 1.33 s.'.<'11.2q 3.10 

lo37 -.;-:11ul 0 37 
1.29 1.41 s "" 1 • 35 4.44 

lo26 ,;.s'-1 lo26 
1,31 lo36 1.ss ', '6t.f 1.40 6079 

l o37 lo42 ; ·.'t'I lo 39 1. 79 
1.57 1,29 1.41 c; 'i' l o42 6086 
lol8 l,41 5.'i>l,29 8.88 

1.1s lo 17 .:; ~'.) 1.16 086 
1.23 l-U lo23 

1.57 lo37 ~Ul,47 6080 
1.40 1. 38 l 'lt l o39 • 71 
1,38 \.:l, 1.38 

l o45 lo 39 \,, -1. I lo42 2.11 
1,50 l o45 1,39 l,, 11 1.44 2.61 

5c:,/t,,.,.....,.h<y nr O_..f-T-"+ r<.J...<._ 
_c,~Ccp'5_,,f.,'- ·/.-.',4T ,,.Ccc:,-..J .)/J.f'i'<.tk...S 

.02 
,05 
,02 
.01 
.01 
• l '• .os 
.02 
.1 s 
.23 
• Ot+. 
ol9 

,28 
olO 
.?2 
021 
023 
.0.9 
.09 
.05 
021 
009 
.os 
.03 
004 
.01 

.12 

023 
oOS 
.28 
• 22 
.02 

,19 
.02 

006 
.11 

i.., 
1, 

\~\{\ 
ll' 

) 

\ ' 
~'l.,' 

\. {V 
. -~. 

TABLE 2.  Heat flow data.  This table and associated metadata are available in digital form in:
Ruppel, C.D., Hutchinson, D.H., Lachenbruch, A.H., and Hall, J.K., 2019, Thermal Data and Navigation for T-3 (Fletcher's) Ice Island Arctic Ocean Heat 
Flow Studies, 1963-1973: U.S. Geological Survey data release, https://doi.org/10.5066/P97EPU2F. 



(M) GRMJiENT <K> Q(HEAT fLOw) AVE MAX 

_SIA- -1.AL- .-1..Q~~-- !l~ll:i l~---Z=.l_~1=i---i=~ l=Z--~J_J~=~ 1:Z-...cJ....J:.!t_!t.::5 -il- Li:~ _QtL 

f 71 75 1+3 • 48 l4L J7.00 371)6 31 • 2 2.94 ,91 S1'"6 • 91 

f 74 75 49.57 1J9 12.98 36AS 34.7 41,8 2,3'+ 2,46 ,81 1,03 '.. y1, ,92 11,95 .21 

f 75 75 52.59 139 0 3, 2'• 3675 41,9 3,21 1,35 ,; cl 'I, 1, 35 

if 76 75 32,74 139 22.82 3665 46,2 43,4 2,50 2,58 1,15 1.12 lcc'-1,13 1,32 ,03 

ff 78 75 22,26 140 lU.31 3678 57,1 44,9 2,43 2,51 1,39 1, 12 lo O" 1,25 10,75 ,27 
If 79 75 23,20 140 15,30 3678 47,3 54,5 2,34 2,31 1.10 1,26 ~ c,y 1,18 6,77 • 15 

tf 89 75 38,45 151 08,53 3799 63,8 67,9 2,23 2,18 1,42 1,48 I,, cl 1 1,45 2,06 ,06 

f n 77 37.76 174 43.90 2075 52,0 2.32 1.21 1.21 
f 93 71 48.00 175 25.41 1564 48,1 43,9 2.46 2,57 1,18 1,13 1.15 2, 16 .os 
f 94 71 53.0J 175 51. 67 1608 45,9 45.4 40.6 2,42 2.38 2.30 lo 11 1,08 ,93 1,04 7,05 ,17 

f 95 78 02.21 176 l 7, 79 1348 50,9 48,3 2.69 2,58 1,37 1,25 l,31 4,58 • 11 
fl03 17 37,59 173 47.26 1874 36.7 38,7 2.31 2,35 .as ,91 ,88 3,40 .os 
fl04 17 36.52 173 46.10 1845 37.6 37.6 2,53 2,47 .95 ,93 ,94 1.06 .02 

fl06 71 38.04 173 43.74 1853 47,5 45.3 49.2 2,45 2.48 2,34 1,17 1 ol2 1,15 1,14 1,55 ,05 

fl 07 77 3 7 .68 173 42.56 1870 46,H 44,0 46.2 2,51 2,48 2.33 1,17 1,09 l,08 1.11 3,39 ,09 

fl08 77 42,25 173 20.80 2oq4 53,9 42,3 63,2 2,68 2,58 2,38 1,44 1,09 1,51 1,34 12,70 .41 

fl 11 71 52.64 l 73 l0.97 2023 56,2 44,7 50,6 2,39 2,41 2,39 lo 34 l,08 1.21 1,21 1·.16 ,26 

fl 13 78 00,06 174 06. 70. 1677 48,9 65,8 54. l 2,41 2,43 2.45 1,18 1,60 1,32 1,36 11.38 ,41 

fll5 78 04.14 174 49,64 1500 51,4 50,6 2.83 2,43 1,45 1,23 1.34 8,20 ,,21 

fl 16 78 05.38 174 48,53 1567 65,5 2,45 1,60 1. 60 
fl l 7 . 78 07,09 174 53,94 1331 40,8 48,9 38,0 2.so 2,56 2,57 1.02 1,25 ,98 1,08 10.25 .21 
fl 18 78 07,58 174 5 7 .84 1345 53,3 43,6 2,56 2,34 l,37 1.02 l, 19 14.64 035 
fll9 78 06.67 174 49.80 1359 42,0 41.4 2.1a 2.44 1,15 1.01 1,08 6,48 .14 
fl20 78 05.27 174 27,29 1845 so.1 53,5 2.s2 2.41 2,41 1.26 1.29 1.21 1,17 003 
fl22 78 08,0} 174 22.87 1834 45,2 45,0 2.37 2,42 l,07 l,09 1,08 092 .02 
f123 78 10.21 l 74 30.23 1760 52.2 55,l 2.42 2,41 1,26 1,33 1,29 2,70 ,07 
fl24 78 13,50 174 42,17 1513 47.4 40,0 2,36 ,94 ,94 
fl25 78 15,22 175 23.44 1285 52,0 38,5 2,75 2,73 1,43 1,05 1,24 15,32 .38 
fl26 78 21.75 175 52,65 1178 48.7 46,0 2,72 2,45 1,32 1 .13 1.22 7,75 , 18 

fl28 78 33.07 175 54.76 1576 47o5 43,8 37,9 2.so 2,49 2,47 1.19 l,09 ,94 1,07 8,28 .24 
fl29 78 33.69 175 55,fiO 1450 44,9 46,2 2,53 2.:19 1,14 1.11 1.12 1.33 .o3 
fl30 78 33.00 176 04.54 1291 39,9 45.5 2,88 2.,;., 1.1s 1.20 l, 17 2.12 .os 
fl31 78 32.24 176 l<+.36 1197 41,8 54,7 2.53 2,52 1.06 1. 38 1,22 13.11 ,32 
fl32 76 30.04 176 16.98 1196 41,8 68,3 2.65 2,51 1.11 1,71 1,41 21,27 ,bO 
fl34 78 30,28 176 07,37 1213 44,0 61,1 2,43 2,34 1,07 1,43 l,25 i4,40 ,36 
fl35 78 32.2ti l /6 l 7, Qt, 1378 47.8 2.46 1, l 7 1.17 
fl36 78 33,27 176 26,0l 1378 46,9 44,9 2,50 2.40 1,17 1,08 1.12 4,00 .09 
f137 78 36,51 176 31,54 1362 40,3 57.2 2.38 2,39 ,96 1. 37 1,16 17,59 ,40 
fl38 78 36.53 176 24.03 1357 44,8 46,9 2.53 2,46 1.13 J • 15 1.14 ,87 .02 
fl40 78 39,92 176 30,72 1562 46,9 46,2 2,47 2,37 1,16 1.10 1,13 2o65 ,06 
fl45 78 31,52 175 49.69 1429 43.7 2,59 1,13 1,13 
fl46 78 29,46 175 59.15 1233 47.6 49o9 2,46 2.38 1.17 1,19 1,18 ,64 .02 



(M) GR /\11 IE.NT <K~ Q(HEAT FLOW) - AVr. MAX 

-ilA- ..Lil-.- _J...QtHL-- .Q!:.£ljj l=.2 ___ z.::j_ __ }=~---i:5 1=Z--2=J __ .l=i--!t:5 1:,_2..=.L-J~-!1.::5 _fol_ LQ~ -o.ll.. 

fl47 78 30.14 1 76 08.07 11 A6 46.2 17.4 2.47 2.56 1.14 .q6 l • 0 5 8.57 .11 

fl48 78 31.6) 176 12.75 1159 52.6 37.9 4 l • fl 2.52 2.53 i:'. 61 1.33 .96 1.09 1.12 12.oJ .36 

fl49 78 34.15 176 08 • l H 1419 53.4 40.5 39.7 2.37 .94 .94 

fl51 78 ",7 .2~ 175 22.68 1742 48.0 46.S 49.2 2.s2 2.44 2•61 1.21 1.13 1.28 1.20 4.23 • l '+ 
Fl52 78 39.49 175 l 7. 93 l 791 46.9 --- 2.38 _ 1.11 l • 11 

Fl54 78 43.09 175 21.32 1817 45.6 51. 3 2.S9 2.:11 1.18 1.19 1.18 .42 .01 

Fl55 78 45.73 l 75 29.69 1741 48.l 49.l 2.56 1.26 1.26 

Fl60 78 46.05 176 02.11 l5S7 42.9 52.4 2.57 2.53 1.10 1.33 1.21 9.46 .22 
fl63 78 so.10 176 24.79 l 581) 56.2 55.3 2.45 1.36 1. 36 

fl68 78 39.9A 1 75 '::,7 .24 l 6fi2 50.2 2.65 1.33 1.33 
fl69 78 39.23 1 75 !'.>0.43 1640 45,0 52.6 2.60 2.48 1.11 1.31 1.24 5.64 .13 

Fl70 78 39.71 175 55.72 l6S?. 44.4 57,B 2,61 2.60 1.16 1,50 1.33 12.1a .34 

Fl71 78 40,92 1 75 54,49 1675 47,f, 49.8 2,56' 2,46 1.22 1. 23 1.22 .40 ~01 

Fl78 78 53.96 176 :.rn • 45 )589 43.1 34.6 60.3 2.63 2,57 2,44 1.14 .aCJ 1.47 1.16 17.33 .57 

Fl79 78 52.47 176 40.59 1642 46.0 4f:l.8 2,61 2.33 1.20 1.13 1.16 3.oo .01 
Fl80 l8 49.74 176 42 .15 1626 48,4 47.5 46,9 2.10 2.65 2,36 1.30 1,26 1.11 1.22 6,17 o l 8 

fl81 78 4R,66 1 75 30,71 1494 56.1 72,6 2,54 1.82 1.82 
fl82 78 56,88 175 21.03 1066 48. l 2.85 1.37 1.37 
fl85 79 36.31 173 04.65 2680 31.5 2,79 oBA ,88 
fl,38 79 38,23 172 03.56 2267 43.1 36.8 2.68 2.56 1.1s ,94 1.04 10,04 .20 
Fl92 79 59.22 114 26.12 1958 59.9 55.6 2. 72 1,51 1.51 
fl% 80 33.in 1 71 34,85 3324 52.9 s1.5 2.10 2.63 1.43 1,35 1.39 2.87 .OA 

fl97 80 37. 13 !71 58. 71 3322 51. 0 42.6 2.41 2.64 1,23 1.12 1.17 4,MI .11 
Fl99 80 12 • 15 172 47,69 2987 39.6 47.6 2.43 2.41 .96 1.15 1.05 9,00 .18 
F200 80 10.5s 172 19.63 3045 41.2 49.l 2.44 2.35 1.01 1.1s 1.00 6,48 , 14 

F204 79 44,12 170 57.33 3154 46.8 49.1 2.80 2.75 1.31 1.35 1.33 1.so • o,. 
f207 79 41,84 1 70 09.99 3259 42,5 46.7 50.7 2.81 2.64 2,42 1.22 1,23 1,23 1.22 .36 .01 
f208 79 45,30 170 14.94 3259 43,3 47.8 52.4 2,98 2.62 2.12 1.29 1.25 1.42 1.32 s.o5 • J 6 
f213 80 24.51 159 27,47 3346 45.9 43.7 2.79 3.18 lo2A 1.39 1.33 4, 11 .11 
F215 80 17.25 159 25.23 3042 44,9 41.5 44.5 2.82 3. 14 3.08 1,26 1.30 1. 37 1.31 3.os , 11 
f216 80 23.69 157 41.59 3575 42.2 45.5 2.83 2.<:? 1.19 1.33 1.26 5,55 .13 
F'217 80 36.31 157 58.61 3712 45.0 so.s !.,AO 1.42 1.42 
f21A 80 41.03 158 21.83 3653 50.5 2.11 1. 40 1.40 
f219 80 38.56 159 18.65 3700 50.1 55,5 2.1a 2,69 1.40 1.49 1.44 3,11 .09. 
F221 80 32.98 159 38.89 3635 54, l 50.5 50.4 52,8 2,46 2.76 2,93 3,04 1,33 1.39 1,48 1,61 l,45 6.36 ,28 
f222 80 29.05 159 12.69 3630 54.6 56.3 2.01 1.58 1.50 
f223 80 28.35 159 06,l6 3616 56.9 49.6 52.7 2.62 2.01 2.79 1,49 1.39 1,47 1,45 2,75 .10 
f224 80 27.74 158 48.81 3468 49.5 44.fi 44.2 2.54 2,66 2o8A 1.26 1,19 1.27 1,24 2,68 • ()7 

f225 80 29.63 158 '+2.84 3607 50.1 52.7 48.8 2.74 2.05 2,78 1.37 1.50 1,36 1.41 4.25 • 14 
F227 BG 5.0 • 09 158 25.18 3640 47,5 48.0 46.5 2.69 2. 71 2.62 1,28 1.30 1.22 1.26 2.4S • o·r 
f229 81 40.66 157 29.47 3817 66, l 71,6 6f:l,6 2,44 2,31 2,45 1,61 1.65 1,68 1,64 1.,.a ,07 
f231 81 50,90 157 32.68 3812 71,9 65,0 2.32 2.44 1,67 1.59 1,63 2,45 ,08 



(Ml GRADIENT <K> Q(HEAT FLOW) AVE MAll 

-5.!A- -LAL-- --1.Q~,{2-- ilLfltl l=Z..-~Z=l..--1=~~-i=5 l=Z __ ,=.J __ J=~=5 ~Lz.=J_J=~-i:.S .Ji_ LIU ..ll£L 

f233 81 55.35 l':,H 05,40 3815 71. 3 6",, A c.31 2.47 1,65 1.62 1,63 ,91 ,03 

f238 82 05.64 l S 7 18.02 3807 71,9 68,8 2.42 2,47 1,74 1,70 1. 72 1,16 ,04 

f239 82 08.8A 157 22.11 3798 6A.2 12.A 65.5 2.49 2,35 2.50 1,70 l • 71 1. f,4 l ,68 1. 71 .01 
f240 82 10,04 157 ll.63 379A 67,4 10.0 f,h,6 2.45 2,37 2.43 1,65 l. bf, l , fi2 1,64 ,94 ,04 

f24l 82 11,14 156 ':>6,56 3t!l2 6fl,5 1c.1 t,4,0 2.5':> 2,33 2.36 l,74 1,70 1. 51 l,65 5,65 ,23 

F"243 82 15,21 156 18.58 3798 66,0 70. 9 67,0 2.so 2.26 2,52 1. 65 1,60 1.-69 1,64 1,88 ,09 

f244 82 18,63 156 24.81 3810 65,7 72.A 6">.H 2.56 2.34 2.44 1,68 l, 71 l,61 l.66 2,26 , 10 

f245 82 16,9~ 156 28.09 380A fi2.8 11.2 65.3 2,43 2.AO 2.45 1.53 1,61 1.60 1.58 2,38 .10 
f246 _82 15,95 156 45.62 3806 61.6 68,5 63.2 2,36 2,38 2,45 l ,45 1.63 l, 55 1,54 4,03 '.11 
f247 82 13.44 157 00. 72 380) 65,8 10.2 65,3 2.48 2.35 2,43 1,63 1,65 1,58 1,62 1,64 .01 
f249 82 14,32 156 55.90 3806 64,8 72.5 65,0 2.47 2.28 2,41 1,60 1,65 1. 56 1,60 1,94 ,09 
f250 82 15. 0.., 156 37.47 3813 66.3 69.4 6h.A 2.54 2.21 2,47 1,69 l,57 1.65 1.63 2,71 .12 
f252 82 17.23 157 03,24 3809 64.5 69.3 66,9 2.56 2.32 2.36 1,65 l • 61 1,58 1.61 1,51 ,07 
f253 82 21.41 157 07.60 3802 68.3 73. l 68.S 2.54 2.40 2.33 1,74 1,7.7 1.60 1.10 4,04 , 16 
f254 82 26.03 157 22.85 3803 64,4 70.8 6'-i.2 2,34 2.37 2,35 1,51 l ,68 1. 53 1.57 4 • ~ l ,17 

f255 82 25.21 157 22.37 3791 6A.5 72.4 62 .1 2.53 2,33 2,37 l ,68 1.68 1,47 1. fi 1 5,79 .20 
f256 82 17. 03 157 28.08 3802 6o.4 72.0 65.4 2.46 2.36 2.4_ l. (,J 1,70 1.60 1.64 2,29 .10 
f257 82 15.40 157 39.39 3816 67.S 71.7 64.R 2.47 2o'39 2.37 1,67 1,72 1.54 1.64 4.19 .1 a 
f258 82 09.30 158 03.51 3812 68.6 75.5 65.8 - 2.s1 2.32 2.40 1,72 1,75 1,58 1.68 4,09 .11 
f259 82 15.16 158 3Y.70 3817 61',,4 10.0 64.8 2.38 2.37 2.42 1.58 1.66 1,57 1.60 2.35 .09 
F260 82 24.28 158 30.75 3816 67.4 69.8 2.41 2,28 2.43 1,62 1. 60 1.61 ,62 .02 
f261 82 24,51 158 18,08 3818 68.9 72.7 65.7 2.50 2.34 2.43 lo 72 1,70 1,59 l,67 3,~9 .13 
f262 82 38.86 158 35.68 3811 68.5 67.5 61.8 2.46 2.44 2.31 lo69 1.65 1.43 1.59 6,70 ,26 
f263 82 37,12 158 32.30 3815 69.9 71.9 65.3 2,45 2.32 2.37 1.11 1,69 1,55 l ,65 4,04 ,16 
f264 82 34.07 158 00.53 3817 68,7 69,9 65.0 2.46 2.21 2,43 1,69 1,59 1.sa 1,62 2.88 • 11 
f265 82 3 l .48 157 42.49 3814 70,4 72.9 64.8 2.37 2.33 2.44 1.67 1,70 1.58 1.65 2,82 .12 
f266 82 33.85 157 42.50 3816 67,7 71.3 65,3 2.34 2.39 2.42 1,58 1.10 1,58 1.62 3,29 ,12 
f268 83 16.32 152 58.48 3053 63,8 66,0 59.7 2,69 2.75 1,77 1,62 1.69 4.42 ,14 
f269 83 14.31 153 13.96 3096 51,7 2,77 1.44 l ,44 
f270 83 11 • 18 154 oo. 77 3277 48.3 44,6 2.66 2,78 1,29 1,24 1,26 1,97 ,04 
f271 83 10.67 153 53.54 3253 46,9 42.5 43.7 2.76 2.82 2.75 1,29 1.20 1.20 1,23 3.25 .08 
f272 83 11.82 152 56.24 2283 44.0 48,3 2.75 3.00 2,78 1.32 1,34 l,33 .75 .02 
f273 83 12.30 152 56.42 2322 48.3 44.2 2.96 2,99 1.43 1.32 1.37 4.00 • 11 
f274 83 13.49 153 04.31 2745 65,8 59.6 58.6 2.66 2.92 1,58 l, 71 1.64 3,95 .1) 
f275 tl3 30.23 149 58.64 2883 45, l 49.0 42.4 2.10 2.68 2.88 1,22 1,31 1.22 1,25 3,20 ,08 
f277 83 34.55 149 26.45 2870 47,0 48,7 47.0 2.59 2.aa 1,26 1 • 3c; 1,30 3,44 .09 
f278 83 36.40 149 08.10 2722 75,S 71. 6 2.68 2.11 2.02 1,98 2.00 ,99 ,OJ 
f279 83 38.17 149 01.11 2730 45,5 45.3 2.83 1.28 1,28 
f284 83 47.34 145 so .92 2681 38, l 43,0 2. 71 2,79 1.03 1.20 1.11 7,62 , 17 
f285 83 48.51 145 27,90 2652 50,9 46.7 2,65 2.91 l,35 1,36 1,35 ,36 ,01 
f286 84 00.84 144 02.11 2315 51,0 39.5 2.62 2.80 1.34 1.10 1.22 9,83 ,23 
f287 84 05,19 144 01,15 2429 37,6 29.2 2,56 2.91 ,96 .as ,90 6.07 .11 



(M) GIH,nIENT (t(') Q(HEAT FLOW) - AVE MAX 
..ill- -1,.A,L__ _l..il!::l!.i __ llf£1!:l .l..=.Z---2.::1---1=~---~=S l=z.._~ __ J.::~~=S l:LZ.::J.--J~-~~ -ll- LOU -flfL 

f28R 84 11.23 144 2H 0 42 2413 10.0 63.6 2.67 2.73 1.01 1. 73 1.00 3,88 ,13 

f289 84 14.69 144 16,97 2356 40.2 ?8.8 2. 77 ,AO .so 
f290 84 23.40 143 51.19 2261 39.l 32.9 2.67 2.73 1.04 .90 ,97 1.21 ,13 

f291 84 26.67 144 UH.60 U46 35.2 34,5 2.,s ,BR ,88 
f292 84 18.28 143 41. 02 23?9 57,8 59.l 2,68 2,77 1,55 1.64 1.59 2,82 ,09 
f293 84 25.0J 143 04.57 2057 53,7 46.8 2.78 1.30 1.30 
f294 84 56.62 145 J4,04 2.:'33 46,6 2.11 1,27 1.27 
f295 84 57.40 145 30,63 2213 41. 7 43,5 2.73 1.19 1,19 
F29A 85 07,83 142 51,23 1971 58,4 2,73 1,59 1.59 
f300 85 18,53 144 02,85 2U82 41,l 46.0 2,82 2,74 1.16 l .2f, 1.21 4,13 ,09 

f30l 85 18,95 143 36,00 2100 39.0 2,69 1,05 1,05 
f302 8'5 19.2R 142 36,62 2169 33,4 31.6 2,64 2,72 2-72 ,88 .86 ,87 1,14 ,02 

f303 85 26,39 142 28.07 2208 27.6 31.6 2.10 2,68 ,74 ,85 ,79 6.91 , ll 
f304 85 28,28 143 08.52 2277 41.3 48,4 2,65 2,65 l,!)9 1,28 1.18 8,01 .18 
f305 85 2s.22 144 33.92 2257 35,8 33.A 43.3 2.97 2,10 2.10 1,06 ,91 l, 17 1,04 8,70 ,25 
f306 85 24,93 14'5 12.HS 2263 41, 6 42,4 2,77 2,67 1,15 1.13 1.14 ,87 .02 
F307 85 25,35 145 38,04 2278 38,4 45,6 2,75 2,73 1,06 1,24 1,15 7,82 , 18 
f308 85 30.27 143 08,18 2252 35.3 37.2 2.86 2.69 1.01 1.00 1.00 ,49 
f309 es 34,92 142 31,03 2262 47,2 so.a 50.6 47.4 2.74 2,74 2,66 2,82 1.29 1,39 1.35 1.34 1.34 2.04 .10 
f310 8'5 43.BU 142 39.16 2424 34, l 36.8 ·40.7 2,72 2.10 2.65 .93 1.01.1.oa 1.00 s.01 • ) 4 
f31 l 85 41.93 142 21.15 2312 44.0 48.9 42.l 2.76 2.82 2,73 1, 22 1.38 1.1s 1.25 6,93 ,22 
F312 85 41.02 14.:? 11.99 2282 52.3 44.5 2.86 2.12 1.50 1,21 1.35 10.10 .29 
F313 85 38.n9 141 47.15 2243 48.2 45.4 2.Al 2.82 1.35 1.28 1.31 2.66 .01 
f314 85 21.00 139 23.54 1927 46,4 44.8 2. 77 2.68 1.28 1.20 1.24 3.22 .01 
F316 85 08.7?. 138 13.91 1785 38.3 35.9 2.65 2.00 l,01 1.00 1.00 .49 
f319 84 52.64 136 02.41 2016 34.S 35.S 32.1 2,71 2.69 2.82 ,93 .96 .91 .93 1,90 ,05 
F320 84 45.72 136 23.71 2055 41.9 45.1 2.63 2.59 1.10 1,17 1.13 3.08 .01 
f322 84 17.80 135 06.17 2674 51,0 47.l 3.10 3.36 1,5ft 1.sa 1.58 
f324 84 12. 73 135 29.76 2654 44.8 45.2 42.b 2.45 2.43 2,59 1,10 1.10 1.10 1,10 
f326 84 12.89 135 4 I ,40 2653 45.7 46.5 43.2 3.13 3.23 3.25 1,43 1,50 1.40 1.44 2,61 .10 
F327 84 13.49 135 35.08 2644 47.8 48,l 47.2 2.58 2.67 2.66 1.23 1.28 1.26 1.2s 1.41 .04 
f32A 84 13.66 135 24.38 2644 45.6 45.(\ 41.2 2,61 2.15 2.10 1,19 1.24 1.11 1.18 3.95 ,13 
f329 84 14.13 135 06.30 2545 64.3 65.7 60.5 2.63 2.16 2.05 l,69 1.01 1,72 1.74 2.68 .11 
f330 84 15.46 134 41. 78 2563 65.8 2.74 1.80 1.80 
f33l 84 16.02 134 37.65 2659 43.9 45.2 ]9.1 2 .6 l 2.10 2.92 1,15 1.22 1.14 l,17 2.84 ,08 
f332 84 21.98 133 15.96 2733 50.5 50.2 48.7 2.s2 2.62 2 ... ~ 1,27 1.31 1.36 ! ,31 2o36 ,09 
f333 84 27.43 132 41.98 2b94 46.9 48.6 41.0 2.56 2.69 2.,.., 1.20 1, 31 1.12 1.21 5.50 o 18 
F334 84 36.92 132 26.68 2594 56.0 so.a 2.62 2.12 l,47 1.38 1.42 .15 • 0'> 
F335 84 53.30 132 29.56 1822 54.0 49.0 2.10 2.98 1,46 1.46 l ,46 
F337 84 ':+7, 77 13~ 33.61 2286 48,2 54.4 40.8 2.53 2. 71 2.67 1,22 1,47 1,09 1.26 ll, 11 ,38 

. F338 84 46.84 132 03.29 2266 36.7 42.A 37.6 2.56 2.69 2.05 ,94 1.15 1.01 1.os 7,17 .20 
f340 84 48.60 131 17,96 2290 32,8 28.5 21.1 2.52 2.63 2.74 .03 075 ,74 ,17 4,88 .08 



(Ml GRADIEl\iT <K'> Q(HEAT fLOwl I\Vf MAX 

_ ill_ .J.A.L__ _ _.Ui:!iz __ £lf£ljj l~---~=1---J=!L--~=~ l='--'=J-l=i~=5 i=z~J_J=~--!t:5 _.Q_ LIU _llf.L 

f34l 84 51.74 130 58.43 2343 44.2 42.7 40.9 2.59 2.64 2oA3 1.14 1 ol J 1.16 1.14 ,97 ,03 

F"342 84 59.74 130 20.'H 1966 33.6 32.4 2.56 2.67 .86 .86 ,86 

f343 85 04.50 130 38,04 1753 33.6 37.A 32.4 2.60 2.69 2.t-7 ,87 1.02 .87 .92 7,24 ,14 

f344 85 0!,2n 130 ':,7 • 73 1769 41.3 40.l 40,I 2,53 2 ,6':i 2,84 1,04 1,06 1,14 1,08 3,70 ,10 

f345 84 55,19 130 '+':> • 69 2292 45.1 40.0 44.2 2.58 2.08 2.75 1,16 1,07 1.22 1,15 4,63 ,15 

f346 84 51.22 130 42,69 2372 46,0 16.9 44. 1 2.52 2.66 2,68 1,16 ,98 1. 18 1.10 7,63 ,19 

F"347 84 46.4h 130 32.98 2448 42,A 42,9 42,6 2,66 2.63 2,67 1,14 1.13 1. 14· 1,13 ,39 .01 

f348 84 47.29 130 33.08 2457 46.0 44.9 2,62 2.11 1,21 1,24 1.22 1.22 ,03 

f349 84 47.92 131 03,h9 2371 41.8 40.2 43.0 2.51 2,65 2,74 1,051.06 l,lA 1,09 5,06 ,13 

f"350 84 44.70 130 39.89 2490 31.9 30.4 2.61 2. 71 ,83 ,82 ,82 .60 

f35l 84 44.13 130 42. 75 2478 37.5 3A.3 2,44 2.55 ,91 .9A .94 3.70 .01 

f352 84 48. 71 130 55.69 2368 46.7 41.7 2,67 2,70 1.2s 1,13 1,19 5,04 .12 

f353 84 51.55 13\ 10.02 23\3 51.0 43,2 2.59 2.73 1. 32 1.10 1,25 5.59 , 13 

f354 84 53.42 130 59.81 1917 37.3 49.2 42,3 2,55 2.64 2,57 .95 1,30 1.09 1.11 11, l 7 • 34 

f355 84 56.2~ 131 18,77 1920 44.0 40,5 44,3 2,62 2,80 2,84 ·1,15 l, 13 1,26 1,18 4,51 , 12 

f356 84 55,87 130 50.82 2287 51,S 44,9 2,65 2.63 1,36 1,18 1,27 7.08 , l 7 

f357 84 57.78 130 20.00 2213 47.9 51,l 49.6 2.60 2,72 2,83 1,25 1,39 l,40 1.34 4;10 , 14 

f358 84 54.73 129 45.29 . 2377 56.5 62.7 54.2 2,50 2,66 2.11 1.41 1.67 1.so 1,52 6,25 ,26 

f359 84 52.93 129 43.84 2400 26.7 35.2 34.6 2.56 2.56 2,50 .68 .90 .87 ,81 11.1s ,22 
f360 84 52.50 129 55.37 2365 46.2 49.4 46,3 2,59 2.s1 2.64 1.20 1.24 1.22 1.22 1.09 ,04 

f"36l .84 56.78 130 02.s1 2365 35,9 35,4 2,69 2.89 ,97 1.02 .99 2,51 .04 
f362 84 54,57 130 10.15 2385 43.6 2.73 1.19 1.19 
f363 84 47.90 129 57.58 2460 47.4 43,9 2,63 2.62 1.25 1.1 s 1.20 4, 16 .10 
f364 84 32 .14 131 01,37 2639 40.s 2,63 1.01 1.01 
f365 84 28.48 131 22.31 2732 33,6 31 .9 2.53 2.68 .as .86 .as ,58 
f"366 84 26.74 131 20.78 2778 47.0 44,4 2.57 2.73 1.21 1.21 1.21 
F367 84 25.83 131 06.28 2762 33,6 33.5 2,58 2.67 .87 .89 • BF! 1.13 .02 
f369 84 35,84 129 20.23 2539 42.6 50.2 44,4 2.54 2,72 2.62 1,08 l .36 1.11 1.20 8,67 .2a 
f370 84 34.91 129 01.19 ?542 42.2 43.2 2,66 2,76 1.12 1.19 1.1s 3,03 .01 
f372 84 35.58 128 45,33 2580 51.3 --- -- 2.64 _ 1.35 1.35 
f374 84 43,03 129 46.48 2458 46.0 47.0 2.57 2 7-, 1.10 1.27 1.22 3.67 ,08 . . 
F375 84 37.25 128 50,07 2349 42,2 _ 2,69 _ 1,14 1.14 
F376 84 35.50 128 42.99 2605 60,3 _ 2.67 _ lo6l 1,61 
f377 84 34.31 128 15.95 2h48 44.l 2.58 1,14 lol4 
f378 84 39.05 128 57.49 2299 43,4 2.54 1.10 1.10 
f379 84 38. l 9 128 44.84 2268 52.0 52.7 49.0 2.51 2.67 2,80 1.30 lo4l 1.37 1.36 2 .91+ .11 
f380 84 37.54 128 27.89 2401 49.l 41.7 41.4 2.58 2.61 2.05 1,26 1.09 1,18 1.11 4.91 .16 
f382 84 37.0l 127 25.28 2542 34.l 38,2 32.8 2.s8 2,60 2, 71 ,88 .99 .89 .92 s.01 .11 
f383 84 37.32 127 17.20 2543 38.3 35.9 2.66 2.66 1.02 .95 .98 3.55 .06 
f384 84 3~.21 127 12,89 2581 48.3 48,3 45,2 2,50 2.68 2.66 1.21 1.30 1,20 1,23 3,41 .09 
f385 84 48.33 126 ':i 7 .19 2225 44.6 2,74 1.22 1.22 
f386 84 48.03 126 58.17 2266 49,4 45.o 45,4 2,50 2.10 2,94 1,24 1,21 1.33 1.26 3.70 .11 
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F387 84 46,80 127 lJ,R8 ?321 43,0 47,A 44,2 2 ,':i7 2,65 2,77 loll 1.21 1. 23 1.20 5,17 .15 

f"388 84 46,06 127 23.28 2343 47.5 45,8 2,51 2. 77 1,19 1,27 1.23 3,25 .01 
F389 84 46,63 127 35,74 ?271 109.0 104,0 2,57 2,80 2,80 2,92 2,86 2,09 .12 

f"390 84 51,41 125 46,S4 1976 sc;.o 3":l .1 2,"l9 2,55 l,43 ,97 1.20 19,16 ,45 

F3YS 84 41,51 12S 53,40 2502 48,3 40,3 2,89 3,35 l I 39. 1 o 35 1,37 1,45 ,04 

F396 84 38.53 126 04,65 2589 51 ,4 59,5 37,7 2.12 2,90 3,20 1,40 1.12·1·.21 1,44 12. 77 ,51 

F397 84 36,77 125 50,35 2597 44,9 44,9 44,8 2,58 2,74 2.93 1,16 1,23 1.31 1.23 4, 14 , 14 

F39A 84 36,42 125 48 .14 2596 49.0 4S,9 37.3 2,69 2,t,6 3.11 1,32 1.22 1.16 1.23 4,68 , 15 

F399 - 84 36,81 125 48,08 2594 49, l 47,7 44,5 2,68 2,74 2,97 1,31 1,31 l,32 1,31 ,33 .01 

F400 84 30,81 126 21.43 2690 46,9 51,0 49,5 2,66 2,80 2,73 1,25 l,43 1,35 l,34 4,63 ol 7 
F40l 84 23,30 126 54,61 2733 46, l 42.4 41.3 2,75 2,A5 3,09 1,27 1.21 1.28 1,25 2,30 ,06 
F402 84 22,83 126 20.54 2698 48.0 2,61 1,25 1.25 
F404 84 28,99 127 11.14 2231 54, l 2,71 1,47 1,4 7 
F405 84 31,36 128 12.92 2753 53, l 53.3 2,66 2.12 1.~1 1,45 1,43 1.39 ,04 

F406 84 32.41i 128 38.10 2711 46.2 i, l I 6 2,62 2,72 1.21 1,13 1,17 3,41 .oa 
F407 84 23.21 129 OJ.37 2813 55,5 50,3 2.10 2,92 1,50 1,47 ! ? J+ q 1.01 ,03 

F408 84 23.51 127 52.45 2758 51,2 51.1 52,8 2,74 2,71 3. 1, . .., 1 ... 0 1,38 l • 6 7 1,48 8,3A ,29 
F409 84 27,51 127 00.21 2742 49,4 49.9 48,5 2,74 2·.12 3,25 1,36 1,36 1,58 1,43 t,82 .21 
F4l0 84 28,13 126 52.41 2737 49.2 41,3 46.1· 2.10 2,94 3,24 1,33· 1.21 1,49 1,34 7,27 ,28 

F4 l l 84 29,67 l 2t- 39,96 2693 4A,l 44,4 43.2 2,62 2,73 2,85 1,26 1.21 1,23 1,23 1,44 .04 
F412 84 27.79 125 Ul,34 2521 39,5 43.1 2,68 2,87 1,06 1,24 1.15 7.82 o l 8 
F413 84 25.56 125 15.22 2390 40,l 39,2 3,07 3,01 1,23 1,18 1.20 2,07 .as 
F414 84 21,36 124 3Y.69 20fl2 37,4 2,95 1.10 1.10 
F417 84 ::?9.88 124 06,28 2381 51. 7 47,2 41,4 2,84 2,74 3, 14 1,47 1,29 1,30 1.35 5,74 ,18 
F418 84 30.27 124 30,10 2356 49, l 36,1 2,52 2,68 1,24 ,98 l, ll 11,71 .25 
F4l9 84 32,4) 124 3fl.88 2432 47.7 43,7 2,49 2,68 1.19 1,17 1,18 ,84 .02 
F420 84 46.59 122 55 • 14 224A 43,4 31,5 2,58 2,73 1.12 ,86 ,99 13,13 .25 
F42l 84 48,11 123 43, 15 2238 52,3 46,9 2,51 2,67 1.31 1,25 1.28 2,34 .os 
F422 84 53,48 124 32,87 2049 88.4 1,58 1,39 1,39 
F423 84 55.72 126 4J. 37 1532 30,0 2.90 ,87 ,87 
F425 85 02,61 127 54.ll 2282 4fl,4 41,4 48,7 2,58 2,69 2,66 1.25 1.11 1,29 1.21 5,84 .1 7 
F427 86 01,82 l 34 44.84 2216 45.8 48.6 2,68 2.78 1,23 1,35 1.29 4,65 • 11 
F429 86 OJ.OH 133 55.29 2215 42,4 54,4 42.8 2.10 2,68 2.11 1.14 1,46 1,18 1,26 10.s0 ,32 
F430 85 59,45 133 20.49 lflf>O 38,6 44,4 32.7 2. 71 2,75 2.B6 1.04 1.22 ,93 1.06 9,82 .28 
F43l 85 55.63 132 14.44 1505 50,9 49,7 2,79 2.80 1,42 1,39 1,40 1,06 .OJ 
F432 85 58,04 130 51 • 91 1674 21.2 26,5 2,66 2,76 .13 .73 ,73 
F433 85 58,95 129 51,75 1624 51,S 70,7 2.75 2.10 1.42 1,91 1,66 14.71 • •'+8 

F434 86 01.05 129 26.45 2058 37,6 31,2 55.5 2,63 2,80 2.76 .99 ,87 1,53 1.13 23,59 .65 
F435 86 03.41 129 32,49 2272 55.4 54,0 2tA2 2,82 1,56 1.52 1,54 1,29 ,04 
F436 85 59.78 130 13.13 1780 34.0 47.9 2,72 2,84 ,93 1.36 1,14 10. 77 ,42 
F438 86 01.21 128 42,44 2149 44,4 38,6 40,7 2,59 2,76 2.69 1.15 1.01 1,09 1.10 2,81 .00 
F44l 85 56.70 121 14.46 2431 45,2 35.8 42.1 2,70 2,66 2,67 1.22 ,95 1.13 1.10 9.09 ,26 
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f442 86 02,49 121 12,58 2431 49,4 51, O 2,6d 2, 72 l, 31 1,39 1,35 2,58 ,07 

f443 85 57,96 121 07, 71 2431) 39,3 35,9 2,69 2, 71 l • 06 ,rn 1,01 4,43 ,08 

f444 85 45,89 119 57.68 2126 36,4 36,9 35,3 2,67 2,76 2,83 .97 1.02 1.00 .99 1,78 • QI+ 

f446 85 55,6d 11 7 29, 12 2342 43,7 38,7 35,0 2,66 2,79 3,02 1,16 1,08 1,06 1,10 3,63 .10 

f46l 85 33,45 120 17,26 1221 38,0 2,Yl 1.11 l, 11 
f462 85 33,67 120 07,15 1209 39,3 2,83 1.11 l .11 
f465 85 34,94 114 59,36 1356 51,9 41,6 3,14 3,14 1,63 1,31 1,47 10,88 ,32 

f468 85 22,92 113 18,37 1239 39,7 3,32 1,32 1,32 
F474 85 20,88 110 00,23 1647 35,6 32, 1 3,01 3,26 1,07 1,05 1.06 ,94 .02 

f475 85 18,48 110 07,86 1805 44~ 1 3,30 l,45 1,45 

f476 85 15,87 110 00,54 1910 50,3 40,0 3,06 3,21 1,54 1,28 l,41 9,21 ,26 

f479 85 26,09 110 11,43 1198 39,4 3,13 1,23 1,23 
F483 84 28,06 112 56,20 1381 39,2 ).J~ 1,30 1,30 
f486 84 20,40 113 30,78 1749 39,l 2,74 l,07 1,07 
f487 84 20,91 112 39,49 1 714 40,3 2,79 l, 1·2 1,12 
f488 84 14,34 114 04,90 2129 43,9 46,3 2,95 2,90 1,29 1, 34 1,31 1,90 ,OS 
f489 d4 11,90 114 51,52 2275 43,0 48,6 50,2 2,82 2,78 2,87 1,21 1,35 1,44 l ,33 ,, • ) 6 ,22 
f493 84 17,01 112 34,63 1801 64,6 2,88 l ,86 1,86 
F495 84 16,94 112 33,73 1808 36,1 2,79 3,06 1,01 l,Ol 
f50l 84 18,82 112 17,74 1750 47,6 61,8 3,04 2, 71 1,44 .1. 67 1,55 7,39 .22 
f502 84 16,00 112 )8,50 1780 40,5 45,7 3-.05 2,96 1,24 1,36 1,30 4,61 , 11 

F503 84 16,89 112 i:2,72 1776 42,1 47,2 50,2 3, 13 2,83 l,47 1,42 l,44 1,73 ,OS 
f505 84 16,53 112 24,67 1753 42,6 45,6 3,14 3,03 l ,34 1,38 1,36 l,47 ,04 
f506 84 06,62 112 43,87 1871 31,3 43,8 2,81 2,95 ,88 1,29 1,08 18,89 ,40 

F508 84 07,50 112 13,00 1866 46.9 2,94 1,38 1.38 
fS09 84 11,80 111 29,60 1787 43,7 3,07 1, 34 l,34 
fSll 84 03.30 112 41,60 1960 44,5 2,73 1,22 1.22 
f513 84 04,80 112 28,40 1917 39,4 3,20 1,26 1,26 
f514 84 14,00 110 57,90 1733 45,7 34,8 2,75 3.11 1,26 'l,08 1,17 7,69 ol 7 
f528 84 45.00 100 33.70 1943 62,4 65,3 2,98 3,03 lo86 1,98 1.92 3,12 , 12 
f529 84 48.60 99 2!:i,40 lAA9 48,0 45,5 2,55 2,67 3,13 1.22 1,21 1,21 ,41 .01 
f530 84 49,70 99 30,60 1985 41.4 41,l 2,59 2,82 1,07 1,16 1.11 4,03 ,09 
F532 85 03,30 98 23,00 2116 49.4 49,9 2.97 2,82 1,47 1,41 1,44 2,08 ,06 
f533 85 05,90 98 17 ,80 1855 34.9 3,22 1.12 1, 12 
f537 85 24.20 88 46.60 2025 26,4 2b,9 2,66 2,86 ,70 .11 ,73 4, '6 ,06 
f538 85 24,20 88 47,30 2029 24.l 38.6 26,4 2,74 2.11 2,7r;;; ,66 1.01 .73 r-:- 20,32 040 jJ. &... 

f545 84 54,90 83 22,80 2126 56.0 60,1 t,91 2,8_,. l,63 1.10 l.66 2.10 .01 
f548 84 37.10 83 38.20 2019 56,9 57.9 60.0 3.60 3,40 3,01 2,05 l,97 l,Al 1,94 4 57 .23 
F549 84 37.30 82 26,70 1708 56,6 ss.1 3,05 3,12 1,73 1,72 1,72 .28 .01 
f550 84 3p,90 82 16,90 1708 54.6 54,0 51.S 3,43 3.43 3,37 1,87 1,85 1,73 1.01 3.}8 • l :l 
F551 84 36,80 82 20.10 1706 so.3 57,4 54, l 3,34 3,,11 3,19 1.68 1,79 1,73 1.73 2.11 ,10 
f552 84 17,70 85 58,20 1829 52,2 3,23 1,69 1,69 
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F556 84 20.90 8':l 24.50 11:1?.2 5Ao2 22.'+ 54.5 3.01 J.O~ 2.74 1.15 .68 1.49 1.30 31.97 l,06 

F557 84 20.00 85 b.20 1820 6.9 65.9 74.6 3.41 2.94 2,25 2.20 2.22 1.12 .os 

f"559 84 23.60 84 34.60 1791 27.0 54.8 82.9 3.06 2.76 3.19 .83 1.51 2,64 1.66 39.35 lo60 

f"560 84 23.50 84 28.10 1790 27.7 64.6 64.5 3.13 2.91 3.31 087 1.87 2.13 1,62 30.93 1.25 

f"561 84 22.30 84 34.70 1790 56.6 l 7 .4 "i">. l 62.9 2.5a 2.93 2o99 3.56 l 146 .s1 l .65 2.24 1.46 32.76 1.12 

F562 84 11.10 86 34.30 1831:i 18.0 54,2 66., 3.21 2.98 3.08 .58 1,61 2,05 1,41 39,30 1,46 

FS63 84 11.90 87 20.30 18% 2Ao'5 37.0 3.29 2.99 • '14 1 • 11 1.02 8.29 ol6 
f565 84 01.00 87 51.80 lo58 25.9 44,9 3.27 3.30 1.4A 1.48 

f"566 84 01.00 86 32.50 1675 44.3 3,33 1.48 1.48 

f567 84 00.50 86 33.30 1817 69,7 3.15 2.20 2.20 
f569 84 12. 91) 83 02.80 1735 52.3 55.9 5Ao2 3.00 2.as ?..76 1.57 1.59 1.61 1.59 ,83 ,04 

F571 84 06.00 84 28.00 1697 78.4 79. l 3,04 2.99 2.38 2.37 2.37 .21 .01 

F573 1:13 58.so 84 48 000 1694 49,2 62.9 3.21 2.79 1.58 1,75 l .66 s.10 , 17 
FS76 83 46.40 88 59.30 1570 47.S 3.49 l o.66 1.66 
FS78 83 41.10 85 28.80 160A 60.2 53.8 48,7 3.10 3.08 2.98 1.e1 l 066 1,45 l.66 8043 .41 

F579 83 41. 00 85 27 .80 1610 49.4 52.1 3.07 3.05 1.52 1.59 1,55 2.2s .01 
F580 83 41.10 85 27.50 1610 46.A 47.3 3.05 2.94 1.42 1.39 1.40 i.06 .OJ 
F582 83 49.00 78 45.00 1247 73.8 2.97 2.19 - 2,19 
f"583 83 50 .,60 78 53.00 1295 60,1 60.0 2.99 - 3.17 1,80 1,90 1,85 2.10 .• 10 
F584 83 50.30 78 s2.oo 1297 5a.2 57.1 J,03 3.07 1,761.75 1,75 ,28 
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Table 3.  Kolmogorov-Smirnov tests on heat flow data by regions.  The letters in the middle and bottom
parts of the table refer to areas in Figure 9.



- -- USGS TFMPFRITURF PROFTLFS JN THE IIRCTIC OCEAN -r 4 /'., L-£ 0!__, 
nATA OBTt!NED FROM T-3 IrE ISLAND 

D!TE TIME POSITION STATION 
OY '"O YEAR GMT LATITUnF LO~GITL~E NU"lt!ER DEPTH 

Et>.RLY TEMPERATURE PROFILES MAOE WITH HEAT FLOW CASTS CSUCCFSSFULl 

03 09 1963 0122 82 22.47-162 03.31 FL-024 3743 
10 1)5 1964 0347. 80 29.S0-139 50.66 FL-0?9 3709 
12 07 1964 0027 80 3c;.As-1:n 40.62 FL-038 3689 
04 08 1964 0110 80 32.42-134 24.22 FL-043 3632 
25 08 1964 0049 80 37.30-135 .59.10 FL-048 3663 

SEPERATE PROFILE CASTS (SUCCESSFUL) 

6 5 1968 157 82 l9aA2-15!l 50.30 TP- 1 3824 
19 5 1968 2326 82 33.72-157 59.21 TP- 2 3820 
14 7 1968 155 83 36.94-149 7.57 TP- 4 2671 
26 B 1968 44 84 19.30-143 55.30 TP- 5 2354 
19 11 1968 2150 84 58.19-136 16 • 82 . TP- 6 1900 
13 12 1968 421 84 24.29-133 39.00 TP- 7 2641 
18 12 1968 A30 84 44.'.H-132 22.05 TD- 8 2388 
26 12 1968 1344 84 44.41-131 48.39 TP- 9 2293 

7 l 1969 1031 84.59.44-130 47.02 TP-10 1870 
15 l 1969 . 759 84 47.R4-l30 51. I 1 TP-11 2381 
23 1 1969 1105 84 52.R3-131 13.24 TP-12 2299 

3 2 1969 1722 84 55.23-129 40.75 TP-13 2378 
13 2 1969 1226 84 45.3S-l30 15.44 TP-14 2566 
21 2 1969 1229 84 24.94-13Q 56.65 TP-15 2778 
28 2 1969 2109 84 35,6]-l?A 45.25 TP-16 2574 
l 'l 3 1969 A50 84 34.4()-J?A ?O.Sl TP-17 2638 
23 3 1969 1109 84 37.3P-J2R 23.31 TP-18 2617 
31 3 1969 1217 1'14 40.10-127 9.03 TP-19 251',l 
14 4 191',9 030 84 48.10-1?7 3.35 TP-20 2282 
28 5 1969 2255 84 27.79-126 39.50 TP-21 2704 

9 6 1969 804 84 22.09-128 29.89 TP-23 2816 
26 6 1969 726 84 22.43-1?4 50.22 TP-24 1958 

7 7 1969 1517 84 30.04-123 49.49 TP-25 2420 
15 7 1969 707 84 33.??-124 16.29 TP-26 2409 
22 8 1969 2010 86 3.03-11) 45.46 TP-27 2207 

l 9 1969 404 86 2.47-1)0 11.18 TP•28 1988 
25 9 1969 059 BS 44.SA•ll9 21.02 TP-?9 2031 

B 12 1969 0525 BS 29.67-1)) 26.59 -TP-30 1365 
21 12 l 969. 0140 85 21.21-110 4,00 TP-31 1619 

9 2 1970 0440 84 27,29-112 47 .18 TP-32 1444 
8 6 1970 0204 84 13d -112 37.l TP-15 1936 

17 6 1970 0220 84 05,4 -11? 27,6 TP-36 1901 
23 6 1970. 0322 84 06.7 -111 so.o TP-37 1871 
25 6 1970 0?25 84 10,'l -111 OR,4 TP-38 1818 

3 7 1970 1415 84 24.ll -101 11. 7 TP-39 1307 
4 7 1970 ??56 84 25.l -107 11. 0 TP-40 1298 

15 7 1970 1500. 84 48,? -106 14,2 TP-41 1404 
18 7 1970 0106 84 44. I -106 27,4 TP-42 1442 
29 7 1970 0210 84 35.6 -106 22,6 TP-44 1358 
31 7 1970. 2259 84 39,4 -105 51.l TP-t,5 1490 

Table 4.  Water column temperature profiles collected from T-3.



2 8 1970 0157 84 38.6 -1 oc; 57.9 TP:.4f, 1499 
3 8 1970 ?-;>26 .A4 35.S -lOn 22.0 TP-47 13?7 
B A 1970 0103 A4 29 .,. -1 On ss.:, TP-48 1302 

l 1 8 1970 ??.10 84 21.1 -1 O·li 51.0 TP-49 1282 
15 8 1970 2224 A4 20.3 -101 47.6 TP-SO 1S37 
21 8 1970 0945 A4 12.0 -107 04.2 TP-52 1740 
24 8 1970 2257 84 20.1 -106 01.6 TP-51 149? 
2/i A 1970 1659 84 21.4 -104 50.4 TP-54 1400 
2R 8 1970 0342 84 23.4 -104 32.4 TP-55 1419 
11 9 1970 0824 84 51.1 -099 23.4 TP-56 2009 
13 9 1970 0358 84 49.4 -099 1a.2 TP-57 1991 
15 9 1970 0306 84 so• 6 -flCl9 11.5 TP-SA 1978 
17 9 1970 0324 84 s1.1 -099 25.3 TP-59 1988 
23 9 1970 0126 84 49.5 -099 01.s TP-60 1739 

9 11 1970 2148 85 05.9 ~-099 11.3· TP-62 2107 
16 3 1971 0218 85 28.7 -0119 11.0 TP-63 1939 
15 07 1971 2222 84 37.3 -088 01.2 TP-64 1933 
12 OR 1971 0504 84 43.4 -087 19.9 TP-65 2023 
17 11 1971 1238 84 35.J -084 ss.2 TP-66 1671 
03 12 1971 0758 84 36.A -08? 20.3 TP-67 1702 
06 04 1972 0752 84 22.SO-OA4 43.40 fP-69 1792 
14 06 1972 0R07 84 11. l O-OA6 30 .60 TP-70 1864 
27 06 1972 748 84 6.?0-0A7 40.SO TP-71 1615 
10 07 1972 0502 84 00.oo-DA6 33.00 TP-72 1708 
15 07 1972 1113 84 06 • 80-0.86 47.40 TP-73 1756 
04 08 1972 ·0116 84 09.40-083 52.20 TP-74 1775 
07 OR 1972 0745 84 l O • 50-0!l3 so.Jo TP-75 1658 
2i> 08 1972 0656 84 07.90-084 21.00 TP-76 1478 
?ll 09 1972 0646 83 45.80-088 53.30 TP-77 1475 
21 () 9 1972 0255 83 45,50-0RR 48.40 TP-78 1472 
23 09 1972 0709 83 44.9 -OBA 36 ·'• TP-79 l L158 
0 1 OS 1973 0807 83 42d -01,c; ?4.5 TP-80 l F,;>9 
04 oc; 1973 0031 83 41.1 -0115 10.3 TP-Al lf,09 
12 n c; 1973 02?4 83 41.l -09c; 2n.s TP-R?. 1600 
03 11 1973 0621 (83 49.5 -081 24, Ol TP-A3 1321 

DETAILED BOTTOM TEMPERATURE PROFILES (SUCCESSFUL) 

11, l lQ~Q 1'.l1 l1 94 <11,§9-l;J(l .JS,16 {}QR~ l ~4J6 
18 3 1969 1519 84 34.81-lt'~ 25.85 OAP- 3 2588 
31 3 1969 1811 84 40.04-127 9.38 OBP- 4 2567 
14 2 1970 0020 84 27.l •112 36.5 D8P- 5 1447 
_14 8 1970 0027 84 27.7 -lM, 58.9 DRP- 1 1278 
10 9 1970 2346 84 49.l -099 26,3 Ol'JP- 8 1965 
19 9 1970 0704 84 49.3 -099 32,8 OAP- 9 1996 
23 9 1970 0941 84 49.5 -098 44,3 DRP-10 1727 
08 12 1971 0520 84 36,7 -08,' 23.2 OBP-11 1701 
05 05 1973 0459 83 41.1 -OBS 28,9 ORP-12 1608 

DETAILED SEDIMENT TEMPERATURES (SUCCtSSFUL) 

05 09 1973 0405 83 41.l -OflS 26.3 OST-02 1608 
11 11 1973 0008 (83 51.3 •078 50,0) nsr-os 1304 



Figure 1.  LLocation of heat flow stations.
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Figure 2.  Schematic of thermal conductivity probe.
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Figure 3.  Typical thermal conductivity test.
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Figure 4.  Digital data from typical thermal conductivity test.



Figure 5.  Histograms of thermal conductivity values from East Alpha (top) and West 
Alpha (bottom) ridges.
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Figure 6.  Histogram of thermal conductivity values from Mendeleev Ridge 
(top) and Mendeleev Plain (bottom).
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Figure 7.  Histograms of thermal conductivity values from Canada Basin south (top) and 
Canada Basin north (bottom).
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Figure 8.  Histogram of thermal conductivities from NW Canada Basin, now known 
as the Nautilus Basin.
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Figure 9.  Areas for thermal conductivity measurements, 
designated by letters, which were originally handwritten. 
These areas are referred to in Figures 43 through 57.
In 2019, those areas that had legible labels were relabelled
in red letters.  In two areas (green), the labels are not 
legible.   
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Figure 10.  Thermal conductivities measured on 29 cores recovered from the 
northwest Canada Basin,  now known as Nautilus Basin.
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Figure 11.  Thermal conductivities from the NW Canada Basin (now known as the 
Nautilus Basin) averaged over 30 cm intervals.  Conductivities are at the midpoint 
of the horizontal lines, which represent standard deviation.
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Figure 12.  Thermal conductivity, % coarse fraction (> 62 microns), and water content 
measured on a sediment core recovered at FL-239. 
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Figure 13.  Discrete thermal conductivities measured on cores recovered from 
the northern Canada Basin.

THERMAL CONDUCTIVITY MCAL/CM 
LO e.o 3.0 o.o 

• ~ ••• + • • • • • • • 
• • + • • • + • 

• .. • • . + • • • •• 0.5 .. • • • 
+ • • • .. .. * . . 

• • • • .. .. • ... + • • • .. + + •• • 
+ 

.. ... + • +. • .. • • • 1.0 • • 
+ • • ...... 

• • .. + . 
•• • • + ~ + .. .. + • 

• • • • • • + • + • .. .. .. • + .. .. 
1.5 + + .. ... .. . 

• .. .. 
+ + 

• • .. ... • + • • • 
(J) + .. 

...... .. 
0::: • . • w • + .. 
I- • w .. • •• + 

:z: e.o + • . 
• .. .. . • ' ... .. :r: • • + 

I- • 
CL • • .. . 
w •• .... 0 • .. .. .. 

e.5 .. .. . • .. 
• ... .. . 

"'" .. ·- • 
~ • 

3.0 

;1 

3.5 j 
...: 

( 

) 
! 

' t ~':--
I 
I 

SEC 

• 

• • 
• 

• 

• • 

• 
+ 

+ 

.. 
• 

• • 

• 

C 

.. 

• 
• 

• 

• 

+ 

+ 

4.0 

. 

+ 

+ 

.. 

• 

. . 

-z;·_.._1..,.·_-"". ,V . 
.:.::•/ 



Figure 14.  Discrete thermal conductivities measured on cores recovered from 
the south Canada Basin.
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Figure 15.  Thermal conductivity, % coarse fraction (> 62 microns), and water content measured on a 
sediment core recovered at FL-31 in the northern Canada Plain.  Values are discrete measurements. 
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Figure 16.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-207.  Values are section averages.
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Figure 17.  953 discrete thermal conductivities measured on sediments recovered from 
the Mendeleev Ridge, plotted as a function of depth beneath the seafloor.
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Figure 18.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-116, Mendeleev Ridge.  Values are 
section averages.
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Figure 19.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-221, Mendeleev Plain.  Values are 
section averages.
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Figure 20.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-216, Mendeleev Plain.  Values are 
discrete measurements.
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Figure 21.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-223, Mendeleev Plain.  Values are 
discrete measurements.
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Figure 22.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-322, Alpha Ridge.  Values are discrete 
measurements.
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Figure 23.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-326, Alpha Ridge.  Values are discrete 
measurements.
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Figure 24.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % carbonate 
measured in a sediment core recovered at FL-395, Alpha Ridge.  Values are discrete 
measurements.
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Figure 25.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % carbonate 
measured in a sediment core recovered at FL-413, Alpha Ridge.  Values are discrete 
measurements.
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Figure 26.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % carbonate 
measured in a sediment core recovered at FL-433, Alpha Ridge.  Values are discrete 
measurements.
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Figure 27.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % carbonate 
measured in a sediment core recovered at FL-434, Alpha Ridge.  Values are discrete 
measurements.
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Figure 28.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-474, Alpha Ridge.  Values are discrete 
measurements.
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Figure 29.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-503, Alpha Ridge.  Values are discrete 
measurements.
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Figure 30.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % carbonate 
measured in a sediment core recovered at FL-533, Alpha Ridge.  Values are discrete 
measurements.
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Figure 31.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % 
carbonate measured in a sediment core recovered at FL-557, Alpha Ridge/Greenland 
Margin transition.  Values are discrete measurements. 
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Figure 32.  Thermal conductivity, % coarse fraction (> 62 microns), water content, and % carbonate measured in 
a sediment core recovered at FL-559, Alpha Ridge/Greenland margin transition.  Values are discrete 
measurements.
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Figure 33.  Mean thermal conductivities measured in 1740 core sections and corresponding 
water content.
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Figure 34. Mean thermal conductivity and mean percentage of grains coarser 
than 62 microns, as measured in 1825 core sections.  The lower line 
corresponds to values of K greater than 1.9 mcal/cm-sec-C.
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Figure 35. Mean water content and mean percentage of grains coarser than 62 microns, as measured in 
1810 core sections.  The upper line corresponds to water content greater than 65%.
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Figure 39 (continued). Histogram of measured heat flow for the Mendeleev Ridge.
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Figure 42. Hand-contoured heat flow values superposed on 
bathymetry reported in meters divided by 100. Letter labels refer to 
Figure 9.  Note added in 2019:  Some of these place names are no 
longer used.
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Figure 43. Heat flow data with confidence limits for Area F and Area D in Figure 9.  
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Figure 44. Heat flow data with confidence limits for Area G and Area D+G(??) in Figure 9.
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Figure 45. Heat flow data with confidence limits for  south and north Canada Plain.
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Figure 46. Heat flow data with confidence limits for east and west Alpha Ridge.
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Figure 47. Heat flow data with confidence limits for Canada Plain and NW Canada Basin, now 
known as Nautilus Basin.
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Figure 48. Heat flow data with confidence limits for Mendeleev Ridge and Mendeleev Plain.
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Figure 49. Heat flow data with confidence limits for Area H from Figure 9 and Lamont Ridge, whose 
position is shown in Figure 41.  Note added in 2019 by C. Ruppel: Lamont Ridge is east of the 
feature turned "NW Canada Basin" (now Nautilus Basin) in this report and forms part of what is 
now known as the Nautilus Spur.
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Figure 50. Heat flow data with confidence limits for Area C and Area K in Figure 9. 
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Figure 51. Heat flow data with confidence limits for Area L and Area M in Figure 9.
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Figure 52. Heat flow data with confidence limits for Area L+M and Area N in Figure 9.
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Figure 53. Heat flow data with confidence limits for Area P and Area Q in Figure 9.
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Figure 54. Heat flow data with confidence limits for Area V and Area R in Figure 9.
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Figure 55. Heat flow data with confidence limits for Area W and Area VPW in Figure 9.



,---· ~ 

~ 
,'" 
! 

·, e .., ~ I . .. •; 
< 

! 
... 

" I 

~ .1 
~ 

1" ~ 'l\' 
~ 
~ ' i-

j.,cr: , ·w 1-I 

I 
I 

J~ 

3981N3J~3d 3AI18lnwnJ 

~ .., 
-~ ., 
~ ~ 

\--. ~ "' . "' 

~ 
• 

0 

':( .; 
:r 

~ a 
...J ., I.J... 

":t i-.,.a: ·w -I 

~ 

L...,_ __ _._ ____ ....,_ __ ~.___....,__~---~----'---_::::,,-1 "? 
_o 

\ 
0 ~ ~ g 2 

3981N3J~3d 3AI18lnwnJ 

,. 
-~'i 
,·, 

Figure 56. Heat flow data with confidence limits for Area KLTRSQ and KLTRSQM in Figure 9.
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Figure 57. Heat flow data with confidence limits for Area KLTRSQMN in Figure 9.
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Figure 58. Heat flow data plotted with distance from the Alpha and Mendeleev
Ridge crests as a test for a pattern associated with heat flow changes away from a 
spreading ridge.  Note added by C. Ruppel, January 2019:  In the decades following 
this report, it was shown that the AMR is not associated with seafloor spreading.
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Figure 59. Heat flow data plotted with bathymetry for the Alpha Ridge data.
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Figure 60. Water column temperatures measured during dedicated casts.  Data in Table 4. 
Crosses for data from earlier than TP28 and for measurements made during heat flow casts.  
Squares for TP32 and 41-60.  Circles correspond to TP 35-40, and triangles denote TP63-83.  

Figure number incorrect in original.  Should be Figure 60.
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Figure 61. Water column temperatures shown 
as a function of distance off the seafloor (2588 
m) for cast DP-0003 on March 18, 1969.
Adiabatic gradient shown as dashed line.



r 
0 
I-
I-
0 
01 
r 
0 er: 
IL 

er er: 
a.1.1 
1-
w 
l:" 

r 
0 ..... .... 
0 en 
r 
0 cr: 
u. 
II' 
O'. w 
1-· 
UJ r 

lO J 
'J .J 
'J 
'J 
'J 
'J 
'J 
'.J 
J 

\ 
\ 
\ 
\ 
\ 

1 
\ 
I 
I 
·-~-

. . 
CAST NLJ"-'18EI~ OP·-000~ OtlTE. 03-31-G9 

Figure 62. Water column temperatures shown 
as a function of distance off the seafloor 
(2566.5 m) for cast DP-0004 on March 31, 
1969.  Adiabatic gradient shown as dashed 
line.

Figure number incorrect in original.  Should be Figure 62.
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Figure 63.  Water column 
temperatures shown as a function 
of distance off the seafloor (1447 m) 
for cast DP-0005 on February 13, 
1970.  Adiabatic gradient shown as 
dashed line.

Figure number incorrect in 
original.  Should be Figure 
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Figure 64.  Water column temperatures shown as a function of 
distance off the seafloor (1278 m) for cast DP-7 on August 13, 1970.

Figure number incorrect in original.  
Should be Figure 64.
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Figure 65.  Water column temperatures 
shown as a function of distance off the 
seafloor (~1966 m) for cast DP-0008 
on September 10, 1970.  

Figure number 
incorrect in original.  
Should be Figure 65.
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Figure 66.  Water column 
temperatures shown as a
function of distance off the 
seafloor (~1996 m) for cast
DP-0009 on September 18, 
1970.  Adiabatic gradient 
bounds shown as dashed lines.

Figure number incorrect in original.  Should be Figure 66.
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Figure 67.  Water column temperatures shown as a function 
of distance off the seafloor (~1727 m) for cast DP-10 on 
September 22, 1970.  Adiabatic gradient shown as dashed 
line.

Figure number incorrect in original.  Should be Figure 61.

Figure number incorrect in original.  Should be Figure 67.
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Figure 68.  Water column temperatures shown as a function of distance off 
the seafloor for cast DP-11 on December 8, 1971.  

Figure number incorrect in 
original.  Should be Figure 68.
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Figure 69.  Water column temperatures shown as a function of distance 
off the seafloor for cast DP-12 on April 4, 1973.  

Figure number incorrect in original.  Should be Figure 69.



APPENDIX 

The following interim report on T‐3 heat flow was written by Art Lachenbruch and B. Vaughn Marshall in 

1971, prior to completion of the T‐3 heat flow dataset.  The photocopy shown here was provided to C. 
Ruppel by Barbara Lachenbruch, daughter of Art Lachenbruch and professor emeritus at Oregon State 

University, in 2018. 


































