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ABSTRACT 

ARCTIC OCEAN GEOPHYSICAL STUDIES: 

THE ALPHA CORDILLERA AND MENDELEYEV RIDGE. 

John Kendrick Hall 

The geophysical findings from Fletcherôs Ice Island (T-3) for the period mid-1962 to mid-

1970 are presented. During this time the ice station traversed the Chukchi Rise, portions of the 

Alpha Cordillera and Mendeleyev Ridge, and the Chukchi, Mendeleyev, and Canada Plains. The 

findings, together with pertinent observations from older investigations, support the suggestion 

of earlier investigators that the Alpha Cordillera is an in active center of seafloor spreading. 

Several fractures were observed to cut the Mendeleyev Ridge and Alpha Cordillera, and many 

other closely spaced fractures are suggested by topographic, magnetic, and gravity trends. These 

fractures appear to parallel the 142° West meridian. Seismic reflection profiles show a buried 

topography similar to that of the Mid-Atlantic Ridge. Offsets in the apparent axial rift suggest 

that the fractures are the traces of transform faults. The angular relationship between the 

Mendeleyev Ridge and the Alpha Cordillera appears to result from a southerly displacement of 

the cordillera crest along numerous en echelon transform faults. Magnetic anomalies are 

consistent with the seafloor spreading hypothesis. A crustal gravity model based upon a 

continuous 600 km long gravity and bathymetric profile and one reversed refraction 

measurement from Station Alpha shows the observed gravity to be consistent with a section of 

East Pacific Rise type with a 5 km thick oceanic layer overlying 27 km of anomalous (ɟ = 3.15) 

mantle.  

The relation of the Alpha Cordillera to the surrounding continental geology is explored. A 

history for the Amerasia Basin since Late Precambrian time is proposed, in which the basin 

experienced spreading at least once in the Paleozoic, and again in the Late Mesozoic and early 

Tertiary. The Early Paleozoic episode is related to the opening and closing of a proto-Atlantic 

Ocean and the development of the Appalachian/Caledonian orogen. Arguments are presented 

which lead to the conclusion that the oceanic crust beneath the Beaufort Sea is Permo-

Carboniferous or older.  

Seismic reflection profiles show more than 2 km of sediment beneath the Mendeleyev and 

Canada Plains, with no basement reflections recorded. Prominent reflectors may represent major 

climatic or depositional changes. Sediment cover on the ridges varies from several hundred 
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meters to more than one kilometer. Sedimentary ridges up to 55 m high blanket the crestal 

plateau of the Alpha Cordillera, and appear to be the result of currents which transport sediment 

across the ridge from northwest to southeast. This process is presently in active, and may have 

terminated with the initiation of continental glaciation, perhaps as early as Upper Miocene time. 

Similar sedimentary structures 700 m beneath the Mendeleyev Plain suggest a strong bottom 

circulation in the past. A zone of bottom erosion along the Mendeleyev Ridge flank may reflect a 

circulation of water through the Cooperation Gap, a trough which appears to cross the ridge. 

Two buried channels extending to subbottom depths of 700 m were observed between the 

Mendeleyev Fracture Zone and the Mendeleyev Plain.  

Three general purpose computer programs are included. They compute 1) geographic 

position from celestial observations, 2) probable drift between known positions using wind data, 

and 3) gravity meter calibrations at a base station with correction for earth tides based upon a 

calculation by means of an abbreviated lunar and solar ephemeris.  
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INTRODUCTION 

Geographical Setting  

The Arctic Ocean, with an area of about 14 million km
2
, is the smallest of the world 

oceans. This ocean is unique in several significant respects. It is almost land-locked, it has a 

perennial cover of pack ice, continental shelves occupy one third of its area, and it is divided by 

three subparallel submarine ridges. Figure 1 is a physiographic diagram of the Arctic Ocean 

showing the major features. This diagram is based upon a diagram given by Hunkins (1968).  

The deep portions of the ocean form an almost rectangular basin, approximately 1800 km 

wide and 2500 km long. The three subparallel ridges cross this basin along its minor axis. The 

Lomonosov Ridge lies in the center, dividing the basin into the Amerasia Basin north of Alaska, 

and the smaller and deeper Eurasia Basin north of Europe. This ridge has steep slopes that are 

conve x upward, and has minimum depths of 1100-1200 m on the North American side, and 

about 1700 m where sounded on the Siberian side. The width of this ridge varies between 40 and 

75 km.  

The deeper Eurasia Basin is divided into two smaller basins by the Arctic Mid-Ocean 

Ridge, a seismically active belt of high ridges and deep rifts. This feature is considered to be the 

Arctic extension of the Mid-Atlantic Ridge, a center of seafloor spreading. The Amundsen Basin 

lies between the Mid-Ocean Ridge and the Lomonosov Ridge and encloses the Pole Abyssal 

Plain. This plain is the deepest and second largest plain in the ocean basin; its depth increases 

from about 3900 m near the Lomonosov Ridge to more than 4200 m along the Arctic Mid-Ocean 

Ridge. South of the Mid-Ocean Ridge lies the Nansen Basin, which encloses the small Barents 

Plain at depths between 3750 and 3900 m.  

South of the Lomonosov Ridge, the Alpha Cordillera divides the Amerasia Basin into two 

smaller basins, the Makarov Basin on the north, and the Canada Basin on the south. Two plains 

form the deep floor of the Makarov Basin. The Wrangel Plain at 2825 m lies below the East 

Siberian Shelf, and connects with the deeper Fletcher Plain at 3900 m via the Arlis Gap. The 

Marvin Spur projects into this basin from the Lomonosov Ridge north of Ellesmere Island.  

The Alpha Cordillera is the largest single submarine feature in the Arctic Ocean. Like most 

of the features in this ocean, the Alpha Cordillera has not been extensively sounded, but its 

outline is generally known. It crosses the basin from the vicinity of Ellesmere Island to the East 

Siberian Shelf, forming broad triangular plateaus where it abuts the shelves. The width of the  
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Alpha Cordillera varies considerably, reaching a maximum on the Canadian side, and a 

minimum of about 300 km near the center, where the crestal regions reach their maximum depth 

of more than 2000 m. Soviet workers (Belov and Lapin a, 1958) report this crestal low to consist 

of a long deep trough with topographically complex, convex-upward slopes, and a maximum 

depth of 2700 m. At this point, called the Sotrudnichestva (Cooperation) Gap by Treshnikov et 

al. (1967), the cordillera axis changes direction toward the south, heading away from the Laptev 

Shelf and toward the East Siberian Shelf, and the feature becomes the Mendeleyev Ridge.  

Between the Alpha Cordillera and the Chukchi Shelf lies the Canada Basin, the largest of 

the four Arctic basins. In the center lies the Canada Plain, the largest plain, with depths of about 

3850 m along the flank of the Northwind Ridge. The Chukchi Rise, including the Northwind 
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Ridge, projects about 600 km north from the edge of the Chukchi Shelf. Two small plains are 

located between the Chukchi Rise and the Mendeleyev Ridge. The Chukchi Plain, located near 

the East Siberian Shelf at a depth of 2200 m, connects with a deeper plain to the north via the 

Charlie Gap (Figure 9). This plain, at a depth of about 3300 m, is described here for the first 

time, and has been called the Mendeleyev Plain. It presumably connects with the Canada Plain 

north of the Chukchi Rise via another gap.  

Previous Work  

The perennial surface ice cover on the Arctic Ocean makes navigation by conventional 

vessels impossible. This single fact accounts for the slow growth of knowledge about the Arctic 

Ocean. What knowledge there is has been acquired through a wide variety of means. Chief 

among these are the drift of vessels imprisoned in the pack, spot landings of aircraft and airlifted 

temporary camps on ice floes, limited penetrations by icebreakers along the fringes of the pack, 

underwater probings and transits by conventional and nuclear submarines, and in the case of the 

present investigation, the meanderings of ice islands within the pack. In addition, long range 

aircraft are measuring the magnetic field, and together with artificial earth satellites, are 

acquiring data about ice conditions. Beal (1968) and Ostenso (1962) have presented interesting 

discussions of the history of scientific research in the north polar regions.  

Drifting ice stations have contributed much to our knowledge of the Alpha Cordillera. The 

broad outline of this feature was first shown in a diagrammatic chart of volcanism in the Arctic 

Ocean by Hakkelô (1958), and was based primarily upon soundings made from the drifting 

Soviet ice station NP-4 in November 1955. In 1957 and 1958 Drifting Station Alpha crossed the 

cordillera, permitting Hunkins (1961; also IGY, 1959, and 1961) to carry out investigations 

which showed this feature to be a major morphological province. Over 600 explosive soundings 

revealed water depth, bottom dip and strike, and subbottom information. Three unreversed 

refraction profiles indicated an average of 0.38 km of unconsolidated sediment overlying, in one 

case, a 2.80 km thick layer with 4.70 km/sec compressional wave velocity. Below this lay a 6.44 

km/sec ñoceanicò layer of undetermined thickness. The central portions of the Alpha Cordillera 

were sounded from Soviet drift station NP-7 at about the same time.  

Ice Station T-3 drifted over the Canadian terminus of the Alpha Cordillera in 1952 and 

1953. Data taken along the track outlined the Marvin Spur (Crary, 1954). Crary and Goldstein 

(1957) reported three unreversed refraction profiles which showed a shallow velocity structure 
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more continental than oceanic. Kutschale (1966) gave the results of geophysical investigations 

from Drifting Station Arlis II  within the Makarov Basin. He reported the existence of a steeply 

dipping basement ridge beneath the Wrangel Plain. This ridge separates that plain from the 

deeper Fletcher Plain, and appears to connect with the Alpha Cordillera. Seismic reflection 

profiles showed at least 3.5 km of stratified sediment beneath the Wrangel Plain.  

Dietz and Shumway (1961) published the first continuous sounding lines across the Arctic 

Ocean, taken by the submarine U. S. S. Nautilus in 1958, and by the U. S. S. Skate in 1958 and 

1959. They observed steep flanks and a relatively smooth upper surface lacking in jagged 

topography, and concluded that the cordillera was non-volcanic and bounded by major faults. 

Gravity measurements made from Station Alpha showed a regional free-air gravity anomaly of 

+60 milligals over the cordillera, which Ostenso (1963) interpreted as being further evidence of a 

horst structure, as suggested by the submarine profiles.  

A low level aeromagnetic survey was made over part of the Arctic in 1961, and was 

reported by Ostenso (1962). Depth to source computations were made from the anomalies. These 

revealed that the high amplitude anomalies associated with the cordillera were of shallow origin, 

suggesting an uplifted basement. These same high amplitude anomalies, observed in a high 

altitude survey flown in 1950 and 1951, led King et al. (1966) to designate a ñcentral magnetic 

zoneò whose anomalies parallel and extend beyond the flanks of the Alpha Cordillera. They 

noted the presence of broad long wavelength ñblock shapedò positive and negative anomalies 

along the flanks, which they considered to be related to the ñblock-faulted mountain rangeò 

origin suggested by Hunkins (1961) to explain the rugged relief observed from Station Alpha. 

King et al. (1964, 1966) also noted the resemblance between the high amplitude anomalies on 

the cordillera and adjacent plains, and those over the Canadian Shield. They concluded that the 

Amerasia Basin consists of a large sunken block of highly magnetic continental rock, 

presumably Precambrian like the rocks in the Canadian Shield Complex. A process of crustal 

thinning was evoked to explain the thin (hence oceanic) character of the basin crust as suggested 

by al the surface wave studies of Oliver et al. (1955) and Hunkins (1963), and b] the gravity 

observations of Ostenso (1963). The downdropped-block hypothesis, commonly called upon in 

early speculations on the origin of the Arctic Basin to provide a connection between similar 

tectonic features observed on opposing sides of the basin, seems to make its last appearance in 

the paper of King et al. (1966).  
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Lachenbruch and Marshall (1966) measured the heat flow at twenty stations over the 

cordillera flank and on the adjacent plain from T- 3 in 1963, and found the flux over the 

cordillera to be about one half that of the normal and uniform (1.41 ±4% microcalories/cm
2
 sec) 

flux measured on the plain. Using models they concluded that their measurements were best 

explained by a zone of low conductivity rock extending below the cordillera to a depth of at least 

15 km, and projecting out at this depth for some distance beneath the adjacent plain. This model 

is similar to the anomalous mantle models for the mid-oceanic ridges given by Talwani et al. 

(1965).  

Sykes (1965) relocated all well-recorded Arctic earthquakes for the period January 1955 to 

March 1964. In the vicinity of the Alpha Cordillera only one earthquake was recorded. This was 

a small event, of magnitude 4.9, which occurred on June 3, 1956 on the Canadian Shelf at 79.91° 

North, 117.70° West. Barazangi and Dorman (1970) prepared an updated Arctic seismicity map 

(Figure 2) based upon the ESSA and USC&GS epicenters for 1961 through September 1969. 

Again only one epicenter was observed along the trend of the Alpha Cordillera, on the 

continental shelf north of Canada. From these data one can conclude that the Amerasia Basin is 

essentially aseismic. Beal (1968) reported on the bathymetry and structure of the Arctic Ocean, 

based primarily on the bathymetric data collected during United States nuclear submarine cruises 

between 1958 and 1962. Nine profiles across the Alpha Cordillera assisted greatly in defining the 

physiography of this feature.  

Beal (1968) describes the Alpha Cordillera as a broad arch, marked with volcanoes and 

regions of ñhigh fractured plateauò similar to those observed on the Mid-Atlantic Ridge, and by 

scarps 500 to 1000 m high. On the basis of the physiography, the magnetic lineations, and the 

relatively small quantity of geophysical data pertaining to the crustal structure, Beal (1968) 

interpreted the cordillera as an in active mid-oceanic ridge which has undergone some 

subsidence. The Alpha Cordillera was considered to be an Arctic extension of the buried ridge 

discovered beneath the Labrador Sea by Drake et al. (1963), and probably responsible for the 

opening of the Amerasia Basin.  

In the meantime, Soviet investigators mapped the magnetic patterns in the Eurasia Basin. 

Rassokho et al. (1967) and Karasik (1968) showed a linear anomaly pattern (Figure 3) 

paralleling the Arctic Mid-Ocean Ridge and exhibiting rough symmetry relative to the ridge axis. 

Karasik (1968) obtained a preliminary spreading rate of 1.1 cm/year for the past 8-10 million  
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years by comparison with the known anomaly pattern for the other oceans. Toward the Alpha 

Cordillera and the Mendeleyev Ridge the anomaly wavelengths were seen to increase with the 

pattern becoming more irregular. The magnetic anomaly amplitudes over the Arctic Mid-Ocean 

Ridge are considerably smaller than those on the Alpha Cordillera. 

Vogt and Ostenso (1970) examined the existing geophysical and geological data, and found 

it to be consistent with the hypothesis that the Alpha Cordillera is an in active mid-oceanic ridge. 

Using additional low level aeromagnetic profiles flown in 1963 and 1964, they attempted to date 
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the anomaly pattern over the cordillera. A comparison of selected profiles projected 

perpendicular to the cordillera with profiles from the North Atlantic suggested a correlation with  
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anomalies now found between 300 and 500 km from the axis of the Reykjanes Ridge, indicating 

that the cordillera became in active in the Tertiary, probably about 40 million years ago. A small 

degree of symmetry was observed in some of the profiles. 

Vogt and Ostenso (1970) also used early gravity measurements from Ice Station Arlis II 

over the Mendeleyev Ridge, and from T-3 and Alpha over the Canadian end of the Alpha 

Cordillera, to make three projected gravity and bathymetric profiles across the cordillera. Model 

calculations were made for the two end profiles, using six layers. A root of anomalous mantle 

extending to about 70 km was required to fit the observed anomalies.  

Present Work 

This paper presents the geophysical findings of the post-196 2 drift of Fletcherôs Ice Island 

(T-3) in the vicinity of the Alpha Cordillera. Fletcherôs Ice Island began operations in March 

1952 with the landing of a scientific party under the leadership of Lt. Col. Joseph O. Fletcher on 

a large (approximately 170 km
2
) and thick (about 50 m) piece of glacial ice. This tabular iceberg 

is believed to have broken off from the land-fast ice shelf along the northern coast of Ellesmere 

Island. The morphology of the ice island has been described by Smith (1960).  

For the next eight years, T-3 drifted south and west from its initial position 230 km from 

the north pole, skirting the continental margin north of Canada, and eventually grounding, in 

April 1960, on a shoal 150 km northwest of Barrow, Alaska. Many investigations, some of 

which have been mentioned in the previous section, were carried out 1 1 from the station, and the 

results have been compiled by Bushnell (1959), and by Cabaniss et al. (1965). Following the 

grounding, the station was occupied for more than a year, but was finally abandoned in 

September 1961 when it was decided that T-3 was there to stay.  

Sometime during the next winter the island drifted free, and on February 16, 1962 it was 

discovered by an Arctic Research Laboratory (ARL) plane on a routine supply flight to the new 

ice island, Arlis II. Within a few days the station was reoccupied by ARL personnel, and its life 

began anew. By the middle of May a geophysical program was being conducted by scientists of 

the Lamont-Doherty Geological Observatory. This program, consisting of navigation, depth 

soundings, and gravity and magnetic observations, plus supplemental seismic reflection 

measurements, coring and bottom photography, continues to the present time, with numerous 

additions and refinements. This program is customarily carried out by two or three field 

personnel.  
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Figure 4 shows the drift of T-3 since its reoccupation. During this period the station has 

completed one clockwise orbit around the Canada Basin, and is now on its way through a 

second. Three insets show the areas to be considered. Area I and II, on the flank of the 

Mendeleyev Ridge, and between the Chukchi Rise and Alpha Cordillera, were investigated 

during the 1962-63 and 1966-68 drift of T-3. Area III was investigated during 1968-70. Depth 

soundings were made along much of the drift track. In 1966 a seismic profiler was installed, and 

reflection measurements were obtained along much of the 1967 and 1968-70 track. During these 

periods a number of piston cores, bottom photographs, and light scattering measurements were 

also obtained. The T-3 data, together with pertinent observations from Stations Alpha, Charlie, 

and Arlis II, as well as the Russian drift station North Pole 2, have been used in the study. The 

recent T-3 data is available in reduced graphical form in a report by Hunkins et al. (1969). The 

earlier supplemental data was taken from compilations by Bushnell (1959), Black and Ostenso 

(1962), Cabaniss (1962), Cabaniss et al. (1965), and Somov (1955).  

Additional magnetic measurements were made by members of the British Trans-Arctic 

Expedition (BTAE) wintering on an ice floe approximately 140 km to the northwest of T-3 

during the period November 1968 to February 1969. These measurements filled in many details 

of the anomaly pattern over the ridge crest. The present findings are wholly consistent with the 

suggestion of Beal (1968) and Vogt and Ostenso (1970) that the Alpha Cordillera is an in active 

mid-oceanic ridge. The principal evidence for this is the identification of at least five fracture 

zones that cut the cordillera, and apparent offsets of the ridge axis in the crestal regions. 

Bathymetric data suggest the presence of other fractures, while seismic reflection studies suggest 

a buried basement topography similar to that foundon the Mid-Atlantic Ridge. The magnetic and 

gravity data support this thesis, and suggest the existence of still other fractures.  

Bottom currents appear to control sedimentation over a large part of the area studied. 

Elongate sedimentary ridges or waves appear to cover the crestal plateau, but are blanketed with 

a uniform cover of pelagic sediment, suggesting that they have been in active for a considerable 

period of time. These waves are apparently the result of a strong paleocirculation, similar to the 

weak one found today, which transported sediment across the ridge from northwest to southeast. 

Along the eastern flank of the Mendeleyev Ridge a region of submarine erosion is observed, 

apparently maintained by a strong flow of water through the Cooperation Gap, from the Makarov 

Basin to the Canada Basin. A zone of sediment waves observed beneath the present Mendeleyev 
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Plain indicates that bottom currents have apparently been an effective agent of deposition in the 

past.  

DATA REDUCTION 

All data used in this study were reduced and processed with the aid of an electronic digital 

computer. Several Fortran language programs developed for this investigation, but having a 

wider range of applicability, are described and listed in the Appendix.  

Navigation 

The drift track for T-3 (Figure 4) is based upon two types of navigational fixes. Positions 

prior to April 15, 1967, and for the periods November 18, 1967 to February 17, 1968, March 3, 

1968 to April 28, 1968, November 2, 1968 to December 4, 1968, and January 2, 1969 to 

February 25, 1969 were determined by celestial navigation with a theodolite, whenever visibility 

permitted. The fixes were reduced by computer (see Appendix). A maximum error of ±1 km was 

possible when sun shots were used in daylight periods, and ±½ km when star sights were used. 

Positions for all other periods are from satellite fixes using the U.S. Navy Navigation Satellite 

System (NNSS) described by Guier (1966) and reviewed by Talwani et al. (1966). Errors in 

excess of ±4 km are unlikely because of the high rate of fixing with this method at polar 

latitudes, and because of the low rate of ice drift. Wind data were used in another program (see 

Appendix) to compute the most probable drift of the island between fixes by applying the ñruleò 

observed by Nansen during the drift of the Fram. This rule, describing the effect at the surface of 

the Ekman spiral, states that the ice tends to drift at a small fraction of the wind speed, and at a 

fixed angle to the right (in the northern hemisphere) of the wind.  

The detailed track for Areas I- III, shown as insets in Figure 4, is presented in Figures 5, 6, 

and 7. Individual fixes are not plotted on the drift track, as up to fifty per day are available with 

the satellite system. Approximately 11,000 km of track are represented on these three maps. 

Daily distances varied from zero for periods of calm to a maximum of 25 km. An analysis of 

more than 2500 days drift for T-3 showed the average daily drift to be 5.2 km/day.  

Depth Soundings 

Depth soundings were made almost continuously using a precision depth recorder (PDR) of 

the type described by Hubbard and Luskin (1959). A Gifft ESRTR-3 sonar transceiver was used 

as the sound transmitter and receiver, driving an EDO Corporation AN/UQN 12 KHz transducer 

at a nominal pulsed power of 1000 watts. All soundings were made on a 1 second (750 m)  
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recording scale, with a paper feed rate of approximately 1 cm/hour. The echo-distance error due 

to timing in the recorder and reading of the records was about 0.0025 seconds (±2 m). The 

records were digitized at frequent intervals (0.1 to 0.5 km), and at all slope changes to allow 

accurate interpolations. These soundings were corrected for the vertical variations in the sound 

velocity (Matthews, 1939) as part of the computer reduction program. Corrections of the order of 

+60 m were needed for water depths of 3000 m. No slope corrections were applied.  

Between May 1962 and June 1963, when the PDR was put into operation, soundings were 

obtained using explosive charges and a geophone detector. A total of 617 spot soundings were 

obtained, with a measurement accuracy of ±1 millisecond, or less than 2 m. These soundings 

were corrected in the same manner as the PDR data.  

Gravity Measurements  

Gravity measurements were made several times a day with a Lacoste & Romberg Model G 

(No. 27) geodetic gravity meter. The meter was mounted on a wooden post which projected 

through the laboratory floor and was securely frozen into the ice. The meter height was 

approximately 4 m above sealevel. Ice vibrations generally did not interfere with the 

observations. In order to record its instrumental drift, this meter was used in comparison 

measurements at the University of Wisconsin pendulum station at Barrow, Alaska, twenty-five 

times between 1962 and 1970. The drift is shown in Figure 8. Abrupt changes in drift occurred in 

late 1964 and 1969 (not shown in diagram), but these have been accounted for and the data 

corrected. Elsewhere, a linear drift has been assumed between calibrations.  

The observations were reduced to sealevel, and corrected for the acceleration due to east-

west motion (the Eötvös correction) by the reduction program. This correction seldom exceeded 

±1 milligal. Maximum errors are considered to be less than 1 milligal for most observations, but 

possibly as much as ±5 milligals during the severest storms.  

Simple Bouguer anomalies were computed for each observation by adding the attraction of 

a horizontally infinite plate, of density 1.64 g/cm
3
 and thickness equal to the water depth, to the 

free air anomaly. Approximately 8000 gravity observations were used in the present study.  

An additional 150 gravity measurements, obtained from Station Alpha in 1958 with a Frost 

C-1-15 gravity meter, were used in Area III to assist in contouring. These observations are of 

limited value because the abandonment of the station, following seven months of measurements,  
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did not permit a final calibration. Comparison of the Alpha measurements with the calibrated 

observations from T-3 at five Alpha/T-3 track intersections show the Alpha data to be about 15 

milligals too high, and they have been adjusted accordingly.  

Magnetic Measurements  

The total intensity of the earthôs magnetic field was measured almost continuously with a 

proton precession magnetometer (Packard and Varian, 1954) built at the Lamont-Doherty 

Geological Observatory. Readings were made every six seconds and recorded on a strip chart. 

Magnetic total intensity was calculated from precession frequency according to the relationh = 

23.487386f whereh is the total field in gammas (10 -5 gauss) and f is the proton precession 

frequency in hertz. The precession frequency measurements were made with a frequency 

counter, whose crystal oscillator time base was checked periodically 2 1 against other frequency 

stand ards. The individual measurements are accurate to better than ±10 gammas.  

Diurnal variations of the earthôs magnetic field in polar regions commonly exceed one 

hundred gammas (Hunkins et al., 1962, and Walker, 1962). The periodic nature of these 

variations was used to eliminate them by averaging the observations over 24 hour periods The 

records were read every hour, and the filtered field strength computed at each observation point 

by taking an average of the twenty-four hourly readings centered about that time.  

The value of the earthôs regional field was removed by the use of a Taylor series expansion 

of third degree, fitted by least squares to the regional field in this area by the Dominion 

Observatory of Canada (Haines, 1967). The area of this investigation lies near the center of their 

aeromagnetic survey. The magnetic total intensity anomalies presented here are defined as the 
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difference between the observed total magnetic field and the computed regional field at the point 

of observation.  

During the winter of 1968-69, the magnetic observations from T- 3 were supplemented by 

measurements made by the British Trans-Arctic Expedition (BTAE) from an ice floe 

approximately 140 km to the northwest of T-3. A Varian M-49 portable proton precession 

magnetometer was read every hour when possible. This instrument uses vibrating reeds to 

indicate the precession frequency, and gives a direct readout of field strength in gammas. These 

observations are accurate to better than ±20 gammas, and were reduced in the same manner as 

those from T-3. This same instrument was used on T-3 in 1962.  

Airborne total intensity measurements reported by Ostenso and Wold (1970) were a useful 

aid to interpretation. These measurements were made at an altitude of 450 m with a proton 

precession magnetometer. No attempt was made to reduce these observations to sealevel, a 

change of less than 20 gammas. A correction for temporal variations in the magnetic field was 

not considered necessary as all flights through these areas were of less than two hourôs duration. 

Any difference will be shown as a constant factor relative to the ice island measurements. The 

estimated error in positioning for these measurements is less than 15 km.  

Seismic Reflection Measurements  

A seismic reflection profiler was in operation between February and October 1967, 

November 1967 and March 1968, August 1968 and June 1969, during two weeks in August and 

September of 1969, and November 1969 to June 1970. Approximately 4000 km of track have 

been profiled. The system used is a modification of that used aboard oceanographic vessels, and 

will be described below.  

The sound source consists of a triggered capacitor bank from a 9000 joule storage capacity 

ñboomerò (Edgerton and Hayward, 1964), discharging through an underwater spark transducer. 

The transducer is a flexible two-conductor cable, terminated by a tape-covered 5/8" diameter 

brass rod with one end open to the seawater, and by a length of exposed copper braid wrapped 

around the cable 30 cm back from the end. When the sparker is triggered, the capacitor banks 

discharge into the ocean via the brass rod, causing breakdown of the seawater and producing an 

acoustic shock pulse. The copper braid ensures a good connection of the capacitor bank ground 

to the seawater. Spectral measurements of the pulse at a listening array 5 km from the transducer 
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indicated a peak intensity at 80 hertz. Caulfield (1962) has described the various parameters 

affecting pulse shape and intensity.  

The transducer was suspended about 8 m below the sea ice near the edge of the ice island. 

The cable was passed through an oil-filled pipe frozen into the 4 meter thick ice, so that it could 

be pulled up periodically for inspection. Maintenance of the transducer was minimal -- a five 

minute check each week to assure that the electrode and tape cover eroded together, and 

replacement about every eight months. Details of electrode construction are discussed by Hall 

(1964).  

The reflected signals were detected by two hydrophones, 30 m apart, suspended on 

electrical cables approximately 4 m below the sea ice adjacent to the ice island. The hydrophones 

were faired to reduce tow noise, and had horizontal separations of 20 m and 30 m from the spark 

source. The hydrophones are barium titanate, flexural disk transducers built by the U. S. Navy 

Underwater Sound Laboratory (Woollett, 1960). These highly sensitive hydrophones have a 0.1 

mfd capacitance, eliminating the need for a preamplifier in the hydrophone case.  

The hydrophone signals were mixed and preamplified at the ice surface, then amplified, 

filtered, and recorded on a modified Westrex chart recorder. This recorder uses an electrified 

stylus, riding on a translating steel band, to write on electro-sensitive dry recording paper passing 

slowly under the band. The band has three styli spaced at equal intervals, so that as one stylus 

finishes writing a line, the next one commences its sweep. A six second sweep was used for this 

work, controlled by a precision frequency derived mechanically from a synchronous clock. The 

paper speed was approximately 11 cm per day. A cam and gating arrangement was used to 

control the operating program of the profiler. Once every five minutes, this programmer turned 

off the PDR so that it would not interfere with the profiler, fired the spark source as one stylus 

began its sweep, allowed the reflected signals to print on the paper, then disconnected the print 

amplifier from the styli so that nothing was printed until the beginning of the next five minute 

interval.  

A two-channel drum recorder with brake-clutch mechanism, similar to that used by 

Kutschale (1966) on Arlis II, was used along with the chart recorder during part of 1967 and 

1968. This 10 second sweep recorder generally produced better records, but required 

considerably more maintainence.  



 25 

Individual seismic reflection measurements were obtained prior to June 1963 by allowing 

the direct writing oscillograph used to record depth soundings to record also the subbottom 

reflections following the direct bottom arrival. The most prominent subbottom reflections were 

then used to prepare the seismic reflection profiles shown in Figure 16.  

Data Storage and Presentation  

The results of the reduction programs for navigation, bathymetry, gravity and magnetics 

were combined to form a single magnetic tape for the computer, containing blocks of data with 

observation time, geographic position, ice island orientation (azimuth), water depth, observed 

gravity, free-air and Bouguer anomalies, total magnetic field, and magnetic anomaly for every 

hour along the drift track. For purposes of comparison, one hour of track at usual ice island 

speeds is roughly equivalent in distance to that traversed in 45 seconds by a 12 knot ship. 

Altogether the tape contains data recorded over 70,000 hours.  

The tape was used to prepare contour maps and construct profiles, using an automatic 30" 

plotter controlled by the computer. The contour program is arranged to print out the contour 

number at the location along the track at which that particular contour is crossed. Any map scale 

and contour interval can be used. In this fashion the computer performs the task of interpolating 

contour crossings, and the portion of track between contours acts as a constraint during the 

manual process of drawing contour lines.  

Profiles were produced by specifying endpoint positions for each segment of the profile, 

and then specifying the beginning and end times of portions of track that should be projected 

onto the profile. Bathymetry, free-air and Bouguer anomalies, and magnetic anomalies were 

projected in this manner. Because of the contorted nature of the track, the seismic profiles were 

also digitized in sections, and fed into the computer for projection. The vertical scale for 

bathymetry and subbottom reflections on all projected profiles is in meters, not reflection time. 

Water depths are all expressed as corrected meters. Sediment thicknesses are based upon an 

assumed sediment sound velocity of 2 km per second, so that the thickness in km is equal to the 

round-trip travel time in seconds.  
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INTERPRETATION 

PART I: TECTONIC FEATURES 

Bathymetry  

The area of investigation has been subdivided into three areas, shown as Areas I-III in the 

index map (Figure 4). Contour maps with 100 m isobaths have been prepared for each area. In 

those parts where no new depth information is available, generalized 500 m isobaths from the 

Canadian Hydrographic Survey Chart No. 897 (DeLeeuw, 1967) have been added. All three 

areas have been combined into one bathymetric chart in Figure 28a. Selected profiles from these 

areas are shown in Figures 13-19.  

Area I (Figure 9) includes the Chukchi Cap, the western margin of the Chukchi Rise, the 

Charlie Gap leading north from the Chukchi Plain to the Mendeleyev Plain, and the eastern 

margin of the Mendeleyev Ridge. The Mendeleyev Plain, described here for the first time, has 

gradients of about 1:1000 and lies at a depth of about 3300 m. Its gradient barely classifies it as 

an abyssal plain. On the west, the Mendeleyev Ridge rises 2300 m above the adjacent plain to 

form three isolated plateaus. Two of these are named for the submarine U. S. S. Sargo and Ice 

Station Arlis II (this plateau is off the map), from which they were discovered (DeLeeuw, 1967). 

A third plateau was discovered in this investigation, located still further north around 79°N and 

176°W, and at a slightly greater depth of around 1100 m. It is proposed that this plateau be 

named the T-3 Plateau.  

The transition from the ridge to the plain is gradual in the parts surveyed. To the north, the 

ridge is paralleled by a 600 m high scarp which faces the ridge across a trough. This ridge 

disappears to the north, being absent altogether in a traverse 50 km away. This feature, shown in 

cross section in Figures 13, 14, and 35, is interpreted as a fracture zone, associated with the 

Alpha Cordillera, which locally parallels the Mendeleyev Ridge. The name Mendeleyev Fracture 

Zone is proposed for this feature. Along the ridge flank the topography appears to trend NNW-

SSE, paralleling the fracture zone.  

Area II bathymetry is shown in Figure 10, with selected profiles in Figure 15. Principal 

features in this area are the northwestern part of the Canada Plain, the northern extremities of the 

Chukchi Rise, and the southern flank of the Alpha Cordillera. The Canada Plain in this area lies 

at approximately 3800 m, becoming slightly shallower toward the cordillera. A small isolated 

depression was discovered on the northern margin of the Chukchi Rise.  
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Three topographic highs with crestal depressions were traversed in Area II. These are 

interpreted as seamounts, although from the crossings it is uncertain whether they are isolated 

features. This interpretation is supported however, by the observation in the nuclear submarine 

bathymetric profiles of similar structures, which Beal (1968) considered to be volcanic. One 

seamount, 600 m high, was crossed on the northern margin of the Chukchi Rise. Although 

submarine morphologists generally consider a relief of at least 700 and preferably 1000 m 

necessary for classification as a seamount, it is suggested from Profile X-Y-Z in Figure 15 that 

this is a true seamount which has been partially buried by the sediments forming the plain.  

Two other seamounts, 1200 m in height, were crossed on the lower flank of the Alpha 

Cordillera. On the Canadian chart (DeLeeuw, 1967) these features appear as the southern end of 

a long NNW-SSe trending ridge. In this paper they have been reinterpreted as seamounts, 

probably volcanic in origin, because of their crestal depressions (see Profile A-B in Figure 15), 

the associated magnetic anomaly (Figure) 6 and Figure 26), and because of the very low heat 

flow measuredon their flanks by Lachenbruch and Marshall (1966). Subsequent heat flow 

measurements over the Alpha Cordillera have shown the heat flow to be generally normal and 

uniform (Dr. A. Lachenbruch, personal communication), which suggests that the low observed 

heat flow values could be the result of low conductivity volcanic material.  

Names are proposed for these seamounts, to honor scientists involved in the exploration of 

this part of the Arctic Ocean. The largest seamount on the flank of the Alpha Cordillera is named 

after Rollin Arthur Harris (1863-1918), who in 1904 proposed the amphidromic regime of tides 

and predicted the existence of the Lomonosov Ridge from tidal observations. The nearby 

seamount is named after Sir Hubert (George H.) Wilkins (1888-1958) who pioneered the use of 

aircraft and submarine for Arctic Ocean exploration.  

East of the plain, a rectangular region juts south from the cordillera, rising 800 m above the 

adjacent plain. On the western edge of this upland, paralleling the plain, is a narrow ridge which 

rises to a depth of less than 2900 m. Named the Lamont Ridge by DeLeeuw (1966), this narrow 

ridge is clearly seen in seven crossings spaced over a distance of 200 km (see Figure 15). Steep 

slopes are observed on both flanks of this ridge at its southern end. In the northeast corner of this 

area, an isolated seamount was delineated when the ice island followed an ñNò shaped track. 

Steep sides were observed on the northeast and southeast sides of the flat-topped structure, 
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shown in Profile C-D in Figure 15, suggesting that it is bounded on the east by a fracture striking 

in the direction of a steep valley observed by Hunkins (1961) from Station Alpha. This valley 

appears in Area III (Figure 11). This seamount is named after Dr. Albert P. Crary, whose early 

geophysical measurements from T-3 delineated the North American terminus of the Alpha 

Cordillera.  

Area III comprises the flank and crestal regions of the central section of the Alpha 

Cordillera. Soundings reported by Hunkins (1961) from the drift of Station Alpha have been 

included in the contouring of this area. The general trend of the topography is NE-SW, 

paralleling the trend of the cordillera. Two seamounts were traversed on the upper flank of the 

cordillera. The one to the south, over 700 m high, is named after Dr. M. Allen Beal, who was one 

of the first to suggest that the Alpha Cordillera is a fossil mid-oceanic ridge, and whose 

contribution to our knowledge of the physiography of the Arctic Ocean Basin has already been 

acknowledged. To the north, a second seamount rising nearly a kilometer above the surrounding 

topography is named after Dr. Ned A. Ostenso, whose aeromagnetic, airlifted gravity, and other 

marine geophysical measurements from Ice Station Arlis II  have added significantly to our 

knowledge of the Arctic Basin. A depression was observed at the summit, suggesting that 

Ostenso Seamount is also volcanic.  

In the central part of the area, the crestal regions are characterized by extensive, rather level 

areas of low relief. This crestal plateau is cut on the west by depressions that run subparallel to 

the trend of the cordillera. On the central crossing, seen in Figure 17 as Profile K-P, this plateau 

dips toward the south, dropping off at its northern and highest edge through a series of northward 

dipping step faults to a partially surveyed plain at 2300 m. To the east, a fourth crossing (Figure 

18) showed alternating crestal plateau and deep graben-like valleys. A pronounced characteristic 

of the soundings on the crestal plateau was the appearance of numerous hyperbolic echoes, 

which are discussed in some detail in the second part of this paper.  

A general profile across slightly more than half of the cordillera is shown in Figure 12 (see 

Figure 4 for the location of this profile). This projected profile runs in a straight line from the 

northern margin of the Chukchi Rise to just beyond the apparent axis of the cordillera as 

indicated by the bathymetry, gravity, and magnetics. Since the projected track overlapped itself 

in several places, a choice of bottom traces was offered, Sections containing exaggerated relief 

were rejected in favor of those showing a more general trend. In this profile, the Alpha Cordillera  
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appears as a rounded feature, rising nearly 2 km above the Canada Plain. To the east of this 

profile the crestal regions are higher still, reaching depths of less than 1,100 m. Of note is the 

concordance of heights of five elevated portions of the southern flank of the cordillera along an 

inclined line of 0°23' slope. This slope is identical to that given by Beal (1968) from an analysis 

of nine submarine crossings of the Alpha Cordillera.  

Seismic Reflection Measurements  

The results of the seismic reflection measurements are shown in Figures 13 through 18. 

With the exception of Figure 16, which is derived from explosive soundings, these profiles were 

obtained with the 9000 joule sparker system. The records were digitized and projected in order to 

remove the effects of the erratic ice motion, and to provide some continuity by joining segments 

obtained during different periods of drift. A comparison of Profile C-C' in Figure 13 with the 

actual records used in its construction (Figures 33 and 35) will show the type of interfaces 

chosen for digitization. In these profiles, what is interpreted as basement -- the basaltic layer with 

4.5 - 5.5 km/sec compressional wave velocity observed to underlie the sediments in other oceans 

-- has been blackened. Its upper surface is usually recognized as the beginning of a series of large 

hyperbolae.  

Three segments of track crossed the Mendeleyev Fracture Zone, a high scarp and trough 

paralleling the Mendeleyev Ridge. Figure 1 3 shows these segments projected onto a common 

fixed plane. From this figure it is apparent that the fracture can be traced over a distance of at 

least 80 km. Differences in stratigraphy across the scarp, discussed in some detail in Part II of 

this paper, indicate that these sediments were deposited after the formation of this fracture. The 

topography of the basement is quite rough. In Profile A-A', the top layer consisting of several 

hundred meters of conformable sediment, overlies relatively flat sediments which appear to have 

undergone considerable erosion. Higher on the Mendeleyev Ridge (Figure 14), reflection 

measurements along a zig-zag track (Profile j-s) show the Mendeleyev Ridge to have a relatively 

thick and highly variable sediment cover. Steep slopes and rough topography within the 

basement are reflected in the surface topography, even though large volumes of sediment have 

partially filled some of the valleys.  

More than two km of sediment were observed beneath the Mendeleyev Plain, with no 

indication of basement. Kutschaleôs (1966) measurement of at least 3.5 km of sediment beneath 

the Wrangel Plain, across the Mendeleyev Ridge approximately 300 km to the northwest,  
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