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ABSTRACT
ARCTIC OCEAN GEOPHYSICAL STUDIES
THE ALPHA CORDILLERA AND MENDELEYEV RIDGE.
John Kendrick Hall

The geophysical findings from Fletclaerce Island (33) for the period mid1962 to mid
1970 are presente®uring this time the ie station traversethe Chukchi Rise, portions of the
Alpha Cordillem and Mendeleyev Ridge, and the Chukchi, Mendeleyev, and @&haids The
findings, together with pertinent observations from pldeestigations, support the suggestion
of earlier investigators that éhAlpha Cordillera is ann active center of seafloor spreading
Severa fractures were observed to cut the Mendeleyev Ridge and Alpha Cordilhetanany
other closely spaced fractures are suggesgadgographic, magnetic, and gravity trendlkese
fractures appearotparallel the 142° West meridiaBeismic reflection profiles shoa buried
topography similar to that of the Miéitlantic Ridge Offsets inthe apparent axial rift suggest
that the fractures are the tracek tmansform faults The angular elationship between the
Mendeley® Ridge and the Alpha Cordillera appears to rekoln asoutherly displacement of
the cordillera crest along numerous en echelon transfautis Magnetic anomalies are
consistent with the seafloor spreaglihypothesis A crustal gravity model based ap a
continuous 600 kmlong gravity and bathymetric profile and one reversed refmactio
measurement from Station Alpha shows the observed gravity ¢orsistenwith a section of
East Pacific Rise typ@ith a5 km thik oceanic layer overlying 27 km of anomaloys=<3.15)
mantle

The relation of the Alpha Cordillera to the surrounding continaggalogy is exploredA
history for the Amerasia Basin since é&recambrian time is proposed, in which the basin
experienced weadirg at least once in the Paleozoic, and again in the Late Mesozbieasy
Tertiary. The Early Paleozoic episode is related to the opeaintclosingof a proto-Atlantic
Ocean and the development ot tAppalachian/Caledonian orogeArguments arepresented
which lead to the conclusion that the oceanic crust beneathBéaafort Sex is Perme
Carboniferous or older

Seismic reflection profiles show more thaki of sediment beneath the Mendeleyev and
Canada Plains, with no basermegflections recaded Prominent reflectors may represent major

climatic or depositnal changes Sediment cover on the ridges variesnirgeveral hundred



meters to more than one kilomet&edimentary ridgeup to 55m high blanket the crestal
plateau of the Alpha Corddlta and appear to be the result of currents which transport sediment
acros the ridge from northwest to southeast. This process is preserdtyive, and may have
termnated with the initiation of continental glaciatipperhaps as early as Upper Mioedime
Similar sedimentary structis&/00 m beneath the Mendeleyev Plain suggestrong bottm
circulation in the pastA zone of bottom erosion along the MendelefRedge flank may refleca
circulation of water through the CooperatiGap atrough whch appears to cross the ridge
Two buried channslextending to subbottom depths of 760 were observed betweeneth
Mendeleyev Fracture Zone and the Mendeleyev Plain

Three general purpose computer programs are inclutleely compute 1) geographic
position from celestial observations, 2) probatitét between known positions using widdtg
and 3) gravitymeter calibrationsit abase station with correction for earth sdssed upn a

calculation by means of an abbreviated lunar and splaemeris
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INTRODUCTION
Geographical Setting

The Arctic Ocean, with an area of about 14 milliom?, is the smallest ofhe world
oceans This ocean is uniguin several significant respectd is almost landocked, it fas a
perennial cover of pack ice, continental shelves occupy one tlitd area, and it is divided by
three subparallel submarine ridgésgure lis a physiographic diagram of the Arctic Ocean
showing tle major featuresThis diagram is based ap adiagram given  Hunkins (1968)

The deep portions of the ocean form an almost rectangular, bagiroximately 180&m
wide and 250km long. The three suparallel ridges cross this basin along its minor .akise
Lomonosov Ridge lies in the center, dividing the basin intcAtinerasia Basin north of Alaska,
and the smaller and deeper Euad3asin north of Europ€erlhis ridge has steep slopes that are
convex upward, and has minimum depths of 11W0 m on the North American side, and
about 1700m where sounded on the Siberiside The width of this ridge varies between 40 and
75km.

The deeper Eurasia Basin is divided into two smaller basins byrittee Mid-Ocean
Ridge aseismically active belt of high ridges and peits. This feature is considered to be the
Arctic extension of the MidAtlantic Ridge,a center of seafloor spreadinbhe Amundsen Basi
lies between the MifDcean Ridge and the LomonesRidge and enclosehe Pole Abyssal
Plain. This plain is the deepest and second largest plahe ocean basjnts depth increases
from about 3900n near tle Lomonosov Ridge to more than 4280along the Arctic MidOcean
Ridge South of the MieOceanRidge lies the Nansen Basin, whiehcloses the small Barents
Plain at depths between 3750 and 3600

South of the Lomonosov Ridge, the Alpha Cordillera dividesAitmerasia Basin into two
smaller bagis, the Makarov Basin on tmerth, and the Canada &a on the southTwo plains
form the deegdloor of the Makarov Basin. The Wrangel Plain at 2823ies below the East
Siberian Shelf, and connects with the deeper Fleteken at 3900m via the Arlis Gap The
Marvin Spur projecinto this basin from th Lomonosov Ridge north of Ellesmere Island

The Alpha Cordillera is the largest single submarine featuttgei Arctic OceanLike most
of the features in this ocean, the AdpBordillera has not been extensively sounded, but its
outline is generallknown. It crosses the basin from the vicinity of Ellesenlstand to the East

Siberian Shelf, forming broad triangular plateahere it abuts the shelvethe width of the
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Alpha Cordillera varie considerably, reachingg maximum on the Canadian sidand a
minimum of about 30&m near the center, where the crésegions reach their maximum depth
of more than 200@n. Soviet workers (Belov and Lapa, 1958) report this crestal low tonsist
of along deep trough with topographically complex, conugxad slopes,and amaximum
depth of 2700m. At this point called the Sotrudnichestva (Cooperation) Gap by Treshnikov et
al. (1967), the cordillera axis changes direction toward the south, lgesaday from the Laptev
Shelf and toward the East Siberian Shatidthe feature becomes the Mendeleyev Ridge
Between the Alpha Cordillera and the Chukchi Shelf liesGhnada Basin, the largest of
the four Arctic basindn the centelies the Canada Plain, the largest plain, with depths of about
3850 m along the ank of the Northwind RidgeThe Chukchi Risgincluding the Northwind



Ridge, projects about 6ddn north from the edge of the Chukchi Sheliwo small plains are
located between the Chukchi Rise and the Mendeleyev Ridige ChukchiPlain, located near
the East Siberian Shedit adepth of 2200m, connectswith a deeper plain to the north via the
Charlie Gap (Figwr 9). This plain,at adepth of about 330@n, is described herfor the first
time, and has been called the Mendeleyev Plaipresumably corects with the Canada Plain
north of the Chukchi Resvia another gap
Previous Wok

The perennial surface ice cover on the Arctic Ocean makes navidgstioonventnal

vessels impossibld his single fact accousfor the slow growth of knowledge abaile Arctic
Ocean What knowledge there is has been acquired thrauglhde variety of meansChief
among these are the drift of vessels imprisoned in the ppoklandings of aircraft and airlifted
temporary camps on ice fladanited penetrations by ébreakers along the fringes of the pack
underwater probings and transits by convarl and nuclear submarinesnd in the case of the
present investigation, the meanderingsice islands within the packn addition, long range
aircraft are measuringhe magnetic field, and together with artificial earth satellim®
acquiringdataabout ice conditionBeal (1968) and Ostenso (196Rave presented interesting
discussions of the history of scientific research in the north polar regions

Drifting ice stations have contributed much to our knowledge efApha Cordillera The
broad outline of this feature was first shoimna diagrammatic chart of volcanism in the Arctic
Ocean by Hakkél (1958) and was based primarily upon soundings made from tHendri
Sovid ice station NP4 in November 1959n 1957 and 1958 Drifting StaticAlpha crossed the
cordillera, permitting Hunkins (196Jalso IGY, 1959 and 1961) to carry out investigations
which showed this feature twe amajor morphological provinc€®ver 600 explosive soundings
revealel water depth, bottom dip and strike, and subbottom informafitmee unreversed
refraction profiles indicated an averageO88 km d unconsolidated sediment overlying, in one
casea 2.80 km thick laye with 4.70 kmkec compressnal wave velocity Below this laya 6.44
km/secfioceanio layer of undetermined thicknesbhe central portionsf the Alpha Cordillera
were sounded from Soviet drift statibiiP-7 at about the same time

Ice Station T3 drifted over the Caman terminus of the AlpghCordillera in 1952 and
1953 Datataken along the track outlinedetiMarvin Spur (Crary, 1954)Crary and Goldstein
(1957) reportd three unreversed refraction profiles which showeshallow velociy structure
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more continentalhan oceanicKutschale (1966) gave éhresults of geophysical investigations
from Drifting Station Arlisll within the Makarov Basin. He reported the existeata steeply
dipping basement ridge beneath the Wrangel Plain. This ridge saptateplain fom the
deeper Fletcher Plain, and appears to connect th@hAlpha Cordillera Seismic reflection
profiles showed at leastS3km of stratified sediment beneath the Wrangel Plain.

Dietz and Shumway (1961) published the first continuous sogtidies acoss the Arctic
Ocean, taken by the submarine® S. Nautilus in 1958, and by the 5. S Skate in 1958 and
1959 They observed stpeflanks and arelatively smooth upper surface lacking in jagged
topography,and concluded that the cordillera was +waicanic and boundkeby major faults
Gravity measurements made from Station Alpha shoavesjional free-air gravity anomaly of
+60 milligals over the cordillerayhich Ostenso (1963) interpreted as being further evidehae
horst structure, as suggestsdthe submarine profiles

A low level aeromagnetic survey was made over part of the cArttil961, and was
reported by Ostenso (1962)epth to source computationgere made from the anomalidhese
revealed that the higamplitude anomalies associateidh the cordillera were of shalloarigin,
suggesting an uplifted basememtese same high amplitudemomalies, observenh a high
altitude survey flown in 1950 and 193&d King et al. (1966) to designaagicentral magnetic
zone whos anomalies paikel and extend beyond the flanks of the Alpha Cordill@raey
noted the presence of broad long waveleripiock shaped positive and negative anomalies
along the flanks, which they considerad be related to théblock-faulted mountain range
origin swggeste by Hunkins (1961) to explain the rugged relief observed from Statipha.
King et al. (1964, 1966) also noted the resemblance between tharhitude anomalies on
the cordillera and adjacent plains, and &hoger the Canadian Shiel@ihey corcluded that the
Amerasia Basi consists of a large sunken block of highly magnetic continental rock
presumably Precambrian like the rocks in the Canadian Shield Candplerocess of crustal
thinning was evoked to explain the thin (henceanic) charactef the basin crust as suggested
by al the surfag wave studies of Oliver et .a{1955) and Hunkins (1963), and bletgravity
observations of Ostenso (1963he downdroppetblock hypothesis, commonly called upon in
early speculations on the omgof the Arctic Basin to providea connection between similar
tectonc features observed on opposing sides of the basin, seems to slake appearance in
the paper of King et a(1966)
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Lachenbruch and Marshall (1966) measured the heat flow at tvetsigns over the
cordillera flank and on the adjacent plain fromm 3'in 1963, and found the flux over the
cordillera to be about one fiahat of the normal and uniforni.41 +4% microcalories/crhsec)
flux measured on the plaitusing models they concludedathther measurements were best
explainedby azone of low conductivity rdcextending below the cordillato adepth of at least
15 km, ard projecting out at this depth for some distance beneath the adjaceniTpiaimodel
is similar to the anomaloumantle models for the midceanic ridges given by Talwani et al
(1965)

Sykes (1965) relocated all wekcorded Arctic earthquakes foretperiod January 1955 to
March 1964 In the vicinity of the Alpha Cordilleranly one earthquake was recordétis was
asmall event, ofnagnitude 8, which occurred on June 3, 1956 on the Canadian &hé#91°
North, 11770° West. Barazangi and Dorman (1970) preparedipdated Arctic seismicity map
(Figure 2) based upon the ES®Ad USC&GS epicenters for 1961 dhgh September 1969
Again only one epicenter was observed along the trend of the Alpha Corditarahe
continental shelf north of Canadé&rom thesalataone ca conclude that the Amerasia Basin is
essentially aseismiBeal (1968) reported on the bathetry and structure of the ArctOcean,
based primarily on the batmetric datacollected durig United States nuclear submarine cruises
between 1958 and 1968ine profiles across the Alpha Cordillera assisted greatly in definimg th
physiography of ttd feature

Beal (1968) describes the Alpha Cordilleas abroad arch, marked with volcanoes and
regions offihigh fracturedplateaw similar to those observed on the MAdlantic Ridge and by
scarps 500 to 100 high. On the basis of the physiographiie magnetic lineations, and the
relatively small quantity of geophysicdata pertaining to the crustal structurBeal (1968)
interpreted tk cordillera as anin active midoceanic ridge which has undergone som
subsidenceThe Alpha Cordillera was congced to be an Aratiextension of the buried ridge
discovered beneath the Labrador SeaDbgke et al. (1963), and probably responsible for the
opening of te Amerasia Basin.

In the meantime, Soviet investigators mapped the magnetic patterns in the Basisi
Rassokho et al(1967) and Karasik (1968showed a linear anomaly pattern (Figure 3)
paralleling the Arctic MidOcean Ridge and exhibiting rough symmetry relative to the ridge axis

Karasik (1968) obtained preliminary spreading rate of.1 cm/yexr for the past 80 million
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years by comparison with the known anoynpéttern for the other oceariBoward the Alpha
Cordillera and th Mendeleyev Ridge the anomaly wavelengths were seen to incredsthavit
pattern becoming more irreguldrhe magnet anomaly amplitudeover the Arctic MidOcean
Ridge are considerably smaller than #hos the Alpha Cordillera

Vogt and Ostenso (1970) examined the existing geophysicagenidgicaldatg and found
it to be consistent with the hypothesistttiee Alpha Cordillera is am active midoceanic ridge

Using additonal low level aeromagnetic profiles flown in 1963 and 1964, they attehtptdate
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the anomaly pattern over the cordillerd comparison of selected profiles projected

perpendicular to the coitira with profiles from the North Atlantic suggestedcorrelation with
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anomalies ne found between 300 and 58&n from the axis of the Reykjaa&idge, indicating
that the cordillera becamie active in the Tertiaryprobably about 40 million years @agA small
degree of symmetry gabserved in some of the profiles

Vogt and Ostenso (1970) also used early gravity measurememtdceoStation Arlis Il
over the Mendeleyev Ridge, and from3Tand Alpla over the Canadian end of the Alpha
Cordillera, to nake three projectegravity and bathymetric profiles across the cordilldtadel
calculationswere made for the two end profiles, ussig layers A root of anomalous mantle
extending to about 7Km was requird to fit the observed anomalies
Present Wik

This paper presents the geophysical findings of the J@&22drift of Fletchets Ice Island
(T-3) in the vicinity of the Alpha CordilleraFletchets Ice Island began operations in March
1952 with the landig of a scientific party under the leaderstapLt. Col. Joseph OFletche on
alarge (approximately 17Bm?) and thick (about®m) piece of glacial iceThis tabular iceberg
is believed to hawbroken off from the landiast ice shelf along the northern coast of Elleamer
Island The morphology othe ice island has been described by Smith (1960)

For the next eight years-3 drifted south and west from its initiposition 230 km from
the north pole, skirting the continental margiorth of Canada, and eventually grounding, in
April 1960, on ashod 150 km northwest of Barrow, Alaskdany investigations, some of
which have been mentioned in the previous section, were carri@dldrgm the station, and the
results have been compildy Bushnell (1959)and by Cabaniss et.d[1965) Following the
grounding, the station vgaoccupied for more tham year, but was ihaly abandoned in
Septembe1961 when it was decided that3Twas there to stay

Sometime during the next winter the island drifted free, @m&ebruary 16, 1962 it was
discovered B an Arctic Research Laborato@RL) planeon aroutine supply flight to the new
ice island, Arls Il. Within afew days the station was reoccupied by ARL persqramal its life
began anewBy the middle of Maya geophysical prograrwas being conductedytscientists of
the LamomtDoherty GeologiclaObservatory. This program, consisting of navigation, depth
soundings and gravity and magnetic observations, plus supplemental seisfiection
measurements, coring and bottom photography, cortittuéhe pesent time, with numerous
additions and refinementdhis program is customarily carried out by two or three field

personnel
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Figure 4 shows the drift of-B since its reoccupatiomuring this period the station has
completed one clockwise orbit aralrhe Canada Basin, and is now on its way throwgh
second Three insex show the areas to be considerédea | and II, on the flank of the
Mendeleyev Ridge, and between the Chukchi Rise and Alpha Cordilera investigated
during the 19663 and 19668 drift of T-3. Area Il was investigated during 196&. Depth
soundings were made alonguch of the drift track. In 196& seismic profiler was installed, and
reflection measurements were obtained along much of the 196IP&6 70 track. During these
periodsa number of piston cores, bottopihotographs, and light scattering measurements were
also obtainedThe T-3 datg together with pertinent observations from Stations Al@tzarlie,
and Arlis Il, as well as the Russian drift station North Polbeae been used in the studyhe
recent T3 datais available m reduced graphical fornm areport by Hunkins et a(1969) The
earlier supplementalatawas taken from compilations by Bushngl959), Black and Ostenso
(1962), Cabaniss (1962), Cabanisalef1965),and Somov (1955)

Additional magnetic measurements were made by membersedBritish TransArctic
Expedition (BTAE) wintering on an ice #oapproximately 14km to the northwest of -B
during the period November 1968 to February 1988esemeasurements filled in many details
of the anomaly pattern over the ridge cré@ste present findings are wholly consistent with the
suggestion bBeal (1968) and Vogt and Ostenso (1970) that the Alpha Cordikaarain active
mid-oceanic ridgeThe principal evidence for this is the identification of at least five fracture
zones that cut the cordillera, and apparent offsets of the adgein the crestal regions
Bathymetrc datasuggest the presence of other fractures, while seismic refiettidies suggest
aburied basement topography similar to that famithe Mid-Atlantic Ridge The magnetic and
gravity datasupport ths thesis, and suggest the existence of still other fractures

Bottom currents appear to control sedimentatower alarge partof the area studied
Elongate sedimentary ridges or waves appeaover the crestal plateau, but are blanketitl
auniform cover 6 pelagic sediment, suggesting that they have beeative for a considerable
period of time These waves are appargrhe resultof a strong paleocirculation, similar to the
weak one found today, whidransported sediment across the ridge from northwest to southeast
Along the eastern flank of the Mendeleyev Ridgeegion of submarine erosion is observed,
apparentlymaintainedoy astrong flow of watethrough the Cooperation Gap, from the Makarov

Basin to the Canada BasiA zone of sediment waves observed beneath the present Mendeleye
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Plain indicates that bottom currents have apparently been an effective agepositidn in the
past
DATA REDUCTION

All dataused in this study were reduced and processed vathidhof an electronic digital
computer Several Fortran languagorograms developed for this investigation, but havang
wider rang of applicability, aredescribed and listed in the Appendix
Navigation

The drift track for F3 (Figure 4) is based upon two typdsnavigatonal fixes. Positions
prior to April 15, 1967, and for the periods November 18, 1967 to February 17, 1968, March 3,
1968 b April 28, 1968, November 2, 1968 to December 4, 1968, and Jarijat969 to
February 25, 1969 were determined by celestial navigatith atheodolite, whenever visibility
permitted The fixes were reduced by computer (see Appendixhaximum error of £1 km was
possible when sun shots were used in daylight periodst#nkin when stasights were used
Positions for all other periods are from satelfikes using the 8. Navy Navigation Satellite
System (NNSS) descrideby Guier (1966) and reviewed by Talwani at (1966) Errors in
exces of +4 km are unlikely because of the high rate of fixing withs ttmethod at polar
latitudes, and because of the low rate of ice.dind datawere used in another program (see
Appendix) to compute #hmost probable drift ofhe island between fixes by applying fiireled
observed by Nansen during the drift of the Fraims rule, describing the effect at the surface of
the Ekman spiral, states that the ice sioddrift at asmall fraction of the wind speed, aatla
fixed angle to the right (in the northern hemisphere) of the wind

The detailed track for Areas llll, shown as insets in Figure ¥ presented in Figures 5, 6,
and 7 Individual fixes are not plotted on the drift track, as up to fifty per day are availatble w
the satellie system Approximately 11000 km of track are representash these three maps
Daily distances varied from zero for periodscalmto a maximum of 25km. An analysis of
more than 250days drift for T3 showed the average daily drift te 52 km/day.
Depth Soundings

Depth soundings were made almost continuously wsprgcision depth recorder (PDR) of
the type described by Hubbard and Luskif59) A Gifft ESRTR-3 ona transceiver was used
as the soumhtransmitter and receiver, drigran EDO Corporation AN/UQN 12 KHransducer

at anominal pulsed power of 1000 watt&ll soundings were made ora 1 second (750n)
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recording scalewith apape feed rate of approximately 1 cm/hoilihe echedistance error due
to timing in therecorder and reading of the records was al®o®25 seconds £2 m). The
records were digitized at frequent intes/é0.1 to 0.5 km), and at all slope changes to allow
accurate interpolationghese soundings were corrected for the vertical variatiotiseirsound
velocity (Matthews, 1939) as part of the computer reduction progtamections of the order of
+60 m were needed for water depthf 3000m. No slope corrections were applied

Between May 1962 and June 1963, when the PDR was putpetatio, soundings were
obtained using explosive charges angeophonealetector A total of 617 spot soundings were
obtained, witha measurement accuracy of £1 millisecond, or less tham Zhes soundings
were corrected in the same manner as the P23& d

Gravity Measurements

Gravity measurements were made seviamasa day witha Lacoste & Romberg Modéb
(No. 27) geodetic gravity meter. The meteas mounted om wooden post which projected
through thelaborataoy floor and was securely frozen into thee.icThe meter height was
approximately 4 m above sealevellce vibrations generally did not interfereith the
observations In order to record its instrumental drifthis meter was used in comparison
measurements at the Universitly\Wisconsin pendulum ation at Barrow, Alaska, twentyve
times betwer 1962 and 1970T he drift is shown in Figure.&brupt changes in dritbccurred in
late 1964 and 1969 (not shown in diagram), but these been accounted for and tretad
corrected. Elsewherajlinear drift has been assumed between calibrations

The observations were reduced to sealevel, and correctétefacceleration due to east
west motion (the &vos correction) B the reduction progranThis correction seldom exceeded
+1 milligal. Maximum errorsare considered to be less than 1 milligal for taxservations, but
possibly as much a5 milligals during the severestorms

SimpleBouguer anomalies were computed for each observati@uding the attraction of
a horizontally infinite plate, of desity 164 g/cm® and thickness equal to the water depth, to the
free air anomalyApproximately 8000 gravity observations were used in the presgty.

An additional 150 gravity measurements, obtained from Steditpha in 1958 witha Frost
C-1-15 graviy meter, were used in Aadll to assist in contouringThese observations are of

limited value because the abandonment of the station, following seven mdntisasurements,
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did not permit a final calibration Comparison of te Alpha measurements witthe calibrated
observations from -B at five Alpha/T-3 track intersections show the AlpHatato be about 15
milligalstoo high, and they have been adjusted accordingly

Magnetic Measurements

The total intensity of the eaid@ magnetic field was meagdralmost continuously witla
proton precession magnetometer (Pagkand Varian, 1954) built at the LameDbherty
Geological ObservatoryjReadings were made evesix seconds and recorded arstrip chart
Magnetic total intensity was calculated from qassion frequerycaccording to the relatidn=
23487386 wheren is the total field m gammas (105 gauss) and is the proton precession
frequency in hertzThe precession frequency measurements were made anitequeny
counter, whose crystal oscillattme base was checked periodicdllyl against other frequency
stand ads The individual measuremegdire accurate to better thahO gammas

Diurnal variations of the eard magnetic field in polar regisrcommonly exceed one
hundred gammas (Hunkinst al, 1962, andWalker, 1962) The periodic nature of these
variations was used teliminatethem by averaging the observations over 24 hour pefibe
records were read every hour, and the filtered field sthecmynputed at each observation point
by taking an average of the twertyur hourly readings centered about that time

The value of the eardlh regonal field was removed by the esf a Taylor series expansion
of third degree, fitted by least squar® the regonal field in this area by the Duinion
Observatory bCanada (Haines, 1967he area of this investigation lies neage tienter of their

aeromagnetic surveyrhe magnetic total intengitanomalies presented here are defined as the



23

difference between #observed total magnetic field attte computed regnal field at the point
of observation.

During the winter of 19689, the magnetic observations from3were supplemented by
measurements made by the British Tramstic Expedition (BTAE) from an ice floe
approximately 140km to the rorthwest of 3. A Varian M-49 portable proton precession
magnetometewas read every hour when possiblhis instrument usevibrating reeds to
indicate the precession frequency, and gevdged readout of field strength in gammadhese
observationsre accuratéo better thart20 gammas, and were reduced in the same masner a
those from T3. This same instrument was used o8 Th 1962

Airborne total intensity measurements reported by OstergdVarid (1970) werea useful
aid to interpretation. Tls® measuremenisere made at an altitude of 450 with a proton
precession magnetometédo attempt was made to reduce these observatmrsedlevel,a
change of less than 20 gammaAscorrection for temporabariations in the magnetic field was
not consilered necessary as #ights through these areas were of less than two&auration
Any difference will be showrasa constant factor relative to the ice islamgasurements’he
estimated error in positioning for these measuregisiéss than 1&m.

Seismic Reflection Measurements

A seismic reflection profiler was in operation between Februarg October 1967,
November 1967 and March 1968, August 1968 &mtk 1969, during two weeks in August and
September of 1969, ardovember 1969 to June 1978pproximately 400Ckm of track have
been profiled The system useid a modification of th&used aboard oceanographic vessels, and
will be described below

The sound source consistsadfiggered capacitor bank from9000 joule storage capacity
fiboorrerd (Edgerton and Hayward, 1964)ischarging through an underwater spark transducer
The transduaeis aflexible two-conductor cable, termatal by atapecovered 5/8 diameter
brass rod with one end open to the seawaterpgralengh of exposed coppebraid wrapped
around the cable 30 cm back frone #nd When the sparker is triggered, the capacitor banks
dischar@ into the ocean via the brass rod, causing breakdown of the seawdtproducing an
acoustic shock puls&@he copper braid ensuragyoad connection of the capacitor bank ground

to the seawateSpectrameasurements of the pulseadistening array 5 km from the transduce
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indicateda peak intensity at 80 hertCaulfield (1962) has described tharious parameters
affecting pulse shapend intensity

The transducer was suspended aboutl@elow the sea &near the edge of the ice island
The cable was passed through arfidéd pipe frozen into the 4 meter thick ice, so that it could
be pullal up periodically for inspectianMaintenance of the transducer vgaminimal -- a five
minute check each week to assure that the electaod tape cover eroded together, and
replacement about every etgmonths Details of electrode construction are discussed by Hall
(1964)

The reflected sigals were detected by two hydrophones, 30apart, suspended on
electrical cables approximatelydbelowthe sea ice adjacent to the ice islafige hydrophones
were fairel to reduce tow noise, and had horizontal separations of & 30 m from the spak
source The hydrophones are bariutitanate,flexural disk transducers built by the 8. Navy
Underwate Sound Laboratory (Woollett, 1960Jhese highly sensitive hydrophaiteave a0.1
mfd capacitance, elimaing the needor a preamplifier in the hydophone case

The hydrophone signals were mixed and preamplified eatcth surface, then amplified,
filtered, and recordedn amodified Westrex chart recordeirhis recorder uses an electrified
stylus, ridirg on atranslating steel band, to write on@l®-sensitive dry recordmpaper passing
slowly under the bandrhe band has three styli spdca equal intervals, so that as one stylus
finishes writinga line, the next one commences its swedpsix second sweep was used fosthi
work, controlledby a precision frequency derived mechanicdlgm asynchronous clock. The
paper speed was approximately Ith per day A cam and gating arrangement was used to
control the operating program of the profile®nce every five minutes, hprogrammer turned
off the PDR so that it would not interfere withetprofiler, fired the spark source as one stylus
began its sweep, allowehe reflected signals to print on the paper, then disconnected the prin
amplifier from the styli so that nothing was printed unt#é theginniig of the next five minute
interval

A two-channel drum recorder with brak&utch mechanismsimilar to that used by
Kutschale (1966) on Arlis 1l, was used alowgh the chart recorder during part of 1967 and
1968 This 10 secondsweep recordergenerally produced better records, but reqlire

considerably more maintainence
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Individual seismic reflection measurements were obtained fmridune 1963 by allowing
the direct writing oscillograph used to redatepth soundings to record also the sttim
reflections following thedirect bottom arrivalThe most prominent subbottom reflectiomsre
then used to prepare the seismic reflection profiles showigure 16

DataStorage and Presentation

The results of the reduction programs for navgatibathymetrygravity andmagnetics
were combined to form single magnetic tagpfor the computer, containing blocks @&tawith
observation timggeographic position, ice island orientation (azimuth), water dejtberved
gravity, freeair and Bougueanomalies, total magnetfield, and magnetic anomaly for every
hour along the drift trackFor purposes of comparison, one hour of track at usual ice island
speedsis roughly equivalent in distance to that traversed in 45 secoynds12 knot ship
Altogether the tape contaidsitarecorded over 70,@hours

The tape was used to prepare contour maps and construct profites an automatic 30"
plotter controlled by the computefhe contou program is arranged to print out the contour
number at the leationalong the track at which that particular contour is cras&ayg mapscale
and contour interval can be uséul this fashion the computg@erforms the task of interpolating
contour crossings, and the portiof track between contours acs aconstaint during the
manual procesof drawing contour lines

Profiles were produced by specifying endpoint positions foh eagment of the profile,
and then specifying the beginning and end simkportions of track that should be projected
onto the profe. Bathymetry,free-air and Bouguer anomalies, anthgnetic anomalies wer
projected in this manneBecause of the contorted nature of the trélo& seismic profiles were
also digitized in sections, and fed into themputer for projectionThe verticalscale for
bathymetry and subbottoreflections on all projected profiles is in meters, not reflection.time
Water depths are all expressed as corrected m&ediment thickessesare based upon an
assumed sediment soumelocity of 2km per second, sdat the thickness ikm is equal ¢ the

roundtrip travel time in seconds
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INTERPRETATION

PART I: TECTONIC FEATURES
Bathymetry

The area of investigation has been subdivided into three, steasn as Areaklll in the
index map (Figure 4)Contour mapsvith 100 m isobaths have been prepared for each. dnea
those parts where no new depth information is available, generaliz@édn58obaths from the
Canadian Hydrographic Survey Chart .N897 (DeLeeuw, 1967) have been added. All three
areas have been cbmed into one bathymetric chart in Figure 2&elected profiles from thes
areas are shown in Figures-12

Area | (Figure 9) includes the Chukchi Cap, the western marfytheo Chukchi Rise, the
Charlie Gap leading north from the Chukchi Rl&éo the Mendeleyev Plain, and the eastern
margin of the MendeleyeRidge The Mendeleyev Plain, described here for the first time, ha
gradients of about:1000 and liesat adepth of about 330f. Its gradient barely classifies it as
an abyssal plairOn the westthe MendeleyeRidge rises 2300n above the adjacent plain to
form three isolated plateau$swo of these are named for the submatih S. S Sargo and Ice
Station Arlis Il (this plateau is off the mapjom which they were discovered (DelLeeuw, 1967)
A third plateauwvas discovered in this investigation, located still further north a@9AN and
176°W, andat aslightly greater depth of around 110@ It is proposed that this plateau be
named the I3 Plateau

The transition from the ridge to the plasmgradual in the passurveyed. To the north, the
ridge is paralleledoy a 600 m high scarp which faces the ridge acrassrough This ridge
disgppeas to the north, being absent altogetirea traverse 5&km away This feature, shown in
cross sectionn Figures 13, 14, and 35s interpretedas afracture zone, associated with the
Alpha Cordillerawhich locally parallels the Mendeleyev Riddde name Mendeleydwacture
Zone is proposed for this featur®ong the ridge flank ta topography appeats trend NNW
SSE, paralleling the fracteizone

Area Il bathymetry is shown in Figure 10, with selected profieFigure 15 Principal
features in this area are the northwespart of the Canada Plain, the northern extremities of the
Chukch Rise, ad the southern flank of the Alpha Cordillefiche Canad#lain in this area lies
at approximately 380@n, becoming slightlyshallower toward the cordilleradA small isolated

depression wadiscovered on the northern margin of the Chukchi.Rise
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Three topographic highs with crestal depressions were travais@rea Il. These are
interpreted as seamounts, although fromdiessings it is uncertain whether they are isolated
features This interpretation is supported however, by the observation imtleceea submarine
bathymetric profiles of similar structures, whi&eal (1968) considered to be volcanic. One
seamount, 600n high, was crossed on the northern margin of the Chukchi.Rikbough
submarine morphologists generally considerelief of atleast 7@ and preferably 1000n
necessary for classificaticas aseamountit is suggested from Profile-X-Z in Figure 15 that
thisis atrueseanount which has been partially buried by the sediments formaglam.

Two other seamounts, 1200 in hdght, were crossed on dHower flank of the Alpha
Cordillera On the Canadian chart (DeLeeui®67) these features appear as the southerofend
a long NNW-S& trending ridge In this paper they have been reinterpreted as seamounts
probably volcanic in Bgin, because of their crestal depressions Pyefile A-B in Figure 15),
the associated magnetic anomaly (Figw@end Figure 26), and because of the very low heat
flow measuredn their flanks by Lachenbruch and Marshall (1968ubsequent heat flow
measurements over the Alpha Cordillera have shown the heat fl& generally normal and
uniform (Dr. A. Lachenbruch, peomal communication), which suggests that the low observed
heat flav values could be the result of low conductivity volcanic material

Names are proposed for these seamounts, to honor ssient@ved in the exploration of
this part of the Arctic Oceafhelargest seamount on the flank of the Alpha Cordillera is named
after Rollin Arthur Harris (18631918), who in 1904 proposed thmphidromicregime of tides
and predicted the existence of the Lomono&udge from tidal observationsThe nearby
seamount is nandeafter Sir Hubert (George .HWilkins (18881958) who pioneered ¢fuse of
aircraft and submarine for Arctic Ocean explonatio

East of the plainarectangular region juts south frormettordillera, rising 800n above the
adjacent plainOn the westeredge of this upland, paralleling the plamanarrow ridge whih
risesto adepth of less than 2908. Named the Lamont Rge by DelLeeuw (1966), this narrow
ridge is clearly seen in seven crossisgacedver adistance of 20km (see Figure 15)Steep
slopes are observed on both flanks of this ridge at its southeringhd northeast corner of this
area, an isolated seaomi was delineatedhen the ice island followed &iiNo shaped track

Steep side were observed on the northeast and southeast sides of thepfet structure,
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shown in Profile €D in Figure 15, suggesting that #bhounded on the ealsy afracture stiking
in the directionof a steg valley observed by Hunkins (1961) from Station Alphhis valley
appears in Area lll (Figure 11Jhis seamount is named after. Albert P. Crary, whose early
geophysical measurements from3Tdelineatd the North American erminus of the Alpha
Cordillera

Area Il comprises the flank and crestal regions of the deseation of the Alpha
Cordillera. Soundings reported by Hunkins (1p&bm the drift of Station Alpha have been
included in the contouringfothis area. The @neral trend of the topography is MRV,
parallelirg the trend of the cordilleraf'wo seamounts were traversed on the uplpek of the
cordillera The one to the south, over 780high, is named aftebr. M. Allen Beal who was one
of the first to suggesthat the Alpha Cordilleras a fossil midoceanic ridge, and whes
contribution to our knowledge of the physiography of the Arctic Ocean Basin has already been
acknowledged. To the north second seamount rising neaakilometer above the surrounding
topography is name after Dr. Ned A Ostenso, whose aeromagnetic, airlifted gravityl atiner
marine geophysical measurements from Ice Station Arlisave added significantly to our
knowledge of the Arctic BasinA depression was observed at the summit, suggeshat
Ostens Seamount is also volcanic

In the central part of the area, the crestal regions are charadteyie&tensive, rather level
areas of low relief. This crestal plateau i$ oo the west by depressions that run subparallel to
the trend othe cordilleraOn the central crossing, seen in Figure 17 as Profie ¥s plateau
dips toward the south, dropping off at its northern and higidege througla series of northward
dipping step fault$o apartially surveyed plain at 230@. To the ast afourth crossing (Figu
18) showed alternating crestal plateau and deep giideewvalleys A pronounced characteristic
of the soundings on the crestal plateau wasagppearance of numerous hyperbolic echoes,
which are discussed in serdetail inthe second part of this paper.

A general profile across slightly more than half of the cordilleshown in Figure 12 (see
Figure 4 for the location of this profileThis projected profile rungn a straight line from the
northern margin othe ChukchiRise to just beyond the apparent axis of the cordillera a
indicated by the bathymetry, gravity, and magne®iace the projectetrack overlapped itself
in several placesachoice of bottom traces waffered, Sections containing exaggerated relief

were rejected in favoof those showingmore general trendn this profile, the Alpha Cordillera
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appearsas arounded feature, rising nearlykKin above the Canada Plaifo the east of this
profile the crestal regiaare higher still, reaching deptl$ less than 1100 m Of note is the
concordance of heights of five elevated portions efstiuthern flank of the cordillera along an
inclined line of 0°23' slopeThis slope is identical to that given Bgal (1968) from an analysi
of nine submarine cesings of the Alpha Cordillera

Seismic Reflection Measurements

The results of the seismic reflection measurements arensimo®igures 13 through 18
With the exception of Figure 16, whickderived from explosive soundings, these profiles were
obtainal with the 9000 joule sparker systehine records were digitized dprojected in order to
remove the effects of the erratic ice motiand to provide some continuity by joining segments
obtained durig different periods of drift A comparison of ProfileC-C' in Figue 13 with the
actual records used in its construction (Figures 38 35) will show the type of interfaces
chosen for digitizationin the® profiles, what is interpreted as basemeithe kasdtic layer with
4.5 - 5.5 km/sec compressial wave velocity observed to undezlihe sediments in other oceans
-- has been blackeneltis uppe surface is usually recognized as the beginoingseries of large
hyperbolae

Three segments of track crossed the Mendeleyev Fracture dbigh scarp andrough
paralleling the Mendeleyev RidgEigure 1 3 shows these segments projecteéd acommon
fixed plane From this figure it is apparent that the fracture can be traved adistan@ of at
least 80km. Differences in stratigraphy across the scarpcussed in some detail in Part Il of
this paper, indicate that theesediments were deposited after the formation of this fractime
topography of the basement is quite roulghProfile A-A', the top layer consisting of several
hundred meters of confmable sedimenbverlies relatively flat sediments which appear to have
undergoe considerable erosionHigher on the Mendeleyev Ridge (Figure 14gflection
measurements aloragig-zag track (Profile-g) show the Mendeleyev Ridgehave arelatively
thick and highly variald sediment coverSteep slopes and rough topography within the
basemenare reflected in the surface topography, even though large vwhinsediment have
partially filled some of the valleys

More than twokm of sediment were oksved beneétthe Mendeleyev Plain, with no
indication of basemenKutschalés (1966) measurement of at leash 8m of sediment beneath

the Wrangel Plain, across the Mendeleyev Ridge approximately KBO to the northwest,
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