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A BSTRA CT

ARCTIC OCEAN GEOPHYSICAL STUDIES.

THE ALPHA CORDILLERA AND MENDELEYEV RIDGE

John Kendrick Hall

The geophysical findings from Fletcher's Ice Island (T-3) for the

period mid-1962 to mid- 1970 are presented During this time the i.ceI station traversed the Chul chi Rise, portions of qie Alpha Cordillera

and Mendeleyev Ridge, and the Chukchi, Mendeleyev, and Canada

Plains. The findings, together with pertinent observations from older

investigations, support th- suggestion of earlier investigators that the

- Alpha Cordillera is an inactive center of seafloor spreading. Several

fractures were observed to- cut the Mendeleyev 'Ridge aid Alpha Cor-

dillera, and many other closely spaced fractures are suggested by

topographic,, magnetic.,, and gravity trends. These fractures appear to

parallel-the 1,420 'West meridian. Seisniic reflection profiles -show a

buried "topography similar to that of the Mid-Atlantic Ridge. Offsets in

the apparent axial rift suggest th at-the fractures are 'the traces of

transform faults. The angular -relationship between the Mendeleyev

3 ! 'Ridge and ,the Alpha Cordillera appears to result from a southerly dis-

placement of the cordillera c-reist along numerous -en -echelon transform

u faults , Magnetic anomalies aie consistent with the seafloor sprea'ding

-hypothesis. A crustal;gravity model based upona continuous 600 km

1 long. gravityand'bathymetric profile and one -reversed refraction

I measurement from Station Alpha shows, the-observed gravity to b!

consistent with a section of: East Pacific Rise type with a 5 km thick

I oceanic layer -verlying,21?krn of anomalous 3.15) mantle

The- relation of the Alpha Cordillera to the surrounding continental
geology is explored. A history for the-Amerasia Basin since Late

I Precambrian time is proposed, in which the basin experienced spreading

at least once in the Paleozoic, aid again inthe Late Mesozoic and

ear-ly Tertiary. The Early Paleozoic episode is related-to the opening
_yPlooceioei eae



and closing of a proto-Atlantic Ocean and the development of the

Appalachian/Caledonian orogen. Arguments are )resented which

lead- to the conclusion that the oceani,. crust beneath the Beaufort Sea

is Permo-Carboniferous or older.

Seismic reflection profiles show more than-2 -kilometers of

sediment beneath the Mendeleyev and Canada Plains, with no basement

reflections recorded- Prominent reflectors may represent major cli-

jmatic or deposit,,onal changes. Sediment cover-on the ridges va-ries from

several hundred neters to more than one kilometer. Sedimentary ridges

up to 55 meters high blanket the crestal platea-u of thie Alpha Cordillera,

and appear to be the result of currents which transport sediment-across

the ridge fron -nof-thwest-to southeast. This :process- is-presently inactive,

and nay have terminated with the initiation of contineital glaciation,

perhaps as early as Upper Miocene ,time. Similar sedimentary structures

700 meters 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 ofwater -through the. Cooperation

Gap, a trough which-appears -to ,cross the ridge. Two buried channels

extending- to subbottom depths of 700 ,neters wexe observed between the

V Mendeleyev Fracture Zone and the Mendeleyev Plain.

Three- generaLpurpose computer programs- are included. They

compute, 1-geographic position from celestial, observations, 2)-,prob-

able drift between known positions-using wind- datA, and 3) gravJty

meter calibrations at a base station with, correction for earth-tidesI based upon a calculation by means -of an-abbreviated lunar and solar
' [ ephemeris.,
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INTRODUCTION

- ographical Setting

The Arctic Ocean, with an area of about 14 million-square kilo-

meters, 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.

I Figure 1 is a physiographic diagram of -the Arctic Ocean showing the

major features. This diagram is based-upon a diagram given'by

Hunkins (19-68).

The deep- portions of the ocean form an almost rectangular basin,

approximately 1800 kilometers wide and 2500 kilometers long. The

three subparallel ridges cross this basin-along-its minor axis. The-

[Lomcnosov Ridge ,lies in the center, dividing the basin into the

Arerasia Basin north of Alaska, and the smaller and deeper- Eurasia,I.-
Basin north of Europe.- This -ridge has steep slopes that are -convex

upward, and has minimum depths of 1100-1200 meters-on -the Nprth

American side, and about 1700 meters where sounded-on the Siberian

side. The-width of this ridge varies between 40.and !75 kilometers.

The deeper Eurasia Basin is -divided into tw.o smaller basins by the

Aictic Mid-Ocean Ridge, a seismica;ly adtive belt of high ridges and-deep

jj 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

K the Pole Abyssal Plain. This plain-is the-deepest and second-largest plain

in-the ocean basin; its depth increases from about 390') meters- near the-

Lomononov Ridge -to-niore than 4200 meters along the Aictic -Mid,-Ocean

J Ridge. South of the Mid-Ocean Ridge lies -the Nansen Basin, which

encloses the smallBarents Plain at depths between 3750 and 3900 meters,.

south. of the Lomoio~ov Ridge, the Alpha Cordillera divides the

Amerasia Basin into two smaller basins, the Makarov Basin-on the

-U -
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|3
north, and-the Canada Basin on the south. Two plains form the deep

Sfloor of the Makarov Basin. The Wrangel'Plain at 2825 meters lies

below the East Siberian Shelf, and connects with the deeper Fletcher

Plain at 3900 meters via the Arlis Gap. The Marvin Spur projects

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

-IThe Alpha Co~rdillera 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 gen-

erally known. It crosses the basin -from the vicinity of Ellesmere

Island to the East Siberian Shelf, forming broad triangular plateaus

where it abvts the shelves. The width of the Alpha Cordillera ,varies

f considerably, reaching a navimum on the Canadian side, and a min-

imum of about 300 kilometers near the center, where the crestal

1 j-regions- reach their maximum depth of more than 2000 meters.

I Soviet Workers (Belovzand Lapina, 1958) report-this crestal low to
I consist of a tong deep trough-with topographically complex, convex-

upward:slopes, and a maximum depth of 2700-meters. At this point,

called the Sotiudnichestva (Coopeiation) Gap by Treshnikov et al.

(1967), the- cordillera-axis changes direction toward the south, heading

-away frbmthe Laptev Shelf and-toward the East Siberian Shelf, and

-the :feature becomes the Mendeleyev Ridge.

I 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

meters alont. the flank of the Northwind Ridge. The- Chukchi Rise,

including the Northwind Ridge, -projects about 600 kilometers 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 meters,

-connects with-a deeper plain-to the north via the Charlie-Gap (Figure

- 9). This-plain, at adepth of about 3300 meters, is described here

; Ifor, the first time. and-has been called the Mendeleyev Plain. It

1,



presumably conneccs with the Canada Plain noith of the ChUkchi Rise

via another gap.

Previous Work

The perennial surface ice cover on the Arctic Ocean makes nav-

igation by conventional vessels impossible. This single fact accounts

for the slow growth of knowledge about the Arctic Ocean. What know-

ledge 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 ic breakers along the fringes of the pack,

underwater probings and transits by conventional-and nuclear submar-

ines, and in the case of the present investigation, the-meanderings of

ice islands w'thin -the pack. In addition, long range aircraft are meas-

uring-the magnetic field, and together with artificial earth satellites,

are acquiring d4ta about ice -conditions, Beal (1968) and Ostenso{(1962) -

have presented- interesting discussions of the history..of.scientific re-

search in the, north- polar regions.

Drifting ice stations have contributedmuch ,t-n our knowledge of the

Alpha Cordillera. The 'broad outline of this feature was-first Shown- in

a diagran:rnatic chart of volcanisim in the Arctic Ocean by Hakkel' (1958),

and was based- primarily upon soundings made .from. the drifting Soviet

ic(- station NP-4 in November 1955. In 1957 and 1958 'Drifting Station

Adpbz crossed the cordillera, permitting Hunkins (1961; also -GY, 1959,

and 1961) to- carry out investigations which showed this feature to be a

major morphological provinca. Over 600 explosive soundings -revealed .-

water depth, botton dip and strike, and- subbottom info-rmation. Three

unreversed refraction profiles indicated an average of 0,38 km of

unconsolidated~sedimer' overlying, in one case, a 2.80 km thick layer

with 4,70 km/sec compressional wave velocity, Below this lay P 6.44-

k"n/sec "oceanic" layer of undetermined thickness. The central por- - -

tions of the Alpha Cordillera were sounded from Soviet drift station
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NP-7 at-about the same time.

I -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 more -continental than oceanic. Kutschale (1966) gave the

results of geophysical investigations from Drifting Station Arlis I I

] rwithin the Makarov Basin. He reported the -existence of a steeply dip-

ping basement ridge beneath the Wrangel Plain. This ridge--separate-s

that plain from the deeper Fletcher Plain, and appears 'to connect with

-the A-lpb.a Cordiller~a. Seismic reflect;on profiles showed at least 3.5I km of'stratified sediment beneath the Wrangel Plain.

Dietz and Shumway (1961) published the first continuous sounding

f - 'lines across, the- Arctic Ocean, taken-by the submarine U.S. S. Nautilus

in 1958, and.by, the U.S. S. Skate ih 1958-and -1959. They observed steep

flanks and a relatively smooth upper surface lacking in jagged topogra-

phy, and concluded -tiat the -cordillera -was non-volcanic and,,bounded

by-major faults. Gravitymeasurenients -made fromStation Alpha show-
ed-a regional free-air gravity anomaly of +60 rilligals over the cord-

j illera,, which 0 tens0-(1963)interpreted,-as being further evidence of

a horst structure, as suggestedby the submarine pIofiles.

Atow level aieromagnetic survey was made over part of the.Arctic

in 1961, and was reported by Ostenic (1962). Depth -to source computat-

ions-were made from the anomalies. These revealed-that the high

- amplitude- anomalies associated with:the cordillera were of shallow
- origin, suggesting an upliftekd 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 "central magnetic zone" whose

aioialies parallel and extend beyond-the flanks of the Alpha Cordiilera.

They noted-the presence of broad lng -wavelength "block shaped"U : positive and negative anomalies-along the flanks, which they considered

-I -
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to be related to the "block-faulted mountain range" origin suggested

by Hunkins (1961) tc explain the rugged relief observed from Station

Alpha.

King et al. (1964, 1966) also noted the resemblance between the h,-h

amplitude anomalies on the cordi-lera and adjacent plains, and those

over -the Canadian Shield. They concluded that the Amerasia Basin

consists of a large sunken block ofhighly magnetic continental rock,

preslumably Precambrian like the rocks in the Canaiian Shield Complex,

A process of crustal thinning was evoked to explain the thin (hence

oceanic) character oy. the basin crust as suggested by a] the surface

wave studies of Oliver et al. (1955) and Hunkins- (1963), and~bi the

gravity ob-se-rvation-s of Ostenso (1963} . The downdropped-biock

hypothesis, commonly called upon in early speculations on the origin

of -the A-rctic 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).

Lachenbruch and Marshall,(1966) measured theheat flow. at twenty.

stations over the -rdillera flank and on. the adjacent plain from T-3

in 1963, and found-the flux over-the cordillera to0be about-one half

that of the normal- and uniform '(1.41 t 4 &riMcrocaloiesJcm2 sec) flux

measured- on the plain. Using models; they .concluded-that their.

measuremenfts were be'st-explained by -a zone oflow conductivity rock

extending, below the cordillera to a: depth ofat leastJ5- kilometers, and"

projecting put at this -depth for some diskafice beneath the adjacent plain.

This ,model is similar to the anomalous mantle models for the .mid-

oceanic ridges-.gi en by Talwani et al. (196,5),.

Sykes (-1965) relocated all well-recorded Arctic earthquakes for the

period January 1955 to Mar~ch 1964. In-the vicihity-of the Alpha Cord-

illera only one-earthquake was recoided. This wai a small event, of

magnitude 4.9, which occurred on.June 3, -1956 6n the Canadian Shelf

at 79.91° North, 117,700 West. Barazangi and -Dorman (1970) prepared
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an updated Arctic seismicity map (Figure 2) based upon the ESSA

an( 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 taat the Amerasia Basin is essentially aseismic.

Beal-(1968) reported on the bathymetry and structure of the Arctic

Ocean, based primarily on the ba°;hymetric data collected duiring

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-witit volcanoes and-regions of "high- frac-

tured plateau" s irila-r' tthos'e observed on the Mid-Atlantkc Ridge,

and by scarps 500 to 1000 meters- high. On the basis of the physiography,

the magnetic lineations, and the relatively small quantity of geophysi-cal

data pertaining to the crustal structure, Beal (1968) interpreted' the

cordillera as an ina ctive mid-oceanic ridge which has undergone some

subsidence. The Alpht Cor'dillera was Considered t6 be ".n Arctic

extension of the buried ridge discovered beneath the Labrador Sea by

Drake et al. (1963), and probably responsible for ihe-opening of the

Amerasia Basin.

In the meantime, Soviet investigators mapped--the magnetic pat-

terns in the Eurasia Basin. :Rassokho-et al. (1967) and Karasik'(1968),

showed a linear anomaly pattern(Figure 3),paraleling 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 years by comparibs0n 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



SCL IN KLMEES

0- 1500

~1~F Figure 3



1to
10

geological data, and found itto be consistent with the hypothesis that

the Alpha Cordillera is an inactive mid-oceanic ridge. Using additional

low level aeromagnetic profiles flown in i96-3 and 19 1, they attempted

to date the anomaly pattern over the cordillera. A comparison of

selected profiles projected perpendicular to-the cordillera with -profiles

from the North Atlantic 3uggested a correlation with anomalies- now

found between 300 ana 00 kilometers from the axis of the Reykjanes

Ridge, indicating that the cord-llera :became-inactive in the Tertiary,

probably about 40 million -years ago. A small degree of symmetry was

observed: in some of the profiles.

Vogt and Ote-nso (1970) also used- early gravity-measurements frorm

Ice Station Arlis II over the Mendeieyev 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- calcul-

ations- were made for the two end profiles, using-,six layers. A- root

of anomalous mantle extending to about 70 -kilometers-was- reqruired

tfit the obseYved anomalies.

Present Woik

This paper-presents the geophysical findings-of the p6st-l,962

drift of Fletcher's Ice Island (T-3) ,n-the vicinity of th-6,Alphi" Cadi]ra

Fletc-her's.-Ice Island began operations in March 1952 with the landing

of. a -scientific party-under the leadership-of Lt. Col. Joseph 0. Fletcher"

on a- large .(approximately 170 square kilometers) and thick (about 50

meters) piece of glacial i-ce-. This tabular iceberg is -believed -to have

-broken off -from the land-fast ice s'helf along the nprthern coast of Ellesmere

Island, The morphology of the ice island-has been deucribed by Smith +l961);

For the -next eight years, T-3 drifted southand west from. its initial

position 230-kin from ,the north pole, skirting the continental margin-

north-of Canada, and eventually grounding, in, APril,1960, _on a'shoal-,

150 ki northwest of-Barrow,. Alaska. Many investigations, some of

which have been-mentioned in -the previous section, Were-carried out
&
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from the station-,- and the results have been compiled by Bushnell (,1959),

I-and by Cabaniss et al. (1965). Following the grounding, the station was

occupied !or more than a year, but was finally abandoned in Septe;,,ber
" -[ 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 discoveredby an Arctic Research Labora-

-tory (ARL) plane on a routine supply flight to the new -ice island, Arlis

SI=I. -Within a few.,days the station was reoccupied by ARL personnel,
-and its life began-anew. By the middle of May a geophysical program

4 was, being conducted by scientists of the Lamont-Doherty Geological

Observatory. This program, consisting of navigation, -depth soundings,

I and gravity and magnetic observations, plus supplemental seismic

reflection measurements, coringand--bottom photography, continues

L Tto the present-time, with numerous additions and refinements, This

program is customarily carried out by two-or three-.field personnel.K Figure 4 shows the drift of T-3 since- its- reoccupation During

this perio&the.-station has completed one- clockwise orbit around the

,Cahada Basin, and is now on its way through a second. Three insets

show the 'areas tobe 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

Swasjinvestigated during 1968-70. Depth soundings' were made along

much. ofthe drift track. In 1966 a seismic profiler was installed, and

I reflegti6nmeasurerents ,wee obta:ined- along much of the 1967, and

-9618-70 track. During these periods ,a. number of piston.cores, bottom

f photographs, and light scattering- measurements were also obtained,

The T -3 data, together with pertinent observations from Stations Alpha,

Charlie, and Ar'lis II, as well as the Russian drift station North Pole- 2,i have-been used, in. the stuidy. The recent T-3 data is available in

reduced graphical form in a report by Hunkins at al. (1969)-. The

earlier supplemental data was taken from compilations by Bushnell

(]959), Black and Ostenso (1962), Cabaniss-(1962), .Cabaniss et al. (1965),
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1i I and Somov (1955).

Additional magnetic measurements Were made by membeks of-the

British Trans-Arctic Expedition (BTAE) wintering on an ice floe

approximately 140 kilometers to the northwest of T-3 dur'ing the

period November 1968 to February 19b9. These measurements

filled in many details of the anomaly pattern over the ridge crest.

- I The present findings are wholly consistent with the suggestion of

Beal (1968) and Vogc and Ostenso-(197b) that the Alpha Cordillera is4 1 an inactive mid-oceanic ridge. The principal evidence for thii is the

identification. of at least five fracture zones that cut the-cordillera, and

apparent offsets of the ridge axis in the crestal regions. Balhymetrid

data suggest-the pre-sence of other-fractures, while-seismic -reflection-

studies suggest a buried ba'sement -topography similar to that found on

the- Mid-Atlantic Ridge. The magneti, and gravity data suppori 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 blanket6dwith- a uniform cover of

pelagic-sediment, suggesting that they -ha;re been inactive for a con-

siderable period'of time. These waves are apparently the result of

a str-ongpaleocirculatiori, similar to-the weak one found today, which

transported sediment across the ridge from- northwest to- southeast.

I Along the eastern flank,-of the -Mendeleyev RAidge a rbgiofi of submarine

erosion is: obseived, apparently maintained by a strong flow of water

through the Cooperation Gap, from the Makarov -Basin to the Canada Basin.

A. zoneof sediment waves -observed beneath the present Mendele-yev

Plain -indicates that bottor, currents have- apparently been an effective

, agent of deposition in the past.

It
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DATA REDUCTION

All data used in this study were reduced and processed with the

aid of an electronic digital comp.ter. 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

width - 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 ± 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 (19-66).and reviewed by Talwani et aL (1966). Errors in excess

of ± 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 anqther-program :(see Appendix) to compute the

mostprobable drift of'the island between fixes by applying tjhe "rule"
* 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 tcnds-

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 inriets 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 kilometers of track are represented on

these three maps. Daily distances varied from zero for periods of

calm to a maximum of 25 kilometers. Art analysis of more than 2500

days drift for T-3 showed the average daily drift to be 5.2 kn/day.

$_ -



105

17OW vowm B1

ARAITAC HR
IFigure



16

160W 155W Is0w

83V503

APEAII TALK HFto

Fiur 6



17

-UU

II

-s
<-

F gr e



18

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 KI-Jz

ti'ansducer at a nominal pulsed power of 1000 watts. All soundings

were made on a I second (750 meters) recording scale, with a paper

feed rate of approximately I cm/hour. The echo-distance error due to

timing in the recorder arnd reading of the records was-about 0.0025

seconds (t 2 meters). The records were digitized at frequent intervals

(0.1 to 0,3 kin), 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-meters were needed for water depths

of 3 000 meters. 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 geo-

-phone detector. A total- of 617 spot-soundings were obtained, with ,

rmeasurement accuracy of ± 1 millisecond, oriless than 2 meters. 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 & Romnberg Model- G (No. 2.7) geodetic gravity meter. The meter

was mounted on a wooden post which projected through the labratory

floor and.was securely frozen into the ice. The meter height was approx-

imately 4 meters above sealevel. Ice vibrations generally did-not inter-

fere 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
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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 Eotvos 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 t 5 milligals during the severest

Storms.

Simple bouguer anomalies were coimputed for each observation

by adding the attraction of a horizontally infinite plate, of density 1.64

g/cc 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 fwom 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 r
because the abandonment ofthezstation, -following -seven months of

measurements, 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 accoidingly.

MA-gnetic Measurements-

The total intensity of the earth's 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 -recession fiequency -

according to the relation H = 23.487386 f where H is the total field in

gammas (10- 5gauss) and f is the proton precession frequency in hertz.

The precession frequency measurene nts were made with a frequency L.

counter, whose crystal oscillator time base was checked periodically
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I against other frequency standards. The individual measurements

P j are accurate to better than . 10 gammas.

Diurnal variations of the earth's magnetic field in polar regions

commonly exceed one hundred gammas (Hunkins et al. , 1')62, and

Walker, 1962). The periodic natuire of these variations was used to

eliminate them, by averaging the observations over 24 hour periods.

ii The records were read every hour, and the filtered field strength

I computed at each observation point by taking an average of the twenty-

I- four hourly readings centered about that time.

I [ The value of the earth's regional field was removed by the use

-of -a Taylor series expansion of third degree, fitted by least squares

to the iegional field in this area by the Dominion Observatory of

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

jcenter of their aeromagnetic survey. The magnetic total intensity

anomalies presented here are defined as the difference between the

1' observed total magnetic field-and the computed regional field at the

point-of, observation-.

TDuring the winter of 1968-69, the magnetic observations from T-3

-were supplemented by measurements madc by the British Trans-Arctic

Expedition (BTAE) from an ice floe approximately 140 kilometers to

the northwest of T-3. A Va.rian M-49. portable proton precession mag-

netometer 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

Ito better than + 20 gammas, and were reduced in the same manner asI 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 meters with a proton precession mag-

netometer. No attempt was made to reduce these observations to

sealevel, a change of less than 20 gammas. A correction for temporal

I vakriations in the magnetic field was not considered necessary as all

-!
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flights through these areas were of less than two hour's 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 kilometers.

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 kilometers 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 consisto of a triggered capacitor bank -from

a 9000 joule storage capacity "boomer" (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 backfrom the

end. When the sparker is triggered, the capacitor banks Adisdharge

into the- ocean via the brass rod, causing breakdown-6f the seawater

and producing an acoustic shock pulse. The copper braid ensures a,

good connection of the capacitor bank ground to the seawater. Spectral

rmeasurements of the pulse at a listening array 5 km liom -the transducer

- 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 meters below -the sea ice

near the edge of the ice island. The cable -wah passed through an oil-

-filled pipe frozen into the-4 meter thick ice, so that it could be pulled-

up periodically for inspection. Maintainence 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 Con-truction are discussed by H1-Tall(1964).

:- L

- -
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The reflected signals were detected by two hydrophones, 30 meters

apart, suspended on electrical cables approximately 4 meters below

the sea ice adjacent to the ice island. The hydrophones were faired

to reduce tow noise, and had horizontal separations of 20 meters and

30 meters from the spark source. The hydrophones are barium

[titanate,flexural disk transducers built by the U. S. Navy Underwater

1 Sound Laboratory (-Woollett, 1960). These highly sensitive hydrophones

[) have a 0.1 mfd capacitance, eliminating the need for a preamplifier

-in the hydrophone case.

'I . 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 uider 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.

I a synchronous clock. The paper speed was approximately 11 -centimeters

per day. A cam and gating arrangement was used to control the

o operating program of the profiler. Once every five minutes, this,

programr-her 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 sign~is to print on the paper, then disconnected the print

amplifier from the styl. so that nothing was printed until the beginning

- of the next five minute interval.

-A two-channel drum recorder with brake-clutch mechanism,

1 -with the chart recorder during part of 1967 and 1968. This 10 second

sweep recorder generally produced better records, but required

considerably more mainainence.

Individual.seismic reflection measurements were obtained prior

Ii
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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 profils shown in

Figure 16.

Data Storage and Presentation

The results of the reduction programs for navigation, bathymetry,

gravity and rrmgnetics 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 prepai're 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 'cont6ur i's crossed. Any -map

scale and contour interval can-be-used. In this fashion the computer

performs. the, task of interpolating contour crossings, and the tportion - -

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. Bathy-,

metry, free-air and Bouguer anomalies, and magnatic anomalies were

projected in this rnanner. 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 pxojected profiles- is in meters. not reflection time. -
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Water depths are all expressed as corrected meters. Sediment thick-

nesses are based upon an assumed sedirment sound velocity of 2 kilo-

meters per second, so that the thickness in kilometers is equal to

the round-trip travel time in seconds.
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2 INTERPRETATION

i I PART I: TECTONIC FEATURES

1Bathymetry

The area of investigation has been subdivided into three areas,

shown as A reas I - I I I in the index map (Figure 4). Contour maps

with 100 meter isobaths have been prepared for each area. In those

parts .vhere no new depth information is available, generalized 500

meter 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 Mendeleyei 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 meters. Its

gradient barely classifies it as an. abyssal plain. On the west, the Men-

deleyev Ridge rises 2,00 meters 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

waa discovered in this investigation, locat-!d still further north- around-

'. -, 79 N and 176^W, and at a slightly greater depth of around I1-00 meters.

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 meter high

scarp which faces the ridge across a trough. This ridge disappears

to the- north, being absent altogether in a traverse 50, kilometers 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 Mendele-yev
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[ 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 meters, becoming slightly

shallower toward the cordillera. A small isolated depression was

discovered on the northern margin of the Chukchi Rise.

Three topographic highs with crestal depressions were traversed

in Area Il. 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 meters high,

was crossed on the northern margin of the Chukchi Rise. Although

submarine morphologists generally consider a relie.f of at least 700

andlreferably 1000 meters necessary for classification asa seamount,

it is suggested from Profile X-Y-Z in Figure 1-5 that this is a-true

seamount which has -been -partially buried by the sediments forming the

plain.

Two other seamounts, 1200-meters 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 seamourte,

probably- volcanic in origin, because of their crestal depressions (see

Profile A-B in Figure 15), the associated-magnetic anomaly (Figure 16

and Figure 26), and because c-f the very low heat flow measured on

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

measurements over the Alpha Cordillera have shown the heat flow to
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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 searnount on the flank of the Alpha Cordillera is named after

Rollin Arthur I-larris (1863-1918), who in 1904 proposed the amphi-

droruic regime of tides and predicted the existence of the Lomo- --

nosov 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 meters 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 meters. Named the Lamont Ridge

by DeLeeuw (1966), this narrow ridge is clearly seen in seven cross-

ings spaced over a distance of 200 kilometers(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 delin-

eated when the ice island followed an "N" shaped track. Steep sides

were observed on the northeast and southeast-sides of the flat-topped

structure, shown, in Prbfile C-D in Figure 15, suggesting that it is

bounded on the east by a fracture striking Ln 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 Albert

P. Crary, whose early geophysical measurements from T-3 delineated

the North Ai .erican terminus of the Alpha Cordillera.

Area III comprisee 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
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flank of the cordillera. The one to the south, over 700 meters high,

is named after 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 Ned \. Ostertso, 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 parz 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 cord-

illera. 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 meters. To the east, a fourth crossing (Figure

18) showed alternating crestal plateau and deep grabea-like valleys. A

pronounced characteristic of the soundings -on the crestal plateau was the

appearance of numerous hyperbolic echoes, wvhich are discussed in some

detail in the .second-part of this paper.

A general profile across slightly -nore 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 appears as a rounded feature, rising nearly 2 kilometers

above the Canada Plain. To the east of this profile the crestal regions

.611.1. : i lg, dpthis of. le . .t If 1 00 iifu ter. Of note
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is the concordance of heights of five elevated portions of the

southern flank of the cordillera along an inclined line of 00 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 thn 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, 13

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 kilometers. 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 relatiyely 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-r) show
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the Mendeleyev -Ridge to have a relatively thick and highly variable

sediment cover. Steep slopes and rough topography within the basextent

are reflected-in the surface topography, even though large volumes

of sediment 7have partially filled some of the valleys.

More than two kilometers of sediment were observed beneath

14 the Mendeleyev Plain, with no indication of basement. Kutschale's

(1966) measurement of at least 3.5 km of sediment beneath the

SI Wrangel Plain, across the Mendeleyev Ridge approximately 300

kilometers -to the northwest, suggests that considerably more

I sediment exists. Beneath the Meideleyev Plain, about 100 km

i east of the fracture zone, the deepest interfaces appear to rise

slightly, perhaps reflecting a similar rise in the underlying basement.

On the northern margin of the Chukchi Rise (Figure 15) the

profiles reveal a basement topography which is considerably less rough

than that over the Mendeleyev Ridge. The sediment cover generally

varies between 500 meters and more than a kilometer. The tightly

£grouped profiles reveal a succession of basement highs and lows which

appear to trend north-northwest. Over two kilometers of sediment

were observed beneath the northern Canada Plain. Again no basement

I freflections were observed. The basement appears to drop precipitously

north-of the Chukchi Rise. Dipping interfaces beneath,the plain, more

I jthan-50 kilometers further north, suggest that a considerable thickness
of sediment exists beneath- that already observed,

The individual reflection measurements from the 1962-63 drift

(Figure- 16) show athick sediment cover extending onto the Chukchi

f: ]Cap, with-approximately 500:meters on the Cap itself.

-The seismic reflection profiles from the Alpha -Cordillera (Figures

17 and 18) show the sediment cover to Vary from as little as 100 meters

S:tomore than 1200 meters. The thickness increases toward the east,

probably as a result of increased deposition-near the continental

Ishelf. Toward the west, sedimentation appears to be partially controlled

j by bottom currents, which have redistributed the available sedimxent.

A.



F
38

,j L01 2 r u.

0

a.. I1 .! _ F . .e
Zs C IN,

.JOl

0F C)

a)C I-
0o

Ca Ii /e/1

0-N
in'

w

(n 0

0 
-

0)

1A

'F gure 15



IN

0 AJ

1 00i

o8AY1> S 3 3Y-!

Fiue1



40

-j

0 ' 0 1
t 4) CI

LL E co4-j SO

ccv

- 0

2a:
w

<~ 0

CL <

< 10

t Nz

0~ 00~
0 0

0 0
0 0

Fixgure 17



41

rr
to -7 \\-a a: .!0 L

>:-

w

PR < 
k

Ic

I 11>

-Figure 1



42

This sedimentation is discussed in some detail in Part II.

Beneath the sediments a rough basement topography is indicate'd.

A comparison of the observed basement topography with that of

the Mid-Atlantic Ridge as given by Heezen et al. (1959) reveals

a similarity (Figure 19). In this part of the Alpha Cordillera only

the higher portions of the high fractured plateau province, and the

rift valley and rift mountain provinces appear to be represeated,

Within the rift mountains (Profile 2 in Figure 19 or Profile B-E in

Figure 17), the ridges are topographically higher and of greater wave-

length while the high fractured plateau (Profile I in Figure 19 or

Profile Q-T in Figure 17) is lower, and exhibito a shorter wavelength.

The boundary between the two provinces appear.7 to be the small ridge

seen on the southern flank in all profiles at the 2500 meter contour,

which is a reflection of a similar buried basement ridge.

Two steep-sided depressions up to a kilcmeter deep were traversed

over the crest of the cordillera in the eastern part of Area lI. Step

faults bound these depressions, and there is some suggestion (Figure

18 (bottorn), Profiles V-W and A-S) that the floor of these depressions

is also faulted. The fault traces appear to extend to the surface, suggesting

that tensional forces continue to act on the cordillera. These depressions

show some resemblance to the sediment-filled rift valleys found on

land (Holrmes, 1965).

Gravity Measurements

Figures 20, 21, and 22 show the free-air gravity over the area of

investigation, contoured every 5 milligals. A map with all three areas

combined is shown in Figure 28b. The isogals generally follow the

topography, with a maximum of more than +80 milligale occurring

on the crestal highs of the Alpha Cordillera, and minima of -30

milligals within the depression on the r-. hern margin of the Chukchi

Rise, and along the crestal rift of the Alpha Cordillera. The average

gravity field is decidedly positive, a characteristic of the entire

Arctic Ocean Basin.
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The Bouguer Linomalies are generally smoother than the free-air

in the immediate vicinity of topographic highs, suggesting that these

ftatures have densities near 2.67 g/cc. These effects can best be

seen in the long Profile A-A' across the southern half of the cordillera

(Figure 12), which shows a well developed Bouguer minimum at the

crest. This minimum suggests mass compensation at depth, and is

similar to that shown by Talwani et al. (1965) for the mid-oceanic ridges

The slope changes over the flanks are particularly evident.

i r A two-dimensional crustal model was fitted to this long profile

using the procedures outlined by Talwani et al. (1959), and by Hayes

(1966). Only one control point was available for this profile. Refraction

Station 5, from the 1957-58 drift of Station Alpha, lies on the flank

]j I of a topographic high at 85 '01.7'N between 137 0 54'W and 1390 06'W,

approximately 10 kilometers from the T-3 track (Figure 7). For this

[station, Huhkins (1961) reported 0.29 km of 2.0 km/sec sediment and

j2.80 km of 4.70 km/sec "basement" material overlying an "oceanic"

layer of 6.44 km/sec compressional wave velocity. The existence of a

I fbasement and oceanic layer in this refraction- profile suggested that

a multilayer crustal section such as that used by Talwani et al. (1965)

d might be more appropriate than one using a single crustal block with

I varying thickness and density around 2.87 g/cc. The reflection data

1 - shows considerably more than 0.29 km of sediment in many areas on

the cordillera, but the control from the seismic reflection measurements

is unfortunately not continuous, so that sediment and basement have been

S- lumped together into a single layer of density 2.30 g/cc. This

density is roughly equivalent to sediment and basement in the ratio 1:2,

-" since the measured velocities correspond to densities of . 90 and 2.50

°" g/cc on the Nafe and Drake (1963) curve. The oceanic layer ,4as
{ ass3umed to have a constant thickness of 5 km under the cordillera

and adjacent plain, This thickness is based upon the average for thisI " layer in the other world oceans (Worzel and Shurbet, 1955). A similar

-layer pinches out over the crest of the Mid-Atlantic Ridge, but is

0 continuous over the East Pacific Rise. A density of 2.80 g/cc was given to
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this layer, roughly corresponding to its 6.44 km/sec seismic

velocity. Additional compensation under the cordillera was assumed

to result from a low density root consisting of 3.15 g/cc "anomalous"

mantle, overlying a normal mantle with density 3.40 g/cc.

The crustal section is shown in Figure 23. The sediment-baseme.nt

layer was assumed to thicken in the direction of the neighboring plain,

prinarily due to thickening sediments observed by the reflection meas-

urements. The depths to the layers were specified at inflection points

in the free-air, Bouguer, and topographic trends, -and adjusted so

that the pressure of the layers, less the observed free-air gravity,

would-balance a standard crustal section consisting of 32 km-of 2.87

g/cc crust overlying a mantle of 3.40 g/cc density. The level of

compensation was arbitrarily set at 45 kin, where the pressure is

136.04x 105 g/cm 2 . A pressure of 105 g/cm 2 , equivalent to that

produced by a layer 1 krn thick with Lnit densiLy, corresponds to-a

gravity anomaly of about 42 milligals.

The Bouguer- anomaly was computed assuming the water

laye- to have density 2.67 g/cc, in order to match the assumptions

used in -omputing the observed anomaly. Any comparisons of these

Bouguer gradients with those from other ridges should be made with

mnis in m ind.

The computed model agrees reasonably well with the observed

gravity. The smaller deviations are probably the result of basement

topography. Buried fractures, which should make an angle of about

28' with the profile according to the in(erred pattern in Figure 28,

-might-be responsible for the larger deviations, particularly that

occ'Arring around 500 km. This particular model, similar to that of

lalwani et al. (1965) for the East Pacific Rise, shows that the observed

gravity is consistent with the hypothesis that the Alpha Cordillera is

a fossil mid-oceanic ridge. One must remember however, that this model

is only one of a number which could be tailored to satisfy the small

number of available constraints. Any refinement will require additional
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- refraction and reflection measurements.

The free-air gravi1T anorralies have bi;en plotted against latitude

in Figure 24. For this side of the Amerasia Basin the average field

I is d.idedly prsitive, with some tendency to increa-ie toward the

110",h. This increase might be due to the Alpha Cordillera, which

marks the northern limit-of all these measurements. The cause of

the regional high is unknown, but ite -existence is worth noting.

Magnetic Measurements
The magnetic anomalies for each area were contoured at 100 gamma

Iintervals. The results are combined into one -map in Figure 28c. In

fArea 'I (Figure 25), closely spaced high amplitude (1000 gammas)

I anomalies showing an ENE-WSW trend are observed in the southwest

over the Meudeleyev Ridge. To the north, the- trend is generally

IT norh-.south, centered about a large 1400 gamma anomaly associated

with the Mendeileyev Fracture Zone (Figure 13). On thie MendeleyevIt fPlain, a -large NW-SE trending anomaly is possibly related to the

basement ridge in Figure 14, which appears in Profile j-s at point q,

and Profile f-i at point g.

In Area II (Figure 26), the-anomaly pattern appears tO show two

j orientations. Thenmost prominent orientation is normal to the trend

df the Alpha Cordillera, and is represented by linear anomalies extending

IT SSE from Harris Seamount, along the Larmont Ridge, and over the

eastern scarp of CrarySeamount to the northeast. The se-.nd orien-
A tation is rather we.akly developed parallel to the cordillera between the

three sets -A! transveree anomalies, and together they suggest the

j striping pattern observed in the fracture-offset ilanks of the present

mid-oceanic ridges.

Area III magnetics are shown in Figure 27, Good coverage to the

northwestand in the southern part of this area allowo a relatively

4 detailed look at the heart (if the Central Magnetic Zone of King et al.

(1966). In the northwestern part, data from T-3 haa been supplemented,!
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by observttions taken during the winter drift of the BTAE. Two

M6 1 pattern orieucations are again evident, but in this -ca!e the anomalies

paralleling the cordillera are the most prominent. In tne northwest

j portion, a wavy pattern of NE-SW trending anomalies follow the

cordillera, but exhibit sufficient complexity to make correlation of

individual anumalies 'etween pr files very difficult. This particular

prbblem was encountered by Vogt and Ostenso (1970).

In the south-central p-r of Apea III, along the 132* West meridian,

a transverse band of anema-ic was delineated, possibly produced by a

,I buried fracture bounding the valey wlch runs into the cordillera just

to the east. A similar lineation appears to bound the eastern side of

§1 1 the valley, pa4.sig alongside Ostenso Seamount.

A generalprofile of the mzgnetic anomalies across the southern

I half of the Alpha Cordillera is shown in Figure 12. The magnetic

anomalies appear to show symmetry about an apparent axis at 510

kilometers, corresponding to the- Bouguer minimum in the profile. The

observed symmetry is limited however, to one sharp high-amplitude

anomaly With a bump on its flank slopes, because of the absence of data

from the -northern flank of the cordillera.

f There is evidence, from other magnetic profiles which are not

shown- here, that there is another negative anomaly, bounded by cA,o

positive anomalies, ,vhich appears within the central negative anomaly

in Figure i2. These anomalies were removed from Figure 12 because

fi of their extremely ragged appearance, posoibly caused by the contorted

-t nature of the track, and also by the possibility (suggested by the gravity

V measurements) that-the track crosses a fra,._'iic, here. However these

central anomalies do appear in short segments ot profile (not shown)

I from the eastern part of Area III, and particularly in Ostenso's

(1962) aeromagnetic profile 61-523 which appears to cross r.ormal to

the cordillera axis in the vicinity of 84 0 N and 1650E.

The magnetic anomalies might help explain the angula. relationship

I between the Mendeleyev Ridge and the Alpha Cordillera. The anomaly

j
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pattern for the Soviet Arctic (Figure 3) shows lineations trending

approximately north-south along the Mendeleyev Ridge just east of

18f- The pr.esencc of the Mendeleyev Fract,.re Zone shows that these

anomalies could not reflect a north-south trending axis f6r t e Men-

delcyev Ridge, for this would irnly that any spreading must occur

across rather than parallel to the fracrtre zone. Instead it suggest3

that the Mendeleyev Ridge represents a portion of the Alpha Cordillera

which has been offset toward the south along a series of en echekn

transform faults, one of which is the Mendeleyev Fracture Zone.

The large anomalies associated with these fractures (Figure 25

around 1700 West for example) might tend to overwhelm the narrow

o.-fset sections of smaller anomalies whi 1i parallel -the cordillera

axis, giving the pattern shown by Rassokho et al. (1967) in Figure 3.

The suggested configuratiorn for 'he ridge is shown in Figure 26.

The magnetic data generally supports, and certainly does not

conflict with, the application- of the se iiloor spreading, hypothesis

of Vine and Matthews (1963) to the Alpha Cordillera. In fact, the

presence of some degree of symmetry about the apparent ridge axis,

plus the parallelism of the anomalies with the axis (except in-the

vicinity of fracture.'), argues for this hypothesis -.

Inferred Fracture Zk. ne Pattern

According to the seafloor -spreadinlg hypothesi, the -ocean ba-'ns

(:ons;';t of basaltic material which ib int-oduced at the axis of a mid-

oceanic ridge. With time, this rraterial moves away from the axis,

gradually cooling and subsiding to give the ridge its characteristic shape.

Newly forming seafloor takes on-a remanent n'.agnetization corres-

ponding to the existing geomagnetic field: as reversals occur in the

earth's field, the normal and reversely magnetized bands paralleling

the ridge will give a striped appearance, with the "stripes" showing

syrmetry about the ridge axis. If the reversal chronology isknown,

then a magnetic profile normal to the ridge should indicate the approx-

i-nmto ao of the seafloor at any Doint, as well as the rate at which
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sea'floor is produced.

When the ridge axis is offset, the pattern becomes more comp-

licated. That part of the offest joining the displaced axes is called a

transform fault, and represents an area of relative strike-slip motion

of the spreading blocks. Outward from the transform the offset flanks

M spread together, separated by a lineation or fracture zone which dis-

locates the magnetic striping pattern. Fracture zones are inactive

if traces of transform faults and are often observed as basement ridges

n'ormal to the ridge axis. Delineation oI these fractures defines the

3 direction of spreading.

4 The bathymetric, seismic, gravity, and magnetic data were

-used in conjuncticn with the above to prepare maps showing the

inferred fracture zone pattern and location of the ridge axis over

the Alpha Cordillera and the Mendeleyev Ridge (Figures 28a, 28b, and

28c). The observations underlying the inferred existence of each

fracture are tabulated in Table I. Bathymetric and gravity data from

the drift of Ice Station Arlis II (Black and Ostense, 1962, and Kutschale,

1966) have been included in these maps. The orientation of the fractures

appears to parallel the 1420 West meridian, which, for ease of

•j f reference, is about the orientation of the Alaska-Yukon boundary. No

evidence of curvature was noted for these fractures, but any existing

I,' curvature is unlikely to be observed by so coarse a survey so close

to the ridge axis. The 1961, 1963, and 1964 aeromagnetic profiles

j [published by Ostenso and Wold (1970) were used in locating fracture

crossings (usually identified by sharp anomalies or a break in the pat-

itern) and the ridge ax:s (evidenced by some anomaly symmetry and

a mraxima in the anomaly envelope). The basement ridge observed by

Kutschale (1966) appears to be a result of a large offset, paralleling

the Mendeleyev Fracture Zone, and indicating a high-1 ow basement

configuration consistent w.th the inferred ridge offsets.

1;

I
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Table I

Basis for-Inferring Fracture Zones

Zone Bath -letry Magnetics Aeromagnetics Gravity
I (L)

2 L (14 L

Wrangel Plain Buried Ridge- (Kutscbale, 1966)
3 (L)-SP L L

4 (L) (L) (L)

Mendeleyev Fracture Zone
5 L-SP L Prof. 61-609 L

6 SP L L

7 GT (L) 61-609, 523

8 (-L)- -Prof. -61-609 (-L) -

9 L (14

10 L-GT (L) "

Wilkins and Harris Seamounts
11 L-GT L Prof. 61-609 L

1-2 L (L) Prof, 61-609 (L)

Lamont Ridge
13 L-250km L-100km Prof. '61-609 L

14 L-Scarps L L

Crary Seamount - Truncated on the Eastern Flank
IS L L (L)

16 L-GT L (L)

17 L-GT L L

18 L L L

19 L (L) (L)

20 L-Valley L L

Ostefiso Seamount
21 L-Valley (L) L

Beal Seamourit

22 L Bouguer Trough (L)

23 GT
24 L-Trough L L

)=Weak, L=Lineation, GT= Gross Topography, SP=Seismic Prof.
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F Speculations concerning the Alpha Cordillera as an Inactive Center

of Seafloor Spreadin

The previous sections have presented bathymetric, gravity, seismic,

and magnetic data which support the contention of earlier investigators

that the Alpha Cordillera is an inactive center of seafloor spreading. This

section will propose a model for the development of this cordillera or

ridge which suggests that the Alpha Cordillera represents the northern-

most segment of an oceanic ridge which was active at various times in

the Paleozoic, and in the Late Mesozoic and early Tertiary.

1; Proposed Model

Figure 29 shows the Amerasia Basin as it would appear following

the closing of the Atlantic Ocean and the Eu-rasia Basin, about 80

million years ago. This reconstriiction generally follows that of Bullard

et al. (1965) based upon the computer matchii.g of batnymc.ric contours.

and also the reconstruction of Pitman and Talwani (1970) from fracLtale

zone orientation and magnetic anomaly in the North Atl .ntic. Slight cl'arges

have been made to assure the fit of the sinuous Lomonesov Ridge against

similar indentations along the Barents Shelf. The rotation of Ellesmere
Jsland and northern Greenland will be described later, and the position

rof Siberia relative to Alaska is certainly in error.

This reconstruction shows that the Amerasia Basin- is esserv,. -"y

rectangular in shape. On the east the basin is bordered by the Innuitian

(pron. like Aleutian). system of folded geosynclinal belts along the

northern margin of the Canadian Arctic Archipelago and Greenland. On

the south lies the Yukon and northern Alaska, the site of the Brooks

Range Orogen. The continental margin of Siberia, which is bounded by

the ChukotkaGeosyn line on the northeast, lies to the west. To the

north is the Lomonosov Ridge, which Wilson (1963) and later investigators

have .onsidered to have once been the outer margin of the Barents

Shelf. Within the Amierasia Basni, the results of this investigation

siiggest that, in the vicinity of the crest o; the Alpha Cordillera at least,

seafloor spreading has occurred parallel to the present 142°West

meridian, along the long axis of the basin.
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The marginal geosynclines bordering the Amerasia Basin indicate

a depositional and deformational history which is quite similar to tha

of the Appalachiai. ICaledonian Orogen. In the reconstruction of Bullar'

et al. (1965) this or gen extends from Spitsbergen to Florida. Dewey

(1969) and Bird and Dewey (1970) have related the events in the southern

part of this orogen c,; an opening and closing of a Proto-Atlantic Oceai

in the Lower Paleozoi,. following a suggestion set forth by Wilson (l9Y )

The model proposed here suggests that the Alpha Cordillera was an

-integral part of this earl7 spreading episode, as well as a forerunner of

the opening of the Eurasia Basin.

The continuation of the Appalachians into the Caledonian belts of

jScotland, Scandinavia, eastern Greenland, and Spitsbergen has been

reasonably weil documented (Wilson, 1966; Dewey, 1969). However a

continuation into the, Arctic further north presents some problems:

1) On the northern coast of Greenland, a Caledonian belt in Peary

Land strikes at approximately riglht angles to the Caledonian belt on

the eastern coas-L, Any continuation ,nust account for this angularity.

2) Any Paleozoic continuation between the Proto-Atlantic and the

Amerasia Basin presumably passed s .,mewhere between the present

Barents Shelf in the vicinity of Spitsbegen, and northern Greenland

and Ellesmere Island. However any expansion and co'ntraction in this

vicinity would not be normal to the arcii, "e Innuitian System in

northern Greenland and the Canadian Archipelago.

3) Late Mesozoic separation of Greenland from Labrador suggests

that a continuation of the Atlantic Ridge with the Arctic at this time

might have passed through the Labrador Sea, and thence into the

Amerasia Basin where it connected with the Alpha Cordillera. However

attempts at a continuation via transform faulting through the Robeson

Channel separating Greenland from Ellesmere meet with geological

evidence that does not allow more than a fewv kilometers of strike-slip

movement (Kerr, 1967). Furthermore, any continuation beneath Ellesmere

j must pass beneath areas of undisturbed Lower Paleozoic sediment

4 -
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(Thorsteinsson, 1961).

4) Finally, the tectonic history of the bordering belts is similar

for all periods ef deposition and orogeny except the Early Jurassic

through Early Cretaceous, when northern Alaska went through an

extended period of uplift, with the formation of a tectonic welt

beneath the present Brooks Range.

Many of the above problems are obviated by the continental recon-

struction and history of Atlantic-Arctic spreading, contraction, and

renewed spreading proposed below.

1) Prior to the early Tertiary, the Caledonian/Appalachian orogen

extending from Florida to Spitsbergen continued northwest and west f
through the Innuitian System in northern Greenland and Ellesmere,

forming one continuous and relatively smooth arcuate belt around

eastern and northern North America. West of Prince Patrick Island

another belt continued through the Yukon and northern Alaska, and

perhaps across northeastern Siberia by the Chukotka Geosyncline.

2) Between the Late Precambrian and the Ordovician, following the

model of Bird and Dewey (1970), a Proto-Atlantic Ocean opened along

the full length of the Appalachian/Caledonian orogen. The Amerasia Basin

may have existed plxior to this opening. This opening was accomplished

througl plate accretion (seafloor spreading) along a fracture in an older

North American/African/European continent, and was accompanied by

-* subsidence of the separating continental margins and generally uninter-

rupted sedimentatior.

3) Commencing with the Ordovician in the south, this ocean began to

close. Oceanic plate consumption was accomplished through the develop-

ment of marginal trenches and underthrusting along Benioff Zones. This

underthrusting and associated granitization produced the Caledonian orogeny.

4) Closing continued until the Devonian, when a collision of the

continents, probably as far north as eastern Ellesmere, produced the

Late Caledonian Spasms (Haller and Kulp, 196Z) in the Greenland and

* Innuitian belts and the Acadian orogeny to the south.

5) Minor movements occurred along the belts in the Late Paleozoi.:
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and Early Mesozoic, and these may have been the precursor of the

present opening of the Atlantic Ocean. Some spreading may have

occurred in the Amerasia Basin.
6) In the Jurassic and Cretaceous, the Brooks Range geanticline war

produced as a result of the Nevadan Orogeny along the Western Cord-

illera. At about the same time the Atlantic began to open in the far

south, and by Late Cretaceous had progressed as far north as Greenland.

i 1 7) Between 80 and 60 million years BP Greenland separated from

Labrador, rotating approximately II degrees east about an apparentj rpole in Ellesmere Island (Le Pichon et al. , 1970).

8) From some time before 60 and until 40 mybp, spreading occurred

on the Alpha Cordillera (Vogt and Ostenso, 1970), parallel to the present

1420West meridian. The amount of spreading apparently exceeded the

If opening of the basin, producing compressional structures in the mar-

ginal geosynclines south of the Alpha Cordillera.

9) Between 60 and 40 mybp Greenland (less the northern Greenland

belt) also moved north about 500 kilometers about an apparent pole

of rotation in the vicinity of Hudson Bay (Le Pichon et al. , 1970). This

motion was predominantly strike slip along the Davis Strait. This

northward movement resulted in the deformation of the eastern

I Franklinian Geosyncline and the northern Greenland Caledonian belt,

through a kinking of -the belt about two hinges or pivots in northeastern

I Greenland and the Sverdrup Basin. Bending of the Sverdup Basin pro-

duced folding transverse to the earlier Paleozoic and early Tertiary

folds, thrusting, and diapirism (Keen et al. , 1969). The latter part of

this northward movement resulted in the accretion of the northern

Greenland Caledonian belt with the central and southern part of Green-

Iland. The northward moVement was possibly accomodated through
deformation of the Greenland end of the Lomonosov Ridge, which was

then the outer ma'rgin of the Barents Shelf.

10) About 40 million years ago the movements of Greenland ceased,

j except for slight rifting along the Robeson Channel (Kex r, 1967).

Spreading ceased on the Alpha Cordillera about this time (Vogt and

-
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Ostenso, 1970), and was replaced by opening of the Greenland Sea

and the Eurasia Basir.

Alternative Proposals

The events south of Spitsbergen appear to be reasunably well

explained by the formation and contraction of a Proto-Atlantic Ocean i

(Dewey, 1969). However, other proposals have been, or might be

called upon, to explain-the events recorded in the belts around the j
Arctic. Three of these are discussed below.

I) Tailleur (1969b) has speculated that the Canada Basin may have j
formed through episodic Early Jurassic to Early Cretaceous rifting,

similar to the Arctic Sphenochasm proposed by Carey (1955). According

to Tailleur's (1969b) speculation, the basin opened approximately along

the present 145 'West meridian, by rotation about an apparent pole in W

east central Alaska. Total opening was estimated-at about 320.

Arguments for this -speculation lie in the fact that geologically, the

newly parallel Brooks Range and Franklinian Geosyncline/Sverdrup

Basin would have developed alongs'ide a tectonic source area that could

have supplied the clastics comprising the thick Devonian and Missis-

sippian deposits. Ritti.ng would also allow the straightening of the bends

Tailleur (1969a) reports in the western Brooks Range 0rogen, account

for extensive lateral foreshortening due to thrusting, and allow-an

original connection of these sutured belts with the Canadian Cordillera

to the southeast. Tailleur (1969a) supports. this last suggestion by

noting the ,.lose similarities between the Devonian and Mississippian

carbonates along the front of the Brooks Range and those found at Nation

River on the Yukon.

However, thih 3peculation has several failings. First it suggests

no mechanism of rifting, such as seafloor spreading or the relative

rotation of block's, which might dovetail with the known history of the

basin. Moreover it does not explain the absence of basinal deposits

between Prince Patrick Island and the Mackenzie Delta, or the lack of

deformation of the Sverdrup Basin accumulations analogous to that found



68

in the Brooks Range in the Mesozoic. And finally, there is no evidence

for the remains of the central tectonic lands within the basin, nor an

explanation for their disappearance.

2) Harland (1965) has postulated that the Caledonian belts of eastern

and northern Greenland resulted from two stages of deformation; an

3 east-west compression which was gradually replaced by a north-south

component which produced the Innuitian fold system.

I Both this, and the case where both belts were produced simultaneously

in their present orientation, seem unlikely for several reasons. First, if

I the development of these belts is a result of spreading followed by

contraction, as has been suggested for the southerly belt, then it is

j J difficult to imagine a spreading geometry which would give such

an orthogonal deformation pattern. The closest possible geometry

would, of course, be a triple ridge junction off the northeastern coastj ~of Greenland. However this seems unlikely in the absence of any supporting

evidence from Eura.ia. Second, the curvature of the fold belts in the

Franklinian Geosyncline and the Sverdrup Basin does not suggest that

the directibn of compression-was uniform along the geosyncline, as might1 : be expected by a north-south component presumably resulting from

plate movements. Finally, Kerr's (1967) conclusion that relative motion

betwern northern Greenland and Ellesmere is extremely limited, plus

the mounting evidence that Greenland experienced a large northward1K movement, suggests that any deformation prior to Greenland's move-

ment was within a different geometrical framework.

3) Beal (1968) suggested a continuation of the Alpha Cordillera through

- " the Canadian 'Arctic Archipelago to the buried ridge in the Labrador Sea

observed by Drake et al. (1963). The suggested continuation was pre-

sumably beneath Ellesmere Island by way of Eureka Fjord (Nansen

Sound) -and Baffin Bay. This will be called proposition a). Other

continuations might consist of b) a more roundabout path through the

.archipelago, such as the passage of the "Mediterranean-Greenla,

Branch of t _ rl, Rif-t. Sy-stem" through the Perry Channel proposed
I

P ,~
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by Demenitskaya and Dibner (1966), or c) an offset of the ridge around [
Ellesmere by means of transform faults along the Robeson Channel

(Wilson, 1963) and then back along the shelf margin north of Ellesmere.
In all three cases the evidence for a continuation seems doubtful.

The existence of undisturbed Lower Paleozoic sediments on eastern

Ellesmere and Devon Island makes a) quite unlikely; the lack of any

evidence of an extended tensional zone anywhere in the archipelago does I
the same for b), and c) would imply that a ridge crest lies in line with

the Lotonosov Ridge for a short distance. This is quite unlikely. Finally, i
the work of Le Pichon et al. (1970), suggesting an opening of the Labrador

Sea which is best explained by a rotation of Greenland about Ellesmere,

may make such a continuation less compelling.

Geological Evidence 1

This subsection describes the geological history of Greenland, the

Canadian Arctic Archipelago, and northern Alaska. and the Yukon for three 1
time periods from Late Precambrian to the present. Unless otherwise

noted, summary accounts by Koch (1961),, -Haller(1961), Haller and Kulp

(196Z), Thorsteinsson and Tozer (1961), Tailleur (1969a) and Churkin (1969)

have been.used. In particular, a paper by Keen et al. (1969) examines

the continental margin of Easterh Canada, considering the opening of the

Labrador Sea, and -offering the -first suggestion that Ellesmere exper- ;

ienced a rotation along with Greenland which produced the bend in the

Innuitian System. Keen et al. (1969) also 'present a bibliography of recent

geological and geophysical investigations.

For- locating some of the more obscure areas or locations the reade,

is referred to the World Map of the National Geographic Society (1966),

or other comparable polar maps.

Precambrian to Carboniferous

Dewey and- Bird (1970) have related the development of mountain

belZ! to plate tectonics. In some sarlier papers, they dev, .loped models,

based upon these relationships, f,,r the evolution of the Appalachian/

Caledonian Orogen. The part of the orogen in the British Caledonides
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was covered by Dewey (1969) and that part in Newfoundland and New

England by Bird aiad Dewey (1970). They showed the development of th..,

J orogen as a result of an opening and closing of a Proto-Alantic Ocean

similar to that suggested by Wilson (1966). In their model, the ocean

opened in Late Precambrian time, and spread to its maximum breadth

S- around Late Cambrian time. Subsidence along the continental margins

-- viatd areas of accumulation for detrital sandstones and shales,

d *,ed by shales, limestones, and dolormites. In the south, Bird

I and Dewey (1970) show the closing accomodated by the development

of a dlab of'downgoing oceanic crust or Benioff Zone along the western

4 Imargin, In Late Ordovician time this resulted in the formation of a

volcanic arc along the western margin which produced Taconian folded

mountains, westward overthrusting, igneous intrusions and metamorphism.

The Acadian Orogeny marked the final closing through continental

!" Icollision in the Late Devonian.

In the British Caledonides the postulated events were more complex,

-with- the development of three Benioff Zones, two on the east and one on

the west'by Upper Ordovician (Dewey, 1969). Further north Dewey

(1969) shows the development of the East Greenland-Norway belt through

I[ one simple Benioff Zone to the west. The present eastern Greenland

J: -belt was thought to represent the far western part of Zone A, an area

of high temperature/pressure metamorphism.

This paper suggests that the development of the Innuitian System

r and perhaps northern Alaska follows a similar evolutionary model, with

the exception that in the western part of the Innuitian belt and northern

r Alaskat there probably was no continental collision.

Sumniingup :the Paleozoic orogenic episodes in eastern Greenland

U - Haller and Kulp (1962) note a main Caledonian orogeny which rapidly

- - produced the principal fold belt at the end of the Silurian and was

responsible for, the vast regional metamorphism. This may mark the

closing of the ocean. This was followed by the "Late Caledonian Spasms'"

I [ an orogenic decline which, with the minor succeeding episodes, lasted

oi

[!-,
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for almost 100 million years. Dewey (1969) suggests that the long

thermal history associated with this orogenic cycle is "related to the

rise of magmas and volatiles from an underlying Benioff Zone pro-

[ gressively later on the continental side These Late Caledonian Spasms

were only found south of 76 0 N. The c-ening of tt-e Prct t-Atlantic along

)' eastern Greenland may be recorded in the block-faulting of the older Precambrian

Carolinieian structural system and subsequent post-orogenic generation

of basalt in the form of extensive dikes.(Haller, 1961). *r

The northern Greenland geosyncline was the site of sedimentation

from Precambrian through Silurian time. Movements dur.ng this time

were slight, and paraconformities are apparent between formations. 1
The Upper Silurian graptolite shales become very sandy, and are over-

lain by several hundred meters of sandstone of increasing coarseness.

Koch (1961) interpreted this as a flysch facies associated with the initial

tolding. Folding is observed along a zone 530 km long, with fold intensity

increasing toward the east. in the east, thrusting-andmetamorphism

is observed, and the metamorphic rank increases toward the north.

In.eastern Ellesmere, between 78" and 78°15'N the original rif -ing of

-the Proto-Atlantic may also be recorded in a sequence of 620 meters

of Late Precambrian sandstones and shale, tuff and v01canics which

are intruded by diabase dikes, and overlain by another 1240 meters of

light sandstones, red shales, and-thick lava beds (.Christie, 1962).

just to the west of the North Greenland belt, in the shape of a

'reverse "L" is the Franklinian Geosyncline. This was formed by great

subsidence between Cambrian (or earlier) and the Upper -Devonian,
Sediment thicknesses within the geosyncline increase toward the east,

with up to 60,000 feet deposited on northwestern Ellesmere Island. A --

miogeosynclinal belt is found on the south and east next to the interior

Arctic Lowlands, and has been traced over a distance of more than 1600

kilometers. A eugeosynclinal belt lies seaward of the miogeosyncline, -

and is seen in exposures on northern Ellesmere and Axel Heiberg

Islands. The boundaryi shown in Figure 29 marks the transition from

rome clastics which show some Ordovician and Silurian fossils to the
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miogeosynclinal limestones and shales. Paleozoic volcanics are iden-

I tified further to the northwest on northern Axel Heiberg and on the

northern coast of Ellesmere Island.

SThe Franklinian Geosyncline was the site of diastrophism several

times in the Paleozoic. Deformation of limited extent occurred near

l the Siluro-Devonian boundary, resulting in northerly trending structures

which form the Cornwallis fold belt on Cornwallis and Bathurst Islands.'t I Shallow folds are observed, along with some normal faults but no

thrusting. The Boothia Arch was formed south of this belt at about the

same time, and both structures are related to movements within the

basement by Thorsteinsson and Tozer (1961).

A second period of deformation resulted in the east-west trending

structures which form the Parry Islands fold belt on the southern side

"t I of the miogeosyncline, and the fold belts paralleling the arcuate mio-

I geosyncline on northern Devon Island and eastern Ellesmere. The mio-

° I geosynclinal deformation is dated stratigraphically as being between

1Upper Devonian and Middle Pennsylvanian. The Parry Islands beltJ Ishows increasing fold intensity toward the north, and the shape of the

folds suggests forces acting from north to south. The Ellesmere folds

- are not continuous with the Parry Islands belt because of the Cornwallis

belt, but are considered to be contemporaneous.

[ Intense deformation is observed in the eugeosyncline to the north.

No date is available for this deformation but the event can be bracketed.

Basic lavas are observed to overlie rocks containing Middle Silurian

graptolites, which are themselves overla:n by Middle Pennsylvanian

limestones, indicating that the deformation was post-Middle Silurian

and pre-Middle Pennsylvanian. The uplift and deformation of the eugeo-

I syncline may have been pre-Middle Devonian, as a thick sequence

of Middle to Upper Devonian clasticq, extending from southern Ellesmere

to Banks Island, indicate a provenence to the north of the miogeosyncline.

Within the eugeosyncline the degree of metamorphism increases to the

-- t -st, y
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In northern Alaska the interpretabla record begins in the Silurian

or Devonian, and indicates a tectonic evolution similar to the Canadian

Arctic Archipelago. Dated granitic plutons (Baadsgaard et al., 1961)

and the discovery of argillite beneath Mississippian sediments in wells

along the northern coast suggest evidence of a northerly ancestral

Brooks Range orogen which was uplifted, deformed, and intruded by

granitic plutons. This orogen may have provided a northerly source of

sediment to build a thick clastic wedge or delta toward the south in Late

Devonian time. Similar wedges have been described in the Innuitian

System above, and are reported in Chukotka and Wrangel Island on the

west (Churkin, 1969). The constituents of this ancestral geosyncline

may be -represented in the Richardson- mountains in the northern Yukon

to the east. From the Cambrian through the Devonian the Richardson

Trough was the site of deposition of limestone, shale, argillaceous

1imestone, chert, and other shelf deposits (Gabrielse, 1967).

The geologic data for the Lower Paleozoic in the Innuitian and

northern Alaskan geosynclines suggest, within the framework of plate

tectonics, that these areas mark margins with oceanic plate underthrusting.

The granitic intrusions of northern Alaska and the formation of arches I
and uplifts in the Canadian Arctic Archipelago is suggestive of the

magmatic rise associated with the development of a Benioff Zone. In

northern Ellesmere and Greenland's Peary Land the suggested Upper

Silurian age of deformation and metamorphism may mark an narly closing

of the Proto-Atlantic relative to Acadia. Further delineation of events

in this area must await a much better knowledge of the geology, plus

a reconnaissance of the matching margin across the proto-ocean. Pre-

sumably this margin is now part of the Barents Shelf.

The geometry of the lithospheric plates suggests that an ocean

remained along the coast of northern Alaska and perhaps by the western

Franklinian Geosyncline. This old ocean may have been separated from

the continent by an uplifted belt which shed clastics to the south to form

the ubiquitous Middle to Upper Devonian clastic we' .ges. The seafloor

remaining w~lthin thi basin would have to be Ca ..brin or older.
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I The lack of deformation along the archipelago between Prince Patrick

Island and the western Yukon may be a result of strike-slip motion of

Ithe seafloor along this line, with separate Benioff Zones below the

eastern Canadian Archipelago and northern Alaska.

Carboniferous to Upper Mesozoic

With the exception of northern Alaska, this period was one of

Isedimentation and minor tectonic movements. Eastern Greenland lay

alongside Norway, experiencing the final movements associated with

tne lengthy Caledonian orogeny, a period of faulting lasting through

the Carboniferous to -. iddle Permian. Some of these movements may

have been related to deformation within the Ural Mountains geosyncline,

the completion of the Vrariscan chains across western Europe, or the
II

final uplift and deformation of the Appalachian Geosyncline. Following

a Middle Permian marine transgression eastern Greenland witnessed

numerous transgressions during the Mesozoic which deposited coastal

sediments indicative of tectonic quiescence.
,o *- Within the Franklinian Geosyncline, the Sverdrup Basin was devel-

oped through essentially uninterrupted sedimentation from Middle

Pennsylvanian to the Tertiary. During this time more than 40,000 feet

of both marine and non-marine sediment was deposited. Along the margins

of the basin there is some evidence of a hiatus. An angular unconformity

r occurs between Middle Pennsylvanian and Permian foymations, with

evidence of folding and faulting of the underlying rocks in northwestern

Melville -and southern Ellesmere Island. This uplift was apparently

enough to seal of:! the basin, for evaporites were formed in the Penn-

sylvanian and/or Permian. Gypsum and anhydrite are observed, but no

halite. Masses of gabbro and volcanics are commonly observed in

the Tertiary diapiric structures prodvced from these deposits, and are

- apparently Tertiary in age themselves.

In northern Alaska, this period was one of subsidence and deposition

along the present site of the Brooks Range which lasted until the Jurassic.

In the Early Jurassic a tectonic welt began to form in this basin, devel-
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up'ng by early Early Cretaceous iivto a volcanic province which shed

debris into a flanking basin on the north. Large scale foreshortening,

uplift of the Brooks Range Geanticline, arid depression of the flank- f
ing foredeeps occurred in late Early Cretaceous. By Late Cretaceous

these foredeeps had been filled, and in latest Cretaceous and early

Tertiary were deformed along with the anticline, to form the present

Brooks Range and adjacent foothills (Tailleur, 1969a).
4

During this period, the Permo-Carboniferous angular unconformity

found along the margin of the Sverdrup Basin may indicate a period of

spreading within the basin, or perhaps just the final episodes of the

Caledonian Orogeny. The evidence is hardly conclusive. In Alaska

hov-;ver, the Jurassic and Cretaceous development of the Brooks

Range geanticline coincides with the development of other geanticlines

to the south(Eardley, 1962), and with a. period of great tectonic activity

(The Nevadan.Orogeny) along the Western Cordillera. Gabrielse (1967)

notes two periods of regional metamorphism and as many as six epi-

sodes of granitic intrusion-accompanied by regional uplift in the south

central Yukon.

These events would appear to be related to underthrusting of the

Pacific oceanic crust and development of a Benioff 'Zone beneath southern

Alaska. Mafic and -ultramafic intrusions emplaced in one Are, of the

Brooks Range in the Late Jurassic (Eardley, 1962) may, be the result

of mobilization of the inactive south-dipping underthrust Arctic oceanic

plate by the active north-dipping underthrust Pacific oceanic plate. In

any case the absence of Jurassic-Cretacepus tectonic activity in the

Sverdrup Basin n akes underthrusting of northern Alaska unlikely at

that time.

Upper Mesozoic to Present

The exact sequence and time of tectonic events during this period

is not known, however a general pattern of early Tertiary deformation

is observed. In eastern Greenland the formation of extensive plateau

basalts and local acid plutons may herald the opening of the present
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Atlantic Ocean. In the south some of these basalts occur over a sed-

imentary series extending to lowest Eocene (Wenk, 1961). In southwest

Greenland, the rifting from Labrador may be recorded in a swarm of

olivine-doleritic dikes, dipping at 45 0 to the southwest or west-southwest,

which are confined to the seacoast regiun. Berthelson (1961) tentatively

attributes a Tertiary age to these. On the western side of Baffin Bay

another area of probable Tertiary volcanics is seen on Baffin Island.

In northern Greenland, sediments of Cretaceous to Tertiary age
fit' are found in eastern Peary Land. These have been faulted and mildly

i. j folded along a general southeast trend sometime in the Tertiary, and

r.may be related to the postulated collision of northeast Greenland with

the Lomonosov Ridge on the Barents Shelf, or perhaps the Alpha Cordillera.

West of Peary Land no post- Caledonian sediments are known. Between

3 Hall Land and J. P. Koch Fjord, a striking thrust-fold system is reported

(Haller and Kulp, 1962), welting the North Greenland fold belt. Structural

relations indicate a post-Paleozoic origin, resulting from forces

directed toward the south.

Sedimcntation in the Sverdrup Basin continued into the Tertiary.
In the Tertiary (probably early Tertiary) folding and thrust faulting

occurred throughout much of the Queen Elizabeth Islands, Ellesmere

and Axel Heiberg show the effects of more intensive movements. Many

I : J of the folds are superimposed upon the older Paleozoic belts, but not

all. Folds and thrusts in central and southern Ellesmere generally

follow the older Caledonian structures. To the west, similar super-

positions appear, but folding is of lower amplitude. Numerous folds

with diapiric cores are developed in Amund and Ellef Ringnes and

western Axel Heiberg Islands along the trend of the Boothia Arch.

Numerous large diapiric intrusions of Permo-Carboniferous evaporites

are also observed in this area, as well as on eastern Axel HeibergIIsland. The age of the Tertiary deformation is not precisely known,

however a post-lFaleocene-Eocene age- is suggested by the deformation

of the Eureka Sound formation which is partly, or perhaps wholly of
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this age. The deformation zone, transverse to the Sverdrup Basin along

the trend of the Boothia Arch, may possibly be a result of the postulated

rotation and bending of Ellesmere between 60 and 40 million years ago. j
In northern Alaska the main phase of the Brooks Range orogeny

occurrea in the late Early Cretaceous with metamorphism and estab-

lishment of an east-west structural pattern. Uplift throughout the Late

Cretaceous filled the flanking basins (the Colville and Kobuk), and in

latest Cretaceous and early Tertiary these were deformed with thrusting
possibly as late as the Late Paleocene (Eardley, 1962).

On the eastern slope of the Richardson Mountains in the northern

Yukon, Jeletzky (1961) reports major north-south dislocations of post-

mid-Upper Cretaceous (?Tertiary) age. These structures appear to

be related to movements of basement blocks, possibly along reactivated f
Precambrian faults.

Vogt and Ostenso (1970) compared aeromagnetic profiles from dhe[

Alpha Cordillera with profiles from the North Atlantic. They found a

best match with those anomalies presently found between 300 and 500 ,

kilometers from the crest of the Reykjanes Ridge. From this they

tentatively concluded that the Alpha Cordillera was actively spreading f
from at least 60 mr to 40 mybp, at which time spreading probably

began in the Eurasia Basin. '2his spreading episode appears to-be J
consistent with the early Tertiary deformation in tLe Canadian-Arch-

ipelago, the Yukon and Alaska. At present it is impossible to determine

when this last episode of spreading began, but:it appears possible that

the post-mid-Upper Cretaceous moverhents along the eastern slope of

the R -4 .. ison Mountains (Jeletzky, 1961), or post-Lower Cretaceoa.:j

extrusion of evaporite structures along the-northdrn slope of this range

(Kent and Russell, 1961) may be -related to an initial compriessive pulse

caused -by underthr'asting.

'Milne (1965) may have provided evidence of uidert-hrusting with an

unreversed refraction profile across the continental shelf NNE of Point

'3arro-w, Alaska. He shows a 2.5 km thick (sedimentary) -layer of 2.40
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km/sec compressional wave velocity overlying 8.68 km of 4.40

km/sec "basement", which is underlain by a 7.47 km/sec mantle.
! ! There was no evidence of the usual 6.50 km/sec oceanic layer. IT WaS

considered possible that the low velocity mantle was a result of a

dip to the SSW. However, in a reversed refraction profile, Hunkins

(196) reported a 7.4 km/sec layer dipping south from a depth-of 20

kilometers near the shelf edge to 32 kilornaters near Barrow, suggesting

that aomalous mantle is dipping beneath the continentai margin.

During the suggested northward movement of Greenland between

60 and 40 million years ago (Le Pichon et al. , 1970), it is proposed

that the Innuitian-eastern Greenland belt was bent from a relatively

linear feature into-a -reverse "Z", Within the Sverdrup -Basin the

bending may be recorded-in the extensive folding, thrusting. ani.d

diapirism along the inferred axis of compression (Keen et al, , 1969).

Tensional features obserired by Kerr (1967) at the southern end of the

Nares Submarine Rift Valley may also be related to this -proposed

bending. In-northwestern Greenland there is no suggestion '-f rotation

other -than strike-slip movements along reactivated Caledonian faults.

The inferred'hinge or pivot may lie beneath the sea onnewheAe north

v of Kronprins ZChristian Land, or preferabiy near the ice-covered area

at the end of Hagens Fjord (Myliui Ericksens Land), while the areasit of compressional aeforhiation should be concealed by the permanent
,, : ice cover..

North of Greenland, deformation of the Lomonosov Ridge by the

. -northward movemefit of Greenland may have produced the Marvin Spur.

The faulted depressions observed on -the Alpha Cordillera and noted in

an earlier #ectioi~im ay also6 be. a result of this motion.

A Aa.-_ethe -Canada Basin

The propoeed history of-the ba--sin would indicate that the Amerasia

BaBin.,is vepry-old, and, that it might /lso contain very old seafloor.
iSpeculatins n how old f course, will depend upon the interpretation

S of events around the basin, The inferred direction of spreading and
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location of the ridge axis (I igure 29) suggest that, in the absence of a

hal.-e in spreadcing cLrection, the oldest oceani(c crust should be located

near the Mackenzie Delta in the Yukon. This 1,tngth of oceanic crust is

about 1700 kilotmeters. A visual inspection of the correlated Alpha Cor-

I;llera/Reykjanes Ridge magnetic profiles (Ostenso and Wold, 1970)

shows that the anomaly wavelengths, and therefore spreading rates, are

similar. Although this spreading rate is appreciably less than 2 cm/year,

let us assume this value to be on the safe side. At 2 cm/vear it would
take about 85 million years to produce 1700 kilometers of seafloor. The

geological evidence suggests that the most recent episode was perhaps

half that, leaving about 850 kilometers to be produced in an earlier episode.

When was that episode? The geologic record indicates that spreading

might possibly have occurred in the Permo-Carboniferous, and quite T

possibly in the Cambrian, with the evidence of the Cambrian episode

outweighing the later event.

The magnetic data from the basin would tend to support a conclusion

that the basin is quite old. Ostenso and Wold (1970) show, in a figure

-presenting the overall physiography of the magnetic field, based upon

-their extensive aeromagnetic data, that the magnetic field becomes very

sub-dued for a distance of up to 800 kilometers out from the Alaskan

continental margin. This subdued zone generally parallels the ridge

axis shown in Figures 28 and 29, and was observed from T-3 during its

1964-6b drift over the Canada Plain. In this zone anomalies are less than

100 gammas. It is quite possible that this quiet zone represents-an

elevation of the Curie point isotherm resulting from -the thick sediment cover,

but this is considered unlikely in view of the large anomalies observed

on the thickly blanketed Mendeleyev and- Wrangel Plains. Instead the

subdued field may reflect long periods of constant polarity such as the

Late Triassic-Jurassic normal interval (DeBoer, 1968), the fifty

million year long reversed Kaiman interval in the Upper Pennsylvanian

anti Permian (Irving and Parry, 1963), or an even older period when the

area was situated much closer to the magnetic equator.

The sedimentary cover in thp Canada Basin could be consistent
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jwith such a great age when it is considered that the marginal geo-

synclines and troughs surrounding this basin could have intercepted

much of the sediment which otherwise would have entered the deep

basin. This is presently happening in the Pacific.

A Final Note
It should be pointed out that the bordering geosynclines and marginal

basins hold great promise as habitats of petroleum. The large sediment-

ary accumulations offer a potential source rock, while the observed

thrusting, folding, diapirism, marine transgressions, and the possibility

of landward continuaticn of oceanic fractures as wrench faults, present

the possibility of structural and stratigraphic traps.

One final speculation is in order. According to the proposed

I development of the Amerasia Basin, the Eurasian continental

margin was also a zone of ocean floor consumption, a suggestion

reinforced by the asymnletridal position of the Alpha Cordillera.

Possibly the Lomonosov Ri.ge is a northern analog to the Barrow

Arch, and similarly a geosynclinal basin may lie beneath the Barents

Shelf. Just such a configuration has been shown in a hyrothetical model

Ifor the Barents Shelf transition zoie by Demenitskaya et a!. (1968).

Seismic investigations across this shelf should confirm or deny this

speculation.

I
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INTERPRETATION

PART 11: SEDIMENTARY FEATURES

Hyperbolic Echoes observed on the Precision Depth Recorder

The echo sounding records show the crestal regions of the Alpha

Cordillera as a series of large overlapping hyperbolae (Figure 30).

These hyperbolae are the result of a highly irregular seafloor. They

are produced by strong specular echoes from the crests and troughs

of the irregularities as the sounder moves overhead. The difference

in depth between the higher crestal hyperbolae and the lower, often

obscured ones from the troughs gives the approximate amplitude of

tha irregularities. This will be the amplitude referred to in relation

to these hyperbolae, or hyperbolization as they will be collect.vely.

called.

The areal distribution of the hyperbolization, according to

amplitude range, is shown in Figure 31. Within this area, the

hyperbolization appears to be bounded on the north by the 2200 meter

contour, and by the 2500 meter contour on the south. Between these

boundaries it is observed everywhere on those parts of the crestal

plateau traversed, with but two exceptions; the small spur running

SSW from Ostenso Seamount, and on the SS-W-NNE trending ridge

on the northern margin around 85"N, 145 "W. On the southern side

of the cordillera hyperb:lization is observed at depths in excess of

2700 meters. In the submarine sounding records obtained from nine

,crossings of the Alpha Cordillera, Beal (1968) noted similar hyperbolae

occurring as minor relief superimposed upon extensive, rather level

areas near the crest.

The hyperbolization appears to be best developed in areas with

gentle slopes on the southern sides of local topographic highs, and

on the southern edge of the crestal plateau. The largest hyperbola

observed (Figure 30, -at 16 kilometers) has an amplitude of 55 meters,

and a width of about one kilometer, giving quite steep slopes of more

than six degrees.
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Data bearing on the Origin of the Hyperbolization

Seismic Reflection Measurements

The seismic reflection measurements (Figures 17, 18, and 30)

show the hyperbolization to be confined to a layer about 100 meters

thick. This layer is underlain by numerous relatively Liat horizons

extending down, in some cases, to more than a kilometer. From

this observation, and the observation by Hunkins (1961) that the

Alpha Cordillera is overlain by an average of 380 meters of low

velocity (2.0 km/sec) material, it can be concluded that the hyper-

bolization is sedimentary in origin.

Is the hyperbolization a result of depositional or erosional

processes? The reflection data suggest that it is predominantly

depositional. Profile B-C-D-E in Figure 17, which has hyperbolization

everywhere above 2200 meters, shows that deep horizons tend to

come closer to the surface, and perhaps even outcrop, on the

northern edge of the crestal highs, while the southern sides are

covered with thick accumulations of confused hyperbolized deposits.

A'-)ng the southern margin of the crestal plateau, these measure- -

ments indicate (Profile K-P, Figure 17) that a considerable shelf-

like accumulation has occurred. These profiles suggest that

sediment has been moved acros6s the cordillera from north to south,

with topographic highs experiencing little or negative deposition,

and depressions and the southern edge of the crestal plateau

acting as areas of accumulation.

The hyperbolization might be the result of linear sediment "ridges"-

such as those presently found in other oceans (Ewing and Ewing, 1964,

and Johnson and-Schneider, 1969). The largest hyperbolae were

observed when the ice island crossed the southern flank of the

cordillera, looped around a small part of the crestal plateau, and then

passed out over the flank again (Figure 30). During this loop, two

prominent hyperbolae, 40 meters and 55 meters in amplitude, were

twice observed, iuggesting that they result from linear features. If

ii
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the points of crossing are connected, the crests of the "ridges" are

found to strike slightly east of north, with the highest ridge nearest

to the edge of the plateau. This strike agrees with the trend of the

long axis of the elongate region of high amplitude hyperbolae shown

in Figure 31.

A second indication of linearity wa3 observed along the southern

flank, around 84 0401N and 137 0 W, where the width of the hyperbolae I
increased considerably along part of a, loop, suggesting that the

ice island was briefly drifting parallel to a ridge. The inferred trend

in this deeper location is again northeast. These indications are based

upon scanty data, but in the absence of a more detailed survey they

offer the suggestion that these features are ridges, formed at a large

angle to the inferred direction of sediment drift.

Sediment Cores

Scientists on Station Alpha raised fourteen cores from the

Alpha Cordillera to the west of Area III. These cores are described

and discussed by Ericson et al. (1964), and by Hunkins and Kutschale

(1967). The cores showed alternating dark and light brown lutites,

easily correlated between cores, which are interpreted as evidence

of continuous accumulation uninterrupted by slumping or intercalation

of turbidity current layers. The top 10 cm consisted of dark brown

foraminiferal lutite mixed with ice rafted sand and pebbles, overlying

a light brown sand with ice rafted material but lew foraminifera that

extends to a depth of 40 cm. These layers are interpreted to be a result

of normal pelagic sedimentation continuing to the present, but diluted

by glacial marine accumulations. Another foraminifera-rich

lutite is found below 40 cm. Carbon 14 dating on these cores showed

the sed.ments between 7 and 10 cm to be around 30,000 years old.

Ku and Broecker (1967) vsed the uranium series method to date

another care raised from T-3 in 1963 from the lower flank of the

cordillera. Their measurements showed an age of 70, 000 years at

the first horizon, located at a depth of 15 cm in this particular core,

4a.
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and indicated an age of 220,000 years at the lower lithological boundary

at 45 cm. These and the other C1 4 measurements indicate that the

rate of deposition has remained essentially constant at a very low

rate of 2 mm/1000 years for at least 150,000 years.

While none of these cores is definitely known to have come from

an area exhibiting hyperbolae, primarily because of the inability of

the explosive sounding method used on Sf-tion Alpha to recognize this

type of feature, there is good evidence that these cores do contain

the types of sediment found in the area of hyperbolization. A tripod

camera equipped with three trigger cores obtained short cores from aniarea with hyperbolae up to 30 meters high on October 28, 1968. These
cores showed a sharp boundary between dark and light brown foramin-

iferal and sandy lutites like that in the Alpha cores. In addition, Beal

(1968) reported hyperbolae south of the cordillera crest on a profile

I| obtained by the submarine U.S.S. Sargo in 1960, and part cf this pro-

file traverses the Alpha drift area from which the cores were raised.

I If the Alpha cores are representative, as the short cores suggest,

- then the relatively well correlated sediments and uniform sedimentation

I, rate3 indicate that no non-uniform horizontal transport has been taking

place, certainly for the last 150,000 years, and probably much longer.

Camera Stations

Eighty-two camera stations were occupied over the Alpha Cordillera

during the present drift of T-3. Two types of camera were used. An

impact-triggered Thorndike bottom camera, equipped with a separate

photographic nephelemeter (Thorndike and Ewing, 1967) for the

jmeasurement of light scattering intensity, was used at thirty-nine

stations. Of these, twenty-two yielded useful scattering measurements,

Forty-three stations were occupied with a tripod camera, an apparatus

consisting of a deep-sea camera suspended from the apex of a rigid

tripod which is placed on the ocean floor. The tripod permits closeup

I . photographs and provid .s a rugged platform to which a compass and

* various other devices may be affixed. Photos were taker, every 130
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seonds, and a number of sites were usually occupied at each station.

The bottom photographs reveal a contrast between the seafloor

on the deep plains and that on the high ridges and rises (Hunkins et al., I
1960, 1970). The ridges and rises are found to be littered with small

fragments - ice-rafted pebbles and seashells, and a few larger ang- I
ular cobbles (Figure 34). Scour marks indicate the presence of bottom

currents. Abundant animal life is found, with animal tracks and burrows, I
as well as brittle stars, medusae, amphipods, crinoids, sponges, and

sometimes even fish being photographed. The plains, on the other hand, I
show a veritable mosaic of animal tracks, but relatively few animals.

and practically no ice-rafted material. I
Photographs obtained from the present drift of T-3 over the Alpha

Cordillera do not reveal any appreciable differences between areas I
with hyperbolization and those without. Although large variations in

debris concentration are observed, the variability over the course of a

single lowering in a single province anly points out the random nature

of the accumulation of ice-rafted debris. The regions of maximum I
hyperbolization show no consistent increase in fine sediment relative to

debris. These observarions support the suggestion that the present area

is quite similar to that from which the Alpha cores and photos were

obtained. It would appear that while the irregularities- are being perpet- 1
uated by the conformal pelagic and glacial marine sedimentation, the

sedimentary processes which produced the bottom irregularities are 1.
presently inactive.

Bottom Current Measurements

Current measurements were made at twenty-two locations in Area

III with the tripod camera, first using visual observations of a direct- I
ion vane and later of a dissolving dye pellet, Directional measurements 'I
were referenced to true north by comparing the current directions with

a compass in the field of view, and then correcting the compass Lor

magnetic variation. No quantitative measurements were made, but the

currents were sufficiently strong and persistent to give generally

consistent results with the vane at different sites occupied at each
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station, and consistent results with the dye pellets. Such currents are

a most likely of the order of 1 cm/sec. The nine stations traversing the

cordillera showed currents (Figure 31) flowing south and southeast,

indicating a weak general flow over the cordillera from northwest 'o

southeast. Other current measurements were made on the southern

* flank just below the crestal plateau; current directions are scattered,

perhaps indicating that these weak currents are controlled by the local

topography, or are caused by tidal motions.

Hunkins et al. (1960) reported several quantitative measurements

I of bottom currents to the west of the present area, with speeds of

0.3 to 0.6 cm/sec obtained by tracking clouds of stirred up sediment

seen in the bottom photographs. The new measurements from the

cordillera probably have similar velocities.r fThe observed current directions are consistent with those which

might be expected to produce the distribution of hyperbolae observed

f ]on the cordillera. However, the observed speeds are much too small,

indicating that the drift process is presently inactive but raising the

possibility that a similar circulat'on with considerably higher speeds

was once at work.

Ntpheloid Measurements

Hunkins et al. (1969) reported the results of all the light scattering

observations made from T-3 between 1965 and early 1969. In all

stations over the ridges and rises, a deep zone of light scattering,
[' called the bottom nepheloid laver, was observed to occur below an

intermediata scattering minimum. The degree of scattering increases

with depth below this bottom nepheloid layer. This layer is absent over

the Canada Plain, where the scattering was found to decrease slightly

V r with depth from 2000 meters to the bottom. These observations, plus

the snot measurements of relatively weak 4-6 cm/sec bottom currents

r at four stations on the Mendeleyev Ridge and of less than I cm/sec at

one station on the Canada Plain, led Hunkins et ai.(1969) to conclude

I that thr ridges and rises are being presently swept by bottory currents

'1
!-
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which 1. cep the fine material in suspension by turbulent flow, erad-

icating some of the animal tracks and keepintg the glacial debris expo-

sed. In contrast to the hig), areas, the plains receive sufficient T

turbidites to bury the randomly distributed ice rafted material, but

infrequently so that the animal tracks produced by a smaller animal j
population are preserved.

The locations of the nephelometer and camera stations are shown I
in Figure 32. Two characteristics of the bottom nepholoid layer, deter-

mined from an analysis of the nephelometer records, are contoured in t

the figure. Considerable liberty has been taken in contouring the

sparse data, but the contours appear valid where the control is good, J
and they are reasonable insofar as they relate to the other data available

along the same track. The thickness shows a tendency to increase with

water depth. The R value for the measurement, defined as the ratio

of the densitometcr deflection at the bottom of the layer to the deflect-

ion at the depth of maximum clarity, and therefore a measure of the

strength of the turbidity, is contoured on a 10% difference interval. T

A comparison of the R value contours with the microphysiography

(Figure 31) shows that the R value has an inverse correlation with Il

the degree of hyperbolization. A good example is found below the

crestal plateau at about 850N ,30'W where the highest R value obsdr-

ved (R = 2.1) is su:rrounded by lower values, and is associated with an

isoiated area with little or no hyperbolization.

The meaning of this correlation is uncertain. If it represents

*:ause and effect, then this might suggest that very weak deposition

is occurring where hyperbolae have previously been formed, and that

small amourAs of fine material are being swept up in turbulent flow, or

at least held in suspension, where hyperbolae are scarce. While the cores

do not indicate that hyperbolae are presently being formed, this inter-

pretation would suggest that the present circulation could account for the

distribution of hyperbolae if the currents were appreciably stronger.

AAlternatively, the correlation may be a result of other unknown factors.

A
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Discussion

In summary, these data suggest that the hyperbolization reflects

the presence of elongate sedimentary structures, formed by the 4

bottom-current-related transport of fine sediment across the crest of

the Alpha Cordillera from northwest to southeast. The weakness of the T
observed currents, the uniform sedimentary cover considered to

blanket these featuref:, the random distribution of ice rafted debris I
in the phot graphs, and the low strength of the turbidity of the

bottom nepheloid layer indicate that this process is presently inactive. r
However, the Deuent circulation inferred from the bottom currents

and nepheloid layer observations appears to be capable of producing the

observed hyperbolization if the currents are increased considerably.

It is tempting to speculate that such an increase in circulation

without appreciable change in pattern would attend an ice-free ocean

where greater coupling between the atmosphere and ocean was possible. -

If this is so, then we are presented with a method of dating this event,

oy coring the uppermost uniform blanket and dating the current depos- -

ited sediment beneath. Denton (1969) has suggested from glaciological

investigations that North .American glaciation has occurred interinit-

tantly, riot since the beginning of the Pleistocene, but probably since

the Upper Miocene, some 10 million years ago. Assuming a constant

sedimentation rate of about I mm/1000 years which Steuerwald et-al.

(1968) have shown to hold for the past 4 million years in a magnetically

dated 5.54 meter long core from the nQrthern -.nargin of the Chukchi

Rise, we arrive at a possible blanket of 10 (or perhaps 20) meters of

uniform sediment overlying the current-deposited material. This -

thickness represents the first dark band on the seismic profiler,

and may explain why the profiler appears to show active hyperbolization

extending right to the surface.
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The Mendeleyev Plain and Buried Hyperbolization

Figure 33 is a drum recorder profile across the edge of the

Mendeleyev Platal. This profile is the same as Profile b.-c-d-e

in Figure M,. The record, obtained over a two week period, is

displayed as 3 function of time, and therefore does not have a

linea'r distance scale. Horizontal time lines are printed every
second, so t-hat the subbottom depth in seconds can reasonably

be assurned to represent the depth in kilometers.

A particularly clear section through the plain is seen at about

S115 km on the distance scale in Figure 33. This section is shown in

more detail in Figure 34. Five layers are distinguished The top

layer is approximately 550 meters thick. The top of this layer is the

present plain surface, and. is reco:rded as three strong closely spaced
horizons followed by numerous weaker horizons, indicative of

turbidity deposits. Two moderately strong reflectors 150-160 meters

below the bottom can be traced over the whole profile. This upper-

most layer is observed everywhere on the Mendeleyev Ridge, withf the exception of the erosion zone along the ridge flank, to be

discussed later.

rThe second layer, beginning at a depth of approximately 550 meters,

is about 300 meters thick, regionally smooth, and is recorded as two

Isequences of hyperbolic reflections. The top of this layer is well

defined as a number o'! closely spaced strong reflectors, and this

horizon, and the layer it marks, will be called A (not to be confused

with similarly named horizons in other oceans). The hyperbolic

reflections, observed throughout the plain at this depth, are similar

to the hyperbolization on the crestal plateau of the Alpha Cordillera,

and probably result from a 3imilar sedimentary process. If an

average sedimentation rate of about 1 cm/!000 years is assumed for

most of the overlying sediment, one might speculate that this hyper-

bolization is a result of a strong bottom circulation brought about by

Sthe on n ng of the Atlantic Ocn.an ahboit (0 million years ago.

I

Hl
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The third layer, 600 meters thick, extends from about 900 meters

to a depth of about 1500 meters below the seafloor. The top of this

layer is distinguished by two strong and continuous refletors over-

lying a transparent layer. This horizon is regionally smooth, but

regionally not as smooth as the A horizon above. This horizon, which

will be called B, appears to merge with A on the ridge flank. Although

the exact point of transition is obscured in this profile, it is apparent

Sin several ether profiles. The double reflecting horizon seen at about

400 meters depth on the ridge flank is probably A with B just below.

The fou'th layer in this section appears to extend from a depth

of around 1500 meters to approximately 2100 meters, where another

strong sequence of reflectors is encountered. This layer, which we

shall call C, is remarkably smooth and consists of a 600 meter thick

I sequence of weak reflecting horizons. This layer appears to drape the

rising basement in Figure 33 at 50 kin, forming the deepest layer

iobserved on the ridge flank.

The fifth layer, below 2100 meters, contains few reflectors. No

:j ] J underlying sedimentary or basement interface is seen, possibly as

a result of a large thickness of sediment below, absorption of the

signal, or both.

On the ridge flank, the strongly reverberant and rough boundary

1' observed beneath the sediments between 0 and 50 krn looks like

basement, but is probably layer C in close proximity to the basement.

: 'Evidence for this is seen in Figure 35.

Figure 34 compares seismic reflection profiles from the four

plains within the Amerasia Basin where measurements have been

made. Comparisons are made difficult by the different frequency

ranges at which the reflections were recorded, and the different

types of sound source used, but one conclusion can be drawn. The

three plains bordering the Alpha Cordillera - the northern Canada

Plain, the Mendeleyev Plain, and the Wrangel Plain (data from

{J Kutschale, 1966) - show similar stratigraphy in the form of a thick
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uppermost layer overlying a closely spaced A and B layer. The

relative thicknesses of the three layers vary, probably as a function

of sediment supply from bordering shelves, but stratigraphic

similarities illustrate that both basins flanking the cordillera

experienced a similar change in sedimentation. The opening of

the Atlantic Ocean might have produced such a sequence of events.

The Mer.deleyev Fracture Zone

The inear nature of the Mendeleyev Fracture Zone is shown in

the three projected profiles in Figure 13. Figure 35 shows the original

chart profiler record upon which Profile C-C' in Figure 13 is based.

Three explanations for the development of the scarp appear possible:

1) that it is the result of transcurrent motion which brought topograph-

ically different areas into juxtaposition, 2) that it was produced by

vertical movements, or 3) that it is a sedimentary feature which

reflects an older buried basement ridge produced by 1) and/or 2) above.

An examination of Figures 13 and 35 supports the third explanation.

Transcurrent motion during or following the deposition of some or all

iof the sediments seems unlikely in the absence of a vertical disturbed

zone in any of the profiles in Figure 13. Vertical movements resulting

f directly in formation of the scarp are ruled out by the thickening of the

sedimentary section across the scarp, and by the thinning of the layers

in the trough where they abut the trace of the scarp. A stratigraphic

interpretation which supports explanation 3) is given below.

On the high side by the scarp, approximately 700 meters of

sediment are iound overlying another strongly reflecting interface. Two

horizons are observeJ at 300 and about 425 meters, with perhaps

another weak one at 550 meters. The strong horizon at 700 meters

JL consists of three closely spaced reflectors overlying an opaque layer.

This interface is much too smooth to be basement, and from the

, projected profiles in Figure 13, would appear to correlate with

horizon C on the plain. Away from -he scarp there is a suggestion

Iof stratification deep below this strong interface.

IV
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Within the trough adjacent to the scarp, a 900 meter thickKsequence of sediments, stratigraphically similar to those on the

high block, is found to overlie a strong interface similar to C

j east of the scarp. The 30% thickening of the section is considered

to be a result of sediment ponding within the trough, and is evidence

that a scarp existed throughout the period represented by this section.

The uppermost layer shows little thickening, which might indicate

predominantly pelagic sedimentation for this layer.

East of the scarp, the uppermost layer is highly conformal to

j the reflectors below, again suggestive of pelagic sedimentation.

Against the face of the scarp these reflectors bow downward and show

I Esome distortion. This appears to be a result of post-depositional

slumping. No accumulation of slumped material is seen however,

suggesting that bottom Lurrents have transported the sediment awayh from the scarp and distributed it over the trough. Bottom currents

also appear to have been responsible for maintaining a scarp long

after the inferred fractured basement ridge (Figure 13) was burieu.

At present the scarp face appears to be thinly blanketed by the

same veneer of surficial sediments seen elsewhere in the area.

[ Within the trough, the interface interpreted as being the top

4 of layer C is underlain by a minimum of 400 and possibly up to 1000

i] fI meters of sediment with acoustic characteristics similar to those of

C on the plain (Figure 33). These sediments, like those overlying

them, dip away from the scarp. This, plus the tendency to thicken away

from the scarp, appears to be a result of either differential compaction,

j or deposition on a slope, or both, and is evidence that the fracture

predates these sediments too.

Bottom Erosion Zone along the Mendeleyev Ridge

A zone of bottom erosion parallels the Mendeleyev Ridge. On the
,l" north, this zone is evident between 30 and 50 kmn in Profile A-A' of

Figure 13 (also shown as section n-o-p of Profile j-s in Figure 14,

I where the uppermost 300 meters of sediment appear to overlie un-
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I conformably layers A, B, and perhaps also C. However, A, B, and

C appear to be mutually conformable and flatlying, indicating that the

erosion occurred at or near the end of the deposition of A, and perhaps

I contemporaneous to the development of the now-buried hyperbolization

seen on the plain.

Two similar sedimentary features are developed on a ridgk, crest

west and southwest of the area of unconformities. These are seen

in sections 1-m and n-o of Profile j-s in Figure 14. The original

record of Profile n-o is shown in Figure 36. The present seafloor

is a series of three topographic "megaripples" on a narrow eastward

dipping shelf. In the profiles, the generally uniform top layer appears

I to thin, be deformed, and may disappear altogether, A series of bottom

photographs taken over the summit of the highest peak in Profile 1-m

revealed several outcrops that Hunkins et al. (1970) suggested could be

volcanic or perhaps carbonate rocks, and which the reflection profile,

showing a thick sequence of strong reflectors beneath, indicates is

probably consolidated sediment from layer A or B. The photographs

I* Nf. om this lowering, the only outcrop photos known for the Canada Basin,

are shown in Figure 36. In sequence, these photos show (1) ice-rafted

1, f angular cobbles and current scour marks, (2) sea lilies oriented with

the current, some animal tracks, cobbles, and scour marks, (3) an

encrusted outcrop, and(4) soft sediment with animal tracks and one

11 ice-rafted cobble in an area that is probably not swept by currents.

f The outcrop area, the rippled shelves, and the area with buried

unconformities appear to result from erosion (and deposition) by

7j bottom currents, which in places appears to continue to the present.

It it; interesting to speculate on the source of such strong long-

j iterm currents. One possible explanation is the presence and close

proximity of the Cooperation Gap, whose reported 2700 meter depth

- (Belov and Lapina, 1958) and presumed orientation (Figure 1) would

allow bottom water in the northern Amerasia Basin and possibly the

'Eurasia Basin to pass tI;rough the Alpha Cordillera and be circulated

I'
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along the Mendeleyev Ridge as a contour current. These currents

would presumably be strongest near the gap, and confined to a narrow

zone like that observed. Such currents could also be expected to exist

for as long as there is a gap. A counterclockwise deep circulation

like that observed and discussed by Hunkins et al. (1969) would be f
reinforced by deep water entering the basin in this manner.

Buried Channels through the Flank of the Mendeleyev Fracture Zone [
Figure 37 shows two crossings of a channel (No. 1) that appears

to have once acted as a passage through the high side of the Mendeleyev j
Fracture Zone, perhaps between the ridge and the plain. In both

crossings the channel is deen impressed upon the sediment interfaces, J
to a depth of 700 meter. in the upslope crossing, and to about 500 meters

in the lower one. The channel appears to have first developed in layer

C, have subsequently been filled with reverberent turbidites, re-

juvenated at about the time that bottom currents were probably building I
up the sediment wedge observed in the high area between crossings

(13 kin), and then filled up with conformal (pelagic?) sediments that

have preserved the outline associated with the time represented by

the sediments at a depth of 270 meters. The downslope channel

appears to have migrated north about one kilometer during its inter-

mediate period of usage. The hyperbolization present in the plain j
sediments corresponding to this period suggests that the migration

might somehow be related to bottom current scour and deposition.

Enhanced hyperbolization appears adjacent to the downslope channels

(23-35 km).

At the present time the gradient of the fossil channel (No. 1) is 1:32,

corresponding to a reasonably steep slope of 1.80. The sedimentary

character of the smooth basal layer C is particularly evident from

the presence of the channel, and under the sediment wedge, where

horizontal stratification is observed 750 meters below C.

A second channel (No. 2) was traversed further to the north. The

reflection record for this crossing is not as clear as for the others,

but a development very similar to that of Channel I is indicated.

?:I
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All three .hannel crossings show the channel floor to be higher on

the right when the observor is looking downatream. This elevation

be( omes noe pronounced with depth beneath the surface in the two

downslope traverses. Several explanations might be possible. The
dip at the surface might be a result of oblique crossings of tile chan-

nels, always in a way so that they appear to dip north. However, this

would not explain the increase in clip with depth, unless the deeper

channels change direction in some consistent manner. Another possi-

bility is that the thickness and velocity structure of the sediments

(overing the deep channels change horizontally so that a greater ap-

parent dip is recorded. This appears unlikely however, as the north-

ward migration of the channels has produced a uniform sediment

thickness over the deepest channel which probably could not account

for much of the additional tilt. A third possibility Is that flow through

the channel has produceda variable dip in the channel bottom. On the

Wrangel Plain, Kutschale (1966) observed flat-bottomed channels with

natural levees that were always higher on the right bank when facin6

downstream. These apparently result from channel overflow and

accompanying sedimentation when pressure gradient and Coriolis

forces cause tilting of the turbidity current - water interface during

turbidity current discharges. Perhaps in the case of deeper canyons

where levees cannot form it is possible to form a tilted channel floor.

Ano"er possibility, which is consistent with the observations but

highly speculative, is that the tilU record the subsidence of the

Alpha Cordillera and Mendeleyev Ridge over the long time period

following the cessation of spreading. In the absence of more data, no

firm conclusions are possible.

I
I

I
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APPENDIX

Five of the data reduction programs used in this investigation

were t onsidered to be of sufficiently broad interest to be presented

here. The programs are written in Fortran for an IBM 1130 digital

computer with 16K word core storage, card reader/punch, and a disk

storage system. With small changes the programs should be corn- j
patible with other computers. Program listings, without control cards,

are given below. Examples of data input and output are included.

Celestial Navigation Programs: EDOC, LUNE, and CELPS

Over 2400 celestial fixes were used in the pi'eparation of the

T-3 drift track from 1962 through 1970. Each fix, Lonsisting of three

or more lines of position, required checking, and often recomputation.

Because the observational methods afforded more precizion than

that available by reduction using the Nautical Almanac, and in order

to achieve some measure of uniformity in the work of numerous

navigators, the fixes were recalculated by computer.

Three steps are entailed in determining a fix. The first involves

reducing the observations, the second requires the calculation of the

celestial coordinates of the bodies observed, and the third consists

of finding that geographic position which satisfies the observations.

The programs are written so that the first and third steps are lumped

together, and the second step is performed first.

Celestial coordinates are computed by two programs, one for

the sun and stars, the second for the moon. The planets are not

programmed as their motions are considerably more complex than

the other bodies. However a provision was made so that planet data

•ould be used with somewhat diminished accuracy. Program EDOC

(1Ephemeris Data on Cards) computes the solar or stellar Greenwich

Hour Angle, declin-ation, horizontal parallax, and semi-diameter,

while LUNE (lunar Epheineris) does the same for the moon. The

co,4rdnates for the sun in he hour angle systemi are determined by

tri.onornetrivally transfo:rnaing the solar ecliptic latitude and

II



longitude, computed from the Newcomb theory. Brown's theory is

used in a similar fashion for the moon. In these theories, the

latitude, longitude, and radius vector are described by generating

functions with numerous additional terms stemming from the

perturbations of the planets. The lormulae employed are given by

Woolard (1953). In practice the maximum errors in the computed

coordinates should be less than 3" of arc (0.05 nautical miles). Star

coordinates are determined by updating the right ascension system

coordinates of navigational stars at epoch 1950.0, as determined from

the Smithsonian Astrophysical Observatory Star Catalog (1966). The

method of updating is given in the Explanatoiy Supplement to the

4 l. American Ephemeris and Nautical Almanac of the Almanac Office (1961).

A punch card is prepared for each observation, giving Greenwich

date and time of observation, a code number for the body observe-d,

-the altitude and relarive azimuth of the body, the air temperature

and barometric pressure, the approximate position, and the body

name. Tha observation cards, each followed by a blank card, are

-fed into the computer, the proper coordinates are computed by
EDOC or LUNE, and the results are punched on the blank. The

j observation cards with their coordinate data are then grouped into

4> fixes (uis to six observations per fix), terminated by another biank,

and processed by a third-program called CELPS (Celestial Positions).

Program CELPS computes the following:

a) The correction for atmospheric refraction to be applied to

the observed altitude, determined from the Pulkova formulation,

b) The latitude and longitude of the intersection of every two

lines of position,

c) The latitude and longitude of the center of the circle inscribed

into each triangle determined-by three lines of position, along with the

{i radius of that circle in nautical miles,

d) The perpendicular distance from each line o" position to

T, the center of the smallest inscribed circle, in nautical miles,

Ilk"
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e) The latitude and longitude determnined by a least squa-res-

SVlution of all lines o position,

1) The azimuth of the zero-line of the theodolite horizontal

rkle referenced to true north, for each line, calculated from the

center position of tile smallest inscribed circle, and

g) The average time of all intersections and triangles determined

from the original times of the observations comprising them, and- the

duration of the fix in hours.

The results 4re printed out (Figure 38), and the position associated

with the smallest circle of error - assumed to be the best position -

is punched onto the final blank card as data to be used in subsequent

programs. Data from planets, ox any other body for that matter, can be

used by obtaining the--hour- angle and declination from the Nautical

Almanac or Ame-rican Ephemeris -and ente,-ing -these numbers on a blank

card following that particular observation card. This method can also

be used for visible earth satellites *(their coordinates are known. If

only one observation is a':ailablv the asumed position is used-to compute

the theodolite zero-' ne- azimuth.

Several merits and- liimnitations of the CELPS-program should- be

noted. Two generating functions for the water vapor pressure as a func-

tionof temperature are used in the refraction formulae, permitting

corrections over a very broad -range of temperatures4---75 0 to +40-C).

The program is written for the northerh hemisphere; slight alterations

might be required for obse-rvations south of the equator. Finally, the

instrumental height above sealevel H, is set at 5- meters, but should be

changed- if observation altitudes are appreciably different.

Six subroutines are used by these-programs. Given the sine and

cosine of an angle, QUAD gives the- angle in the range 0- to 2W, List

element UPR is the units per radian, equal to 57.2957795131 if the

r suit ANGLE is desired in degrees. JULDT convexts the civil calender

date and Greenwich Mean Time to various forms of Julian -time. TJ

is dars after 0O00Z January 0, 1900, a -convenient form for handling
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I data collected over a broad time span, TJA is referenced to the

beginning of the Julian- calender, and TYC is the fraction of the

current Julian century, used in the astronomical generating functions.

Subroutine TIME converts any of the aforementioned times back-to

Icivil date and Greenwich Mean Time. INLOP determines the

intersection of the lines -of position and the center and radius of the

~ inscribed circles, while XYC and PFXY are discussed in the

next section.

,Together these programs offer a convenient way to obtain

position and azimuth, information without the necessity of mastering

celestial navigation, at leastbeyond the point of- obtaining correct

sights -on identifiable bodies.

- Wind Drift Program: WDP

An ice island, unattached-buoy, or any other drifting body-moves-

in response to the winds and currents, Which -are themselves :often

wind-produced. If position fixes a-re obtained infrequently, then

- frequent wind observations can help define the track of. the body

iii the intervening periods. Such-techniques have proved of great

I value- in- determining the drift of manned:ice stations, and should

-W -prove useful -in the -fuware for the unmanned drifting scientific

I stations to be located and interrogated by earth satellite.

Nansen -observed -from the drift of the -FRAM -that the ice -drift

I was approxim ately 1/50 the wind- speed in a direction 28-30 o to

the right of the wind (in the northern hemisphere. .A computer

:program is presented that is based upon a- similar absuraption,

'except that the deviation angle and speed-factor is calculated, and

- used with the observed winds to compute intermediate positions.

Program WDP (Wind Derived Positions) reads in a maximum

of 2000 positions, followed by up to 5000 wind observations. Pro-

- ceeding from fix to -fix,, it uses average winds between wind obser-

vations over the interval between fixes to compute not only the

- deviation angle and speed factor required, but also the -ocean curr'nts

rI
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required if the ice responds to the wind according to Nansen's j
averaiie values of 30" and 0.02. Printing these results, the

program then calculates, for the time of each wind observation, the

positions resulting from both the purely wind derived drift solution,

and the wind plus current solution. A card is punched at each

calculation point giving the time and most probable position in a

standard format compatible with the other reduction programs. The j
wind and current solution is used in place of the purely wind derived

solution whenever the calculated wind speed factor exceeds 0.035 or

falls below 0.0075, which is an indication that currents or the effects

of winds acting at a distance are acting during periods of calm, or

that the *:ce is restrained and cannot respond.

In addition to the most probable position, the program punches

out the wind drift and current parameters and interval duration on

the fix card ending each interval, making this information available

for plotting theoretical currents etc.. Three new subroutines are

called by this program. AWDP is an auxilliary subroutine of no

special interest. XYC compkites the cartesian coordinates of any

point with latitude SLA and longitude SLO on a north polar -stereographic

projection, such that the ordinate is zero along the meridian (TMAX

+ UMIN)/Z. The coordinates are expressed in nautical miles, and angles

in radians. PFXY converts these coordinates back to degrees and

minutes of latitude and longitude.

in all programs negative latitudes and longitudes represent the

southern and western hemispheres, respectively.

Gravity Tie Program: GRVT

Program GRVT (Gravity Tie) was written to perform the rather

laborious task of correcting gravity ties for earth tides, and to

compute gravity meter base values and drift corrections. This

program is tailored to the Lacoste and Romberg geodetic (Model G)

meter, a widely used instrument, but can be altered to work for

4. -h. t r - IV
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The following data are entered into ;he computer: an identification

A card listing the tie site, the latitude, longit..le, height above sealevel,

and the gravity value at the site, the date and individual readings and

observation times in GMT. The program usen abbreviated lunar and

solar ephemeris generators to calculate the altitude and distance to

the moon and sun for each observation, in order to compute the

magnitude of the earth-tide effect. The corrected readings are

averaged, and the screw calibration (entered into the program via

a DATA statement) used to calculate the gravity corresponding to

,. zero reading. This gravity is called the base value for the meter.

After a tie, gravity may be measured by adding the observed

meter reading, converted to milligals by the screw curve, to the

base value. Any drift between ties will be reflected in changes in the

1 Jcomputed base value. If several ties are entered, the program computes

the 4rift rate in milligals per hour and per day, and lists all the

I [ tie dates, base values, interval durations, and meter drift rates.

I , i

I
I

'I
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The geophysical findings from Fletcher's 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 inves-

tigators that the Alpha Cordillera is an inactive 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 parallpl 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 ar _

traces of transform faults. The angular relationship between the Mendeleyev

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 ldng 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 thickt oceanic

layer overlying 27 km of anomalous <1 3.15) mantle.
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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 Palao-
zoic, 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 kilometers 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 frum several hundred meters to
more than one kilometer. Sedimentary ridges up to 55 meters high blanket the
crestal plateau of the Alpha Cordillera, and appear to be the result of currents
which transpoi t sediment across the ridge from northwest to southeast. This
process is presently inactive, and may have terminated with the initiation of
continental glaciation, perhaps as early as Upper Miocene time. Similar
sedimentary structures 700 meters 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 meters 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 mnter 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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